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F'OREWORD

Internationalization is solidified by the exceptional invention in education, research and learning
through new technologies. Developing country, like Nepal can achieve economic prosperity,
higher living standards and long-term growth through research and scientific discoveries. For this,
the role of young minds with innovative ideas lead by experienced researchers is vital. In this
context' Tribhuvan University, a pioneer academic institution of the country has always been
endorsing activities to nurture student's skill in their field of research interests.

To avail academic environment and for young researchers (undergraduate), Kantipur Engineering
College has been organizing KEC Conference since past three years. Despite, amid the ongoing
pandemic, Kantipur Engineering College is scheduled to organize, KEC Conference z12l.,aiming
to develop new ideas from young mind in engineering. In the engineering, along with theoletical
knowledge research is the key to formulate the real-world problem and explore the solution too.
In this regards, I firmly believe that the conference helps to expand the knowledge among the
participants, exploring innovative ideas in their areas of research interests.

Taking this opportunity, I would like to thank Kantipur Engineering College (KEC) and the
Conference organizing Committee for organizing such an important conference for engineering
students in order to enhance and develop their potentials.

I wish a very successful completion of the confidence.

Thank you.

,n,
Baskota

Vice Chancellor

Phone: 433043U4330434, Fax:977-14331964, E-mail: vcoffice@tribhuvan-university.edu.np, P.O.Box No. 8212
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Nepal Engineering Council (NEC) targets to make the engineering
profession effective by mobilizingit in more systematic and scientific way. For the
betterment of engineering profession NEC has been working in different sectors of
professional practice. Registering the engineers as per their qualification and
guiding them to maintain the legacy of engineering profession is prime motto of
Nepal Engineering Council.

Technical Education plays a greater role for the development of nation with
preparation of human resource for different level of service. Academic research
refines the personal capability of individual and helps to develop the habit of
critical thinking, analyzing and viewing the world beyond the text book. In this era
of technology world text book knowledge is not enough to compete for
professional.KEC Conference has been one of the platforms for the researchers to
publish their findings and academic works. Two successful version of this
conference has shown the pathway for young researchers from undergraduate level
in field of research and publication. With the continuation of the piofound work
Kantipur Engineering College, Dhapakhel, Lalitpur has made another attempt to
organize 3'd International conference on Science and rechnology.

I along with the team of Nepal Engineering Council feel proud to write this
foreword for Kantipur Engineering College and Conference Organizing
Committee for the continuation of such a novel work. It gives me immense belief
that KEC Conference could heip the researchers to achieve their feet of dreams.
I wish for the success of 3'd International Conference on Science and Technology.

w tuL_-
Er. Dilli Raman Niraula, pEng (Nepal)
Chairperson

Bhagwatim arg 7 42147, Naxal, Kathmandu, Nepal
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Message from the Chairman

Higher education is a key to the nation's development and the country requircs both
technical and non-technical human resource. Nepal's higher edr-rcation enrolment is heavill'
skewed to general education. At present, the enrolment in technical stream is limited to 23

percent only. National Higher Education Policy.2076 emphasizes on increase in enrolment
on technical education and improvement of quality in education. To achieve the eoals of
national higher education policy the role of higher education institutions (tll'rls) is vcr'1'

important. HEIs are not orily centers of learning but also centers of innovation.
entrepreneurship development and promotion of nerv knowledge. Likewise" research and

innovations are integral part of liigher education and it is through research that stLrdents

develop critical thinking and reasoning resulting into innovations. The field of engineering
is no exception and engineering education is expected to contribute innovative idcas that

drive the society towards prosperous future. I am pleased to know thal K antipLrr

Engineering College (KEC) has evolved as a platlorm to encourage the young generations

towards this direction.

University Grants Commission (UGC) provides grants to promote. facilitate. and enhance

the quality of higher education. In addition, it supports HEIs to produce human resources

of international standard so as to meet the need of the nation. One of the ma.ior ob.iectives

of UGC is the promotion of the culture of research among students, teachcrs and

institutions. This statutory body firmly believes that research not only enhances thc
academic knowledge of an individual but also of the concerned institution. 'l-o this cffect.
UGC has made a provision for research support programs to individurals ar"rd institutions
since its inception. In this context, we are huppy to support the conf'erence organized by

I(EC and believe that conferences such as this will help achieve olrr goal of research

oriented and quality higher education in Nepal.

On behalf of UGC, I would like to congratulate the Conf-erence Organizing Cornrnittee ol'
the 3'd International Conference on Engineering and Technology "KEC Conl-crcnce 2021"
as well as Kantipur Engineering College, Dhapakhel, Lalitpur for conducting such

activities onregular basis since 2018. I am sure the deliberations and discussions during the

conference will be very helpful to bring new knowledge in the field of engineerine. I \\,ish

the conference a grand success.

[& L,* /- E-t*L
Prof. Bhim Prasad Subedi, PhD

Chairman

Tel: 6638434, 6638550 (Off.), Fax: 977-1-6638552, E-mail: profbp.subedi6lugcnepal.edu.np
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Date: 4th April 2021 

Message 

It is my great contentment to learn that ascertain that TU affiliated Kantipur 

Engineering College (KEC), Dhapakhel, Lalitpur is organizing its 3rd International 

Conference on Engineering and Technology incorporating academic and research 

articles. The conference that has been conducted for the last two years makes the 

most of students’ innovative research works on academic issues. 

Nepal Engineers’ Association (NEA) embraces the promotion of the development of 

engineering science and technology throughout the country.  It emphasizes the 

participation of engineering manpower in the developmental activities within the 

nation hence making an effort towards ending foreign dependency. It also promotes 

fellowship goodwill and co-operation among the Nepalese Engineers and safeguards 

their rights and interest. 

KEC Conference provides an intersection of great challenge and opportunity for 

students to review their efforts and to analyse their achievements in research and 

development. It has also provided an insight into the range and scope of the 

imagination and creativity of the innovative minds of the students and the faculty 

members. There’s no doubt that KEC has been an inspirational platform for them. 

NEA would like to applaud all the diligent and tireless members of the KEC 

Conference as well as the faculty members for their commitment towards the 

conduction of such research-oriented programs on a timely basis. 

Thank you. 

 

 

 

 

 

Prof. Dr. Tri Ratna Bajracharya 

President 
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The sophisticated technology that we have achieved as far are the result of excellent research,
experiment and understanding of new technologies. All the research, experiment are based upon
raw data which are meaningless until processed. Such raw data are processed into powerful
information with the effort and contribution of young and innovative minds like researchers and
scientists. And a platform is needed to showcase the innovative and exemplary work that make an
impactful contribution to the human society. One of the platforms to do the same is conference.

Conference provides an opportunity to all the tech enthusiast to delve deep into the real world
problem and come up with a solution with the shear understanding of the problem through
thorough research and constant dedication. ln a developing country like ours' such events hold a
greater value which encourages the youths and like-minded toward innovative works and
discoveries for the betterment of the individual and nation as a whole.

With a view to encourage and engage the undergraduate students and tech enthusiast in research
work, KEC has been organizing "KEC Conference" since last two years. Despite the pandemic,
Kantipur Engineering College is continuing this worthy effort with the motto "Dedicated to enhance
Research Ability" for the third time. I am very thankful and extend my hearty congratulation to the
organizing committee for making the prbvious two conference grand success and wish them success
for the third KEC conference to be held online, first of its kind.

Er. Rameshwar Rijal

Principal

Dhapakhel-2, Lalitpur, Phone No.: 5229204,5229005, Fax i 977-1-5229274
E-mail :admin@kec.edu. np Web Site: www.kec.edu.np P.O. Box No. :8849, Kathmandu, Nepal
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"KEC Conference 2021" is 3'd International conference on Engineering and Technology
with the motto 'Enhancing Research Ability of Researcher'. Being the chairp..ro, urrd
editor-in-chief of this conference, it is my pleasure to announce the publication of the KEC
Conference Proceedings Volume III, which includes more than 50 research papers from
different engineering streams and applied science. I am very thankful to all the graduate and
undergraduate engineering studenis as well as researchers from different engineering
professions and academics for submiuing their valuable research works.

The main motive of this conference is to enhance the research ability of both engineering
students and professionals who works in close to engineering related sectors so that they gei
motivated to do research works knowing its importance in their professional fields and for the
ease of society. Keeping this motive in mind, this year, this conference proceeding mainly
focused on engineering streams; Civil, Computer, Electronics, Electrical, and Mechanical.
In addition, this year, Applied science is also added as one of the streams.

Another motive of this conference is to give this conference an international recongnition. For
international recognition, the foremost important part is to have quality papers and make
thorough review of those papers by national and international professionals and academicians
as the reviewers who have expertise on respective fields and working in national and
international arena. I am delighted to say that our proceeding does have ISBN.

Due to COVID Pandemic in the year 2020, the propsed KEC Conference 2020 could not be
held. This year, still the situation is not in very favorable condition, the conference is organized
ONLINE mostly. In this continuing pandemic situation also, with the valuable advices from
the Advisory Board Members and constant support and cooperation from Authors, Reviewers,
Conference Organzing Committee Members, Editorial Board Members, and Research Partners;
Safe Sustainable Travel Nepal (SSTN), Smartphones For Water Nepal (S4W-Nepal), Nepal
Institute of Engineering Plt. Ltd. (NIE) & Excel Engineering Research and Educational Center
Pvt. Ltd. (EEREC), KEC Conference 2021 proceedings Volume III is here with you. I am
thankful to all of them and look forward for their continuous support in the days to come.

Here, I would like to extend my sincere thanks to Kantipur Engineering College (KEC) who
believed in me and my team for organzing this conference and publishing the proceedings.

Assoc. Prof. Surendra Bahadur Tamrakar (PhD, Geotech. Eng.)
Chaiman and Editor-in-Chief

KEC Conference212l
3'd International Conference on Engineering and Technology

Dhapakhel-2, Lalitpu r, Phone No. : 52292 04, 5229005, Fax : 977 -1 -522927 4

E-mail :admin@kec.edu. np Web Site: www.kec.edu.np P.O. Box No.:8849, Kathmandu, Nepal
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Abstract—This study focuses on the efficiency of the
stone column used for the foundation improvement at
Guheswori Waste Water Treatment Plant. First the an-
alytical study on bearing capacity is done for triangular
and square pattern at various diameter ratio. A finite
element modeling is done using PLAXIS 3D and the
response is studied on it. A parametric study is done
by varying the geometric and shear parameters of a
stone column and surrounding soil as well as loading
parameters. The results show that with the increase in
area replacement ratio and depth of stone column, the
stability of the foundation can be increased to a more
reliable extent. Proper drainage at foundation ground is
necessary as the settlement at submerged condition even
with the stone column is more than without stone column
at dry site condition. Study shows that effect of change
in friction angle of stone column material on settlement
reduction is effective at higher area replacement ratio.
The Modular ratio has been found to have a negligible
effect on improvement factor. The performance of the
foundation is found to be more at a higher depth
factor (β > 0.7) and the settlement improvement factor
has been found to be less for higher loading for the
same depth factor. It is also found that with the area
replacement ratio of about 4.2 %, at φc = 400, the
settlement of the foundation has been reduced by around
19 %.

Index Terms—PLAXIS 3D, Settlement, Bearing Ca-
pacity, Stone Columns, Finite Element Modelling,
Ground Improvement

I. INTRODUCTION

Stone Column is an effective measure of ground
improvement in terms of improving the bearing ca-
pacity, reducing settlement as well as reducing the
liquefaction damage caused by the earthquake. It is
also known as granular columns or granular piles.
Vibro replacement (stone column construction) is part
of the deep vibratory compaction techniques whereby
loose or soft soil is improved for building purposes by
means of special depth vibrators. The ground treatment
shall be carried out by deep vibratory compaction
incorporating stone columns formed with imported
granular material complying with the requirements of
BS EN 147311: 2005 Material.
Vibro-compaction ground treatment techniques started

way back to the 1930s with the development of the first
vibrating probe for the compaction of granular soils.
The technique was first used in the U.S. in 1948. Since
then, various studies have been done in stone column.
The properties of the soil and the column is studied and
their effect on the whole structure is analyzed. Hugher
et al [1] state that the ultimate column load depends
on the friction angle of the gravel used to form the
column, the size of the column formed and the restraint
of the clay on the un-cemented gravel. Madhav and
Vitkar [2] demonstrated the plane strain version of
a granular pile as a granular trench and postulated
the failure mechanism. The bearing capacity of a
footing on a soil stabilized with a granular trench is
determined using the upper bound theorem. Baez and
Martin [3] studied that vibro replacement stone column
designs are primarily limited to their capability of
soil densification. A simplified densification prediction
model considering the initial density state of the soil
was first introduced by Baez [4]. Before that, the
selection of the stone column diameter and spacing
relied on the personal experience of the engineers
and contractors, or on a preliminary design chart
introduced by Barksdale and Bachus [5], which does
not consider the initial state of the soil (Drumheller et
al. [6]).
The nature of failure determines the strength of stone
column foundation. Various failure mechanism has
been stated at IS 15284 (part 1): 2003. Initially,
Barksdale and Bachus [5] described three types of
failure, which may occur upon loading a stone column:
bulging failure, shear failure, and punching failure. The
bearing capacity of the stone column foundation is
studied by J. Nazari Afshar [7] using the analytical
method for calculation of bearing capacity of stone
column. A new method is introduced for estimation
of the ultimate bearing capacity of the stone column
using Coulomb lateral earth pressure theory. Paramet-
ric studies have been carried out and effects of con-
tributing parameters such as stone column diameter,
column spacing, and the internal friction angle of the
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stone column material on the ultimate bearing capacity
have been investigated. Also, M. Bouassida et al. [8],
presented a method for evaluation of the stone column
bearing capacity by using of limit analysis method.
Settlement response of soft soil reinforced by com-
pacted sand column was studied by Juran and Guer-
mazi [9], which presents the results of a laboratory
study that was conducted to investigate the effect of
several parameters, including the loading process and
the loading rate, the replacement factor, the group
effect, and the partial consolidation of the soft soil
due to the radial drainage through the column in a soil-
column system. Priebe [10] considered the behavior of
a single granular column and its surrounding tributary
soil as a unit cell and gives the basic improvement
factor due to installation of the stone column. The
effect of column compressibility, overburden is stud-
ied. Numerical models in stone column is studied
using finite element methods by various researchers
(Mitchell and Huber [11], Ambily and Gandhi [12] ).
Madhav and Van Impe [13] proposed a finite difference
model for the analysis of the granular layer covering
the stone column reinforced soil. Lee and Pande [14],
Kirsch and Sondermann [15] carried out a numerical
analysis on the ground improvement by stone columns.
Most of the reported studies addresses the effects of
change of soil properties from place to place.

The overall objective of the present research is to
contribute to the Finite Element Method analysis of
foundation ground with and without Stone Columns.
For being operationalized, this objective has to be split
up into smaller and more specific objectives to achieve
the overall objectives.

• To use the empirical and analytical method of
stone columns on a foundation ground for evalu-
ating the settlement and load-carrying capacity.

• Perform a parametric study on the shear and
geometric parameters of stone column and the
surrounding soil using finite element modelling
and provide an approximate geotechnical engi-
neering recommendation for the site.

II. MATERIALS AND METHODS

The use of Stone Column for reinforcing the ground
is adopted nowadays where a heavy structure is to be
built or where the ground is unable to bear structure
within the permissible limit of settlement, deflection
and bearing. The Soil improved with a stone column
is a complex structure. Lots of theories and studies
has been going on all around the world to understand
the phenomenon of stone column improved ground.
Even the soil parameters cannot be accurately iden-
tified, the exact investigation of the stone column
improved ground is a difficult task. So, various em-
pirical, Analytical and finite element calculations are
done to somewhat replicate the phenomenon to the
extent possible. Here in this study, it is decided to
investigate based on simple Analytical Method, and

empirical method based on SPT values and also the
Finite Element Method with PLAXIS 3D.

A. Empirical Method

This analysis deals with mainly the SPT values of
the ground at various depth. The strength of the ground
and the bearing capacity, settlement is evaluated based
on SPT values. The SPT tests were Conducted at the
location of Guheswori Waste Water Treatment Site.
A total of 8 Boreholes were conducted at the site
location.

Fig. 1. Variation of SPT values with Depth.

B. Analytical Method

In the Analytical Method, the Stresses and Settle-
ment of the ground is calculated using reduced stress
method and unit cell model of stone column. Basically,
there are two patterns of stone column application in
the foundation, one is triangular pattern and other is
square pattern. The factor of safety for various combi-
nations of stone column is studied varying the spacing,
diameter of stone column. The diameter ratio(N) of
the stone columns is considered in the range from 2-
6, depending upon the arrangement of stone column
(Square and triangular). A constant depth of 5m is
considered with spacing varying from 0.5-4.5m. Table
I and II summarizes the different cases depending upon
the values of N and S for triangular and square pattern
of arrangement respectively.

TABLE I
CASES FOR TRIANGULAR PATTERN

Case N= S De dc S/dc
De/dc (m) 1.05 S (m)

I 2 0.5 0.53 0.26 1.9
II 3 1 1.05 0.35 2.86
III 4 1.5 1.58 0.39 3.81
IV 5 2 2.1 0.42 4.76
V 6 2.5 2.63 0.44 5.71
VI 5 3 3.15 0.63 4.76
VII 4 3.5 3.68 0.92 3.81
VIII 3 4 4.2 1.4 2.86
IX 2 4.5 4.73 2.36 1.9
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TABLE II
CASES FOR SQUARE PATTERN

Case N= S De dc S/dc
De/dc (m) 1.05 S (m)

I 2 0.5 0.57 0.28 1.77
II 3 1 1.13 0.38 2.65
III 4 1.5 1.7 0.42 3.54
IV 5 2 2.26 0.45 4.42
V 6 2.5 2.83 0.47 5.31
VI 5 3 3.39 0.68 4.42
VII 4 3.5 3.96 0.99 3.54
VIII 3 4 4.52 1.51 2.65
IX 2 4.5 5.09 2.54 1.77

C. Finite Element Modelling

For Finite Element Method (FEM) in numerical
modelling of the designed foundation, PLAXIS 3D
(2013) software was implemented. In the PLAXIS 3D
software, for the project, first the soil is modelled. The
Modelling was carried out by setting out the size of
the model (30m*30m*15m) which was more than 5
times the radius of the raft/mat. The boundaries were
fixed, away from the foundation to avoid the boundary
effects. The units were fixed as shown in the Project
Properties. The model was normally fixed (Horizontal
Movement Restricted) on the sides and fully fixed at
the base. The soil was modeled with Mohr-Coulomb
failure criterion, basically depending upon Cohesion
and Angle of internal friction parameters due to lack
of stiffness paramters.

TABLE III
SOIL PROPERTIES USED IN PLAXIS MODELLING

Parameter Symbol Values Unit
Material Model Mohr-

Coulomb -
Unit Weight γ 22.00 KN/m2

Elasticity E 2.63E+04 KN/m3

Cohesion Cref 2.5 KN/m2

Friction Angle φ 33.28 Degree
Poisson ratio µ 0.3

Interface Stiffness Rinter 0.9
Drainage type Drain

TABLE IV
MATERIAL PROPERTIES OF STONE COLUMN IN MODELLING

Parameter Symbol Values Unit
Material Model Mohr-

Coulomb -
Diameter D 0.6m* m

Unit Weight γ 22.00 KN/m2

Elasticity E 2.4E+05 KN/m3

Friction Angle φ 40 Degree
Poisson ratio µ 0.3

Interface Stiffness Rinter 0.9
Drainage type Drain

Fig. 2. PLAXIS 3D Model showing soil and stone column

III. RESULT AND DISCUSSION

A. Variation in Column Arrangement

For three different target safe superstructure loads
(200, 300 and 400 KN), the factor of safety against
bearing are as below. Variation of the pattern doesnot
show any significant changes in the factor of safety of
the structure.

TABLE V
FOS FOR TRIANGULAR PATTERN

Case Q=200KN Q=300KN Q=400KN
I 0.59 0.39 0.29
II 2.46 1.64 1.23
III 5.61 3.74 2.81
IV 10.05 6.7 5.02
V 15.75 10.50 7.88
VI 22.61 15.07 11.31
VII 30.61 20.41 15.30
VIII 39.56 26.37 19.78
IX 48.93 32.62 24.47

TABLE VI
FOS FOR SQUARE PATTERN

Case Q=200KN Q=300KN Q=400KN
I 0.68 0.45 0.34
II 2.84 1.89 1.42
III 6.48 4.32 3.24
IV 11.60 7.73 5.80
V 18.19 12.13 9.10
VI 26.11 17.41 13.06
VII 35.35 23.57 17.68
VIII 45.70 30.47 22.85
IX 56.62 37.75 28.31

B. Variation in area replacement ratio

The proportion of the soil that is replaced by the
stone column is represented by a parameter called
area replacement ratio (Ar). Area replacement ratio is
the ratio of the area of the stone column to the area
within the cell in unit cell approach. 0.6m dia. stone
columns are used in the site with the radial pattern.

For the area replacement ratio of 20 %, 30 % and
40 % by a stone column material on a foundation with
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soil, the final settlement values of the foundation for
a load of 50, 100 and 200 KN/m2 considering the
influence of the initial displacement are also shown in
the figure below. It shows the settlement of the ground
goes on decreasing with increasing area replacement
ratio.

TABLE VII
RELATIONSHIP BETWEEN AREA REPLACEMENT RATIO AND

SETTLEMENT ( FOR 200 KN/m2 )

Area Replacment Ratio (%) 20 30 40
Final Settlement Value(mm) 8.11 6.25 4.97

Fig. 3. Variation of settlement with Area replacement ratio

For, area replacement of 20 % for a soil with
φc = 400, the stress ratio in the soil has been found to
be 0.45, which means the soil takes about 45 percent
of the stress compared to stress taken by stone column.
As the area replacement ratio increases, the stress
in the soil decreases. Similarly, with the increase in
stone column internal friction angle, the load sharing
by stone column is more to that of surrounding soil.
Change in friction angle of stone column by 10 degrees
shows change in stress ratio by nearly 35 percent.

Fig. 4. Variation in stress ratio with change in area replacement
ratio

C. Variation in Loading Intensity

The load settlement curve shows that nearly the
linear variation of settlement with load. The results of
the PLAXIS 3D software was found to be matching

Fig. 5. Comparision of settlement improvement factor from various
literatures

with the results from the analytical Calculations based
on IS 15284 (part 1): 2003.

Fig. 6. Finite Element Model with Stress Plot

Fig. 7. Load Settlement Curve for Ar = 0.042

The results of the finite element modelling is com-
pared with the field load test results. For this purpose,
arrangement as per IS 15284 (part 1):2003 for a single
column test was modelled in PLAXIS 3D as replicated
in field. This shows the finite element model has
similar output as of the field data.

D. Variation in water table

The load-settlement plot shows additional settlement
in the submerged condition compared to dry condition.
The bearing capacity of the Guheswori soil gets re-
duced when submerged, which induces high additional
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Fig. 8. Model in PLAXIS 3D for singly loaded stone column

Fig. 9. Simulation of settlement with increased loading (PLAXIS
3D)

settlement at higher stresses. The graph also showed
that the settlement of the foundation for dry condition
without stone column is less than submerged condition
with stone column.

Depth of water table has been found to have major
impact on settlement reduction at higher loading. when
the water table is high near the ground level, the
settlement of the ground has been found to be higher
compared to the condition when the water table is
below the ground level.

E. Variation in Cohesion of Soil

Change of cohesion by unit value shows the in-
crement in ultimate load carrying capacity by around
40KN/m2 at φc = 350 and 100 KN/m2 at φc = 450.
Ultimate load carrying capacity is found to increase at
higher value of internal friction angle of soil. For a
reference at Es/Ec = 9.12, φc = 400, for cohesion
change from 2KN/m2 to 4KN/m2, the ultimate load
changes from 688 KN/m2 to 815 KN/m2 which is

TABLE VIII
COMPARISION OF SETTLEMENT(MM) RESULTS FROM

ANALYTICAL CALCULATION, PLAXIS 3D AND FIELD LOAD
TEST (WITH STONE COLUMN)

Loading Settlement by Settlement by Settlement by
(KN/m2) Analytical Field load test PLAXIS 3D

100 4.72 2.91 4.73
200 9.27 5.40 8.22
400 17.99 10.93 15.15
800 33.26 28.45 31.99
1000 45.82 44.30 48.11
1200 55.91 74.97 73.20

Fig. 10. Variation of settlement in dry and submerged condition
(with and without stone column)

Fig. 11. Variation of settlement ratio with depth of water table

about 18.5% difference in comparison. It is found that
a value of unit cohesion can affect the load carrying
capacity by around 9% on Guheswori soil.

Fig. 12. variation of ultimatel load with change in cohesion for
Es/Ec = 9.12

F. Variation in Modular ratio

In this study, the stiffness of the soil or the stiffness
of column are varied to obtain the modular ratio for
range of 9.12 to 40. The result indicates a minor effect
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of modular ratio on ultimate load carrying capacity of
stone column improved ground.

Fig. 13. Ultimate load for change in modular ratio

G. Variation in depth ratio

For an area replacement ratio, Ar of 0.4, the settle-
ment improvement factor, n drops from 4.2 at β = 1.0
to 2.2 at β = 0.7, which is about 52 % less tha original
value. However, the reduction is less at low value of
Ar. So, it is advisable to use stone columns to higher
depths for better performance.

Fig. 14. Effect of change in depth ratio on settlement at different
area replacement ratio

Settlement improvement factor is found to be pre-
dominant upto load intensity of 150 kpa. As the load
reaches 400kpa, the improved ground has settlement
reduction by 1.55 for β = 1.0 compared to 1.6 for
150 kpa. This implies minimal value of settlement im-
provement can be obtained for stone column improved
ground at higher loading. The reason after this could be
dominant punching behavior in floating stone columns.

H. Variation in angle of internal friction of stone
column

For Guheswori site, the stone column will be highly
efficient in settlement reduction at area replacement
ratio greater than 0.1. At area replacement ratio of
0.4 and depth factor of 0.8, the improvement factor of
3.4 is observed at φc = 450 whereas, improvement
factor of 2.1 is observed φc = 350. Change of

Fig. 15. Effect of loading on settlement at various depth factor

internal friction angle of stone column by 10 degrees
at Ar = 0.4 helps in settlement improvement by 1.62
times.

Fig. 16. Variation of settlement with change in angle of internal
friction of stone column

Similarly, at area replacement of 20 percent and depth
factor of 0.8, the improvement factor of 1.92 is ob-
served at φc = 450 whereas, improvement factor of
1.45 is observed φc = 350. Change of internal friction
angle of stone column by 10 degrees at Ar = 0.2 helps
in settlement improvement by 1.32 times only.

IV. CONCLUSION

The use of stone column has been found to be very
efficient in the foundation improvement of Guheswori
Waste Water Treatment Plant. Analysis showed that
the structure has higher factor of safety with greater
diameter of stone column. The factor of safety has
been found to be decreasing with increase in spacing
of the stone columns. The settlment of the raft has
been found to be reduced by 19% by the use of stone
column at area replacment of 0.042 (ie 26 nos. of
0.6m dia , 5m height) in radial pattern in the field
compared to the settlement without the use of stone
column. Also, settlement has been found to be more
in submerged condition with stone column than in dry
condition without stone column. Thus, proper drainage
of the site is necessary. Similiarly, It is found that the
effect of change of friction angle is found to be more
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prominent at higher area replacement ratio. Change in
cohesion by unit value has been found to increases the
ultimate load carrying capacity by 9 percent at lower
cohesion values.Hence, Proper identification of the soil
parameters is necessary for the cost-effective design.
The performance of the stone column foundation has
been found to be more at higher depth factors. Ultimate
load carrying capacity of the stone column foundation
has been found to have negligible impact by change
in modular ratio. Loading on the foundation has found
to have no significant impact at shallow depth of
stone column. The settlement reduction factor has been
found to decrease at higher loading at same depth
factor.
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Abstract—Standard Penetration Test (SPT) as a 
common tool of soil investigation has been increasing 
extensively in the Kathmandu valley, which has 
predominant thickness of clayey silt and silty clay in the 
Kalimati formations. A bulk database of SPT at various 
sites of Kathmandu valley is readily available. Although 
there are various correlations and predictive methods 
for estimating the Undrained Shear strength of cohesive 
soil from the SPT, the appropriate prediction applicable 
in the context of the Kathmandu has not yet been 
reviewed properly. This paper highlights the application 
of newly developed energy conservation based 
prediction models in the context of clayey silts of the 
Kathmandu valley, which has a great significance for 
the development of undrained shear strength profile 
with respect to depth using the SPT profiles. The review 
shows that, the energy based approaches are quite 
useful in preliminary tasks.   

Keywords—SPT, Undrained Shear Strength, UCS, 
correlation, prediction, energy approach, Kalimati 
formation, Cohesive soil, Fine-grained soil, Clayey silt, 
Kathmandu valley 

I. INTRODUCTION 

Geologically, Kathmandu is an elliptical bowl 
shaped basin located between mountains (Chandragiri 
and Phulchoki ranges in the South, Shivapuri and 
Nagarkot ranges in the North) in the lesser Himalayan 
zone of Nepal, which is filled with thick lacustrine and 
fluvio-lacustrine sediments [1]. The recently 
developed 2km by 2km grid-sections of the geological 
models of the Kathmandu valley show that most of the 
central part of the Kathmandu valley has Kalimati 
formation soil, and the color code of logs of various 
boreholes show that the soils have been broadly 
classified as clay [2]. The fine-grained soils in the 
SAFER/GEO-591 database [3] of Kathmandu valley 
illustrated that although most of the generic 
classification is made as “clays” for the fine-grained / 
cohesive soils encountered; geo-technically they 
would mostly be silts. This is because a large portion 
of the fine grained soils among the 591 database are 
illustrated as being scattered below the A-line in the 

Cassagrande’s plasticity chart as shown in [3]. A 
review of existing correlations as well as newly 
developed energy based approaches to predict 
undrained shear strength from SPT has been carried 
out with reference to the data of clayey silts of 
Kalimati formation of the Kathmandu valley. 

A. Definitions of some technical terms  

SPT value, NSPT is defined as the number of blow 
counts of the hammer in the standard SPT setup 
corresponding to the last 300 mm penetration out of 
the total 450 mm penetration of the standard split-
spoon sampler. The initial 150 mm penetration is 
considered as the seating penetration and hence not 
considered in the NSPT. 

Standardized SPT value, N60 is the normalized 
SPT value to the standard energy ratio of 60% 
corresponding to various factors such as borehole 
diameter, rod length of SPT, sampler lining and 
average energy ratio of the setup. This excludes the 
adjustment for the overburden of the soil mass. 

Undrained shear strength, cu is the shear strength 
of soil specimen in undrained conditions. The 
undrained shear strength can be determined in various 
ways, which in this study has been taken as half of the 
unconfined compressive strength as obtained from 
UCS tests. 

Energy ratio, ER is the ratio of actual hammer 
energy reaching the sampler to the input energy using 
the SPT setup. 

II. MATERIALS AND METHODS 

A. Study Area  

Three different locations namely Khullamunch, 
Sallaghari and Dhobhighat all belonging to the 
Kalimati formation were taken as the study area, data 
from which would be the sample from the population-
that is the Kalimati formation of the Kathmandu 
valley.  
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B. Geotechnical Data 

A total of 69 borehole data with SPT value, NSPT 
as well as Unconfined Compressive Strength, cu data 
of the undisturbed samples immediately adjoining the 
SPT depth (in meters) were collected from various 
official reports [4], [5] and [6].  

TABLE I.  SUMMARY OF SPT AND MEASURED CU 

S. 
No. 

Borehole 
Location 

Label SPT 
Depth 

NSPT cu 
(kPa) 

1. Khullamunch BH-1 13.5 5 33.5 

2. Khullamunch BH-1 32 8 47.5 

3. Sallaghari SB1 6 6 30 

4. Sallaghari SB2 10.5 7 39 

5. Sallaghari SB3 10.5 4 29 

6. Sallaghari SB4 7.5 7 38 

7. Sallaghari SB5 7.5 7 37.5 

8. Sallaghari SB7 6 5 28 

9. Sallaghari SB8 9 7 39 

10. Sallaghari SB9 7.5 6 35 

11. Sallaghari SB10 9 6 34 

12. Sallaghari SB11 7.5 6 34.5 

13. Sallaghari SB13 6 7 37.5 

14. Sallaghari SB14 6 6 33 

15. Sallaghari SB16 6 7 34 

16. Sallaghari SB17 10.5 5 29 

17. Sallaghari SB18 9 4 30.5 

18. Sallaghari SB19 9 4 30 

19. Sallaghari SB20 12 6 29.5 

20. Sallaghari SB21 12 6 36.5 

21. Sallaghari SB22 10.5 5 34 

22. Sallaghari SB23 7.5 5 28 

23. Sallaghari SB24 4.5 4 26.5 

24. Sallaghari SB25 6 6 31.5 

25. Sallaghari SB26 9 5 30 

26. Sallaghari SB27 7.5 6 33 

27. Sallaghari SB28 9 2 20.5 

28. Sallaghari SB29 6 7 34.5 

29. Sallaghari SB30 4.5 4 27 

30. Sallaghari SB31 7.5 8 35 

31. Sallaghari SB32 9 6 31 

32. Sallaghari SB33 7.5 5 32 

33. Sallaghari SB34 9 6 35 

34. Sallaghari SB35 6 5 32 

35. Sallaghari SB36 9 5 26.5 

S. 
No. 

Borehole 
Location 

Label SPT 
Depth 

NSPT cu 
(kPa) 

36. Sallaghari SB38 6 7 38 

37. Sallaghari SB39 9 6 35 

38. Sallaghari SB40 10.5 7 32.5 

39. Sallaghari SB41 9 2 22.5 

40. Sallaghari SB42 9 8 42.5 

41. Sallaghari SB43 9 3 26.5 

42. Sallaghari SB44 12 7 39 

43. Sallaghari SB45 7.5 5 32.5 

44. Sallaghari SB46 7.5 5 33 

45. Sallaghari SB47 10.5 9 44 

46. Sallaghari SB48 7.5 9 40 

47. Sallaghari SB49 10.5 6 33 

48. Sallaghari SB50 9 5 31.5 

49. Sallaghari SB51 6 6 35 

50. Sallaghari SB52 6 6 33 

51. Dhobighat DB1 7.5 9 46 

52. Dhobighat DB2 6 6 40 

53. Dhobighat DB4 9 8 42.5 

54. Dhobighat DB5 16.5 8 42.5 

55. Dhobighat DB6 10.5 9 41 

56. Dhobighat DB9 13.5 9 40 

57. Dhobighat DB10 9 9 43.5 

58. Dhobighat DB11 7.5 9 41 

59. Dhobighat DB12 10.5 8 37.5 

60. Dhobighat DB13 7 7 36.5 

61. Dhobighat DB14 9 8 40 

62. Dhobighat DB15 9 8 41.5 

63. Dhobighat DB16 9 6 37.5 

64. Dhobighat DB17 10.5 8 39 

65. Dhobighat DB18 6 7 37.5 

66. Dhobighat DB19 7.5 7 36.5 

67. Dhobighat DB20 6 7 39 

68. Dhobighat DB21 7.5 9 45.5 

69. Dhobighat DB22 7.5 7 42.5 
 

The depths of the soil in the data ranged from 4.5 
m to 32m, with the most data of depths 6m to 10.5m 
only. The content of sands obtained from sieve 
analysis ranged from 0% to 6%, while that of silt 
obtained from hydrometer analysis ranged from 51% 
to 72% and that of clay obtained from hydrometer 
analysis ranged from 24% to 48%. The natural 
moisture content ranged from 30.68% to 49.85%. The 
Liquid Limit ranged from 34.5% to 47% while the 
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Plastic limit ranged from 29.5% to 37.6%. The 
Plasticity Index, PI of the data ranged only from 3.39 
to 10.94.  

The soils were classified according to Indian Soil 
Classification System (ISCS). The soils were mainly 
clayey silts of low to intermediate plasticity according 
to the ISCS i.e., ML and MI. The test standards 
followed in the laboratory tests all comply with 
relevant Indian Standard (IS) Codes as mentioned in 
[4], [5] & [6]. 

C. Tools 

MS-Excel Spreadsheet tool was used for the data 
analysis such as: computation of shear strength from 
energy based concept and computation of shear 
strength from correlations from SPT, regression 
analyses and so on.  

D. Data Analysis Methods and Models used 

The null hypothesis (H0) that the mean of 
predicted shear strength and the mean of measured 
shear strength are statistically same for the given level 
of significance was accepted or equivalently, alternate 
hypothesis (H1) that the mean of predicted shear 
strength and the mean of measured shear strength are 
statistically different for the given level of 
significance was formulated. A paired two-tailed t-test 
was used for assessing the differences between 
predicted and measured values. The level of 
significance for the mean shear strengths was taken as 
5%, since this is general value of level of significance 
[7]. A plot between predicted values (along x-axis) vs. 
measured values (along y-axis) was produced and 
correlation coefficient was also computed for various 
models used.   

In order to assess the suitability of the prediction 
models based on the SPT, the literature review [8], 
[9], [10] & [11] were used. Four different models 
were used to assess the SPT based prediction. Model 1 
is based on the old correlation developed originally by 
Kulhawy and Mayne [8] of the form:  

cu/pa = 0.06 * N60  (1) 

where, cu = undrained shear strength in same units 
as that of pa 

    pa = standard atmospheric pressure = 
101.25 kPa 

    N60 = standardized SPT value to reference 
average energy ratio of 60%. 

Model 2 is based on correlation developed using 
static energy conservation, neglecting the energy 
losses in the SPT rods, by Hettiarachchi and Brown 
[10], [11] of the form: 

cu/pa = 0.04 * N60  (2) 

Likewise, Model 3 is based on the best fitting 
regression line equation for the same form as that 
developed using energy based principle by 
Hettiarachchi and Brown [10], [11] of the form: 

cu/pa = α’ * N60  (3) 

or, cu = α’’ * N60  (4) 

where, α’ = dimensionless empirical constant 
determined from best fit using regression analysis of 
the data 

      α’’ = dimensional empirical constant 
(kPa) = α’ * pa. 

Model 4 is based on the principle of the energy 
transferred to the sampler, considering the energy 
losses in the SPT rods, developed by Lukiantchuki 
[9]. The principle of Model 4 is described briefly 
hereafter. Model 4 derives the energy delivered to the 
sampler using the nominal energy (terms in the square 
brackets) and energy ratio as follows: 

Esampler = ER *[(H + Δρ) * MH * g + Δρ * MR * g]     (5) 

 where, H = height of free fall of the SPT hammer 

     Δρ = average sampler permanent 
penetration = (0.3 m / NSPT) 

     MH = mass of freely falling SPT hammer or 
driving mass 

         MR = mass of drill rod used to support 
standard split spoon sampler 

      g = acceleration due to gravity 

     ER = energy ratio of the setup   

 The dynamic reaction force Fd can be estimated as 
in [9] from the nominal energy delivered to the 
sampler as follows: 

Fd = Esampler / Δρ    (6) 

 The equivalent static force can be determined by 
using a load increase factor as in [9] as follows: 

Fs = Fd / ν (7) 

 where, ν = load increase factor 

 The lateral soil skin friction mobilized is related to 
the shear strength of the soil as in [9] as follows: 

fs = α * cu (8) 

 where, α = adhesion factor mobilized. 

 The equivalent static force is assumed to be mostly 
by lateral skin friction as in [9] as follows: 

Fs = fs * (Alo + Ali) + Rp  

 = approximately fs* (Alo + Ali)   (9) 

 where, Rp
 = tip or point resistance of the pile 

     Alo = outer shaft lateral surface area 

     Ali = inner shaft lateral surface area 

 Hence, 

 cu = Fs / [α *(Alo + Ali) ]   (10)  

Model 4 was used to calculate for the three different 
values of energy ratio, hence the names Model 4a, 
Model 4b and Model 4c. 
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E. Data Used and Assumptions in the 
Calculations 

In Model 4 calculations, among the two available 
drill rod sizes, namely: Size A: 41 Outer Diameter 
(OD) x 29 Inner Diameter (ID) mm with 5.51 kg/m 
unit weight and Size AW: 44 OD x 32 ID mm with 
6.25 kg/m unit weight [12], the latter size i.e., Size 
AW is observed to be frequently used in practice in 
the Kathmandu valley. Since, no exclusive record of 
particular drill rod size was mentioned in our data 
sources, the size AW was assumed for the calculation 
purposes. The energy ratio was only slightly sensitive 
against the two choices of the rod unit weights.  

The driving mass i.e., the mass of freely falling 
hammer, MH was taken 65 kg in all the calculations as 
per the data report obtained. 

The free fall height, H was taken as 0.76m as per 
standard practice used in the data report.  

The dynamic force was converted to static force 
adopting a load increase factor, ν of 1.7 as was 
adopted for the case of soft clay [9]. 

 The standard split-spoon sampler was driven 
450mm into the soil at the bottom of the boring. 
Hence, skin friction in this region was only considered 
significant in the calculations. The outer and inner 
lateral surface area, Alo and Ali respectively were 
calculated using the standard diameters of the standard 
split-spoon sampler from the corresponding reports of 
[4], [5] & [6]. 

 A miniature pile model was assumed to estimate 
the adhesion mobilized for the calculations. The 
adhesion mobilized, α was assumed as unity for the 
miniature pile in all calculations for soft to medium 
strength cohesive soils for simplifying the review 
analysis as in [9]. 

In the energy based Model 4 from [9], since there 
is no reference available currently for the measured 
value for the average energy ratio, ER at the sampler 
for SPT instruments in Kathmandu, so it was assumed 
as 67% initially based on available literature [12] and 
then iterated, till the alternative hypothesis was 
rejected. 

An assumption that- the SPT depth, the adjoining 
immediate Un-Disturbed (UD) Soil Sampling depth 
both have the same soil layer and there is no 
significant variation of soil between the two depths 
was made to carry out simplified analysis. In reality, 
there is a 0.5 m level difference between the SPT 
depth and UD soil sampling depth, which could result 
in some deviations in the predicted and measured 
shear strength values. However, to simplify the review 
analysis, the effect is ignored. 

III. RESULTS AND DISCUSSIONS 

A. Data Analysis Results 

The key statistics parameters derived from 
analysis for various predictive models are summarized 

in Table I. The plot between predicted values and 
measured values are shown in the Fig. 1, 2, 3, 4, 5 & 
6. 

TABLE II.  SUMMARY OF PREDICTIONS USING DIFFERENT 
MODELS FOR COMPARISION 

Prediction 
Model used 

Key Statistics parameters  

Average 
relative 

error (%) 

Standard 
deviation of 

relative error 
(%) 

t-value for 
Hypothesis 

testing 

Model no. 1 
(Eq (1)) 
 

+25.745% 17.29% 12.201 

Model no. 2 
(Eq (2)) 

-16.17% 11.52% 12.761 

Model no. 3 
((Eq (4)) 
α’’ = 4.678 kPa) 

-2.99% 13.34% 1.332 

Model no. 4a 
((Eq (5) 
ER = 67 %) 

-3.86% 13.22% 3.584 

Model no. 4b 
((Eq (5) 
ER = 61.7 5%) 

-3.65% 12.54% -1.956 

Model no. 4c 
((Eq (5) to (10) 
ER = 62.35 %) 

-2.71% 12.66% -1.236 

 

 

Fig. 1. Predicted Shear Strength from Model 1 vs. Measured 
Shear Strength 

 

Fig. 2. Predicted Shear Strength from Model 2 vs. Measured 
Shear Strength  
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The original empirical models 1 and 2 as shown in 
Table I (Fig. 1, 2), based on t-test values compared 
with critical t-values, do not satisfy the null 
hypothesis and alternative hypothesis is accepted for 
these cases. In other words, the mean shear strength 
predicted from models 1 and 2 statistically differ 
from the mean of measured shear strength for a 5% 
level of significance.  
 

 

Fig. 3. Predicted Shear Strength from Model 3 vs. Measured 
Shear Strength  

Similarly, based on regression model 3, which is 
similar in nature to both models 1 and 2, correlates 
equally, but has a better results in the t-tests, and the 
null hypothesis is accepted for this case. In other 
words, the mean shear strength predicted from 
method 3 is statistically same as the mean of 
measured shear strength for a 5% level of 
significance. 
 

 

Fig. 4. Predicted Shear Strength from Model 4a vs. Measured 
Shear Strength 

 

Fig. 5. Predicted Shear Strength from Model 4b vs. Measured 
Shear Strength 

 

Fig. 6. Predicted Shear Strength from Model 4c vs. Measured 
Shear Strength 

The models 4a, 4b, 4c are all same energy based 
method with varying energy ratio. The energy ratios in 
the range 61.75% - 62.35% satisfy the null hypothesis 
with the best fit regression line equation of the form y 
(measured) = a*x (predicted), where, a=0.995 to 
1.005.  

B. Comparision with literature 

The energy ratios in the range 61.75% - 62.35%, 
(average 62.1%) satisfy the null hypothesis and have 
negative average error as well as negative t-value 
indicating the under-estimation of measured shear 
strength by predicted shear strength as in [9]. The 
average energy ratio measured for hand-lifting system 
was 59%, 62% for two different sites and had a 
significantly large standard deviation of 15.1% and 
12.3% respectively according to recent measurements 
[13]. The standard deviation obtained for the relative 
error from the shear strength method is also quite 
large i.e., 12.54% and similar to above. In this study, 
since we back analyzed with a constant average 
energy ratio, the actual variable energy ratio in the 
field plausibly manifested in the form of scatter 
between predicted and measured shear strength. 
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Although, there are also several other reasons for this 
scatter, it can be observed that the average values of 
the energy ratios for donut hammer system are 
comparable in the order of magnitude. The actual 
value is indeed quite variable due to site-specific 
nature and differences in the setup used and cannot be 
compared as such.  

Nevertheless, the value obtained from this method can 
indeed be used as an upper guide for the mean energy 
ratio, since it was found to under-estimate the actual 
shear strength in [9]. For the preliminary analyses of 
SPT results, the model 4 suggests an upper guideline 
for the average energy ratio of around 62.1% for the 
setup as described in the data used and assumptions 
mentioned.  

It can however, be noted that this method of average 
energy ratio is only useful for preliminary analyses, 
since, the actual energy ratio in the field varies quite 
significantly, even for a same given site [13].  

IV. CONCLUSIONS 

 This review concludes that the energy approach of 
model 4 considering the energy losses in the SPT rods 
with appropriate average energy ratio provides a 
useful preliminary prediction than all other models 
presented here.  

It can be noted that the constant coefficient in the 
correlation model 3, changes with the average energy 
ratio adopted in the standardization of the SPT. 
However, the model provides better preliminary 
prediction than other older correlation based models 
such as model 1. 

The method of calibrating the energy ratio from the 
back calculation from UCS using the energy based 
method can be quite useful in standardizing the mean 
energy ratio, in the areas where stringent measurement 
of energy hasn’t already been carried out using 
instrumentation like load cell and strain gauges.  

This calibration method yields an upper limit to the 
energy ratio (Since the energy contribution from the 
tip resistance hasn’t been accounted for in the method; 
only skin resistance. Likewise a very conservative 
value of unity was adopted in the calculations). 

V. RECOMMENDATIONS 

 By interpolating the shear strength value from the 
SPT at the same depth as the UD soil sampling depth 
for the UCS test value, the shear strength variation 
w.r.t SPT depths and UCS test depths can be 
accounted for, which can improve the prediction of 
undrained shear strength from SPT. 

 Similarly, the method of using correlations for 
prediction of adhesion mobilized in terms of shear 
strength and performing iteration, instead of assuming 

adhesion mobilized equal to unity for soft soil case as 
in this study to calculate the undrained shear strength 
can also be studied to see if they are sensitive to the 
prediction results.   

Likewise, the considerations of skin friction were only 
incorporated in this study; the tip resistance can also 
be included from literature review in the future 
studies. Similarly, other factors can also be 
incorporated in the future study. 
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Abstract— For the design and stability analysis of 

embankments, strength and stiffness properties of 

compacted clay-sand mixed soils with varying water 

content and dry unit weight are necessary. A widely 

applicable linear Mohr-Coulomb strength criterion can 

be used for the interpretation of the strength of such 

soils, but the strength parameters, particularly apparent 

cohesion as a result of dilation in densely compacted 

specimens produced an uncertainty in the calculation of 

factor of safety for the shallow slope stability analysis. 

In this study, a series of constant-volume direct shear 

tests and unconfined compression tests were performed 

on the compacted specimens of two different clay-sand 

mixed soils to investigate the undrained strength 

behaviour. The undrained effective and total stresses 

strength parameters were derived, which indicated that 

the apparent cohesion was significant for the state close 

to the optimum but decreased gradually towards the 

wetter side, but the angle of internal friction did not 

show significant variation between the states. Finally, 

the unconfined compressive strength and deformation 

modulus increased with decreasing water content, 

increasing dry unit weight and increasing degree of 

compaction (the ratio of in-situ dry density to maximum 

dry density from the laboratory compaction tests) 

following power functions. 

Keywords— Compacted Soil, Compaction States, 

Undrained Strength, Apparent Cohesion, Dilation 

I. INTRODUCTION  

Most of the embankments, such as highway 

or railway embankments, river dykes etc., are found 

to be made up of compacted fine-grained soils which 

generally composed of mixtures of clay, silt and sand. 

The properties (strength, stiffness, and permeability) 

of such compacted soils are strongly dependent on the 

compaction state which is generally defined in term 

of water content and dry unit weight [1-3]. For the 

design and stability analysis of the embankments, it is 

therefore necessary to understand clearly the strength 

and stiffness properties of such compacted mixed 

soils in relation with different compaction states, 

particularly water contents and densities as variables, 

before placing the mixture in its final site. Common 

practice is to construct the embankments by 

compacting soils above a specified minimum dry 

density and a range of water content on the basis of 

standard proctor compaction carried out in laboratory 

[4]. The range of water content is usually set at or 

closer to the optimum either on a wet or a dry side.  

Microstructure of compacted specimens is 

dependent on the molding water content relative to 

the optimum water content, and the important 

features governing the compacted soil behavior are 

the flocculated microstructure on the dry side and the 

dispersed microstructure on the wet side [5-6]. The 

fabric of these compacted specimens on the dry side 

of the optimum composed of aggregates of various 

sizes with bimodal pore size distribution and 

discontinuous water phase, while on the wet side of 

the optimum the fabric is dominated by a more 

homogenous matrix with a single pore size 

distribution and continuous water phase [7].  Santucci 

de Magistris and Tatsuoka [8] conducted a study by 

performing triaxial compression tests on the 

compacted specimens of silty-sand and reported that 

the soil compacted with different water contents 

produced materials with different microstructures, 

which affected significantly the stress-strain behavior, 

and the difference was noticeable at small strains. 

The strength and stiffness of as-compacted soil 

usually increases with decreasing water content, 

increasing dry density and increasing confining 

pressures. However, it is also evidenced that the soil 

compacted at low water content collapses upon 

wetting and the strength can be smaller than those 

prepared at the optimum. 

Interpretation of shear strength of compacted 

soils can be done by using a linear Mohr-Coulomb 

strength criterion, τ=c’+σ’tanФ’, where, c’=cohesion 

and Ф’=friction. The cohesion intercept (c’) always 

produces an uncertainty while using the strength 

parameters in the shallow slope stability analysis [9]. 

In the compacted specimens, it is usually not possible 

to have a true cohesion. Hence the cohesion intercept 

from shear tests in the compacted specimens is an 

apparent cohesion resulting from the capillary action 

and interlocking due to dilation. The capillary action 

and the degree of dilation in the compacted 

specimens are functions of molding water content and 

dry unit weight. Field observation showed that most 

of the slopes began to fail along a potential failure 

surface when the soil was getting wet and saturated 

e.g. rainfall-induced instability. Thus more relevant 
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testing condition for such failure mechanism in a 

direct shear apparatus could be shearing under a fully 

submerged condition which reduced the effect of 

capillary action; and then the apparent cohesion is 

only due to the dilation, which is usually less well 

characterized in the factor of safety analysis in 

practice. 
The present study aims to increase understanding 

of how the compaction state and resulting 
microstructure influence the strength and stiffness 
behavior of compacted clay-sand mixed soils sampled 
from two different river dyke construction sites of 
Ebesubuto and Higashinosato. The experimental study 
includes a series of constant-volume direct shear tests 
under fully submerged condition at low to medium 
consolidation stress ranges (5-400kPa) and unconfined 
compression tests on the compacted samples adopting 
water contents (1.05-1.30wopt) on the wet of optimum. 
The undrained effective stress paths and strength 
envelopes for different states by adopting the linear 
Mohr-Coulomb strength criterion were analyzed and 
which gave insights into variations of strength 
parameters as a result of differences in densities and 
degrees of dilatation during shearing. In addition, the 
effects of compaction state on unconfined 
compressive strength and deformation modulus (E50) 
were also evaluated. 

II. EXPERIMENTAL DETAILS  

A. Tested Materials  

In this study, two clay-sand mixed soil 

samples were tested, which were sampled from river 

dyke construction sites in Ebetsubuto and 

Higashinosato, Hokkaido, Japan. Both samples were 

on-site mixtures of locally available alluvial clay and 

volcanic sand in the proportion of approximately 1:1 

by weight, and collected after the construction of 

river dikes. The physical properties are listed in 

Table 1. The particle size distribution curves are 

presented in Fig. 1. The curves show both soils are of 

highly non-uniform gradations with particle sizes 

ranging from finer clay to coarser gravel. The 

standard proctor compaction curves are presented in 

Fig. 2, which show the maximum dry density, 

optimum water content and the states adopted for the 

preparation of compacted samples in laboratory. 

The compacted samples were prepared by 

compacting soils in a standard proctor mold with the 

compaction energy same as the standard proctor test 

(i.e. 598kJ/m3) in three different layers, adopting 

three different water contents of 1.05wopt, 1.15wopt, 

and 1.30wopt. Each layer received 25 numbers of 

blows and gave a direct shear test specimen with less 

inter-variability in compaction between different 

specimens. These samples were in well-compacted 

states with degrees of compaction, which is defined 

as the ratio of dry unit weight of compacted samples 

to maximum dry unit weight from the standard 

proctor compaction curve, lying between 88 and 

98%, which were relevant to the actual embankment 

compaction in the sites in Hokkaido. The further 

details of material properties and specimen 

preparation methods are presented by Panta [10]. The 

direct shear test specimen of size 60mm in diameter 

and 30mm high, the constant-rate-of-strain (CRS) 

oedometer test specimen of size 60mm in diameter 

and 20mm high and the unconfined compression test 

specimen of size 50mm in diameter and 100mm high 

were trimmed from the large standard proctor test 

specimens of size 100mm in diameter and 125mm 

high.   

Table 1. Physical properties of tested soils 
Name of 
soils 

wn
(1)

 

[%] 
wp 

[%] 
wl

(2) 
[%]  

Gs Clay 
fraction(3)  

[%] 

Sand/
Grave

l [%] 

Ebetsubu

to 

31.7 29 59 2.64 36/40 35/17 

Higashin

osato 

31.8 25 54 2.58 36/44 50/60 

(1) As measured in field after compaction  
(2) Measured for constituents passing through a 425μm sieve 
(3) (Finer than 2μm)/(Finer than 5μm)  

            
Fig. 1. Particle size distribution curves for tested soils

              
Fig. 2. Standard proctor compaction curves for tested soils 

III. METHODS OF TESTING  

In this study, the undrained shear strength of 

soil was tested by conducting a series of constant-

volume direct shear tests, which is equivalent to 

consolidated-undrained triaxial tests, on the 

compacted samples of Ebetsubuto and Higashinosato 
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soils. The tests were performed in a fully submerged 

condition at low to medium consolidation stress 

ranges of 5-400kPa. The specimens were firstly 

allowed to swell or consolidate fully to a desired 

consolidation stress (1.e. 5, 10, 20, 50 and 400 kPa in 

a series) and then shear under a constant volume and 

a fully submerged condition at a horizontal 

displacement rate of 0.01mm/min. This strain rate 

was found by experience sufficiently slow to equalize 

the pore water pressure throughout the specimen 

during shearing to obtain a representative undrained 

effective stress path. The details of direct shear 

apparatus and test procedure employed in this study 

were also reported by Panta and Nishimura [11]. In 

addition, the unconfined compressive strength of each 

state was also determined by performing a series of 

unconfined compression tests with a strain rate of 

0.75mm/min. 

IV. RESULTS AND DISCUSSIONS 

A. Undrained effective stress paths and strength 

envelopes  

The undrained effective stress paths and 

effective strength envelopes for different states of 

Ebetsubuto and Higashinosato soils obtained from the 

constant-volume direct shear tests, which are plotted 

for horizontal shear stress against vertical effective 

stress, are presented in Figs. 3(a) and (b). The stress 

path for each state showed initially modestly 

contractive behavior followed by strongly dilative 

behavior with a distinct peak state   at a low 

consolidation stress range (σv0’= 5-50kPa), whereas at 

a high consolidation stress range (σv0’= 400kPa) the 

stress paths showed contractive behavior until 

reaching a failure state and then it moved along the 

failure envelope indicating the influence of coarser 

sand and gravel particles. Similar behavior was also 

observed by Santucci De Magistris and Tatsuoka [8] 

on compacted silty-sand specimens by performing 

triaxial compression tests. They reported that the 

dilatancy characteristics in the compacted specimens 

are mainly due to the instantaneous dry density which 

is controlled by the molding water content. The 

specimens compacted closer to the optimum water 

content exhibited the strongest tendency of dilation 

than the wetter specimens. A test series on 

Higashinosato soil for the state of 1.05wopt was not 

complete due to time limitation during this study. The 

effective stress strength envelopes are drawn by 

taking points on the stress paths corresponding to 

maximum stress ratio (τ/σv’) using the linear Mohr-

Coulomb failure criterion. Figs. 4 (a) and (b) show 

the horizontal shear stress versus horizontal 

displacement curves obtained from the constant-

volume direct shear tests with different consolidation 

stresses. The compacted specimens at the low 

consolidation stress range (σv0’= 5-50kPa) showed 

distinct peak states at low strains followed by strain 

softening, while at the higher stress range (σv0’= 

400kPa),  the peak state was not clearly visible and 

the dilation was still continue until reaching a 

maximum displacement of 6mm. The effect of dry 

density or molding water content on the shear stress 

at a constant strain was found to be significant, and 

was more noticeable between the specimens closer to 

the optimum relative to the wetter specimens because 

of the effect of dilatancy characteristics on the shear 

stress. They showed significantly different stress-

strain behavior even at higher strains.  

The strength envelopes are fitted well with 

the linear Mohr-Coulomb failure criterion (R2>0.99), 

as shown in Figs. 3(a) and (b). The Mohr-Coulomb 

strength parameters are derived and presented in 

Table 2. Due to the strongly dilative behavior of 

effective stress paths at the low stress range, it may 

have produced non-linearity in the strength envelopes 

and affected the interpretation of strength parameters, 

particularly the apparent cohesion, which could play 

an important role in the calculation of factor of safety 

for the shallow slope stability analysis based on the 

effective stress approach, as mentioned earlier. The 

past study considering the non-linearity of strength 

envelopes by using a non-linear power-law strength 

criterion on clays and similar clay-sand mixed 

Maizuru soil was carried out and presented by Panta 

and Nishimura [11]. The results on the clay-sand 

mixed Maizuru soil showed degrees of non-linearity 

of power-law effective strength envelopes were in a 

range of 0.93-0.95, which were close to unity. It 

means that the failure envelope was approximately 

linear. Therefore, the linear Mohr-Coulomb failure 

criterion may be applicable in this study. It can be 

seen from the table that the values of apparent 

cohesion for Ebetsubuto soil was significantly high 

for the states of 1.05wopt, and 1.15wopt (11.2kPa and 

8.9kPa, respectively), whereas it was less significant 

(3.9kPa) for the state of 1.30wopt. These differences in 

the apparent cohesion (c’) can be explained by the 

increasing dry density or degree of compaction (about 

10%) and resulting degree of dilation during shearing 

between these states. On the other hand, the friction 

angle did not show significant variations between 

these states in comparison to the apparent cohesion. 

The result is also consistent with the one that 

observed with the different states of Higashinosato 

soil. Therefore, with these observations, it can be 

highlighted that the cohesion values are more 

sensitive to molding characteristics than the friction 

angles.  

For the short-term stability analysis using 

conventional limit equilibrium methods, the 

undrained strength envelopes in terms of total stress 

is required as the analysis does not involve excess 

pore water pressure prediction. The total strength 

envelopes for different states of Ebetsubuto and 

Higashinoto soils are presented in Fig. 5, which are 

fitted well with the linear Mohr-Coulomb failure 

criterion (R2>0.99). The strength parameters are listed 

in Table 3. The cohesion intercept was significantly 
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high closer to the optimum and which decreased 

gradually away from the optimum on the wetter side 

(25.3-11.6kPa for Ebetsubuto soil and 23.1-12.8kPa 

for Higashinosato soil); this characteristic is similar 

to that of the effective stress strength envelopes, as 

mentioned earlier, whereas, the friction angle did not 

show significant variations between different states as 

that of the cohesion intercept.  

 

 
 

 

 
 

Fig. 3. Undrained effective stress paths and effective 

strength envelopes for different states of (a) 

Ebetsubuto soil (b) Higashinsato soil 

 
 

 
 

Fig. 4. Stress-strain curves for different states of (a) 

Ebetsubuto soil (b) Higasinosato soil 

 Fig. 5. Total stress strength envelopes for different 

states of Ebetsubuto and Higashinosato soils 

soil 

 

Table 2. Mohr–Coulomb (M-C) effective stress 

strength parameters for different states of Ebetsubuto 

and Higashinosato soils 
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(c’), kPa 

Friction 
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1.15wopt 8.9 31.1 0.99 

1.30wopt 3.9 32.5 1.00 
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Table 3. Mohr–Coulomb (M-C) total stress strength 

parameters for different states of Ebetsubuto and 

Higashinosato soils 

B. Compression Characteristics  

Fig. 6 shows the compression curves 

obtained from the Constant-Rate-of-Strain (CRS) 

tests on different states of Ebetsubuto soil. Additional 

tests were also performed by preparing samples with 

water content at an increment of 0.05wopt. The void 

ratios were calculated based on the initial dry density 

and finally checked with final water content after the 

test. The soil showed the compression curves of 

slightly flat gradients at low effective stresses, similar 

to over-consolidated soils. They tend to converge 

towards higher stress ranges, but without a distinct 

yield point. As all the curves are not completely 

parallel, but show a gentle convergence within the 

maximum applicable vertical stress of 3000kPa, it 

was therefore difficult to define a unique normal 

compression line unlike pure clays. Such non-parallel 

and non-convergence of compression curves along a 

unique normal compression line could be due to the 

presence of sand particles and their crushing during 

loading, and which produced the behavior similar to 

transitional soils and led to difficulty in defining a 

unique normal compression line [12]. To check the 

possibility of convergence along a unique normal 

compression line, if the compression takes place up to 

higher stresses, further work is needed.   

 
Fig. 6. Oedometer compression curves for different 

states of Ebesubuto soil 

C. Compressive Strength and Deformation 

Characteristics  

Fig. 7 shows the axial stress-strain curves 

for different states of Ebetsubuto and Higashinosato 

soils obtained from the unconfined compression tests. 

It can be seen from the figure that the axial stress-

strain response is very stiff for the state at and closer 

to the optimum than that away from the optimum. At 

the optimum, the soil showed very brittle failure 

behavior with a distinct peak state (σa=400kPa at 

εa=3.84%) and dropped sharply without reaching 

residual strength. Moving towards the wetter sides, 

with increasing water content by 0.05wopt, the soil 

started showing softer responses with ductile failures 

by dropping peak stresses exponentially following the 

exponential equation, σa=482.2e-0.07εa. At the state of 

1.30wopt, the soil exhibited most ductile behavior 

without a distinct peak state. The ductile behavior at 

the wetter side can be explained by the presence of 

single family of micro pores with continuous water 

phase and occluded air bubbles, which facilitates the 

individual particles sliding past each other, the 

lubrication effect increased with increasing water 

content, creating strain before failure. The resulting 

microstructure of clay is dispersed on the wetter side 

(single particle or particle group acting individually) 

[5-6].  

 
Fig. 7. Axial stress-strain curves for Ebetsubuto and 

Higashinosato soils from unconfined compression 

tests 

Fig. 8 shows graphs of unconfined 

compressive strength against water content, dry unit 

weight and degree of compaction (measured after 

compaction). The unconfined compressive strength 

decreased with increasing water content, and 

increased with both increasing dry unit weight and 

degree of compaction. For Ebetsubuto soil, the 

unconfined compressive strength decreased from 

400kPa to 81.3kPa with increasing water content 

from 22.6% to 31.7% and fitted well with a power 

function. The unconfined compressive strength 
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1.30wopt 12.8 32.7 0.99 
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increased by the same amount when the dry unit 

weight increased from 13.9 to 15.4kN/m3 and the 

degree of compaction increased from 88.9% to 

98.4%, and fitted well with power functions. 

Consistent results can also be seen for Higashinosato 

soil, although only two data points are available. 

Using these curves, it is possible to estimate desired 

unconfined compressive strength by measuring 

moisture content or dry density or degree of 

compaction in the field. 

Fig. 9 shows graphs of deformation modulus 

(E50) against water content, dry unit weight and 

degree of compaction (measured after compaction). 

The deformation modulus is defined as a secant 

modulus which is calculated as the slope of a line 

from the origin through the point on the stress-strain 

curve at which the stress is one half of the unconfined 

compressive strength. The deformation modulus of 

soil was significantly high at the optimum and 

decreased gradually with increasing water content, 

and fitted well with a power function. The modulus 

decreased from 30.2MPa to 0.9MPa with increasing 

water content from 22.6% to 31.7%. Whereas the 

opposite was true when the dry unit weight increased 

from 13.9kN/m3 to 15.4kN/m3 and the degree of 

compaction increased from 88.9% to 98.4%.  It 

should be noted that the deformation modulus was 

significantly high at the optimum water content 

(30.2MPa) in comparison to the consecutive state of 

1.05wopt (7.5MPa), which could be probably due to 

the effect of significantly high dry unit weight and 

suction creating high initial stiffness.  

 

 

 
 

Fig.  8. Variations of unconfined compressive 

strength with (a) water content, (b) dry unit weight (c) 

degree of compaction  
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Fig. 9. Variations of deformation modulus (E50) with 

(a) water content (b) dry unit weight (c) degree of 

compaction 

V. CONCLUSIONS 

 

Undrained strength behavior of compacted 

clay-sand mixed soils sampled from the river dyke 

construction sites were investigated by performing a 

series of constant-volume direct shear tests and 

unconfined compression tests. The compacted 

samples were prepared by adopting different states 

(defined with water contents and dry densities) on the 

wet side of optimum in standard proctor compaction 

tests. The undrained effective stress paths and 

strength envelopes for different states from the 

constant volume direct shear tests were analyzed, and 

the undrained strength parameters were derived. In 

addition, compressive strength and deformation 

modulus (E50) from the unconfined compression tests 

were also determined. The following conclusions are 

drawn: 

1. The undrained effective stress paths for each state 

exhibited initially modest contractive behaviour 

followed by strongly dilative behaviour with a 

distinct peak state   at a low consolidation stress 

range (σv0’= 5-50kPa), whereas at a high 

consolidation stress range (σv0’= 400kPa) the 

stress paths exhibited contractive behaviour until 

reaching a failure state and then it moved along 

the failure envelope, showing the influence of 

coarser soil particles.The degree of dilation  was 

more pronounced for the state closer to the 

optimum, which is controlled by the dry density 

or molding water content.  

2. The effective strength envelopes for each state 

fitted well with the linear-Mohr Coulomb strength 

criterion but produced significant apparent 

cohesion for the state closer to the optimum as a 

result of high degree of dilation. It decreased 

gradually away from the optimum on the wetter 

side, whereas the angle of internal friction showed 

only smaller variations. The cohesion values are 

more sensitive to molding characteristics than the 

friction. 

3. The compression curves for different states were 

not completely parallel, but showed gentle 

convergence within the maximum vertical stress 

of 3000kPa, which led to difficulty in defining a 

completely unique normal compression line 

similar to transitional soils unlike pure clays, 

probably due to the presence of coarser sand 

particles and their crushing during loading.  

4. The axial stress-strain curves from unconfined 

compression tests exhibited very brittle failure 

behavior at a low strain for the state at and close 

to the optimum. The failure pattern changed 

gradually to ductile failure while moving away 

from the optimum. This can be explained by the 

single family of pores with continuous water 

phase in the compacted specimens on the wetter 

side of optimum, and higher water content 

lubricated the soil particles which facilitated the 

particles sliding past each other producing strain.   

5. The unconfined compressive strength and 

deformation modulus increased with decreasing 

water content, and increasing dry unit weight and 

degree of compaction (measured after 

compaction) following power functions. Both 

were significantly high at the optimum water 

content in comparison to the consecutive other 

states on the wetter side, probably due to the effect 

of significantly high dry density and suction 

creating high initial stiffness in the stress-strain 

curves. 

NOTATIONS 

σ’: Vertical effective stress 

c', φ’: Mohr-Coulomb effective strength parameters 

wopt: Optimum water content 

w: Water content 

wL: Liquid limit 

wn: Natural water content 

wopt: Optimum water content 

wp: Plastic limit 

Gs: Specific gravity 

γd: Dry unit weight 

σ’v0: Initial vertical consolidation pressure 

cu: Undrained shear strength 
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φcu: Consolidated undrained angle of internal friction 

ccu: Consolidated undrained cohesion intercept 

εa: Axial strain 

σ a: Axial stress 

q u: Unconfined compressive strength 

E50: Deformation modulus 

R: Correlation coefficient 
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Abstract— Consolidation is the gradual reduction in 

volume of a fully saturated soil of low permeability due to 

drainage of some of the pore water, the process continuing 

until the excess pore water pressure set up by an increase 

in total stress has completely dissipated. The application 

of load to a soil creates a state of excess pore pressure. 

These excess pore pressures dissipate by the gradual 

movement of water through the voids of the soil, and this 

results in a volume change that is time dependent. A soil 

experiencing such a volume change is said to be 

consolidating, and the vertical component of the volume 

change is called consolidation settlement. Laboratory test 

show that the coefficient of consolidation is varied during 

the loading and consolidation process. It is known that 

consolidation process is accompanied by decrease in void 

ratio which leads to decrease in the coefficient of 

permeability. The importance of the decrease of the 

coefficient of consolidation on the time rate of settlement 

and pore water pressure needs to be investigated. 
Undisturbed and remolded samples were collected from 

three different sites. The samples thus collected were 

preserved and tested in CMTL and Geotech and 

Associates lab. The lab test includes (Index properties test, 

Organic content test, Consolidation test and XRD tests). 

The soils under study are major deposit in Kathmandu, 

Kaski and Nawalparsi districts, so due to booming 

construction it is necessary to study its changing 

consolidation and permeability characteristics and thus 

predict its settlement rate and life of structure.  For 

kamero and kalo mato it is seen significant change in 

coefficient of consolidation which is 47.5% and 53% 

respectively within a period of 3 months at constant 

consolidation pressure of 57.586 ton/m2. Similarly for rato 

mato the change is 71.79% in a period of 9 months. Hence, 

it can be concluded that the effect of decrease in void ratio 

at later time of consolidation leads to decrease in 

coefficient of consolidation. Variation in Cv misleads in 

predicting actual settlement of the structure. A detailed 

study is must to find change in CV of different soil at 

different consolidation pressure. 

Keywords—Consolidation, Permeability, XRD 

I. INTRODUCTION  

Soil is a natural body of minerals and organic matter 
occurring on the surface of the earth that is a medium for 
plant growth and has ever-changing properties in 
response to many physical, chemical and biological 
processes going on over a geological period. Most of the 
soil deposit in Kathmandu valley comprises sand and 
clay with organic content. Clay is a finely grained 
natural rock or soil material that combines one or more 
clay minerals. It is made of a number of fine-grained, 
earthy materials that become plastic when wet. 
Chemically, clays are hydrous aluminum silicates, 
usually containing minor amounts of impurities such as 
potassium, sodium, calcium, magnesium, or iron. Black 
soil, widely known as Kalomato in Nepali language is 
one of major soil deposits of Kathmandu valley. It 
exhibits high rate of swelling and shrinkage when 
exposed to changes in moisture content and hence has 
been found to be very troublesome from engineering 
consideration. The rate of montmorillonite is more in 
black cotton soil which causes expansiveness and crack 
in soil without any warning signs, and is therefore 
dangerous for construction. The reddish residual soil, 
widely known as Ratomato in Nepali language, contains 
appreciable amount of iron oxide and is often used as a 
construction material. The white clayey soil commonly 
known as Kameromato is a major soil deposit in Kaski 
district of Nepal and is also the area of study. 

The soils of Nepal are highly variable and are 
derived mainly from young parent material. The nature 
and composition of soil depends on the nature and 
composition of the parent rock, prevailing climatic 
conditions, topography or physiographic condition, the 
vegetation it supports and soil formation process. So far, 
various types of soil found in Nepal are alluvial soil, 
lacustrine soil, rocky soil and mountain soil. Alluvial 
soil is usually found in the terai region and in lowland 
river basins. This alluvial soil is very fertile in nature 
because it is formed by the materials deposited by rivers. 
The sandy and gravel soil is found in churiya region 
where gravel and conglomerate are predominantly 
found. This is not fertile soil. Lacustrine soil is found in 
the Kathmandu valley. The mountain soil is formed by 
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boulders, sands and stone carried down by glacier. It is 
also not fertile [1] 

Kalomato soil found in Kathmandu valley is formed 

by lacustrine deposit. Because of its high swelling and 

shrinkage characteristics, Kalomato soil has been a 

challenge to the engineers since long. It is very hard 

when dry, but loses its strength completely as humidity 

penetrates the soil. Kalomato soil is made up of varying 

properties of minerals like Montmorinolite and 

kaolinite, chemicals like Iron Oxide and Calcium 

Carbonate and organic matter like humus. [2] 

Kameromato soil found in Ghattekhola, Kaski is also a 

residual deposit. Very few researches are done till date 

on the Kameromato, so its detailed geotechnical 

investigation is yet to be carried out. Chemical 

compositions of Kameromato samples of Kamerotar 

area of Bhaktapur primarily include clay minerals 

having MgO and K2O with SiO2 and Al2O3. On the 

other hand, the amount of Fe2O3, Na2O and CaO in fine 

clay sample is found to be lower than in bulk. [3]Red 

soil is a tropically weathered soil with a high 

concentration of sesquixides of iron and/or alumina. It 

has correspondingly low content of alkalis and alkaline 

earths. It exists in wide range of chemical composition. 

Silica content varies from low to medium and exists 

usually as kaolinite, whenever it is found in substantial 

amount. The presence of iron oxides in various states of 

hydration gives red soil a range of colors. [4] 

Consolidation is the gradual reduction in volume of 

a fully saturated soil of low permeability due to drainage 

of some of the pore water, the process continuing until 

the excess pore water pressure set up by an increase in 

total stress has completely dissipated. Consolidation 

theory is required for predicting both magnitude and rate 

of consolidation settlements to ensure serviceability of 

structures founded on a compressible soil layer. 

Terzaghi’s theory of consolidation makes certain 

assumptions about the consolidation process. He asserts 

that soil is homogeneous and fully saturated, solid 

particles and pore water are incompressible, flow of 

water and compression of soil are one dimensional 

(vertical), and strains are small. Darcy’s law is valid at 

all hydraulic gradients, but the most important 

assumption is that the coefficient of permeability and the 

coefficient of volume compressibility remain constant 

throughout the consolidation process. It is known that 

consolidation process is accompanied by decrease in 

void ratio which leads to decrease in coefficient of 

permeability. Effect of decrease in coefficient of 

permeability on time rate of settlement and pore water 

pressure needs to be investigated. The settlement rate 

and pore water pressure dissipation rate are mainly 

controlled by permeability of soil. Both laboratory and 

field tests show that permeability is varied during the 

loading and consolidation process. The variation of CV 

with pressure has not received much attention. Review 

of some available data in past shows CV is not constant 

but varies with consolidation pressure. An examination 

shows that CV increases with consolidation pressure for 

kaolinite but decreases with consolidation pressure for 

montmorillonite. This inconsistency in the variation of 

CV with consolidation pressure for different soils needs 

reconciliation. 

This paper takes into account the change in 

coefficient of permeability with varying consolidation 

on three different fine grained soils of Nepal.  

A. Problems and issues 

 Life of different structures in Kathmandu valley 

and other places of Nepal built over fine grained 

soil are usually underestimated with constant 

coefficient of consolidation. Decrease in 

coefficient of consolidation with time decreases 

the settlement rate and increases the life of 

structures. 

 Decrease in void ratio and subsequent decrease in 

the coefficient of permeability followed by slower 

dissipation of pore water pressure accompainies 

consolidation. This, in turn, makes it difficult to 

predict bearing capacity of soil. 

 Different types of soil have different settlement 

patterns which largely depend on varying 

coefficient of consolidation. Hence comparative 

study of different types of fine grained soil is a 

must.  

II. METHODOLOGY 

A. Soil Sampling Technique 

Open excavation were carried out. Undisturbed and 

disturbed samples were collected in thin walled sampler 

tubes. Sampling tubes were sealed at both ends by using 

wax and plastic to preserve moisture content. All the 

sample tubes were kept in a container and covered with 

wet jute bag followed by a plastic sheet to preserve the 

natural state of the samples. 

Location of sample collection: 

Kalomato - Chardobato, Bhaktapur Building site 

Ratomato - Chormara,Nawalparasi 

Kameromato - Ghatte Khola, Kaski 

 
Fig. 1. Soil Sampling 

B. Soil Testing Method 

       Soil testing included various testing methods to 

determine index, properties and consolidation 
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characteristics of soil. Coefficient of consolidation was 

determined from consolidation test. 

a) Consolidation Test 

This test was performed to determine magnitude 

and rate of volume decrease that a laterally confined 

soil specimen undergoes when subjected to different 

vertical pressures.  

 
Fig. 2. Consolidometer 

Undisturbed Samples were extruded from 

sampling tube and cut with trimming tools to a 

cylindrical shape with 5.9 cm diameter and 2 cm height. 

Specimen was weighted and recorded, which was 

further used for determination of water content of the 

soil. Three different samples of undisturbed specimen 

were prepared and tested using consolidation test. 

 

 
Fig. 3. Undisturbed soil sample 

Extensive consolidation test procedure was 

deployed. Firstly, soil specimen was collected using 

consolidation metal ring. The ring was confirmed to be 

clean and dry and its weight, inner diameter and height 

were measured using weighing balance and calipers 

respectively. The metal ring was then pressed into the 

soil sample using hand and it was then taken out with 

soil specimen. As the soil specimen should project 

about 10 mm on either side of metal ring, excess soil 

content was trimmed on top and bottom of the rings 

using knife, spatula and fine metal wires. This excess 

soil was later used to measure the water content of soil 

sample. 

For measuring the water content of the soil sample, 

firstly it was confirmed that the ring did not contain any 

soil on its outer part and weight of the metal ring with 

soil specimen was recorded. Then two porous stones 

were taken and saturated by boiling them for 15 minutes 

and submerging between 4 to 8 hours in distilled water. 

Consolidometer was then assembled by placing the 

parts of consolidometer from bottom to top in the 

following order: bottom porous stone, filter paper, 

specimen ring, filter paper and top porous stone. 

Loading pad was placed on top of the porous stone and 

the consolidometer was eventually locked using metal 

screws provided. 

The whole assembly was mounted on a loading 

frame and centered such that the load applied was axial. 

Then initial trail load was applied which did not allow 

any swelling in the soil. In general, 5 kn/m2 initial load 

was applied. The load was left until there was no change 

in dial gauge reading for at least 24 hours and final 

reading of dial gauge for initial load was recorded. 

First load increment of double load was applied 

and stop watch was started immediately and readings 

from the dial gauge were recorded at various time 

intervals. In general, readings were taken at 0.25, 1, 2.5, 

4, 6.25, 9, 12.25, 16, 25, 30 minutes, 1, 2, 4, 8, 24 hours. 

In general, primary consolidation of soil (90% of 

consolidation) was reached within 24 hours. Hence, 

readings were recorded up to 24 hours.   

 
Fig. 4. Dial gauge 

Second load increment which was double the first 

load was applied and the same procedure was repeated 

as mentioned for the first load. Similarly double load 

increments was applied till 7 days and the same 

procedure was repeated. After the seventh day, 

increment of load was stopped and the reading was 

taken after every 24 hour for 3 to 9 months. 

Finally, the assembly was removed from the 

loading frame and dismantled. The specimen ring was 

taken out and excess water was wiped out, after which 

the specimen ring weighted and recorded. The 

specimen was eventually placed in an oven and its dry 

weight was specified and recorded. 

Calculation for Consolidation Test of Soil 

Height of solids, Hs = Ws/(G*γw*A)  

Height of Voids, Hv = H-Hs 

Void ratio, e = Hv/Hs 

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

24



ISBN 978-9937-0-9019-3

 

Graphs of dial gauge reading vs. logarithm of Time 

were plotted to determine the coefficient of 

consolidation. 

III. RESULTS AND DISCUSSION 

A. Grain Size Distribution 

Figure 5 shows the detail grain size pattern of various 

soil samples tested. Hydrometer analysis done for finer 

particles of Ratomato, Kalomato and Kameromato 

shows 58 %,16 % and 8.5 % of clay particles (i.e., finer 

than 0.002 mm) respectively. 

 

 
 

Fig. 5. Grain Size Distribution 

B. Position of soil in Plasticity Chart 

Figure 6 reveals the relationship between liquid limit 

and plasticity index (Casagrande's Plasticity Chart). 
Soil samples of Ratomato and Kalomato lie below A-

line, whereas that of Kameromato lies above A-line. 

 

 
 

Fig. 6. Plasticity Chart 

C. Activity 

Figure 7 shows the activity of different samples tested 

based on plasticity index and percentage of clay 

fraction. Lines having slope of 0.75 and 1.4 (i.e., 

A=0.75 and A=1.4) and passing through origin are 

reference lines for classifying the soil. Based on this, 

Ratomato was classified as inactive and Kalomato and 

Kameromato were classified as normal active soil. 

. 

Fig. 7. Relationship between Plasticity index and Percentage of 

Clay Fraction 

D. Basic Geotechnical properties 

Detail description of various soil samples tested are 

presented in Table 1.  

 

 
 

Table.1. Geotechnical Properties of three soils 

 

 

E. Consolidation Test 

Figure 8 shows the coefficients of consolidation (Cv) of  

Kameromato, Kalomato and Ratomato. The value of CV 

for Kameromato varied from 2.46*10-7 m2/min to 

9.16*10-5 m2/min. For Kalomato the value varied from 

5.55*10-7 m2/min to 9.13*10-6 m2/min. Likewise, for 

Ratomato the value of Cv varied from 4.92*10-7 m2/min 

to 3.28*10-6 m2/min. Consolidation test was performed 

for 7 days where the load varied from 0.904 ton/m2 to 

57.856 ton/m2 while maintaining one load for 24 hours.  

 
Fig.8. Coefficient of consolidation of three soil 

F. Variation of Coefficient of Consolidation 

Figure 9 shows the change in coefficient of 

consolidation of Kameromato and Kalomato within a 

period of 90 days at constant load intensity of 57.586 

ton/m2. The graph shows that there is significant 

decrease in CV for both Kameromato and Kalomato. 

The value of CV for Kameromato decreased from 

9.15*10-5 m2/min to 4.81*10-5 m2/min which was 

47.5%. Similarly for Kalomato, CV decreased from 

8.73*10-6 m2/min to 3.4*10-6 m2/min which was 

53%.Similarly, variation of coefficient of consolidation 

of Ratomato in a period of 270 days. The value of CV 

varied from 2.31*10-5 m2/min to 6.52*10-6 m2/min 

which was 71.79 %. At the end of 3 months final water 

content of kamero mato and kalo mato was 20.34% and 

Ratomato Kalomato Kameromato

55.08 47.23 31.89

34.51 30.09 22.70

20.57 17.14 9.19

22.55 19.01 20.55

24 19 20
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58 16 8.5

0.67 1.95 0.35

MH ML CL

30.33 35.53 20.69

-0.18 0.78 -0.16
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soft Hard

0.35 1.07 1.08

Soil type

Natural(w%)

Liquidity Index(IL)

IL(Classification

Activity
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32.4% respectively. For rato mato at the end of 9 

months final water content was 23.16%. 

 

 
 

Fig. 9. Variation of coefficient of consolidation of Kameromato, 
Kalomato and Ratomato 

G. Mineralogical composition 

Minerals found in Kameromato, Kalomato and 

Ratomato did not possess pure chemical composition. 

Detailed mineralogical identification and quantification 

showed that chlorite was the major constituent of 

Kameromato (60%), also shown in Figure 10. Figure 11 

shows quartz as the major element for Kalomato (60%) 

and protoenstatite as the second major element (26%). 

Similarly, Figure 12 shows quartz as the major mineral 

in Ratomato (80%). Mohs value of quartz is 6 which 

makes Ratomato and Kalomato hard. Mohs value of 

chlorite is 2.5 which is comparatively lower than that of 

quartz. This makes Kameromato soft in comparison to 

Kalomato and Ratomato. Percentage of quartz was 

found to be more in Ratomato than in Kalomato. This 

makes coefficient of consolidation of Ratomato more 

than that of Kalomato. Figure 11, Figure 13 and Figure 

15 shows the mineral peak identification of kamero 

mato, kalo mato and rato mato respectively 

 
Fig.10. Kameromato Minerals 

 

 
 
 

 

 
 

 

 
 

 

 
Fig. 11. Kamero mato peak identification 

 

 
Fig. 12. Kalomato minerals 

 
Fig. 13. Kalo mato peak identification 

 

Fig.14. Ratomato Minerals 
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Fig. 15. Rato mato peak identification 

 

IV. CONCLUSION 

Results of the study indicate that the coefficient of 

consolidation is not constant but varies with the change 

in consolidation pressure and also with time. 

Significant change in coefficient of consolidation of 

Kameromato and Kalomato was witnessed which was 

47.5% and 53% respectively within a period of 3 

months at a constant consolidation pressure of 57.586 

ton/m2. Similarly for Ratomato, the change was 71.79% 

in a period of 9 months. Hence, it can be concluded that 

the effect of decrease in void ratio at later time of 

consolidation leads to decrease in coefficient of 

consolidation. The variation in Cv thus may mislead in 

predicting the actual settlement of the structure. A 

detailed study is required to find the change in Cv of 

different soil types at different consolidation pressures.  

 

Based on the detail mineralogical identification, 

quantification and Mohs values, quartz content is more 

in Ratomato and least in Kameromato. Major minerals 

found in Ratomato are hard, while those found in 

Kalomato are moderately hard and those found in 

Kameromato are soft, as its major mineral (chlorite) has 

low Mohs value. The reason behind higher value of Cv 

for Ratomato in comparison to Kalomato is the 

availability of higher concentration of quartz in it. 
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Abstract— Conventional embankment construction 

needs more right of way space and more backfill 

material or heavy retaining walls to retain the soil. This 

may lead to foundation problems in areas of weak soil. 

Reinforced soil can be used for greater heights, vertical 

slopes, less and uniform deformations. They are easy to 

work with, takes less time and are cost effective. This 

paper attempts to make parametric analysis of 

geosynthetic reinforced wall known as Mechanically 

Stabilized Earth (MSE) wall. Numerical simulations are 

done using a Finite Element Program (PLAXIS 2D). 

Soil is simulated as Mohr-Coulomb material and 

geosynthetic reinforcement modeled as elastic material. 

The foundation soil and reinforced soil having angle of 

internal friction value of 30° and 32° is used in the 

analysis. Plate element with axial stiffness value of 42 x 

106 kN/m and bending stiffness 78,500 kNm2/m is used 

in the analysis. Parametric analysis of spacing of 

geosynthetic reinforcement, geosynthetics stiffness 

value, aspect ratio (L/H), slope of wall, angle of internal 

friction and height of wall on factor of safety (FOS) and 

maximum horizontal displacement are studied. The 

FOS initially increased marginally with increase in the 

stiffness value whereas axial stiffness value of 2000 

kN/m and 2500 kN/m yielded the same FOS value of 

2.091. With the decrease in the slope of wall, the FOS 

increased from a value of 1.886 with vertical wall face to 

2.299 for 75.96° angle slope. 

Keywords—MSE wall, Geosynthetics. 

I. INTRODUCTION  

 The settlement in urban areas is increasing 

enormously in search for better education, 

opportunities and a higher standard of living. As a 

result, urban areas are becoming crowded and more 

restricted in space as compared to the countryside. 

Road construction in these areas is limited by the 

right of way availability demanding for vertical walls. 

Conventional near vertical walls like masonry 

retaining wall, concrete retaining wall are in practice, 

but these walls exert a great pressure on the 

foundation soil and demands for foreign materials 

(cement, sand, aggregate, reinforcement etc.). 

Geosynthetics reinforced earth wall have been in use 

for many decades in other countries but very limited 

use can be seen in our country Nepal. This 

technology can be used for attaining very high walls 

in limited space. 

 ASTM (1997) as cited in [1] has defined 

geosynthetics as a planar product manufactured from a 

polymeric material used with soil, rock, earth, or other 

geotechnical-related material as an integral part of a 

civil engineering project, structure, or system. The 

common type of geosynthetics includes geotextiles, 

geomembranes, geogrids, geocomposites, geofoams, 

geocells etc. The basic functions of geosynthetics are 

drainage, filtration, separation and reinforcement. 

Inclusions have been used since ancient times to 

improve soil strength. Earlier examples can be seen in 

using straw, stick and branches to reinforce mud 

dwellings. During the 17th and 18th centuries, French 

settlers along the Bay of Fundy in Canada used sticks 

to reinforce mud dikes. Some other early examples of 

manmade soil reinforcement include dikes of earth 

and tree branches that have been used in China for at 

least 1000 years and along the Mississippi River in 

the 1880s. Other examples include wooden pegs used 

for erosion and landslide control in England and 

bamboo or wire mesh, used universally for revetment 

erosion control. Soil reinforcing can also be achieved 

by using plant roots [2]. 

     Soil is weak in tension and good in 

compression and shear. When reinforcing elements 

are placed in soil the shear resistance of the system is 

a combination of the interface friction between 

materials, adhesion between material and in some 

cases like geogrids the passive resistance of 

reinforcements. The interface friction can be found 

from direct shear test. 

Finite Element Method is more powerful, 

accurate, reliable and versatile method to find the 

slope deformation and stress analysis. The soil mass 

is divided into small noded elements. This method 

utilizes the stress-strain relationship among the soil 

elements and helps better visualization of 

deformation of soil mass and no assumption for 

location of failure surface is made. This method has 

been widely accepted for the analysis of slope 
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stability. Material is controlled by the infinitesimal 

incremental stress and strain relationship. Strength 

reduction method, also called ϕ-c reduction method is 

used to obtain the factor of safety of the slope. In this 

technique, the strength parameters ‘tan ϕ’ and ‘c” of 

the soil are reduced in steps until the soil mass fails.  

Vashi, Patel and Patel [3] conducted a parametric 

study of impact of spacing of geogrid and impact of 

height of wall on displacement using PLAXIS 2D. It 

was found that the total displacement increased by 

10% when spacing increased from 1m to 1.5m and 

reduced by 24.31 % when spacing reduced to 0.5m. 

Also with the increase in height of wall, the total 

displacement increased. Mahmood [4] studied the 

effect of different parameters like reinforcement 

length, stiffness, water table, cohesion and friction 

angle on total displacement of a wall 13ft high for 

both cohesive and cohesionless soil. It showed that 

for both cohesive and cohesionless soil, the extreme 

total displacement decreased with increasing grid 

strength and the effect was more pronounced for 

water table at mid height. The results also showed 

that increasing the grid length decreased extreme total 

displacement upto certain point after which 

displacement remained unaffected which can be 

attributed to the effective length required being 

reached. For cohesive soil increase in angle of 

internal friction decreased displacement and value 

were similar for three different grid length for the 

case water level at bottom but displacement was more 

for small grid length in case of water level at mid 

height. Also sandy soil with some cohesion showed 

less displacement compared to cohesionless soil. 

Abdelrahman, Youssuf and Kamel [5] studied 

behaviour of narrow mechanically stabilized earth 

wall (wall aspect ratio, L/H<0.7). The results 

indicated that increasing aspect ratio increases the 

factor of safety, maximum horizontal displacement, 

maximum tensile force. Increasing elastic stiffness 

increases factor of safety, maximum tension force of 

reinforcement element while decreasing the 

maximum horizontal displacement. 

II. METHODOLOGY 

The material model is prepared using PLAXIS 

V8.2 for both soil and geosynthetics. Mohr-Coulomb 

model (elastic-perfectly plastic) which can be 

considered as a first order approximation of real soil 

behavior requiring less number of model parameters 

is selected for analysis. Two types of soil parameters 

are taken for the study. One is the foundation soil 

which is the soil available at site in its natural 
condition. Reinforced soil is the fill material in which 

the reinforcements are placed. The backfill material 

used in the structure shall be free from organic or 

other deleterious material and plasticity index shall 

not exceed 6.  

TABLE I. MODEL PARAMETERS OF SOIL 

S

N 

Parameters Foundation 

Soil 

Reinforced 

Soil 

1 Cohesion, c 

(kPa) 
0.2 0.2 

2 Angle of internal 

friction, ϕ 
(Degree) 

30 32 

3 Modulus of 

Elasticity, E 

(kPa) 

30,000 50,000 

4 Poisson's ratio, υ 0.3 0.32 

5 Dilation angle, ψ 

(Degree) 
0 0 

6 Unit weight 

(unsaturated), 

γunsat(kN/m3) 
19 20 

7 Unit weight 

(saturated), 

γsat(kN/m3) 

19 20 

8 Material type Drained Drained 

 

The design of reinforcement materials are a 

function of geometric characteristics, strength, 

durability and material type. The axial stiffness 

values adopted for geosynthetics are 1000 kN/m and 

800 kN/m.  

TABLE  II. MODEL PARAMETERS FOR PLATE 

S. 

No. 

Parameter Adopted Value 

1 Axial Stiffness, EA 

(kN/m) 
42 x 106 

2 Bending Stiffness, EI 

(kNm2/m) 
78500 

3 Weight, w (kN/m/m) 3.6 

4 Poisson's ratio, υ 0.15 

 
Geometric Model 

MSE wall of 10m and 5m height are taken in 

consideration for parametric studies. The boundary 

condition of the model is done by restraining the 

horizontal and vertical displacement on the bottom 

boundary considering the strain at the boundary to be 

negligible. The left and right boundaries are 

restrained horizontally. The upper horizontal and 

slope portion are set free to analyze the behavior of 

ground surface as practicable to the actual ground 

condition in the analysis to study its effects. MSE 

wall free face soil is prevented from raveling out 

between the rows of reinforcement by using facing 

like precast concrete panels, dry cast modular blocks, 

metal sheets and plates, gabions, welded wire mesh, 

shotcrete, wood lagging and panels and wrapped 
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sheets of geosynthetics. In PLAXIS facing is 

modelled using a plate. Plates are the structural 

objects used to model slender structures in the ground 

with a significant flexural rigidity and a normal 

stiffness. The geosynthetics are installed from the 

face of slope to the back of reinforced soil for the full 

width of the wall. 

 

 
Fig. 1. Geometric Model of MSE Wall 

III. RESULTS AND DISCUSSIONS 

A. Effect of change in Spacing of Geosynthetics 

The distance between two consecutive layers of 

geosynthetics is varied between 15cm to 60cm known 

as spacing. The height of wall is taken as 5m. The 

FOS is found to decrease with increase in the spacing 

of geosynthetic reinforcement as shown in fig. 2. The 

horizontal displacement is the accumulated horizontal 

displacement components at all nodes and the 

maximum value of it is known as the maximum 

horizontal displacement. The maximum horizontal 

displacement is found to increase with the increase in 

geosynthetics spacing as shown in fig. 3. This may be 

attributed to the fact that decreasing spacing increases 

the length of geosynthetics available for friction 

resistance to counteract the lateral earth pressure.  

 

Fig. 2.  Effect of spacing of reinforcement on Factor of Safety 

 

Fig. 3. Effect of spacing of reinforcement on maximum horizontal 

displacement 

B. Effect of change in Axial Stiffness 

MSE wall of height 10m and spacing 30cm is 

taken for analysis. The FOS initially increased 

marginally with increase in the stiffness whereas 

axial stiffness value of 2000 kN/m and 2500 kN/m 

yielded the same FOS value of 2.091 as shown in fig. 

4. So, it can be inferred that the FOS remains constant 

after a certain stiffness value is reached for a certain 

system. However maximum horizontal displacement 

is found to reduce considerably with increase in 

stiffness values as shown in fig. 5. FOS being same 

after 2000 kN/m axial stiffness value may be due to 

the maximum resisting force being achieved against 

the activating forces and further increase in stiffness 

value has no effect on FOS. 

 

Fig. 4. Effect of Axial Stiffness on Factor of Safety 

C. Effect of change in Aspect Ratio 

Aspect ratio of MSE wall is the ratio of the length 

(L) of geosynthetic reinforcement and the height of 

wall (H). The height of wall is taken 10m, axial 

stiffness value of 1000 kN/m and spacing 30cm for 

the study. Factor of safety (FOS) is found to increase 

with the increase in aspect ratio of the wall as shown 

in fig. 6. This may be due to the more length of 

geosynthetics available for resistance. The maximum 
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horizontal displacement increased slightly with 

increasing aspect ratio as shown in fig. 7. 

 

Fig. 5. Effect of Axial Stiffness on maximum horizontal 

displacement 

 

Fig. 6.  Effect of Aspect ratio on Factor of Safety 

 

Fig. 7. Effect of Aspect ratio on maximum horizontal 

displacement 

D. Effect of change in Slope of MSE wall 

The angle made by the sloping face of wall with 

the horizontal is varied for a spacing of 30cm known 

as slope of wall. Fig. 8 shows that as the slope of the 

wall decreases the FOS increases from a value of 

1.886 with vertical wall face to 2.299 for 75.96° 

angle slope. The horizontal displacement is found to 

decrease marginally as shown in fig. 9. It can also be 

attributed to the increase in frictional resistance on 

both the faces of geosynthetics which increases with 

the decrease in slope of wall. 

 

Fig. 8.  Effect of Slope angle on Factor of Safety 

 

Fig. 9. Effect of Slope angle on maximum horizontal displacement 

E. Effect of change in Angle of internal friction of 
reinforced soil 

Fig. 10 shows that the FOS of wall increased with 

increase in angle of internal friction of reinforced soil 

by 11.3% and fig. 11 shows that the horizontal 

displacement decreases by 41.68mm when angle of 

internal friction increases from 24° to 36° . Angle of 

internal friction of soil is directly related to its shear 

strength, so the factor of safety increases with 

increase in angle of internal friction when other 

parameters remains constant. Axial stiffness value of 

800 kN/m is used for analysis. 

 

Fig. 10. Effect of Angle of internal friction on Factor of Safety 
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Fig. 11. Effect of Angle on internal friction on maximum 

horizontal displacement 

F. Effect of increase in Height of wall 

A study is done to see the effect of increase in 

height of wall on factor of safety (FOS) and 

horizontal displacement of wall. For this top width of 

wall is taken as 7m for all cases and height 10m, 

12m, 15m and 20m taken into account with a slope of 

1:10 for 30cm spacing of reinforcement. As the wall 

height increases FOS decreases and maximum 

horizontal displacement increases significantly from 

56.14mm to 167.98mm as shown in fig. 12 and fig. 

13. This may be due to the increase in lateral earth 

pressure with increase in height of wall. The graph 

obtained is more or less linear for both FOS and 

displacement. 

 

Fig. 12. Effect of Height of wall on Factor of Safety 

 

 

Fig. 13. Effect of Height of wall on maximum horizontal 

displacement 

IV. CONCLUSION 

 Decrease in spacing of geosynthetics results 

in more number and length of geosynthetics 

available for frictional resistance to 
counteract the lateral earth pressure and thus 

increasing FOS. 

 Increase in geosynthetics stiffness value has 

a direct effect on FOS to a certain point after 

which it remains constant. So geosynthetics 

of very high stiffness value may not be 

economical which has to be defined on case 

basis. 

 Increase in angle of internal friction 

increases FOS and decreases maximum 

horizontal displacement as the shear strength 
of soil increases. 

 Increase in height of wall decreases FOS due 

to increase in lateral earth pressure.  
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Abstract—Nepal being a mountainous country with
varying topography and slope, the foundation on slopes is
inevitable. Thus bearing capacity of the foundation near
slope is the primary concern and provide baseline for any
structural design. This paper presents the analysis of the
strip foundation problem near slope with consideration of
various parameter like slope angle, footing distance from
the crest and depth width ratio. Finite element method
is used to evaluate the bearing capacity using Plaxis 2D.
The results obtain from this research project includes
determination of the bearing capacity under different
parametric condition and established the relation of it
with different geometrical as well as strength parameters
in the form of graphs.

Index Terms—Bearing capacity, Strip Footing, Finite
Cohesion-less slope soil, Numerical Analysis.

I. INTRODUCTION

Foundations are an essential component of any
structure and have a primary purpose of transferring
concentrated loads produced by a structure to the
underlying foundation material. Some common exam-
ples of such foundations include basement excavations
for high-rise buildings, bridge abutments and tower
footings for electrical transmission etc.may required
to construct on the slope. Bearing capacity of foun-
dation on the level ground is solely controlled by the
shear strength of soil under foundation and settlement
criteria whereas the foundation near proximity of the
slope required consideration of stability of the slope.
Thus when a foundation is constructed near a slope
additional design parameters are to be considered
that are often difficult to evaluate thus making the
design process complex and drawn out. Influencing
geometrical parameter of slope like height of slope,
inclination of slope, setback of footing from crest
of slope and characteristics of soil and proximity of
structure near slope affect load that a soil can carry,
the load usually reduces than in case of flat ground.
In this paper, the ultimate bearing capacity of strip
footing located on the top of slope is investigated using
finite element analysis software Plaxis 2D. It includes
footing responses to the various parameters including

slope angle, footing distance ratio, and depth of em-
bedment. Throughout the history of the foundation,
design and construction of foundation near a slope
has been problem for many engineers. Thus it has
been the subject of numerous studies. Several studies
have been done in past related to the bearing capacity.
Terzaghi [1] has been the pioneer to study the bearing
capacity of shallow strip footing under vertical load
in horizontal ground and put forward the equation,
which is extensively used nowadays. Modification has
been made in the equation with different factors slope
factors, depth factors and shape factors by various
researchers Meyerhof, Hansen and Vesic. Meyerhof
[2] investigated the theory of slope stability along with
the general failure mechanism of foundation on level
ground and presented the graph for bearing capacity of
foundation on purely cohesion-less soil and cohesive
soils adjacent to the slopes. After Meyerhof, Hansen
[3] and Vesic [4] evaluated the bearing capacity for
the foundation on slope crest. Saran et al. [5] ex-
tensively studied failure mechanism in the slope and
the developed analytic solution of ultimate bearing
capacity adjacent to the slope using two different
approach limit equilibrium and limit analysis. Bearing
capacity is always governed by the foundation failure
in case of non-cohesive slope soil and slope stability
for cohesive slope soil [5]. Graham et al. [6] paid
attention to modeling asymmetric non falling zone
beneath the footing along with stress distribution on
the footing base (method of stress characteristic) for
cohesionless slope soil. Using upper bound solution,
the effect of various loading and geometrical condition
on the Nγ were studied and procedure adopted for the
determination of critical failure mechanism found to be
efficient [7].

II. METHODOLOGY

Numerical analysis method is adopted for the bear-
ing capacity analysis of the footing near cohesion-
less slope soil.In the study, finite element software
plaxis 2D was used to calculate bearing capacity of
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strip footing located near cohesionless slope under
vertical load. The strip footing of width 2 m was taken.
Boundary condition applied in the model is such that
left and right boundary are restrained movement in
horizontal direction whereas the bottom boundary is
restrained form both horizontal and vertical direction.
The soil field was modeled of width of 35 m to 55
m (In order to perform parametric analysis) and depth
of 20 m in order to eliminate the boundary effect due
to loading. Geometric model used in the analysis are
shown in Fig.1

Fig. 1. Geometry Model

Different mesh density in the soil model are
generated during analysis, closeness of the results
found to be with number of elements approximately
at 400 number of Meshing is done by 15 nodded
triangular element with two layer of different mesh
density, fine at top and medium at bottom, which is
shown in Fig. 2. Accuracy of model is acquired by
validation of model which is done by the optimization
of model size and mesh convergence analysis as per
the different literature value for the footing on the
level ground.

Fig. 2. Typical mesh shape

The soil mass is assumed to be homogeneous obey-
ing a Mohr coulomb’s strength criteria. Pore water
effect are not considered in the present study. Geo-
technical parameters and different geometries for co-

hesionless soil used in present study for modeling are
tabulated in Table I and Table II.

TABLE I
GEO-TECHNICAL PARAMETERS CONSIDERED IN THE ANALYSIS

Parameters Values
Unsaturated Unit Weight of soil, γ(KN/m2) 17

Friction Angle of soil, φ (degree) 35
Cohesion of soil,c (KN/m2) 0.02

Earth pressure coefficient at rest,Ko 0.426
Young’s modulus of elasticity, E (kN/m2) 15000

Permeability in both directions,(m/day) 1
Poisson’s ratio, ν 0.3

Drainage type Drained

TABLE II
GEOMETRICAL PARAMETERS CONSIDERED IN THE ANALYSIS

Parameters Values
Width of footing,B 2 m
Height of slope, H 3B

Slope angle, β 10,20,30 and 35
Depth width ratio, d/B 0,0,5 and 1

Footing distance ratio, b/B 0,1,2,3 and 4

III. RESULT AND DISCUSSIONS

The study concluded with total of 63 numbers of
models with different geometrical parameters which is
mentioned in table. The model output (load settlement
curve) are used for the determination of ultimate
bearing capacity of each model. The typical output
and load-settlement curve is shown in fig. 3 and fig. 4
respectively.

Fig. 3. Typical load settlement curve

A. Effect of footing distance ratio

The results indicate that the ultimate bearing capac-
ity increases with increase in the distance of footing
from crest slope. Further when the footing is moved
from slope crest (b/B=0) to increased footing distance
ratio, there is increase in the ultimate bearing capacity
however the rate of increase in bearing capacity is
decreases with increase in the footing distance ratio.
The rate decreases until b/B =3.5 for depth width ratio,
d/B=0 and footing on surface whereas for other depth
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Fig. 4. Typical Output

of embedment, slope effect appears to diminishes at
greater distance footing ratio. This indicate that ulti-
mate bearing capacity of footing on slope approaches
to the footing on level ground. The slope effect to the
footing near slope crest is attributed to the soil passive
resistance from the slope side. The effect of footing
distance ratio is shown in fig. 5 to fig. 7.

Fig. 5. Effect of footing position at d/B=0

Fig. 6. Effect of footing position at d/B=0.5

B. Effect of slope angle

The results indicate that with the increase in the
slope angle, the bearing capacity decreases. At high
slope angle, rate of reduction of bearing capacity
is high and also depend on the footing width ratio

Fig. 7. Effect of footing position at d/B=1

whereas at low slope angle, effect of footing width
ratio is very less than compared to high slope angle.

Fig. 8. Effect of slope angle

C. Effect of depth of embedment

The result indicate that with increase of depth width
ratio bearing capacity increases. Embedment of footing
imposed surcharge load of soil above the footing and
thus increases the bearing capacity. There is constant
increase in the bearing capacity.

Fig. 9. Effect of depth of embedment
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D. Comparison of result

The results obtained from the model analysis for the
footing on the crest for different slope angle subjected
to static load condition are summarized and compared
with bearing capacity calculated using various bearing
capacity theories such as Graham et al. [6], Meyerhof
[2],Saran et al. [5] and Zhu [7]. The bearing capacity
obtained from analysis shows in good agreement with
the other literature.

Fig. 10. Comparison with different literature

IV. CONCLUSION

Parametric analysis on the ultimate bearing capacity
of the footing placed on the finite slope has been
performed using the Plaxis 2D under static as well
as in seismic conditions. Some of the conclusions are
drawn which is shown below:

• There is considerable effect of different factors
(slope angle, footing distance from the crest,
depth of embedment) on the bearing capacity of
footing on near sloped soil.

• Lowest bearing capacity value is observed in the
case of footing on the crest of slope.

• Bearing capacity increases as the footing placed
away from the crest until the slope effect dimin-
ishes.

• Failure due to slope instability increase as the
slope angle increase thus reduces the bearing
capacity.

• At the low slope angle value, the effect of footing
distance ratio is less sensitive as compared to
higher slope angle.
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Abstract— The conventional fixed-base design of 

structures allows inelastic deformations on certain 

structural components and provides seismic energy 

dissipation at the cost of severe damage to the structure. 

Unlike conventional structures, in rocking foundation 

structures, the constraint in between the structure and 

the foundation is released so that the structure can rock 

back and forth under the influence of a ground motion 

because of the natural re-centering tendency and 

stability of rocking foundation structures. Since the 19th 

century, many numerical and experimental studies have 

been performed to study the behavior of conventional 

fixed-base and rocking foundations which have 

demonstrated the effectiveness of rocking foundation in 

reducing the seismic impact and the ductility demand 

required in structural design. Also, rocking foundation 

design saves the construction cost of superstructure and 

foundation. This paper reviews the development history 

of the numerical and experimental studies of rocking 

foundation behavior and summarizes the research 

results. 

Keywords— rocking foundation, conventional fixed-

base foundation, numerical studies, experimental 

studies 

1. INTRODUCTION  

2. MOTIVATION OF ROCKING IN FOUNDATION 

The conventional foundation design assumes a full 

rigid connection between a superstructure and its 

foundation, and accounts for seismic energy 
dissipation through inelastic deformations in certain 

components of the structure while ensuring that the 

foundation remains relatively stationary. However, 
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Earthquakes often present themselves as a challenge 

in the design of civil engineering structures. Research 

on earthquakes and seismic performance has led to a 

better understanding of the actual behavior of 

structures during seismic events and hence, has made 

it possible for structures to perform better and 

become safer during and after an earthquake. The 

development history of seismic design of buildings 

and other civil engineering structures includes the 

development of high-performance structural materials 

(such as high-strength concrete, high- strength steel, 

etc.), development of high-performance structural 

components (such as steel-reinforced concrete 

columns, concrete-filled steel tubular columns, 

concealed steel shear walls, steel plate shear walls, 

etc.) and development of high-performance structural 

systems (such as tube in tube, frame tube bundle 

structure system, etc.). These have demonstrably 

helped in increasing the seismic resistance of a 

structure [1]. Another means of seismic control in 

structures is through seismic energy dissipation 

achieved by adding energy dissipation devices in the 

structure (such as viscoelastic dampers, friction 

dampers, tuned mass dampers, tuned liquid dampers, 

etc.). Lastly, base isolation devices can isolate a 

structure from seismic ground motion through 

isolation layers and reduce the seismic acceleration 

input to the structure and ultimately, reduce the 

damage to the structure.  

 

Damage inspection after past earthquakes has shown 

that ability of a structure to rock about its footings 

resulted in the reduction of significant damages in a 

large number of structures. The rocking motion of a 

structure was first identified and studied by G.W. 

Housner (1963) when he discovered that a large 

number of slender structures survived the Chilean 

Earthquake in 1960. A similar phenomenon was also 

studied by Milne and Omori (1893) in the nineteenth 

century and by Kirkpatrick (1927) in the early 

twentieth century. Since then, many researchers have 

investigated the rocking behavior of structures both 

numerically and experimentally and have affirmed 

the suitability of a rocking mechanism as a means of 

base isolation for the reduction of damages to 

structures during earthquakes. Rocking motion, 

established either in the superstructure (structural 

rocking) or through the rotational motion of 

foundation on soil (foundation rocking), is considered 

an effective low-cost base isolation technique [2].  

 

With the gradual development and research over the 

past 50 years, a rocking mechanism has been 

implemented in various structures including bridge 

piers, bridge pile foundations as well as shallow 

foundations for bridges and building structures [3]. 

 

This paper presents the development history in the 

understanding of rocking behavior in foundations 

based on both numerical and experimental studies 

incorporating different rocking structure simulation 

models, ground motion effects, rocking shallow and 

pile foundations, etc. 
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large inelastic deformations can lead to considerable 

damages to the structure, including large residual 

displacements and reduced lateral strength, after an 

earthquake event. As a result, the structure can no 

longer be occupied and needs to be fully replaced. To 
cope with these disadvantages of conventional 

foundations, the concept of “rocking foundations” has 

come to light, which allows for the movement of the 

footing relative to the underlying soil. The constraint 

in between the structure and the foundation is 

released such that the structure can rock back and 

forth (due to its natural re-centering tendency) on 

ground motions. The uplift and the subsequent re-

centering of the structure along the soil-structure 

interface shifts the ductility requirement away from 

the structure itself onto the underlying soil, resulting 

in a reduction in damages and increased stability and 
economy of the structure [4]. Thus, rocking 

foundations can achieve an effective base-isolated 

structure. 

These potential benefits of rocking foundations over 

the conventional fixed-base foundations have led to 

an increase in the horizon of numerical and 

experimental studies since the last century. This paper 

summarizes the efforts made by researchers in the 

field of rocking foundations by presenting the 

highlights of their numerical and experimental studies 

and the corresponding results. 

 

3. DEVELOPMENT HISTORY 

3.1. Numerical Studies 

 
                             figure 1. A rocking block [5]                         

 
figure 2. Connection details of pier foot [7] 
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However, the uplift phenomenon cannot be neglected. 

So, to incorporate the uplift effects on the rocking 

response, other researchers made significant efforts. 

Psycharis and Jennings (1983) [6] investigated the 

dynamic behavior of a rocking rigid block allowed to 

uplift. Elastic foundation with damping was 

considered and two cases: the Winkler model  

(commonly used in soil mechanics) and the 

simplified two-spring foundation model in which the 

structure is supported by two springs and dashpots 

symmetrically placed under the base. This study 

concluded that uplift leads to a softer vibrating 

system and the apparent rocking period increases 

with the amount of uplift.  

Beck and Skinner (1973) [7] conducted the first 

analytical study on a rocking pier with energy 

dissipating devices as an earthquake-resistant 

structural system for bridges which reduces the 

strength and ductility requirements of the pier and 

also, reduces the top displacement of the pier due to 

rocking. This system was successfully applied in New 

Zealand in the design and construction of the South 

Rangitikei Railway Bridge, New Zealand, 

constructed in 1981(figure 3) [8]. As shown in figure 

2, the slender pier frame can be separated from the 

pier cap and the use of steel torsion beam dampers 

can dissipate the energy. Thus, this ductile seismic 

system resulted in no damage to the pier(s) and an 

effective reduction in project cost. 

G.W. Housner (1963) [5] first addressed the rocking of 

a rigid body subjected to lateral base ground 

motions. The ability of structures to rock on their 

footing pad was discovered when 

a large number of slender structures survived the 

Chile earthquake in 1960. The rocking motion of 

these structures were analyzed as an inverted 

pendulum and a closed-form solution was obtained.  

Assumptions made in the analyses were: (i) the 

rocking body and its base are considered to be rigid, 

(ii) sliding and uplift are neglected, and (iii) energy 

dissipated as a result of rocking is described by 

an energy reduction factor. Housner (1963) analyzed 

the rocking block (figure 1) under free excitation and 

calculated the time and energy consumption of the 

rocking rigid body under a constant, horizontal 

acceleration and by a single sine wave and 

overturning force under horizontal earthquake 

excitation. The results showed that the rocking 

structure with a larger size superstructure is more 

stable than one with a smaller size due to the scale 

effect. The stability of tall slender blocks under 

earthquake action is found to be better than its 

stability under constant horizontal force.  
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figure 3. South Rangitikei Railway Bridge [9] 

 

figure 4. Apostolou rigid block model [10] 

 

figure 5. Overturning acceleration vs height [10] 

3.1.1 Study of ground motion effects 
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Kawashima et al. (2003) [9] performed the inelastic 

rocking response of large rigid foundations and found 

out that rigid foundations do not overturn even if they 

are subjected to ground motions with peak 

accelerations much larger than static acceleration in 

the conventional static analysis. 

Apostolou et al. (2007) [10] considered the rocking 

response of a rigid block model as shown in figure 4 

on inelastic bases in their study. They concluded that 

the size effect will have a favorable effect on 

prevention of structural overturning. The slender 

structure with high aspect ratio is more likely to 

overturn than short and broad structure with small 

aspect ratio. To further examine the effects with 

aspect ratio and size, the height of the structure was 

gradually increased keeping width 2B unchanged. 

With increase in height to width ratio, it was found 

that the ground motion acceleration required for 

structural overturning decreases. As the height is 

further increased, the size effect becomes more 

dominant so, the ground motion acceleration required 

for structural overturning increases slightly.  

It is illustrated by the curves shown in figure 5. Thus, 

for a structure with sufficiently large height, it is 

unlikely overturning occurs even under strong 

earthquakes.  

 

parametric study revealed that the steady rocking 

response amplitude is affected by the size of block 

and the excitation frequency in low frequency range. 

A larger block always rocks with a smaller amplitude 

than a smaller block under the same excitation. 

Ishiyama (1983) [13] studied the rocking behavior 

under broadband ground motion.  

 

Near-field ground motions consist of evident velocity 

pulses. Damages observed were more severe in 

structures located at near faults in Northridge 1994 

(USA), Chi Chi 1999 (Taiwan) and Duzce 1999 

(Turkey) earthquakes. The unique high amplitude and 

short to medium duration pulse caused due to the 

forward directivity is another typical feature of near-

field ground motion. Forward-directivity conditions 

produce ground motions characterized by a strong 

pulse or series of pulses best observed in ground 

velocity-time histories.  

 

Markis and Roussos (2000) [14], Markis and Zhang 

(2001) [15], Markis and Konstantinidis (2003) [16] 

studied rocking behavior under pulse type ground 

excitation. The long period velocity pulses 

components contained in the near field ground 

motion adversely affect the rigid body overturning. 

The overturning potential of the recorded ground 

motion depends on both duration and acceleration of 

pulse. 

 

Also, Deng and Kutter (2012) [17] studied the effects 

of ground motion characteristics on seismic response 

of rocking foundation bridges. Effects of both near-

field (pulse-like) and far-field (broadband) ground 

motions were studied. Forty pulse-type ground 

motion and forty broadband ground motions were the 

seismic inputs. Rocking foundation systems are more 

susceptible to collapse under pulse-like motion than 

broadband motion. Pulse type ground motion has a 

Different ground motion excitations can be used to 

numerically simulate the rocking behavior of a rigid 

body. Spanos and Koh (1984), Tso and Wong (1989) 
[11,12] studied the rocking behavior of rigid blocks on a 

rigid base considering harmonic excitations. The 
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figure 6. Geometric and numerical 3D model of bridge with 

rocking pile and rocking shallow foundation [18] 

3.1.2 Study on rocking shallow foundations 

 
 

figure 7. Kawashima bridge model [19] 

3.1.3 Study on rocking pile foundations 

Silva and Manzari (2012) [21] studied the seismic 

evaluation of pile foundation systems subjected to  

rocking by considering a detail for the connection of 

pile heads to pile caps (figure 8) wherein  

the transverse displacements of the pile heads relative 

to pile cap are restrained but uplift of the pile  

cap is allowed from the piles. The model was 

simulated in OpenSees finite element program (figure 

9). Out of 972 total simulations, 486 simulations were 

performed for pile groups without considering 
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vertical directions) was imposed on the model. Under 

bi-directional excitations, rotational stiffness caused 

the curvature ductility requirements of pier to 

decrease and significant  uplift and damping effect 

was observed. For three-dimensional seismic input, 

the vertical acceleration causes change to the pier 

axial force whereas the effect of pier ductility, uplift 

displacement and maximum base reaction is 

negligible. Thus, uplift is insensitive to vertical 

ground motion. Also, on increasing the base size of 

foundation, the stiffness of the structure and flexural 

capacity of foundation increases, thus, the bending 

moment transmitted to pier increases which causes 

increase in ductility demand and decrease in uplift 

displacement. So, size of footing affects the design. 

And, uplift and rocking of foundations decrease the 

structural damage of the structure. 

      

single large velocity pulse with respect to broadband 

ground motion. And the collapse of rocking 

foundation systems is caused by a single, strong 

velocity cycle but not by cumulative cycles. The re-

centering ability of rocking foundation will bring it 

back towards center after every pulse, so collapse is 

caused only by the biggest pulse. 

 

Antonellis and Panagiotou (2013) [18] also studied the 

seismic response of bridges (figure 6) with rocking  

mechanism numerically and compared to fixed base 

bridges at near fault site under the action of  

two seismic hazards i.e.  5% and 2% exceedance 

probability in 50 years. Seismic inputs used are 14  

near-fault pulse type seismic records and biaxial 

horizontal excitations (longitudinal + transverse).  

The result from the simulation in OpenSees showed 

that rocking foundation resulted in a nominally  

elastic response of the columns and deck and very 

small residual lateral deformations and  

minimal settlement of foundations whereas fixed-

base bridges experienced significant inelastic 

deformations. The drift ratios in rocking foundations 

of 17 m tall bridges were 0.8-0.9 times that of fixed-

base bridges. More than 92% of the drift ratios was 

due to rocking of foundations whereas contribution 

from flexural deformations of column was less than 

8%.  

 

Sivapalan and Kutter (2008) [20] studied the shallow 

footing subjected to rocking using numerical 

simulations on OpenSees finite element framework 

and compared the simulation results with centrifuge 

experiment results. They presented the results in 

terms of capacity, energy dissipation and settlement 

of shallow foundation and found out that rocking of 

shallow footing leads to improvement in seismic 

performance of structures. Further conclusions from 

the study were: (a) rocking mechanism does not lead 

to large permanent settlements, (b) the self-centering 

characteristics of rocking foundation is associated 

with uplift and gap closure and (c) rocking footings in 

place of, or in combination with, structural base 

isolation and energy dissipation devices improves the 

performance of structure during seismic loading. 
Kawashima and Nagai (2006) [19] demonstrated the 

effect of rocking seismic isolation for a 10m tall 

standard height bridge supported by spread footing 

under three directional excitations. A 200m long 5 

span continuous bridge (figure 7) supported by two 

abutments and four reinforced concrete columns 

resting on spread foundations was analyzed. The soil 

foundation interaction was idealized by  

nonlinear soil springs. Deck and foundation were 

assumed to be rigid and their masses were lumped  

at their gravity centers. Kobe 1995 (near-field 

earthquake excitation with ground acceleration 

components along North-South, East-West and 
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figure 8. Pile-pile cap connection details in conventional and 

rocking pile foundation [21] 

 

 
figure 9. 3D FEM model [21] 

 

Kutter and Allmond (2014) [22] studied the design 

considerations for rocking foundations on unattached 

piles. This research explained the effectiveness and 

3.2 Experimental  Studies 

Along with the numerical studies, numerous 

experimental studies were also performed by number 

of researchers to investigate the effectiveness of 

rocking structures. The large-scale experimental 

studies include: a) shake table tests of structures 

supported on rigid or flexible bases, b) large-scale 

static cyclic tests of foundations or simple structures 

in large soil-boxes, and c) centrifuge tests 

 

3.2.1 Shake table and large-scale tests 

             
figure 10. 3 storey model [24]              figure 11. 9 storey steel frame [25] 
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rocking i.e. conventional  

foundation and 486 simulations were done for pile 

groups with rocking mechanism. Simulations were 

carried out by making variations in the modelling 

parameters; three different earthquake ground 

motions, three column aspect ratios, three axial load 

levels, three pile spacings, three soil types and 

unidirectional and bi-directional loading. For 

modelling soil effects around the piles, discrete 

nonlinear spring elements were used which were 

modelled as zero length elements in OpenSees: p-y 

springs describe the horizontal resistance of the soil, 

t-z springs describe the vertical friction of the soil on 

the side of pile and q-z spring describe the vertical 

end bearing resistance at pile bottom. Then, 

OpenSees Finite Element Model (FEM) simulation 

results were evaluated based on design shear force 

demand on columns, system drift demand on the 

columns and the factor of safety against overturning. 

The results showed reduction in shear force demand 

on columns, decrease in design drift demand on the 

columns and an increased factor of safety against  

overturning. Therefore, this study supports that the 

seismic performance of the structure is improved 

when the pile caps are allowed to rock over the 

underlying piles. 

 

practicality of using unattached piles in mitigating the 

settlement problem in rocking systems. An optimal 

foundation system with proper design consideration 

would capture the energy dissipation and re-centering 

of rocking foundations as well as simultaneously 

strengthen the soil foundation to reduce the residual 

deformations.  

Fatahi et al. (2019) [23] studied performance of bridges 

with rocking pile foundation under various soil 

conditions i.e. rock, stiff clay, medium stiff clay and 

soft clay. On comparing the dynamic responses of 

these bridges in longitudinal and transverse 

directions, it was observed that the bridges with 

rocking pile foundation in softer soil experienced 

larger deck displacements and larger bending 

moments in piles and piers. It showed that since the 

performance of rocking pile on soft soil is poorer than 

that on stiff soil, separate design provisions are to be 

made for induced large displacements and high 

structural forces. 

 

Clough and Huckelbridge (1977) [24,25] performed the 

shaking table tests of buildings using rocking 

foundations supported on a rigid base. Shaking table 

tests were conducted on one 3-storey and one 9-

storey steel frame structures using 1:3 scale models 

(as shown in figure 10 and 11), which revealed that 

uplift of foundation can effectively reduce the 

strength and ductility requirements of the structure 

and the maximum base shear can be reduced by 50%. 

Rollers were used to emulate the lifting effect of the 

structure as shown in figure 12. 
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figure 12. Roller base of column [25] 

 
figure 13. Chen’s rocking pier model on shaking table [26] 

 
 

 
figure 14. Large scale shake table tests specimen [28] 
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Experimental research was also performed on bridges 

with rocking foundation. Various researchers 

conducted the shake table tests of single column or 

two columns bridge piers supported on rocking 

foundations (Saidi et al 2002, Sakellaraki and 

Kawashima 2006, Chen et al. 2006, Espinoza and 

Mahin 2008). 

 

Chen et al. (2006) [26] constructed a prototype of 100 

m viaduct pier in 1:50 scale (figure 13) to evaluate 

the rocking pier system which concluded that the 

rocking system can dissipate significant amount of 

seismic energy. The effective natural period of a 

structure depends on the amplitude of rocking i.e. the 

greater the rocking, the longer the period and the 

smaller the rocking, the shorter the period. Since the 

natural period of a rocking system is not fixed to a 

certain range as compared to conventional system, the 

occurrence of resonance can be effectively avoided 

which induces damping in the structure. It was found 

that the more the seismic excitation, the more obvious 

is the damping effect in structure. 

and overturning moments developed at the soil-

foundation interface. 

Antonellis, G, Gavras, AG, Panagiotou, M, et al. 

(2015) [28] performed the shake table tests of large-

scale bridge columns supported on rocking shallow 

foundations. The shake table tests comprised of two 

460 mm diameter columns supported on 1.5 m square 

shallow rocking foundation specimen placed inside a 

soil confining box 10.1 m long, 4.6 m width and 3.4 

m height of clean sand compacted at 90% relative 

density (figure 14). Groundwater and backfill 

conditions were also considered in these tests. These 

tests successfully achieved the response objectives of 

rocking foundations. For the peak drift ratios up to 

6.9%, the rocking foundations performed very well 

with minimal settlements and no structural damage 

was observed and the residual drift ratios between 0.5 

and 0.9% were obtained based on backfill conditions. 

Uplift of foundation caused sand falling under the 

edges of rocking footing, which kept the rocking edge 

always in contact with soil maintaining the rocking 

stiffness of the foundation, and hence, reduced 

settlements and enhanced energy dissipation. They 

also observed induced vertical accelerations as the 

gap between soil and footing closed during rocking 

phenomenon, which caused increase in axial load on 

columns and change in moment resistance of 

foundations. This research helped to understand and 

quantify the overall behavior of rocking phenomenon 

in shallow foundations. 

 

 

Paolucci et al. (2007) [27] performed large-scale 

experimental studies taking into consideration the 

geotechnical aspects of rocking of shallow 

foundations. A large-scale shake table equipment was 

set up for inducing the realistic seismic loads on a test 

model that could represent nonlinear dynamic soil-

structure interaction (SSI) behavior. The experimental 

results showed the importance of consideration of soil 

structure interaction effects to predict the motion of 

rocking shallow foundation and force transmission to 

the soils within the reasonable degree of accuracy. 

The seismic behavior was interpreted based on 

sequences of shaking table test results in terms of 

displacements and rotations of test model and forces 

The latest experimental study on seismic performance 

comparison of bridge models with conventional and  

rocking pile group foundation was done by Guan et 

al. (2018) [29]. Two large scale mass-column-
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figure 15. Test models with conventional and rocking foundation 

[29] 

Test results were expressed in terms of: failure 

modes, global hysteretic response, response of the 

foundation, residual deformation, residual stiffness 

and effective damping, and comparision for both 

models were made. Rocking pile foundation suffered 

very less damage as compared to the conventional 

foundation. Global hysteretic response (shown in 

figure 16) under the cyclic loading showed that at 

small loading cycles, both test models yielded similar 

spindle-shaped loops and as the loading increased and 

the uplift phenomenon was observed in the pile cap, 
flag-shaped hysteretic loops representing excellent 

resilient capacity were observed in the rocking piles 

and the force transferred to the rocking foundation 

almost remained constant. Peak force at the drift ratio 

of 6% for the conventional foundation model was 

found to be approximately 2.1 times greater than 

rocking foundation model. 

 
figure 16. Hysteretic behaviour: Rocking foundation and 

Conventional foundation [29] 

3.2.2 Cetrifuge tests on rocking shallow and pile 

foundations 

[30]

 
figure 17. Experimental setup of centrifuge modeling of simple 

bridge system [31] 

The centrifuge tests are not limited only in shallow 

foundations. Researches extended their study towards 

the centrifuge tests on rocking pile foundations 
(Pecker 2006; Allmond and Kutter 2012; Loli et al. 

2015). Allmond and Kutter (2012) [32] performed 

centrifuge tests to explore the effectiveness of using 

unconnected piles in foundation as a potential 

settlement mitigation technique. They also performed 
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Deng et al. (2012a) [31] performed centrifuge 

modelling of a simple bridge system (soil-foundation-

pier-column-deck-abutment) to study the interaction 

of a rocking system with rest of the bridge structure. 

The experimental setup is shown in figure 17. The 

seismic performance of two different piers, one with 

plastic hinge and another with rocking foundation 

were also compared. It was found that a rocking 

foundation has a superior tendency to re-center 

compared to a hinging column. Also, a rocking 

foundation has a significant moment capacity and 

there is no strength degradation under cyclic loading. 

The P – Δ moment for a hinging column is always 

destabilizing, however, for a rocking foundation 

system, if the displacement of the deck does not 

exceed the outer edge of foundation, P – Δ moment 

contributes to the restoring mechanism. An improved 

method for quantification of settlements associated 

with rocking shallow foundation was also suggested. 

, based on the results of centrifugal tests, concluded 

that the re-centering, energy dissipation and 

settlement behavior of rocking footings are better 

correlated to critical contact area ratio A/Ac where A 

is area of footing and Ac is minimum soil-footing 

contact area supporting the vertical load during 

rocking. The appropriate reduction in size of footing 

can help enhance the rocking behavior about the 

footing base caused by seismic loading while 

permanent settlement and rotation increase and 

construction cost decreases. 

Since the early 21st century, centrifuge tests became 

popular in understanding the geotechnical problems 

because of the significantly lower cost and accurate 

modelling of soil stresses. Many researchers have 

performed the centrifuge tests of simple piers which 

were supported on rocking shallow foundations 

(Kutter et al. 2006; Gajan et al. 2008; Ugalde et al. 

2010). They all concentrated their study on rocking 

behavior of shallow foundations. Gajan et al. (2008) 

foundation bridge models (scale factor= ¼), one 

resembling to rocking pile group foundation and 

another conventional foundation, were designed, 

constructed and tested under static cyclic loading. 

The details of those test models are illustrated in 

figure 15. The model used the effective pile with 

short pile length and the end plates attached to the 

bottom of piles and special details for pile to cap 

connections.  Validity of effective pile model was 

tested developing nonlinear FE models on OpenSees 

which showed that the short pile with an equivalent 

length embedded in soil can properly simulate the 

lateral loading behavior of a full-length pile.  
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4. APPLICATIONS 

The successful numerical and experimental studies on 

suitability of rocking foundations have led to its 

implementation in design and retrofit of several 

structures. Priestley et al. 1978 and 1996, Pollino and 
Bruneau 2007 [33] and Astaneh-Asl et al. 1996[34] 

proposed the use of rocking foundation for design and 

retrofit of bridges. In the construction of Rion 

Antirion Bridge, Greece [35], the foundations of the 

structure i.e. reinforced soil (clay-steel composite) 

and the pylon bases are not rigidly connected such 

that pylon bases are allowed to experience uplift or 

slide with respect to reinforced soil which resulted 

that the forces and overturning moments applied to 

the soil always remain within the bounding surface 

during analysis and confirmed to be very good 
behavior of fully suspended deck in isolation. 

     

 
figure 18. Rocking and uplifting of tower base [36] 

 

5. SUMMARY OF EXISTING STUDIES 

Thus, based on the state-of-the-art numerical and 

experimental studies carried out in the past, rocking 

structures and foundations have proved to be 

effective and beneficial for better seismic 

performance of structures. A brief summary of 

conclusions drawn from existing studies on rocking 

foundations are listed below: 

 
➢ Rocking foundation predominantly relies on 

the non-linear behavior of soil and its 

hysteretic, energy dissipating nature. 

➢ Rocking foundation is superior to 

conventional fixed base foundation since it 

helps in effective dissipation of seismic 

energy on structures and provides effective 

low-cost base isolation. 

➢ Rocking foundation is equally effective in 

shallow and deep pile foundations of 
buildings and bridges. 

➢ Soil-structure dynamic interaction is crucial 

in the study of rocking foundation 

phenomenon. 

➢ Rocking foundation systems are more 

susceptible to collapse under pulse-like 

motion than broadband motion. 

➢ In rocking shallow foundations, with the 

increase in size of footing, foundation 

rocking, uplift and isolation effects decrease. 

➢ In rocking pile foundation, rocking and 

uplift of pile cap over the piles provides 
beneficial isolation with energy dissipation 

by transfer of ductility demand from 

structure to underlying soil and thus, the 

structure remains elastic during seismic 

events. Only compression and shear forces 

are transferred to piles through pile-cap-to-

pile connection, so bending moments and 

tensile forces in the piles are drastically 

reduced. 

➢ The major concern for rocking foundation 

systems is the potential of significant 
accumulation of settlement or residual 

rotations in poor soil i.e. liquefiable soil, soft 

soil and submerged soil. For those types of 

soils, ground soil improvement around the 

rocking edges of footings and unattached 

piles with no tensile connection with 

footings can significantly strengthen the soil 

and reduce the residual deformations. 

 

6. FUTURE WORK DIRECTIONS 

Although researches have clearly shown the benefits 

of using rocking behavior in foundation, design codes 
do not allow the use of foundation rocking because of 

the issues of permanent settlements and rotation of 

foundation resulting due to rocking. Design codes in 

the US explicitly state that “Foundation rocking shall 

not be used for the design of bridges”. Thus, in order 

to promote the application of rocking foundation 

structure as a measure for seismic energy dissipation 

in structures, a complete set of structure design 

methods incorporating the rocking foundation need to 

be established. The overall and local deformation of 

rocking foundation structures, deformation limit, 
limit of rotation of foundation, additional damping 

ratio etc. are the additional areas of researches in 

rocking foundation. 
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the tests in saturated sand over a liquefiable soil layer. 

9 m radius centrifuge specimen was used to conduct 

the test. The test results showed that although 

settlements of the foundation were large, the residual 

rotations were tolerable on liquefiable soil as the 

structure remained intact, and negligible yielding of 

column was observed in the tests. Unconnected piles 

on footing experienced significant settlements and 

rotations, but it could be an option to mitigate the 

settlements allowing rocking by preventing the 

footing from sliding. 

 

 

Retrofit of bridges, like the Golden Gate Bridge, San 

Francisco, California [36](figure 18), the Carquinez 

Bridge, Vallejo, California [37] and Lions Gate Bridge, 

Vancouver, British Columbia [38] also implemented 
the concept of rocking foundation. 
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Abstract— Building is safe not only by the correct 
simulation of the superstructure but also through the 
analysis of underground soil where all the load of 
superstructure is being transferred. We can ensure that the 
building is safe and reliable if foundation stability is 
considered. Reliability of the building depends not only on 
the reliability of structural members and the entire 
structure of the system. Thus, underlying soil strata plays a 
major role. Shallow foundations are commonly used to 
support structures of residential buildings having height 
less than equal to 10 meters. This research takes different 
analytical methods to find bearing capacity in shallow 
foundation of Bharatpur Metropolitan City, combines it 
with PlAXIS-3D analysis and applies integration method, 
numerical simulation method and GIS for the zonation of 
bearing capacity of that particular city. Many buildings are 
constructed in this city without considering the underlying 
soil stratategy and just following the thumb rule of 
foundation design by structural engineers which could be 
crucial in coming future. This thesis helps to know the 
possible bearing capacity of the area and can save time and 
prevent hazards which is very much necessary for low cost 
residential buildings. 
To carry out this research work, the data form 67 different 
sites of Bharatpur Metropolitan City was used with 210 
boreholes. The step followed are collecting data, selecting 
and grouping, analytical and numerical modelling and 
plotting in Bharatpur Metropolitan City map. Bearing 
capacity has been found using Terzaghi, Meyerhof and 
Hansen for shear failure criteria and Terzaghi and peck 
(1948) and Meyerhof (1965) for settlement criteria and 
least value of bearing capacity is used in zonation mapping. 
The result of these models is compared by using numerical 
analysis on Plaxis 3D. Various soil parameters like 
cohesion, unit weight, frictional angle, Poisson’s ratio and 
elasticity for 1.5m depths have been considered in models 
as well as in theoretical approaches. The differences 
between each model is highlighted. Mohr Coulomb failure 
criteria is used for simulation of soil as a 3-D model with 
drained condition. The results of the bearing capacity were 
further verified by the result from PLAXIS 3D to study soil 

behavior and constitutive models. The study shows that the 
bearing capacity of Bharatpur ranges from 364.56 KN/m2 
to 63.77 KN/m2 . 
 
 
Keywords: Bearing Capacity, Bharatpur Metropolitan, 
Mapping, SPT-N, Plate load test, PLAXIS-3D 

  

I. INTRODUCTION  

Detail Soil investigation process is a time taking 
process and an expensive one. We can rarely find the 
preliminary investigation reports of the site in Nepal. 
A Bharatpur Metropolitan City is an emerging smart 
city where various developmental infrastructures are 
being built and will be built in future. Allowable 
bearing capacity is one of the important parameters 
used in deciding the engineering foundations [1]. The 
ability of a foundation to carry a load depends on the 
bearing capacity [2]. For any building to be 
constructed an extensive soil investigation must be 
carried out; this is a very strenuous, expensive and 
time-consuming activities. Therefore, the need arose 
to minimize investigations as much as possible to meet 
the challenges of rapid expansion. Foundation must 
have to be safe against overall shear failure in the soil 
that supports them and they must not undergo 
excessive settlement [3]. The study focused on the 
prediction of foundation soil bearing capacity and 
settlement based on Standard Penetration Test (SPT) 
N-values using empirical and numerical modelling. 
Bearing capacity zonation map at various depths could 
provide the clear view of strata encountered at various 
locations. 

 

BEARING CAPACITY MAP FOR 
BHARATPUR METROPOLITAN CITY 

ON SHALLOW FOUNDATION 
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A. Study Area 

     The site location is taken inside the Bharatpur 
metropolitan area. It consists of 29 wards and 1 village 
committee. Mostly bore holes are found inside the flat 
plain of metropolitan area. As per the Geological map 
of Nepal, the project site lies in Gangetic Plain which 
consists quaternary alluvial river deposits. Location 
map of the study area is shown in Fig. 1 

 
. Fig. 1 Location map of the study area (source: 

Bharatpur Metropolitan office) 

B. Objective of the study 

The objective of the study is to prepare bearing 
capacity map based on SPT-N value using GIS. It 
helps in preliminary design of the foundation and 
initial analysis of the underground capacity of the soil. 

C. Statement of problem 

Bharatpur Metropolitan City is one of the emerging 
cities of Nepal and second biggest city with reference 
to area of Nepal. National pride project such as 
Gautam Buddha International Cricket Stadium is 
under construction and extension of Bharatpur airport 
is on the way. The soil layer found in this city is the 
Alluvial deposits of dun basins. No research has been 
done on the bearing capacity mapping of the soil.  

II. METHODOLOGY 

A. Planning  

       The target of this research was to find the bearing 
capacity of the soil in Bharatpur Metropolitan City 
using SPT-N value from bore hole data (secondary 
data), cluster the bearing capacity value in a map using 
ARC GIS and to find the weak and strong soil strength 
areas in the city. For this, the bore log data from 
different areas of this city were collected. This 
research focuses on the preliminary investigation of 
the soil types and bearing capacity which could 
minimize the time and helps structural engineers for 
supposing the near around value of bearing capacity of 
the underneath soil of the Bharatpur city. 
 

B. Data Collection and filtering 

       Secondary data were collected from Fullbright 
consultancy, G.S engineering, Soil tech, Bharatpur 
metropolitan office and different other places. 
Borehole log with SPT-  N value is considered as 
source data used for study purpose. 67 BH locations 
have been used in this work. The quality and 

completeness of the data are important in this research 
to support the validity of the desired results. The soil 
investigation must be equipped with the bore logs and 
the SPT-N considering this study using SPT value as 
the basis for calculation of the bearing capacity. Data 
without any drill assay results and the SPT cannot be 
used in this research. All data which have passed the 
filtering stage is summarized and plotted onto the map. 

C. Foundation Design 

 
In this research work, square footing has been used. 
Buildings in Bharatpur metropolitan have a depth of 
nearly 2m. Thus, bearing capacity has been calculated 
for depths 1.5m for a footing of dimension 2m*2m. 
Depending upon the time when the borehole was 
drilled, water table may fluctuate from season to 
season. Owing to this, water table has been taken for 
the most critical case i.e. at the surface.                          

D. Bearing Capacity determination from theoretical 
Approaches 

The various parameters of soil like Cohesion, Angle of 
internal friction, Young’s Modulus, unit weight, 
Poisson’s ratio etc. were interpreted from SPT-N value 
through various literatures available. Two different 
methods Terzaghi and Meyerhof have been used for 
finding bearing capacity. Similarly, Bowles method 
has been used for finding bearing capacity of sand. 
 
Correlation of N value with Index properties of soil 

𝑐

𝑝
= 0.29𝑁 .    

(1) 

where 𝑷𝒂=100kN/m2 or 2000lb/in2 
Peck, Hanson and Thornburn (1974) gave a correlation 
between N60  and ф in a graphical form which can be 
approximated as 

𝜙(deg  ) = 27.1 + 0.3 ∗ 𝑁
− 0.00054[𝑁 ]  

(2) 

Correlation between Modulus of Elasticity (E) and 
SPT-N value given by Kulhway and Mayne (1990)s  

E/Pa=α* N60 (3) 
 
where Pa=atmospheric pressure 

      α=5 for sand with fines 
       10 for clean normally consolidated sand 
……15 for clean overconsolidated sand 
 

E. Plaxis 3D in Modeling 

      In this project, a numerical 3D model is developed 
using PLAXIS. Finite element analysis is carried out 
using Mohr coulomb failure criteria to represent three-
dimensional soil model. Foundation is modelled as 
square footing and bearing capacity of shallow 
foundation is calculated for prescribed displacement of 
25mm [4]. The stress distribution in soil and 
displacement experienced at different locations are 
obtained. 
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F. F  Material Model for Soil 

 
Table I Material properties for Jun multiplex site 

G. G Numerical Modeling in PLAXIS 3D 

 
In PLAXIS, based on the soil profile in Figure 3.2, the 
numerical model is created for the bearing capacity 
calculation as below. 

Fig. 2 Symmetric modelling of soil showing 
prescribed displacement 

 

Fig. 3 Symmetric modelling of soil showing stage 
construction  

The FE code PLAXIS can handle cohesionless soils 
with cohesion equal to zero, but some options do not 
perform well. The material models manual of 
PLAXIS advise to enter at least a small value. So 
cohesion ‘C’ is taken as 2KN/m2 in this research for 
cohesionless soil.[5] 
A drained behavior is assumed for the materials for the 
bearing capacity calculations. Initial stresses in the soil 
are driven from the material weight. In the PLAXIS 
software the horizontal stress in static state is 
calculated using Jacky’s formula; ko = 1 -sin (Ф). 
When the typical model for simulation is created with 
all material sets in it, the standard boundary conditions 
are set. As a result PLAXIS-3D will automatically 
generate a full fixity at the base of the geometry (ux =uy 
=uz =0) and roller boundaries at the vertical sides YZ-
planes ( ux = 0; uy and uz = free) and XZ-planes (uy = 
0; ux and uz = free). A typical 3D meshes are shown in 
Figure 3.3. The bottom boundaries of the finite 
element models are located at a depth of 10 m and the 
lateral boundaries are located at a distance of 10 m 
from the center of the footings so that any minor 
effects on the soil particle could be included. 15-noded 
axisymmetric elements are used in the finite element 
meshes to model both the soil and the footings. 

H. Prescribed displacement 

The allowable bearing capacity of a footing is 
controlled by shear failure criteria for narrow footing 
width but as the footing width increases, the allowable 
bearing pressure is limited by the settlement potential 
of the soil supporting the footing[6]. Based on the 
recommendation of the Eurocode 7, the tolerable 
settlement of shallow foundation is generally 25mm, 
so the prescribed displacement of 25mm is subjected 
to the footing plate located at 1.5m depth of the soil. 
 

Parameter Soil footing unit 

Material model 
Mohr-

coulomb 
Linear 
elastic 

- 

Drainage type Drained 
Non-

porous 
- 

Unit weight above 
phreatic level 

14.3 - KN/m3

Unit weight below 
phreatic level 

16.4 24 KN/m3

Youngs 
modulus(constant) 

20,000 2.35*107 KN/m2

Poisson’s ratio 
 

0.3 0.2 - 

Cohesion 2 - KN/m2

Friction angle 31 - - 
Dilatancy angle 0 - - 

K0 determination Automatic Automatic - 
Lateral earth pressure 

coefficient 
  - 

Mesh type Coarse Coarse  
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Fig. 4 Deformed mesh 

 

 
Fig. 5 Curve on PLAXIS 3D 

 
 

 
Fig. 6 Effective stresses generated on PLAXIS 3D 

 

I. Mapping of bearing Capacity Values: 

Terzaghi, Meyerhof And Hansen empirical 
approaches have been used for finding bearing 
capacities of different locations for a depth of 1.5m. 
Interpolation has been done by IDW( Inverse distance 
weighted) method during GIS mapping. The least of 
the value obtained from these two approaches has been 
indicated as bearing capacity of specific location taken 
into consideration. All these information layers were 
manipulated using the GIS, and they were then 
combined to produce uniform bearing Capacity 
Zonation maps. Results are illustrated as a suitability 
map for construction in the study area. Consequently, 
the study area was categorized into four different zones 
as: 

 
a. Weak Soil Region having bearing Capacity 

≥ 0 and < 100 kPa 
b. Soft Soil Region having bearing Capacity ≥ 

100 and < 200 kPa 
c. Medium Soil Region having bearing 

Capacity ≥ 200 and < 300kPa 
 

J. Digitization of BH Logs 

There are BH logs of 67 different locations of 
Bharatpur metropolitan. These BH logs data are 
analyzed theoretically and from Numerical Modeling. 
The minimum value from different methods is taken as 
bearing capacity of specific location which is used for 
mapping. Then a layer of contour map is prepared 
using GIS Software. 

Fig. 7 Digitization of BH Logs 

III. RESULTS AND DISCUSSION 

In this study, there are boreholes from 67  locations.  
For each BH location, bearing capacity has been 
calculated using Terzaghi, Meyerhof, Hansen and 
numerical modeling by PLAXIS 3D at depth of 1.5m. 
The least of the value between them is Bearing 
Capacity of that location and is used for zonation 
mapping. The prepared map is very useful in 
predicting the bearing capacity at shallow depth for 
small structures like school building, low height 
residential building, hospitals etc. In the calculation of 
bearing capacity, water table is placed at the surface. 

A. Bearing Capacity at 1.5m depth 

From Plaxis-3D: The largest value of bearing capacity 
was found at Narayanghat (Bharatpur-1) with bearing 
capacity value 364.56 KN/m2 while the smallest value 
was seen at Indrachowk (Bharatpur 10) with bearing 
capacity value 63.77 KN/m2. 
For cross checking the values obtained from Plaxis 3D, 
firstly the empirical relation of Terzaghi and peck 
(1948) for settlement criteria of bearing capacity were 
used  as we know that the bearing capacity of shallow 
foundation is governed by settlement criteria.  
From Terzaghi and peck settlement criteria: This 
approach gives highest value of 275.3 KN/m2 at 
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Narayanghat whereas lowest value of 27.53 KN/m2 is 
seen at Indrachowk (Bharatpur 10). On the other hand, 
the Meyerhof settlement approach gives highest value 
of 662.73 KN/m2 and the lowest bearing capacity of  
66.273 KN/m2. 

B. Final Bearing Capacities Values 

Ultimately, the least values and the highest values are 
obtained. The least value of bearing capacity is 63.77 
KPa at Indrachowk (Bharatpur 10) and highest value 
is 364.56kPa at Narayanghat (Bharatpur-1). 

Fig. 8 Bearing Capacity Map at depth of 1.5m 
from Terzaghi’s settlement criteria equations 

 

Fig. 9 Bearing capacity map at depth of 1.5m from 
PLAXIS-3D 

 

IV. VERIFICATION OF RESULT 

1) By Plate Load Test 
 
Verification of bearing capacity values obtained above 
was done by plate load test. Load settlement curve was 
drawn from the primary data of plate load test done in 
Marsyangdi Corridor 220kV Transmission Line 
Project, Aaptari, Bharatpur-1, Nepal Conversion of 
load settlement graph obtained from plate load test was 
done into load settlement behavior of 2X2 m isolated 
footing using the relation between settlement of the 
plate and that of the foundation (Sf) for the same load 
intensity given by Terzaghi and peck et al . 
 

Table II: Load vs Settlement plot 
Load 
(KN) 

Load(Ton) Settlement(mm) 

20 2 11.53 
40 4 14.40 
60 6 15.92 
70 7 16.25 
   

 
 
Conversion of 25mm settlement of footing to 
equivalent settlement of plate from Terzaghis and peck 
et al relations for sandy soil : 
 

𝑆𝑓 = 𝑆𝑝
𝐵𝑓(𝐵𝑝 + 0.3)

𝐵𝑝(𝐵𝑓 + 0.3) 
 (4) 

Settlement of plate comes to be 11.9mm.  
 
Now from the graph of load settlement curve bearing 
capacity of Aaptari station for 11.9mm settlement was 
found to be 90 KN/m2 which also matches imperical 
relation of the bearing capacity of Terzaghis from 
settlement criteria. 
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Abstract—The use of Terzaghi's theory of 
consolidation is limited to cases in which the applied load 
is normal to the soil body, the thickness of the soil is 
uniform and the permeability is constant throughout the 
consolidation process. The assumption of a linear 
relationship between stress and strain does not comply 
with the reality where the best-fit line between the void 
ratio and vertical stress in the oedometer consolidation 
test is a nonlinear curve. Also, the decrease in 
permeability of soil due to a decrease in the void ratio in 
the soil during the progress of consolidation is not 
regarded in Terzaghi consolidation theory. Terzaghi 
consolidation theory not being based upon any 
constitutive model, the analysis of consolidation under 
complex loading conditions such as isolated footing and 
pile foundations where the assumption of one-
dimensional loading or only principal state of loading are 
not applicable, becomes impossible by the sole use of 
Terzaghi consolidation theory. This paper describes the 
use of the Modified Cam Clay constitutive model along 
with coupled pore-fluid pressure dissipation analysis for 
simulation of oedometer consolidation test and compares 
the performance of MCC model with non-linear one-
dimensional consolidation theory. 

Keywords—Constitutive model, MCC, Critical state line, 
oedometer consolidation test. 

 INTRODUCTION 

Consolidation is the time-dependent deformation 
behavior of soils under the application of loads. Unlike 
normal dry objects, e.g. metals where the application of 
stress causes instantaneous deformation of the body, in 
clayey soils where the permeability is very small, the 
full deformation under stress is not observed 
instantaneously. The stress is first taken by water as 
water is nearly incompressible compared to the soil 
skeleton structure. If there is a free drained surface in 
the soil body, a pressure gradient develops from the core 
of soil to the freely drained surface because of the stress.  
The pore water seeps through the interconnected voids 
very slowly under the influence of this pressure gradient 
and the previously applied stress is gradually 

transferred into the soil skeleton as effective stress. It is 
through this gradual transformation of total stress into 
effective stress that the soil layer undergoes gradual 
settlement with respect to time.  

The Terzaghi consolidation theory, which is 
generally used for consolidation analysis has many 
limitations. The Terzaghi consolidation theory assumes 
a linear relationship between the stress applied in soil 
and the strain developed in it. The use of constant 
modulus of volume compressibility, 𝑚  for any given 
loading is not applicable for a larger load increment 
range. it is only applicable in the close neighborhood of 
the load for which 𝑚  was determined. The decrease in 
the value of permeability of water as voids are 
compressed due to the effective stress increase is not 
considered by Terzaghi. Also, a typical void ratio vs 
vertical stress plot from a lab oedometer consolidation 
test shows two different types of the curve: reloading 
and loading curve. The reloading curve is the elastic 
behavior of soil when the current load applied is less 
than the overconsolidation vertical stress. The loading 
curve depicts the elastoplastic yielding of the soil. Since 
Terzaghi didn’t consider the plastic deformation of the 
soil, the practically observed loading and reloading 
curve cannot be explained using Terzaghi consolidation 
theory. 

A. The behavior of clay soil in one-dimensional 
consolidation 

 As shown in Fig. 1, soil in one-dimensional 
consolidation with initial void ratio along the curve a, 
when is loaded, follows curve a (loading and unloading 
along this curve will show elastic but non-linear 
behavior of soil. and after reaching 𝜎 , deviates to 
follow curve b. This curve b  
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represents the elastoplastic hardening of soil and is 
called normal consolidation curve. On further 
increment, after the vertical stress 𝜎  is reached and 
soil is unloaded, the soil follows the unloading path c 
and again reloading of soil follows the curve d. The 
reloading along this curve follows elastic behavior  up 
to and even beyond the previous overconsolidation 
vertical stress 𝜎   until the vertical stress 𝜎  is reached 
and loading further, will follow curve b This increase in 
yield  stress from 𝜎  to 𝜎  where the range of stress 
for elastic behavior is shown by the soil, depicts the 
elastoplastic hardening of the soil. 

B. Mohr coulomb model and its limitaitons 

The most popular constitutive model for the analysis 
of soil foundations is the Mohr-Coulomb model. 
However, the Mohr-Coulomb model also has similar 
drawbacks as of deformation behavior from Terzaghi 
consolidation theory, which assumes a linear stress-
strain relationship. The Mohr-Coulomb model being the 
perfectly plastic model cannot show the strain 
hardening behavior of soil as shown in Fig. 1. This 
means that when the stress is increased beyond the 
overconsolidation stress of sigma 1 along reloading 
curve 1 in Fig. 1, the void ratio vs. stress graph will 
follow a straight-line path and will never deviate to 
show the elastoplastic yielding of the soil. This is 
because the yield surface of the Mohr-Coulomb model 
is open along the hydrostatic axis [1] as shown in Fig. 2  

Fig. 2 Perspective view of the Coulomb yield surface in 
principle stress space (source: Davis & Selvadurai, 2002) 

  

C. Modified cam clay model  

The modified cam clay model, the MCC model is 
based on critical state soil mechanics. Andrew 
Schofield, Peter Wroth, and Kenneth Harry Roscoe first 
presented the concept of critical state soil mechanics in 
1958. Soil and other granular materials, if continuously 
distorted they flow as a frictional fluid will come into a 
well-defined critical state. (Schofield & Wroth, 1968.). 
instead of using Cauchy stresses, the load in  MCC 
model’s is defined by two stress invariants, bulk stress, 
p  and deviator stress, q 

Where,  

𝑝
𝜎 2𝜎

3  (1) 

𝑞 𝜎 𝜎 (2) 

Where 𝜎 and 𝜎

The yield criteria of the MCC model in terms of 
stress invariants (p,q) space is given by (3)  

𝑞 𝑀 𝑝 𝑝 𝑝  (3) 

Where, 𝑝  is the equivalent isotropic 
preconsolidation bulk stress i.e. maximum isotropic 
bulk stress the soil has experienced during its loading 
history. Of course, not all loading conditions are 
isotropic so 𝑝  is the equivalent isotropic stress for the 
maximum overconsolidation vertical stress the soil has 
experienced. M is the slope of the critical state line 
which can be calculated from the friction angle, ϕ from 
the consolidated drained triaxial test and given by (4): 

𝑀
6𝑠𝑖𝑛ϕ

3 sin ϕ
 (4) 

In one dimensional consolidation,  

𝜎 𝐾 𝜎 (5) 

where 𝐾  is the lateral earth pressure coefficient. In 
elastic region,  

𝐾
𝜇

1 𝜇 (6) 

In elastoplastic region, 𝐾  is a complex function of 
λ, κ, M, 𝜇 and p  [4] where λ and κ  are compression 
index and recompression index respectively and are 

 
Fig. 1 void ratio vs. vertical stress of a typical one 

dimensional consolidation in soil 

a 

b 

c 

d 

mentioned here for brevity and can be found in [3]. 

 are usually vertical and lateral 
stresses in one-dimensional consolidation. However, 
for soils over consolidated at very large vertical stress, 
the residual horizontal stress may be greater than the 
vertical stress as per Jacky’s formula. This use of stress 
invariants allows us to use the MCC model in case of 
complex loading conditions where the applied loads are 
not normal to the soil body surface. Of course, the 
relation for p and q will be different from expressions 
(1) and (2). the relations in general case loading is not 
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explained in equations (7), (8), (9) and (10). MCC 
model’s elliptical yield surface is shown in (p,q) space  
in the Fig. 3 along with the evolution of yield surface 
during elastoplastic hardening due to yielding. Any 
state of (p,q) within the ellipse represents the elastic 
behavior of soil. when the (p,q) state touches the CSL, 
the critical state of soil is achieved. 

Fig. 3Evolution of yield surface during elastic to 
elastoplastic deformation from A, B to C stress path (Source: R. 

O. Davis & Selvadurai, 2002) 

The MCC model assumes a logarithmic relation 
between void ratio and bulk stress both in elastic and 
elastoplastic deformation range. the relation is 
represented by equations (7) and (8) and shown in Fig. 
1. The hysteresis loop in observed in the unloading-
reloading cycle shown in Fig. 1 is ignored by MCC and 
represented by a single curve as shown in Fig. 4. 

𝑒 𝜅𝑙𝑛𝑝 𝑒 ,   in elastic region (7) 

𝑒 𝜆𝑙𝑛𝑝 𝑒 ,   𝑖𝑛 𝑝𝑙𝑎𝑠𝑡𝑖𝑐 𝑟𝑒𝑔𝑖𝑜𝑛 (8) 

 

 

It is this assumption of the logarithmic relation 
between void ratio and stress that gives a better result 
compared to the Mohr-Coulomb model. The values 
𝜅 𝑎𝑛𝑑 𝜆 can be obtained from the recompression ratio 
and compression ratio from the oedometer test by using 
relations (7) and (8). 

λ
C

ln10
 (9) 

κ
C

ln10
 (10) 

It should be noted that although relations(7) and (8) 
are for bulk stress, they are also valid when written in 
form of vertical stresses [3] such that: 

𝑒 𝜅𝑙𝑛𝑝 𝑒 , in elastic region (11) 

𝑒 𝜆𝑙𝑛𝑝 𝑒 , in plastic region (12) 

D. Determination of void intercept of critical state 
line: 

 
Apart from the λ, κ, M and  p  parameters, the fifth 

parameter necessary to define the plasticity in the MCC 
model is Γ which is the void intercept of ln p vs e line 
for critical state line which is defined as: 

𝑒 𝜆𝑙𝑛𝑝 Γ in critical state. (13) 

From the oedometer consolidation test, we get the 
void intercept of ln 𝜎  vs void ratio, 𝑒 ,   of 

reloading line by plotting ln 𝜎  vs void ratio shown by 
the green line in Fig. 5 The void ratio intercept Γ of CSL 
can be calculated from the 𝑒 ,  intercept of 
recompression line from oedometer consolidation test 
and  the overconsolidation vertical stress, 𝜎 ,   by 
using following set of equations [5]. 

𝑒 , 𝑒 , 𝜆 ln
1 2𝐾

3
 (14) 

𝑒 , ln 𝑝 , 𝜅 𝜆 𝑒 ,   (15) 

Where 𝑝  ,  is the equivalent bulk stress at 
overconsolidation vertical stress 𝜎 ,  given by: 

𝑝 ,
1 2𝐾

3 𝜎 ,  (16) 

And finally, 

Natural log 
of bulk stress, p 

𝑒 ,

𝑒 ,

Γ 

𝑒 ,

𝑒 ,

Bulk stress vs.  Void ratio  
in 𝐾 consolidation 
 
Vertical stress vs. void ratio 
 in 𝐾 consolidation  
 
Critical state line 

Natural log of stress 
 

Fig. 5 Relation between void intercept of 
equivalent bulk stress line and vertical stress line in 

K0 consolidation 

Fig. 4 void ratio and bulk stress relation in normal 
consolidaiton and overconsoldiation state  

𝑒 ,   

Void ratio 

𝑒 ,   

𝜎 ,  

𝑝
,

 

𝑝 
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 Γ 𝑒 ,  𝜆 𝜅 ln  (17) 

Where, 𝜂 is the stress path of the (p,q) plot during 
the soil consolidation process. the value of 𝜂 is 
dependent upon poisons ratio just until the normal 
consolidation reached and the value of 𝜂 gradually 
changes to be dependent on 𝑀, 𝜆, 𝜅 𝑎𝑛𝑑 µ as the soil 
yields further. So at 𝜎 𝜎 , , 

𝜂
3 1 2µ
1 2µ

 (18) 

 Hence, starting with 𝑒 ,   and 𝜎 , , using 
equations (14) to (18), we can get the value for Γ.  

While using ABAQUS, we don’t need to manually 
calculate the value of Γ and assign it to the model. 
Instead, ABAQUS calculates the value of Γ using a 
similar procedure mentioned above. 

 Dev et al., 2013 verified the use of critical state 
parameters from the oedometer test in the simulation of 
the consolidated undrained triaxial test and got a similar 
result from the experiment.  

E. Non-linear theory of consolidation: 

Davis and Raymond in 1965 proposed their 
nonlinear one-dimensional consolidation theory. 
Similar to the MCC model, they had proposed the 
logarithmic relation between effective vertical stress 
and void ratio given by: 

𝑒 𝑒 𝐼 log
𝜎
𝜎

 (19) 

Where 𝐼  is the same as the compression 
index/recompression index of soil and 𝑒   is the void 
ratio at any known and given pre-applied stress𝜎 . They 
further proposed that the decrease in the void ratio in the 
soil during consolidation is relatively small due to 
which it can be considered to remain constant. Also, 
permeability and modulus of compressibility vary in the 
soil during consolidation whereas the value of the 
coefficient of consolidation, 𝐶  as in Terzaghi 
consolidation theory remains relatively constant. So by 
following this rule, the permeability can be written as 
the function of 𝑚 . Differentiation of (19) with respect 
to 𝜎  and further division with 1+e gives: 

𝑑𝑒
𝑑𝜎 1 𝑒 

0.434𝐼
𝜎 1 𝑒 

 (20) 

Ignoring the negative sign, the LHS corresponds to 
the tangential modulus of compressibility of soil: 

𝑚
0.434𝐼

𝜎 1 𝑒 
 (21) 

Davis and Raymond further proposed from their 
experimental observation that the 𝐶  was relatively 

constant during soil deformation in one-dimensional 
consolidation with a proportional decrease in 𝑚   
(because the soil becomes stiffer with increasing load ) 
and in permeability 𝐾  (due to decrease in void ratio due 
to compressive strain caused by load ) which made 𝐶  
as per eqn (24) to vary by such a small value that it could 
be assumed to be constant. 

As per Davis et al s’ argument that e is relatively 
constant as 𝑒  , 

𝑚 , .
0.434 ∗ 𝐼
𝜎 1 𝑒

 (22) 

Where,  

I ln 10 ∗ 𝜅 𝑜𝑟 𝜆   (23) 

Since,  

𝐶
𝐾

𝑚 𝛾
 (24) 

Putting (21) into (24) and solving for the value of K, 

𝐾 𝐶 𝛾 ∗
0.434 ∗ 𝐼
𝜎 1 𝑒

 (25) 

Davis et al assumed Darcy’s law of pore-water flow 
and using the assumption of constant 𝐶 , they 
developed the following differential equation for spatial 
and time variation of excess pore water pressure, u’ and 
effective vertical stress, 𝜎  . 

𝐶
1
𝜎

∗
𝜕 𝑢′
𝜕𝑧

1
𝜎

𝜕𝑢′
𝜕𝑧

∗
𝜕𝜎
𝜕𝑧

1
𝜎

∗
𝜕𝜎
𝜕𝑡

 (26) 

They gave Fourier series solution for the above 
differential equation for a singly drained soil layer. 
Based on the Fourier series, the graph of percentage 
dissipation of maximum pore pressure in the undrained 
side for various load increments with final load to initial 
load being 1.5, 2, 4, 8, 16. They also gave a graph for 
the percentage settlement of soil vs. dimensionless time 
factor as shown in Fig. 3. The percentage settlement vs. 
time curve was the same as that given by Terzaghi 
consolidation theory and for all load increment ratios. 

F. 𝒎𝒗 calculation using MCC model: 

The MCC model uses a similar function as in (21) 
but it takes into account the impact of variation of e on 
the value of 𝑚 . The initial value of e assigned is not 
assumed constant during later increment of vertical 
stress and e’s variation is also taken into account. So for 
the MCC model, after differentiation of (7), and 
performing similar mathematical operations as was 
done in (20) and (21),  

𝑚 ,
κ

𝜎 ∗ 1 κ ln 𝜎 ln σ e
 (27) 
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Also if we consider the similar argument proposed 
by E. H. Davis & Raymond; the Cv value being 
constant, 

𝐾 𝐶 𝛾 ∗
κ

 𝜎  ∗ 1 κ ln 𝜎 ln σ e
 (28) 

The consideration of a decrease in permeability of 
soil is of crucial importance while dealing with non-
linear consolidation theories. It is because, during the 
increase in effective stress, the stiffness parameters of 
soil increase which enables soil skeleton to take more 
loads with small incremental strain. This causes the soil 
skeleton in the numerical model to take the load from 
pore water to itself very much sooner and hence, 
consolidation is completed very fast. If constant 
permeability input is taken, the soil will complete 
consolidation much sooner than that observed in reality. 
So it is important to limit the value of permeability 
which will delay the seepage of water and the transfer 
of load to the soil skeleton. Hence (28) is used in the 
MCC model to define the variable permeability for 
consolidation analysis. 

 METHODOLOGY 

A. Simulaiton of oedometer consolidaiton test 

Two oedometer consolidation tests were conducted 
on two undisturbed samples extracted from the same 
location in Balkot, Bhaktapur. The result from the first 
consolidation test, A was used to estimate the critical 
state parameters. The 𝜆 𝑎𝑛𝑑 𝜅 were determined from 
the void ration vs vertical stress plot in natural log scale, 
using the best fit line in each loading and reloading 
region. Since different loading stages had different 
slopes for best-fit lines,  𝜆 𝑎𝑛𝑑 𝜅  were determined from 
averages of the best-fit lines as shown in Fig. 6. The 
result of the void vs. stress of oedometer consolidation 
test A is shown in Fig. 6. The overconsolidation vertical 
stress in the insitu condition was calculated using the 
Casagrande method. The drained friction angle, 𝜙 and 
the poisons ration for the soil could not be calculated in 
triaxial test setup so empirical relations were used to 
estimate those values. The USBR,1960 gives us a chart 
to estimate those values based on the soil type from the 
USCS classification system. The extracted sample was 
of low plasticity clay type. So, the friction angle was 
taken as 28  [7]. The poisons ratio, µ of the soil was 
taken as 0.4 [8]. The dependence of the permeability 
upon the void ratio was established as per the argument 
presented by Davis et al within the MCC model. So 
following the same plausible argument, the 𝐶  of the 
soil was calculated using square root time method. 
However, the values of  𝐶  for sample A test in all load 
increments were not close enough to be taken an 
average of and be used as the representative value for 
the soil. Instead, the value of 𝐶  was found to be in a 
close cluster in each of the loading regions: reloading 

stage 1,  normal consolidation stage 1, reloading stage 
2, normal consolidation stage 2, and unloading stage 3. 
So an average value for loadings falling in these stages 
was calculated and applied accordingly for simulation 
of oedometer consolidation test of sample B. the 
summary of the average 𝐶  values calculated for the 
different loading stages of sample A is shown in the 
table given below. 

TABLE I COEFFICIENT OF CONSOLIDATION OBSERVED FOR 

VARIOUS LOAD INCREMENTS FOR SAMPLE A. 

Initial 
stress 

Final 
stress 

𝑪𝒗 observed 
(m2/min) 

Average 𝑪𝒗 
(m2/min) 

5 10 5.94E-06 

4.21E-06 10 20 4.59E-06 

20 40 2.10E-06 

40 90 6.94E-07 
6.74E-07 

90 190 6.54E-07 

190 90 - - 

90 40 - - 

40 20 - - 

20 10 - - 

10 5 - - 

5 10 4.53E-06 

4.03E-06 

10 20 4.89E-06 

20 40 4.01E-06 

40 90 3.65E-06 

90 190 3.07E-06 

190 320 7.92E-07 
5.71E-07 

320 640 3.50E-07 

640 320 - - 

320 190 - - 

190 90 - - 

90 40 - - 

40 20 - - 

20 10 - - 

10 5 - - 

The equation (28) was used to establish a relation 
between permeability and vertical stress. Which 
indirectly implied the relation between a decrease in 
permeability with the decrease in void ratio with an 
increase in stress. Two numerical models were made 
with the first model depicting the loading stages as 
shown in Fig. 6: reloading stage 1, normal consolidation 
stage 1, and unloading stage 2. The second model 
depicted the loading stage of reloading sage 2, normal 
consolidations stage 2, and unloading stage 3. The load 
defined on the first model was from 5KPa to 40KPa to 
190KPa and then to 5 KPa. The second model was 
applied with load from 5KPa to 190 KPa to 640KPa and 
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decreased to 5KPa. Initial load was defined at 5KPA 
and the loading region. Parameters used for the two 
models are summarized in the table given below: 

TABLE II PARAMETERS USED FOR SIMULATION OF OEDOMETER 

TEST B 

Property for model Value 

Lambda 0.1232 

Kappa 0.0152 

M 1.1131 

Initial void ratio 
0.90466 for the model I; 0.74 for 
model II 

Lateral stress coefficient 0.667 

Initial yield surface size,  
16.9KPa for model I; 84.84 KPa 
for model II 

Permeability  
Dependent on vertical stress or 
void ratio 

The permeability and void ratio table was generated 
in MS-excel sheet using the equation (28) to develop a 
relationship between vertical stress and permeability 
and then (7) was used to establish the relationship 
between vertical stress and void ratio and parameters 
from the above table.

The discrete set of values of void ratio and permeability 
was then prepared from the calculations and placed in 
ascending order of permeability into the permeability 
defining section of ABAQUS. The software would then 
use the linear interpolation technique to determine the 
permeability of soil for the void ratio value lying in 
between two data points. The loading time was defined 
as 24 hours for each load increment. The result of the 
model simulation and the actual experiment of sample 
B is shown in the figure given below. For the brevity of 
the paper, not all time based settlement data  for 
different loads are shown. But a portion of those 
modelled and experiment observed data are shown later 
in the result section. The simulation result of void ratio 
vs. vertical stress of sample B was performed and 
compared with the real experiment data.  

 
Fig. 6 Void ratio vs stress of Oedometer test of sample A with best fit lines. 
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B. Comparison of MCC model with the non-linear 
consolidation theory given by Davis et al. 

The load increment ratios analyzed in the original 
paper of Davis and Raymond  i.e. 1, 1.5, 2, 4, 8, and 
16 was simulated using the MCC model. The initial 
loading conditions of the soil were applied such that 
the state of soil could be ensured to be lying in the 
reloading stage 2 as shown in Fig. 6. The initial load 
was 5KPA and additional loads were applied such that 
the final to initial load ratio was the same as mentioned 
above. Altogether, six different axisymmetric models 
were run. The input parameters are shown in the table 
below: 

TABLE III PARAMETERS USED IN MCC MODEL FOR 

COMPARISON WITH NON-LINEAR CONSOLIDATION THEORY GIVEN 

BY DAVIS & RAYMOND  

Name of parameter Value 

Poisson ratio 0.4 

M 1.1131 

𝜅 0.0188 

𝜆 0.1326 

𝑝
2

  
84.84KPa (equivalent to vertical 
overconsolidation vertical stress of 
190KPa) 

Initial vertical stress 5KPa 

Additional vertical 
stress 

+0.5KPa / + 2.5KPa / +5KPa /+ 
15KPa / +35KPa, +75KPa 

Density of water 1 ton/m3 

Size of doubly drained 
model 

0.018 m 

Permeability As defined in (28) 

 RESULT AND DISCUSSION: 

A. Result of  oedometer consolidaiton experimet 
simulaiton 

The void ratio vs. verticals stress graph from the 
simulation of the experiment  and from the actual 
experiment of sample B is shown below. 

 
Fig. 7 Void ratio vs vertical stress of oedometer test of sample B and simulation of the experiment. 
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After the analysis in the model was complete, the 
instantaneous percentage settlement of soil with 
respect to final settlement at the end of consolidation 
was extracted from the model using MS-excel. The 
excess pore water pressure at mid-height of the doubly 
drained soil from the model was extracted, the time 
factor vs. percentage settlement and time factor vs. 
excess pore water pressure dissipation at mid-height 
was calculated and compared with the graph given by 
Davis and Raymond. 
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The simulation result and the actual experiment of 
void ratio vs vertical stress are closely matching to one 
another. The soil showed a hysteresis loss loop in the 
experiment, which could not be modeled by the MCC 
model. Since the  𝜆 and 𝜅 values for the model were 
determined from the best-fit curve, the stress-void ratio 
points predicted by the model are not the same 
everywhere as compared to the real experiment. 
However, overall, the two graphs have a good match.  

 

Fig. 8 Dial gauge settlement reading 20 KPa  to 40KPa to 90KPa (Reloading stage 1 & normal consolidation 
stage 1 as shown in Fig. 6) 

B. The result from the comparison of the MCC 
model with the non-linear consolidation theory given 
by Davis et al. 

The percentage settlement vs time factor graph 
from the model and solution given by Davis et al is 
presented in Error! Reference source not found. 
given below. Also, the excess pore water pressure 
dissipation is shown in the same figure Fig. 8. The 

graph presented here was extracted from the original 
paper given by Davis et al and our data from the 
ABAQUS was plotted onto the graph by using 
AutoCAD. 
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The time-based dial gauge settlement behavior was 
also extracted from the analyzed model. Only the 
result from the loading range of 20KPa-40KPa-90KPa 
(Reloading stage 1 & normal consolidation stage 1 as 
shown in Fig. 6) is presented in this paper for brevity. 
The simulated and experimental observation of the dial 
gauge settlement reading is shown in the 
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Fig..9 Solution for percentage settlement and percentage dissipation of maximum pore pressure 

(FEM solution data plotted on an original graph from E. H. Davis & Raymond, 1965 using Auto-CAD) 

 

Here it can be observed that the percent excess pore 
pressure dissipation at the mid height of the soil 
specimen and the percentage soil settlement match 
exactly with the theoretical solution given by Davis et 
al even though the 𝑚  calculated from the MCC model 
was fundamentally different than the 𝑚  calculated 
using Davis et. al. The reason behind this is that indeed 

the void ratio did not vary by much by a large value 
which had minimal impact on the mv.value. Only 3% 
difference in the value of 𝑚  calculated from the MCC 
model and Davis et al was observed up to the load of 
80KPa as shown in Fig. 10 where 𝑚  was calculated 
as per (22) and (27).

 
Fig. 10 𝑚  from Davis consolidation theory as a percent of 𝑚  from modified Cam clay model 
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 CONCLUSION 
The modified cam clay model simulates the soil 

deformation behavior very well, not only in elastic 
deformation range but also in elastoplastic 
deformation range. The solution of the excess pore 
water dissipation given by the Modified Cam Clay 
model matches well with the non-linear  modified 
consolidation theory given by Davis and Raymond. 
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Abstract— There is a large potential of energy saving 

in the noodles industries as it is still in the traditional 

state. Nepal produced 103.6 thousand metric tons of 

Noodles in 2017 with about the total capacity 160 

thousand metric tons. The average production growth 

rate for the past ten years is around 5.6%. In noodles 

industries, boiler consumes about 61% of the energy 

with motor drives consuming about 23% followed by 

process heat with 10% of the energy. Rice husk is 

used as the fuel in most boilers which provided about 

90% of the thermal energy with around 10% being 

derived from the electricity. After modeling in LEAP, 

about 176.77 thousand GJ of energy is being used 

with the prediction of about 363.84 thousand GJ of 

energy being demanded in 2030 under normal growth 

rate of 5.6%. Creating different scenarios with the 

industrial value addition for manufacturing sector, it 

was found under low growth rate of 3%, 256.59 

thousand GJ of energy will be required with 817.31 

thousand GJ of energy being demanded in high 

growth rate of 11.5%. With the various efficiency 

measures in accordance to sustainable development 

goals being implemented, the energy demand will be 

261.43 thousand GJ, 199.58 thousand GJ and 641.52 

thousand GJ under normal, low and high growth 

efficient scenarios. This accounts for about 21.6 

thousand GJ of electrical and 83.85 thousand GJ of 

thermal energy being saved. Under low growth 29.15 

thousand GJ electrical energy and 60.32 thousand GJ 

thermal energy can be saved with 18.47 thousand GJ 

of electrical energy and 97.47 thousand GJ of thermal 

energy being saved from high growth scenario. 

Keywords: Energy Modeling, Energy Demand, 

LEAP, Instant Noodles Industry.  

 

I. INTRODUCTION  

Energy is one of the essential requirements for the 

economic growth of developing countries. Energy 

consumption is a key determinant of overall 

productivity and economy in human society [6]. The 

conservation of energy is an essential step towards 

overcoming the mounting problems of the worldwide 

energy crisis and environmental degradation. Energy 

conservation is vital for the sustainable development 

of food industry. Energy efficiency improvement and 

waste heat recovery in the food industry have been a 

focus to increase the sustainability of food processing 

in the past decades [7]. The improvement of energy 

efficiency in the food industry should be considered 

to provide not only economic benefit but also the 

benefits for environmental protection, social 

sustainability, energy supply security, and industrial 

competitiveness. 

Food manufacturing plants are energy-intensive 

plants and a significant portion of their operating cost 

is due to energy use. Wang [7] reported that around 

57% of the primary energy inputs into the whole 

industry are lost before reaching intended processing 

activities. Estimates from several studies indicate that 

on average, savings of 20 to 30% energy can be 

achieved without capital investment, using only 

procedural and behavioral changes. The improvement 

of energy efficiency in food processing facilities 

requires the evaluation of numerous prospective 

measures to increase the energy usage efficiencies of 

the utilities such as such as steam, compressed air, 

and electricity [7]. Therefore, improving energy 

efficiency has great potential to reduce the operating 

cost and thereby improve the profitability of food 

manufacturing plants in Nepal. 

A. Noodles in Nepal 

Nepal is the third most noodles consuming country 
per capita only behind Korea and Vietnam [9]. Instant 
Noodles Industry in Nepal unlike other emerging 
economy is still very traditional in nature with very 
poor energy management and is largely controlled by 
few key players. According to a study, there is a 
prospect of saving 478 GJ of electrical energy and 
52,577 GJ of thermal energy [2] in noodles industries 
in our country and, the CO2 savings potential is 
approximately 2353 kg. It is thus, imperative to 
investigate future energy demand for the noodle 
industry and possible ways of curtailing the emission 
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by the use of energy efficient technologies. Hence 
this study elucidates the situation of Instant Noodles 
in Nepal in terms of energy demand with the main 
focus on possible methods to optimize the energy 
consumption through suitable methods like replacing 
the existent energy intensive equipments with the 
Units 

efficient ones and thus saving the overall 

consumption of the energy in Noodle Industry. 

B. Production process of Instant Noodles 

Figure 1 shows the schematic diagram of the 

production process involved in the production of the 

Instant Noodles.  

 

Fig. 1.  Production process of Instant Noodles 

II.  LITERATURE REVIEW 

Wang [7] studied about the energy efficiency 

improvement and waste heat recovery in the food 

industry with a focus to increase the sustainability of 

food processing. Replacement of conventional 

energy-intensive food processes with novel 

technologies such as novel thermodynamic cycles and 

non-thermal and novel heating processes provides 

another potential to reduce energy consumption, 

reduce production costs, and improve the 

sustainability of food production. Some novel food 

processing technologies have been developed to 

replace traditional energy intensive unit operations 

for pasteurization and sterilization, evaporation and 

dehydration, and chilling and freezing in the food 

industry. 

GIZ/NEEP [2] analyzed the energy intensity and 

estimated the potential electrical and thermal energy 

savings as well as CO2 emission per unit products of 

eight different sectors one of them being food sector 

with noodles as a subsector. Considering four 

establishments, it was found that the Instant Noodle 

industries consume both electrical and thermal energy 

in its production process. Electrical energy is used for 

drives, compressors, pumps and lighting and thermal 

energy is required for the operation of boiler to get 

steam for the cooking of noodles and other hot 

processes. Fuel used for the boiler was rice husk. It 

was calculated that the electrical saving potential is 

6.15% and thermal saving potential is 11.38%, for 

Noodle industries. 

Pradeep Singh [8] studied the effect of 

implementation of best available technologies in 

cement industries of Nepal. He calculated the impact 

of penetration of best available technology in energy 

consumption depending on three main factors, viz. 

penetration of proposed energy efficiency technology, 

the baseline energy (projected on various growth 

rates) and environment forecast and the effectiveness 

of the policy compared to the existing policy. It was 

found that the potentiality of efficiency improvement 

in finish grinding is 48% and around 40% of 

efficiency improvement can be done in motors and 

fans. Similarly, low temperature for waste heat 

recovery power generation can be employed in rotary 

kiln industries, which account the saving of 9% of 

electricity. Likewise, the fuel energy intensity of 

saving can be attained in integrated cement industries. 

The majority of the fuel energy is found to be lost 

from the kiln surface and the use of better insulating 

refractories can be used to reduce heat losses up to 

37%. Further, the use of alternative fuel can save 

energy up to 30%.  

Bhattarai [9] studied the industrial sectors energy 

demand projections and analysis of Nepal for 

sustainable national energy planning process of the 

country. To project future energy demand, the end-

use industrial sector energy demand model based on 

Long –range Energy Alternative Planning (LEAP) 

framework was formulated with four GDP growth 

scenarios namely business as usual (BA), low growth 

(LG), medium growth (MG) and high growth (HG) 

respectively. It has been found that the total sectorial 

energy demand and electricity demand can be 

reduced from 1.78 and 2.42 times of the base year 

demand in BA scenario to 1.53 and 2.24 times of the 

base year demand in 2030 respectively.  

III. METHODOLOGY 

Every methodology begins with the identification of 

the problem. Problem Formulation is an activity 

which defines the cognitive gap between what is and 

what is desirable and delineates the resources for 

closing it. The lack of concrete study on the energy 

consumption of the noodles industry was identified as 

the problem, this study aimed to address. It was 

followed by the intensive study of existing literature 

on energy consumption in the manufacturing sector 

and its various subsectors with major focus on the 

Noodles processing plants and manufacturing units. 
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For the further facilitation of the in-depth energy 

demand analysis, the actual profile of the 

consumption of energy in the noodles industry was to 

be determined. For this, a questionnaire was 

developed to access the energy demand for the end 

use devices. The total energy consumption was 

divided into five end-use categories; namely 

Lighting, Motive drives, Boilers, Process Heat and 

Other devices. The questionnaire was developed to 

collect the information regarding the different types 

of end-use devices, their rated power, number and 

average hours of operation and fuel used. 

The total registered establishments for the production 

of Instant Noodles in Nepal were found to be 38 and 

using Chi-square distribution, the sample size was 

found to be around 20 with 95% confidence interval 

and 10% margin error. So suitable industries were 

selected according to the sample size and the primary 

data of end-use energy devices and their energy 

consumption was collected through the survey and 

field visits to various Noodle manufacturing 

establishments. The secondary data of Noodles 

production was compiled from various editions of 

economic survey and various websites. The collected 

data was then compiled and subjected to further 

analysis. The annual energy demand for end-use 

device category was calculated as, 

E.D i=   Ni * Pi * Ti* Ui * D   

    

Where, Ni = Number of end-use devices 

Pi = Rated power of end-use device 

Ti = Average hours of operation 

Ui = Capacity utilization factor 

D = Average number of working days in a year [11]. 

The data on number of end-use devices, their rated 

power and average hours of operation were retrieved 

from the information gathered during survey. 

Average number of working days in a year was 

assumed to be 300 days, the capacity utilization 

factor of 0.6 was taken based study done on similar 

researches [5].  After ensuring the validity of the 

database, rigorous analysis of the database was 

performed to get the overview of the energy 

consumption for the industry. The outcome of the 

analysis was compared with the WECS data [4] to 

obtain insights into the national industrial energy 

consumption. 

A. Model Development 

Bottom-up end-use LEAP Model was developed to 

investigate the possibility of demand side 

management with 2017 as base year and 2018 as first 

year of projection. Energy  used to assess the energy 

savings potentials under different scenarios which 

were based on the production rate of the Instant 

Noodles in Nepal. 

1) Lighting 

The lighting end-use energy demand has been divided 

into two categories namely, electricity and diesel to 

reflect the fuel types used. Four categories with 

energy intensity named incandescent, fluorescent, 

CFL and LED were created for both categories and 

fuel type was specified.  

2) Motive Drives 

The motive energy end-use energy demand was 

divided into three categories named motors, pumps 

and compressors. Motors are the integral part of 

manufacturing and thus, the energy demand for the 

motors depends upon industry output.  

3) Process Heat 

The process heat branch was further divided into two 

categories; Direct heating and Indirect heating. Direct 

heating considered the heating of the materials by 

directly exposing the materials to the heat source 

whereas indirect heating used some mechanisms of 

convection to provide heat the noodles. The energy 

demand for process heat has been modelled for two 

fuel types used. Under diesel category, electrical 

heating and diesel heating was created. Under 

electricity category, electrical heating system 

category was specified with energy intensity. 

 

4) Boiler 

Boiler category with energy intensity was created and 

it was sub-categorized into rice-husk boilers, 

firewood boilers, furnace oil boilers and electric 

boilers based on the use of the fuel in the boilers 

found across different manufacturing entities. Since, 

boiler is integral part of the production process; its 

energy consumption was assumed to be proportional 

to the industrial output. 

5) Other Devices 

To accommodate for the energy consumption by 

other various devices this branch was created and two 

categories were created to differentiate two types of 

fuel used for other devices. 

To investigate the implication of various policy 

interventions on energy mix, various scenarios were 

constructed. Based on the production of Instant 

Noodles from the year 2001 to 2018, the average 

production growth rate, the low growth rate and the 

high growth rate was used to predict the energy 

demand for different end-use processes. 

And considering the government‘s target of reducing 

the energy consumption by replacing the existing 

higher energy consuming devices with the more 

energy efficient devices as mentioned in Sustainable 

Development Goal, the efficient scenarios were 

developed under these various growth rates. 
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Since the major problem of the power outage is now 

over from May 2018, from 2019 all the diesel gensets 

were removed from every manufacturing plant. 

Further, the government aimed to replace the existing 

incandescent and fluorescent lights by CFL and LED 

lights by 50 % in the year 2025 and further by LED 

lights in the year 2030 [3]. 

Similarly, through various researches done in the 

food industries in Nepal, the efficiency in the Motor 

drives can be reduced by around 7-15%. Hence, 7% 

efficiency increment was considered for the motor 

drives. Likewise, around 6% efficiency is expected to 

be raised in the boilers and process heat. And in the 

other sectors, replacing the existing energy supply 

done by diesel gensets to be replaced by electricity 

and increasing the efficiency by further 6%. So, 

accounting these different efficiency rates, the 

business-as-usual (BAU) efficient scenario, low 

growth (LG) efficient scenario and high growth (HG) 

efficient scenario were developed which ultimately 

led to the energy savings potential under these 

various efficient scenarios. 

IV. RESULT AND ANALYSIS 

The end-use energy database was developed to 

investigate energy consumption pattern for the 

industry as tabulated in table 1. 
Table 1. Share of fuel types in Noodle Industries 

 

 

The demand processes for various processes were 

tabulated for the base year 2017. Among the end 

processes, the demand for the lighting was found to 

be 3.18 GJ. Similarly, the demand for the machine 

drives and process heat were found to be40.41 GJ and 

18.25 GJ respectively. Likewise, the maximum 

demand was for boilers with about 108.58 GJ and for 

other equipment it was 6.35 GJ.  

 

Fig. 2. Share of end use process in Noodles industry 

 As evident from the figure 2, the share of the boilers 

is maximum with around 61% followed by machine 

drives with 23%. About 10% of energy was used for 

the process heat and the share of energy for the 

lighting and other equipment was found to be 2% and 

4% respectively. Hence, the portion of share of 

thermal energy i.e., for boiler and process heat is 

maximum in comparison to that of electrical energy.   
The maximum amount of energy was gained from the 
biomass primarily rice husk which provided for about 
85 GJ followed by electricity 48 GJ of energy. The 
proportion of other fuel were less than 20 thousand 
GJ. Diesel, residual fuel oil provided significant 
amount of energy whereas the energy from LPG and 
wood were very few. 

Table 2 Energy Final Demand according to fuel types 

 

Fuels 2018 2020 2022 2024 2026 2028 2030 

Electrici

ty 
50.73 56.69 63.34 70.79 79.10 88.39 98.77 

Diesel 20.76 23.20 25.92 28.96 32.37 36.17 40.42 

Residual 

Fuel Oil 
17.22 19.24 21.50 24.02 26.85 30.00 33.52 

LPG 2.89 3.23 3.61 4.04 4.51 5.04 5.63 

Wood 3.44 3.85 4.30 4.81 5.37 6.00 6.71 

Biomass 91.82 
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1) Growth rate 

The future noodles production in Nepal can be 

projected as a function of gross value addition in the 

food and beverage industry sector. Growing youth 

segment and increasing working population, rising 

incomes and rising purchasing power, higher brand 

consciousness, changing consumer preference, 

growing urbanization and increase in number of 

middle-class populations are the biggest drivers in the 

growth of Instant Noodles industry of Nepal. Also, 

lack of time, fast paced life and changing food 

preferences are also helping Instant Noodles sector to 
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grow in Nepal. The noodles demand scenario can be 

classified as the following  

● High growth scenario  

● Medium growth scenario  

● Low growth scenario 

 Similarly, the energy efficiency scenario can be 

penetrated as mentioned in different literatures 

 

2)   Demand Forecast  

The historical noodles production data have been 

collected from the report of world instant noodles 

association [12]. The data collected from the survey 

seem to have slight variation from the actual data. 

The end-use demand of noodles is estimated using the 

following equation, as mentioned in different 

literatures [8], [9], [10], [11].  

(ESDnoodles)t = (VAt/ VAo)
β
 X ESDnoodles, o 

(ESDnoodles) t = end use service demand in year t for 

food sector  

VAt = value added in the food sector in year t 

 β = sectoral value-added elasticity of demand for 

noodles industry.  

 The future growth of GDP is forecasted using the 
regression model from the data available from 
various sources. Hence, growth rate calculated at low 
growth (LG) rate is considered to be at 3% per year. 
Similarly, the growth rate for normal (BAU) and high 
growth rate (HG) is considered to be 5.7% and 12.5% 
respectively. The forecasted GDP growth rate is used 
to generate the future growth rate of value addition of 
food and beverage sector. The sectoral value-added 
elasticity for noodles sector is calculated using above 
equation.  

The historical data for national level food demand 
and value addition used is 20 years from 1990 to 
2010. The elasticity of demand for food industry was 
determined to be 1.36. Present production capacity of 
noodles being 10.3 thousand metric ton is expected to 
reach approximately 213 metric ton in 2030, with a 
demand of 152 thousand metric ton in case of low 
growth rate scenario. Similarly, the demand would 
rise from 103 thousand metric ton in 2017 to 479 
thousand metric ton in 2030 in case of high growth 
rate scenario. The historical and future noodles 
demand is shown in figure [3]. 

 

Fig. 3. Historical and Future noodles demand projection 

3) General Assumption and Base Year  

The following were the assumptions for the reference 

case scenario  

∙ The base year is considered to be 2017. 

 ∙ The major energy intensive fuels like electricity 

from grid and diesel gen-sets were considered for 

electrical energy.  

∙  Rice husk, furnace oil, fuelwood, LPG and 

electricity are considered for thermal energy.  

∙ The calculated value of final energy demand in the 

base year 2017 is 176.77 thousand GJ. 

The energy demand for the base year 2017 in LG, 
BAU and HG is 47.99 thousand GJ. The final energy 
demand would increase to 70.47, 98.77 and 221.88 
thousand GJ in 2030. The energy demand projection 
for different growth scenarios is shown in figure 4. 

 

Fig. 4. Final Energy Demand for different growth scenarios 

(2017-2030) 

4) Results of efficiency scenarios 

The efficiency scenario is constructed as an 

efficiency improvement in technology employed in 

noodles industries. The scenario can be studied as an 

efficiency improvement in the three growth scenarios. 

In other words, efficiency scenario studies the effect 

of technological improvement in three growth 

scenarios viz. BAU, LG and HG scenario. The 

efficient BAU, efficient LG and efficient HG scenario 

projects the total cumulative final energy demand to 

be at 142, 160.7, and 176.12 thousand GJ, 

respectively. Compared to the BAU scenario, in EFF 

BAU scenario, 11% of total cumulative energy 

consumption can be reduced. Likewise, in MG and 

EFF MG scenario, 12% of total cumulative energy 

can be conserved. Finally, EFF HG scenario, 25% of 

energy can be conserved compared to HG scenario. 

The energy demand projection in efficiency scenario 

has shown with comparison to its corresponding 

growth scenario in Fig. 5, 6 and 7 for BAU, MG and 

HG scenarios respectively. 
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Fig. 5. Final Energy forecast under BAU and BAU efficient 

scenario 

 

Fig. 6. Final Energy Forecast under Low growth and low growth 

efficient scenario 

 

Fig. 7. Final Energy forecast of High growth and high growth 

efficient scenario 

5) Savings Potential 

After the creation of the model and generation of 

various scenarios, the savings potential for electrical 

and thermal energy was found to be as shown in the 

figure. Hence, it was found that under high growth 

the saving potential increases as opposite to that when 

the growth is low. It is thus imperative to replace the 

existing devices with efficient one in order to have a 

lot of energy savings. 

 

Table 3. Saving Potential under Different Scenerios 

Scenario Electrical 

energy saving 

potential in‘000 

GJ 

Thermal energy 

saving potential 

in ‗000 GJ 

BAU 21.6  83.58  

Low Growth 29.147  60.323  

High Growth 97.47  182.47  

 

V. CONCLUSION 

Nepal is considered third largest per capita consumer 

of the instant noodles in the world. With the growing 

popularity Instant noodles not only in domestic 

circuit but also in the international circuit, as 

Nepalese noodles are being consumed in more than 

40 countries of the world [13], the energy demand is 

also bound to rise. The increase of the domestic 

demand and its fulfillment, in future perspective, 

expects more noodles industries to commence the 

noodles production. 

 Currently, Nepal is producing about 103.6 thousand 

metric tonnes of Instant Noodles every year with the 

potential of producing 160 thousand metric tonnes of 

instant noodles. With various industries trying to 

expand their production capacity, it is quite necessary 

to evaluate the efficient measures that can be 

implemented to reach the demand with low energy 

consumption.  

The production of Noodles reaches 213.24 thousand 

metric tonnes under business-as-usual scenario and 

under low growth scenario and high growth 

scenarios, it reaches 152.14 thousand metric tonnes 

and 479.01 thousand metric tonnes.  

 For the base year 2017, the final energy demand was 

176.77 thousand GJ and it was predicted to become 

363.84 thousand GJ in the year 2030 under BAU 

condition. However, with the low growth and high 

growth scenarios, it would reach 199.58 thousand GJ 

and 817.31thousand GJ respectively in the year 2030.  

Expecting certain improvements in different end-use 

process and increment in the efficiency of various 

equipment the demand will subside by a bit in each 

scenario discussed above. For BAU efficient 

scenario, the energy demand will become 261.48 

thousand GJ, for Low growth efficient 199.58 

thousand GJ and for high growth efficient 641.52 

thousand GJ. This would lead to a saving of 29.15 

thousand GJ of electrical energy in BAU approach 

with the potential of saving 21.6 thousand GJ of 

electrical energy under low growth approach and 

about 97.15 thousand GJ of electrical energy under 

high growth scenario. In terms of percentage about 

8.01% of electrical energy can be saved under BAU 
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with 8.32 % under low growth and about 11.88% 

under high growth scenario. 

Similarly, about 60.32 thousand GJ of thermal energy 

will be saved under BAU approach with the potential 

of saving 83.58 thousand GJ of thermal energy under 

low growth scenario and about 182.47 thousand GJ of 

thermal energy under high growth scenario. In terms 

of percentage about 16.5% of thermal energy can be 

saved in Low growth conditions. Likewise, about 

20.6% of thermal energy can be saved under business 

as usual and about 22.32% of thermal energy can be 

saved under high growth. 

Hence, with the certain improvements in the end-use 

processes and increasing the efficiency in certain 

equipment, a significant portion of electrical and 

thermal energy can be saved in the Instant Noodles 

Processing Industry and with similar approach a huge 

amount of energy savings can be achieved in food 

and beverage sector which may ultimately benefit the 

country in the long run. 
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Abstract— Forging is an age-old manufacturing 

process in which desired shape of component is obtained 

by applying impact load on the metal. Most of the small 

and medium scale industries work on traditional trial-

and-error method to design dies and forged 

components. With the advent of CAD/CAM in forging 

industry, process modelling has greatly reduced the lead 

time and errors to produce the product. The cost of 

CAD/CAM interface in the long run is very less as 

compared to actual failures of the die and shutdowns in 

the shop floor. Small and medium scale industries must 

gracefully accept this change and progress with 

technological advancements to keep pace with global 

market, otherwise it may be too late for such industries 

to sustain at global level. 

 

Keywords— Forging, CAD/CAM, Lead time, Flash 

less forging, Die stresses. 

 

Nomenclature 

σ Stress  

ε Strain 

Q Strength index 

e Strain hardening exponent 

σTFS Total flow stress 

iy Initial yield 

ish Isotropic hardening 

VPF Visco plastic flow 

Ft Flash thickness 

a Area of forging 

d Diameter of forging 

 

I. INTRODUCTION  

Forging is an age-old manufacturing process in which 

desired shape of component is obtained by applying 

impact load on the metal. Most of the small and 

medium scale industries work on trial-and-error 

method to design a forged component. The various 

forging processes are hot forging, cold forging, open 

die forging, and closed die forging. The industries 

following traditional forging process faces lot of 

challenges like die failures, underfill, wastage of 

material in the form of flash and uneven die load 

distribution. This causes wastage of time and 

economic resources to design a forging die and 

subsequently the forged component. With the 

advancement of CAD/CAM facilities in the forging 

industry, die design process has improved a lot. 

Taking into considerations the hardships faced by 
small scale forging manufacturers, a study has been 

planned to focus on the latest developments in 

CAD/CAM or process modelling that may be suitable 

for such manufacturers to sustain at global level. 

II. MATERIALS AND METHODS 

The data base was searched from science 

direct and Google scholar using the keywords 

―forging‖ and ―CAD/CAM‖. The science direct is an 

online library of scholarly articles published by 

Elsevier. The research papers from journals having 

impact factor (web of sciences) were selected for this 
review. Few research papers from the conferences 

that were relevant to the topic were also shortlisted 

for this study. The papers were selected for two 

forging processes i.e., cold forging and hot forging. 

These two forging processes were chosen as they are 

commonly used in most of the small and medium 

scale industries. 

III. LITERATURE REVIEW 

Forging die design is a complex task and 

requires lot of experience in the relevant field. With 

the advancement of technology and advent of 

CAD/CAM facilities in forging, many die related 
issues can be resolved before actual manufacturing of 

the die. CAD/CAM interface is being used to study 

the die filling, non-linear behavior of the material, die 

loads, stresses to predict the life of the die and design 

optimization to produce the best quality product at 

minimum cost. Die life and stresses predict the 

maximum number of components that can be 

produced by that particular die before it needs 

replacement or repair in the form of machining. Such 

analysis is very important from economic 

consideration by an entrepreneur [1-3].  CAD/CAM 
is computer aided design and computer aided 

manufacturing in which computer simulation is used 

to design and manufacture a product with ease and 

minimum possible errors.  Not only die filling, or die 
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loads are predicted correctly with CAD/CAM, it can 

also be used to produce flash less forgings. In Flash 

less forging, there is no wastage of material in form 

of flash around the forged component. The concept of 

flash less forgings is applicable to both hot and cold 

forging processes. Near net shape forging was used 
by researchers to manufacture gears by cold forging 

[4]. The gears of different shape and size can be 

produced with the help of forging processes. The 

different types of gears include spur gears, helical 

gears, herringbone gears, straight bevel and spiral 

bevel gears. The other types of gears are hypoid and 

worm gears. The use of process simulation and 

numerical modelling was used to predict the die 

stresses of ring gear. The results were further 

compared during the actual production of gear by 

cold forging orbital process. The authors also 

analyzed the stresses in the perform, and the punch. 
The stresses were high and numerical simulations 

helped to change the design of the product during 

early product life cycle to reduce failures [5]. The 

parameters of cold forging die design were 

programmed using programming language. The 

major parameters included dimensions of the billet, 

working temperature, and speed of extrusion for die 

design. The authors claimed that user can further 

extend the program database to any other forging 

process as well [6]. CAD/CAM has drastically 

changed the methodology of the forging process. 
Now the dies could be designed and manufactured 

with minimum errors and maximum profitability [7]. 

The forging process involves number of tools. These 

tools could also be designed for cold forging process 

using CAD/CAM interface [8]. The finite element 

method was used in cold forging to design a bevel 

gear at reduced cost with better quality at much 

shorter lead time [9]. The simple cold working 

equation of metals is given by [10-12]. 

 

 

               σ = Qεᵉ              (1) 
 

This equation defines the relation of stress and strain 

during plastic flow of the material. This equation 

defines the non-linear deformation and behavior of 

the material during forging process. It is also very 

important to understand the plastic flow deformation 

mechanism of the forging process. The total flow 

stress during plastic deformations is given by [12-15] 

 

         σTFS = iy + ish + VPF                           (2) 

 
The total flow stress of the material depends 

upon initial yield, isotropic hardening and Visco 

plastic flow of the material. Not only in cold forging, 

process modelling has helped to produce flash less 

forgings and high-quality die designs for hot forging 

dies also. Flash less forging for hot forging die design 

was also studied with the help of finite element 

analysis. In this study, researchers designed and 

developed a closed cavity to produce near net shaped 

connecting rod. This led to 40 % material savings, 

which directly means reduced cost of the product. 

FEA also resulted in shorter lead times, better quality 

of the die and improved overall product. Process 

modelling provided more information about load 
distribution and flow of material at different stages of 

the forging process [16]. The flow of material 

depends upon the design of land and gutter size, billet 

dimensions, friction and heat transfer between billet 

and dies [17]. The hot forging process may consume 

lot of time and iterations to produce the actual 

product. Considering the time involved in this tedious 

work, an expert system was developed to produce 

flash less forged gears which helped in overall 

decision making and planning to produce the best 

quality product in the market [18]. The most 

important aspects of such flash less forgings are 
reduced machining costs and lead times [19-20]. Not 

only the problems and die related issues were 

resolved by CAD/CAM interface, the capacity to 

manufacture connecting rods was also increased with 

the help of process modelling softwares [21]. A study 

analyzed the importance of CAD/CAM for precision 

forging of connecting rods, gears and other parts [22]. 

Despite having numerous benefits of CAD/CAM and 

technological advancements in forging, the small-

scale manufacturers are not keeping pace with these 

updates. There are many challenges faced by small-
scale manufactures. The calculation of flash is one of 

these parameters. The different authors and die 

designers have calculated the flash thickness as per 

their expertise and requirement [23-24]. 

 

        Ft =0.015√a   (3) 

 

        Ft = 0.016d   (4) 

 

 The other problems of small-scale industries 

highlighted by researchers are lack of development 

with respect to new materials, lead times and 
unnecessary costs. Due to lack of development the 

survival of such forging industries is at risk [25]. The 

small and medium scale industries are facing not only 

technological challenges but they are also short of 

skilled manpower [26].  

 

IV. RESULTS AND DISCUSSION 

Forging Industry is mainly based on trial-

and-error method. Forging is very tedious process and 

needs lot of skill and experience in the relevant field. 

The design of flash land and gutter is very complex 
and depends upon the expertise of the die designer. 

Moreover, the forging loads cannot be calculated 

manually for upsetting, blocker and finisher 

operations. Most of the time is wasted in die 

designing and making necessary try outs to produce 

the actual component. The savings in time by using 

CAD/CAM interface has been found to be from days 
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to weeks depending upon the type of the product to 

be designed. Flash is one of the major concerns of the 

forging industry which increases the cost of the 

product. It is the extra material that flows out of the 

die cavity. Too less billet size may cause the problem 

of under fill and unnecessary stresses in the 
component. It can ultimately result in premature die 

failures. With the advancement of CAD/CAM in the 

forging industry die designers can design defect free 

dies having enough durability. Die failures in the 

production hammer and press means shutdown of the 

shop floor activities. No production means no profit 

and delayed consignments to the customers. 

CAD/CAM in the forging industry has proved to be a 

boon for the design engineers and ultimately 

production team which means reduced inspection and 

high-quality product. The CAD/CAM interface has 

enhanced the capabilities of the die designer’s 
manifold. Now die designers can simulate the product 

before its actual manufacturing. The dies and the 

product can be visualized with the help of CAD/CAM 

softwares. This means no or very little die design 

errors. There are various commercial softwares 

available in the market for simulating the flow of the 

material during different forging operations like 

upsetting, blocker and finisher operations, and during 

different extrusion processes. This means that product 

may be designed at shorter lead times. Lead time 

refers to the time when the order is placed and 
shipment is ready for the use of customers. Some of 

the advantages of the CAD/CAM interface in the 

forging industry have been explained with the help of 

flow chart given in the figure 1. 

 

 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

Fig1 Advantages of CAD/CAM in Forging Die-

Design 

 

 
 

The finite element simulations can also help the die 

designers to simulate the flash around the forged 

component. Iterations of the die design and 

simulation of the material flow around the component 

can help the designers to achieve near net shape 

forgings or flashless forgings. Flashless forgings or 
near net shape forgings means reduced billet size or 

volume of the component. It means reduced cost of 

the product to the company as well as to the 

customers. Flashless forgings also mean no or little 

machining. There are also no costs that are involved 

for trimming punch and trimming die. This is all 

possible because of CAD/CAM interface in forging. 

If the load distribution of the upper die and bottom 

die is uniform during the hammer or press operations, 

the die life is increased manifolds. The load 

distribution between different operations can also be 

simulated with the CAD/CAM softwares. This means 
increased die as well as product life. The grain flow 

distribution of the material during different stages of 

the forging operations can also be accurately 

predicted and modeled using CAD/CAM. 

 

 

V. CONCLUSION 

Forging process is one of the most important 

manufacturing processes to reshape metals. There is 

long list of the components that can be designed and 

manufactured with the help of forging process. 
Forging finds applications in engine blocks, aircraft 

frames, crankshafts, gears, industrial tools, hand 

tools, pipe line fittings, fixtures, valves, ship, boat 

building, turbines, and bearings. CAD/CAM interface 

has successfully changed the working environment of 

forging industries. With the help of process 

modelling, the component can be simulated before it 

is actually produced in the shop floor. Process 

modelling has greatly reduced the lead time to 

produce the components. The cost of CAD/CAM 

interface in the long run is very less as compared to 

actual failures and shutdowns in the shop floor. Small 
and medium scale industries must gracefully accept 

the change and progress with technological 

advancement to keep pace with global market, 

otherwise it may be too late for them to sustain at 

international level. 

 

        REFERENCES 

1. Jolgaf M, Hamouda AMS, Sulaiman S, Hamdan 

MM. Development of a CAD/CAM system for 

the closed-die forging process. Journal of 

Materials Processing Technology 2003, 138: 
436–442. 

2. Diko F, Hashmi MSJ. A finite element 

simulation of non-steady state metal forming 

processes, J. Mater. Process. Technol. 1993, 

38:115–122. 

 

 

CAD/CAM Interface 

in Forging 

 

Better Die and 

product life 

 

Flash control 

or flash less 

forging 

 

Less 

Machining  

 

 

Lesser/No Die 

modifications 
/iteration 

 

Shorter 

Lead Times 

 

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

71



ISBN 978-9937-0-9019-3

3. Joun MS, Hwang SM. Optimal process 

design in steady-state metal forming by 

finite element method. II. Application to 

die profile design in extrusion, Int. J. 

Mech. Tools Manuf. 1993, 33 (1):63–

70. 
4. Dean TA. The net-shape forming of 

gears. Mater. Des. 2000, 21(4):271–278. 

5. Sheu JJ, Yu CH. The die failure 

prediction and prevention of the orbital 

forging process. Journal of materials 

processing technology 2008, 20 (1): 9–

13. 

6. Lee RS, Hsu QC, Su SL. Development 

of a parametric computer-aided die 

design system for cold forging. Journal 

of Materials Processing Technology 

1999. 91 :80–89. 
7. Shi HY, Dean TA. A CAD:CAM 

package for dies for cold extrusion of 

cans, in: Proceedings of Symposium of 

the 26th International Machine Tool 

Design and Research Conference, 

Macmillan, London 1986, pp. 41–47. 

8. Hsu QC, Lee RS. Integration of process 

design and tool design into CAD: CAM 

system for cold forging, Proceedings of 

the First International Conference on 

Automation Technology.1990,465–474. 
9. Jin J, Xia J, Wang X, Hu G, Liu H. Die 

design for cold precision forging of 

bevel gear based on finite element 

method. J. Cent. South Univ. Technol. 

2009 16: 0546−0551. 

10. Sellars CM, Tegart WM. Hot 

Workability. International 

Mettallurgical Reviews 1972, 17(1): 1-

24. 

11. Mcqueen, HJ. Metal Forming: 

Industrial, mechanical computational 

and microstructural. Journal of 
Materials Process Technology. 1993, 

37(1-4):3-36. 

12. Politis N. Forging light weight bimetal 

gear. PhD dissertation. Imperial college 

London 2017. 

13. Altan T, Ngaile G and Shen G. Cold 

and Hot forging: Fundamentals and 

Applications 2005, (Vol 1) ASM 

International. 

14. Foster AD. Modelling damage evolution 

during the hot deformation of free 
machining steel. PhD dissertation. 

University of Birmingham, UK 2007. 

15. Lin J and Dean TA. Modelling of 

microstructural evolution in hot forming 

using unified constitutive equations. 

Journal of Materials Processing 

Technology. 2005 167(2):354-362. 

16. Vazquez V, Altan T. Die design for Flash less 

forging of complex parts. Journal of Materials 

Processing Technology 2000, 98 :81-89. 

17. Barcellona A, Long K, Altan T. Flashless 

Forging of a Connecting Rod of an Aluminum 

Alloy and a Metal Matrix Composite (MMC) 
Material, ERC/NSM-B-94-32 1994. 

18. Caporalli A, Gileno LA, Button ST. Expert 

system for hot forging design. Journal of 

Materials Processing Technology 1998, 80–

81:131–135. 

19. Kudo H. Towards net-shape forming, J. Mater. 

Process. Technol. 1990, 22: 307–342. 

20. Mamalis AG, Manolakos DE, Baldoukas AK. 

Simulation of the precision forging of bevel 

gears using implicit and explicit FE techniques, 

J. Mater. Proces. Technol. 1996, 57:164–171. 

21. Megharaj CE, Nagaraj PM, and Pasha KJ. 
Design and Analysis of a Forging Die for 

Manufacturing of Multiple Connecting Rods. 

IOP Conf. Series: Materials Science and 

Engineering 2016, 1-9. 

22. Milutinović M, Vilotić D, Movrin D. Precision 

forging – tool concepts and Process Design. 

Journal for Technology of Plasticity 2008, 33(1-

2):73-89. 

23. Karagozler A B. Analysis and Preform Design 

for long Press Forgings with non-planar Parting 

surface. MSC Thesis. Middle East Technical 
University, Turkey, 2003. 

24. TUNC M. Computerized Cost Estimation for 

Forging Industry. MS Thesis. Middle East 

Technical University, 2003. 

25. Barnett K J. Research Initiatives for the Forging 

Industry. Journal of Materials Processing 

Technology. 2000, 98(2):162-164. 

26. www.forgin.org//(Retrieved 12th March 2021) 

 

 

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

72

http://www.forgin.org/(Retrieved


ISBN 978-9937-0-9019-3

 

Application of Reverse Engineering Method 

on Francis Turbine Runner Using 3D 

Scanning Techniques 
 

Saroj Basnet 

Department of Mechanical 
Engineering 

Kathmandu University 
Dhulikhel,Nepal 

basnyaatsaroj777@gmail.com 

Aman Kapali 

Turbine Testing Laboratory 
Kathmandu University 

 

 

Sailesh Chitrakar 

Department of Mechanical 
Engineering  

Kathmandu University 

Abstract—The reverse Engineering Technique uses 

3D scanning device that capture three-dimensional data 

into a digital format. The physical geometry is 

converted into computerized forms to carry out product 

development, design optimization and useful 

computational analysis. Within all reverse engineering 

techniques this method has proven to be more valuable 

to acquire 3D measurement of physical objects with 

higher accuracies, even for complex geometries. This 

paper presents reverse engineering approach for the 

remodeling of 3D Francis turbine runner. The scanned 

digital file of runner 23MW, which is one of the units of 

Marsyangdi Hydropower powerplant (69 MW) has been 

used as input in the modeling. The result from the 3D 

model developed using reverse engineering approach 

showed relatively close geometrical similarities. The 

deviation in the radii     and blade 

thickness is 5.37mm, 2.4357mm, 3.5mm, 4.11mm and 2 

mm respectively. The final model is validated by 

comparing the torque developed on rotating blades for 

the data input obtained from the power plant. The 

power obtained from the (Computational Fluid 

Dynamics) CFD analysis is 26.71MW. Using this 

technique, further analyses can be carried out for 

design optimization of the runner for maximizing 

efficiency, minimizing erosion and cavitation, as well as 
increasing the dynamic stability of the turbines. 

Keywords—Reverse Engineering, Modeling, CFD, 

Francis Runner, 3D scanning  

I. INTRODUCTION  

Manufacturers of modern world are obliged to deliver 

more competitive goods and services with better 
quality and cost efficient. With development in 

manufacturing industries, 2D or 3D CAD (computer 

Aided Design) model has become important. The new 

processes like reverse engineering are efficient to 

solve the problem of competitive market, to deliver 

product with short lead time and better feature. The 

Physical parts or whole geometry are digitized to 

develop a virtual model using reverse engineering 

approach. It is possible to regenerate an existing part 

by recreating its surface geometry in a 3D digital file 

format with the help of a scanner or measurement 
device. This technique allows us to design a CAD 

model of a part that lacks design data or prone to go 

through number of design changes. 
Reverse engineering techniques has been used to 

redesign the hydraulic turbines. Among different 

types of hydraulic turbines, Francis turbines are the 

popular type due to their wide range of head and 

flows. Different research has been done to in the field 

of reverse engineering application in Hydraulic 

turbines. Modified adaptive model-based digitizing 

process (MAMDP), a reverse engineering approach 

has been used to design 3D geometric turbine blades 

[1]. Reverse engineering Technique has been used in 

Francis runner in which geometry has been scanned 
through Photogrammetry [2]. Reverse engineering 

Methodology has been used to obtain the CAD 

models of Francis turbine which later used to 

generate fluid volumes and for CFD analysis [3]. 3D 

scanning and Reverse engineering process has been 

used for obtaining flow models and optimizing the 

turbine efficiency [4]. Geometric reconstruction 

methodology has been developed including 3D 

digitalization process [5]. The reverse engineering 

method and application of particular method has been 

explored to remodel the eroded Francis turbine runner 

[6]. Reverse engineering methodology has been 
developed for redesigning of turbines for the 

rehabilitation of existing power plants [7]. 

  

Reverse Engineering Process 

Reverse engineering is a progressive type 

manufacturing process which covers the 

deconstruction of an existing parts to extract design 

and redevelop it with additional information to 

enhance the performance of the component. 

Generally, there are three major steps in reverse 

engineering approach that include scanning phase, 
point processing phase and solid modeling. M.Chang 

further classify these steps as data acquisition, 

preprocessing, triangulation, feature extraction, 

segmentation and surface fitting which are displayed 

in Figure 1 below. [8] [9]. During data acquisition 

phase, the data related to geometric aspect of physical 

object is gathered with the help of scanning. In this 

phase suitable scanner (laser or CMM) are used to 
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scan the physical model so as to collect information 

regarding physical feature like curves, slots. Data 

from scanning are processed in order to delete noise 

and minimize the number of data points. The cloud 

points are minimized using Filters. Merging of 

multiple scan data sets can be done. Different 
commercial software can be used for point 

processing. The process that includes formation or 

division of point data into triangles is termed as 

Triangulation. Triangular mesh can be created using a 

suitable algorithm. A set of characteristics, or image 

features are clarified in feature extraction, which 

shows the information that is essential for analysis 

and classification. Also, dynamic fitting algorithms 

are applied to generate the surface that represents the 

3D information that lies in the set of point cloud data. 

Segmentation is the process in which triangular mesh 

are disassociated into sub-meshes. At last, the 3-
dimensional CAD model is obtained. 

 

 
Figure 1 Flow of Reverse Engineering process (Adapted from [8]) 

3D Scanners Types and Scanning Techniques  

In the modern industrial sector, the application of 3D 

scanning industry is expanding rapidly. 3D scanning 

is to generate three-dimensional replica out of data 

collected by scanner from any object. 3D digital 

model is developed as a point cloud which consists 
information of object’s shape. Generally, the two 

types of scanners are contact type and non-contact 

type which are represented in Figure 2. 

 
Figure 2 Classification of 3D Scanning Techniques (Adapted from 

[10]) 

Contact scanners comprises contact probe which 

travel along silhouette of physical object. Usually, the 

probe is made to move over surface to obtain the 

information. Co-ordinate measuring machine (CMM) 

is one of common contact scanner. The non-contact 

types are those which utilizes optics, lasers and 

charged couple device (CCD) sensors to collect the 

data. Using triangulation principle, light grid pattern 

projections is used and synchronized with the camera 
to obtain surface properties of the object in structured 

light 3D scanner method. Light modulators are used 

to produce pattern of light. In structured light 3D 

scanner, displacement of stripe is translated to 3D 

coordinate of the bodies. Laser triangulation 

technique applies the triangulation principle to 

measure distances between laser source and point on 

surface. Detector placed such that diffused reflections 

are detected and that source object and detector forms 

a triangle [10]. Laser triangulation 3D scanner are 

used in entertainment industry, reverse engineering. 

Photogrammetry technology are used to revel 
geometric properties of object through photographic 

images. Number of images of an object through 

various views with common reference point in each 

photograph are taken. Then pictures can be developed 

into 3D model through photogrammetry software. 

Photogrammetry is used for topographic mapping. 

Laser Pulse based 3D scanning depends on timing of 

laser to hit the target and return. Distance can be 

calculated with available speed of light and time 

taken by laser. These scanners are used to scan large 

scale scanning. 
The objective of this paper is to identify feasibility 

of reverse engineering technique to remodel the 
Francis turbine runner. The model is compared with 
industrial drawing to ensure geometrical similarities. 
The CFD analysis has been done to the runner fluid 
domain to calculate the Hydraulic power so as to 
compare with rated power of actual turbine. The 
scanned file was not good enough to develop proper 
surface out of it. The reverse engineering tool on 
Ansys Space claim is used. The measurement done for 
comparing with the drawings of meridional contour 
are limited. Due to large size of geometry and not 
enough computation power, proper meshing of 
geometry is still lacking. The mesh used is poor.  

II. CASE STUDY 

To study the possibility of the reverse engineering 

method for remodeling of Francis turbine runner, a 
case study is taken as one unit runner 23 MW of 

Marsyangdi Hydropower station of installed capacity 

69MW which is located at Aanbukhaireni, Tanahu, 

owned by Nepal Electricity Authority [12].  

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

74



ISBN 978-9937-0-9019-3

 

 
Figure 3 Marsyangdi Hydropower Turbine runner 

 
Table 1 Salient feature of Marsyangdi Hydropower 

Type Peak-run-off-river 

Rated net Head 90.5m 

Rated Discharge 30.5m
3
/s 

Turbine 3 sets 

Turbine type Francis 

Rated speed 300 rpm 

Type of generator Vertical shaft synchronous 

 

Reverse engineering Design Methodology 

The basic reverse engineering design methodology is 
shown in Figure 4. This methodology can be applied 

to redesign the existing turbine runners. As shown in 

figure 4, part digitization is the first step in which 

primary point cloud data are obtained to be able to 

model turbine runner. Surfaces are generated using 

point cloud data and then solid model of one of the 

blades is generated and then blade is reflected to 

develop whole turbine geometry. Meridional contour 

is a two-dimensional profile that determines the 

boundary of the blade geometry. Meridional contour 

is defining as the runner blade profile are projected in 

radial plane. The Blade angle and thickness of blade 
are defined as per original dimension of the runner 

[7]. 

 
Figure 4 Flow of Reverse engineering design (Adapted from [7]) 

A. 3D scanned data 

3D scanning is one of the essential steps in reverse 

engineering method. Non-contact type 3D scanner 

was used and data acquisition were done using a laser 

scanner. The model of scanner used was CreaForm 

EXA Scanner as shown in Figure 5(b) and 5(c). 
These are handheld laser scanner which create 3D 

image through triangulation mechanism. In 

triangulation mechanism, a laser dot or line is 

projected in turbine blade component from scanner 

and sensor measures the distance to the surface. The 

software called VXelements enables 3D scan data to 

use directly in CAD software. Figure  5 (d) represents 

the scanned STL file which is ready for 3D 

modelling. 
 

 

(a) 

 

(b) 

 

(c)  

 

(d)  

 

 
Figure 5 (a) points coated for laser scanning technique in the 

turbine runner, (b) and (c) CreaForm EXA scanner used for 

scanning, (d) scanned STL file 

B. Remodeling technique adopted  

ANSYS SpaceClaim software was used for 

remodeling of 3D geometry from scan STL 

(STereoLithography) file. Figure 6 shows the steps 

followed during remodeling of Francis turbine 

runner. Figure 6(a) represent the STL file. Initial file 

was full of voids and outstretched surfaces. Except 
the pressure side, suction side, hub and shroud 

portions of STL file, all other were removed. 

Orientation of STL file is needed before generating 

surfaces. Using Orient mesh tool specific surface can 

be oriented. Figure 6(b) represent the orientation of 

STL file along Z axis but still there is no origin for 

the central axis. With reference diameter from 

drawing runner center was located. After finding the 

world origin of object whole mesh should be oriented 

to that origin. Figure 6(c) shows the use of planes on 

surfaces. Due to number of voids in the surface skin 

extract tool could not be generated. Thus Figure 6(d) 
shows the curves generated by planes added in the 

surface using surface Extract tool. But curve should 

be fitted so that curve can maintain its tangency. It 

can be done using Fit Curve tool as displayed in 

Figure 6(e). Figure 6(f) shows the curve generated in 

each blade portion. Then each small part of curve can 

be changed into surfaces used Fill tool. Figure 6(g) 

shows the use of Fill tool in curve of blades. Now 

with thickness equivalent to the drawing was given to 

the both blade profiles as shown in Figure 6(h). Then, 

the whole blade was checked to remove sharp edges 
and small faces. 13 number of similar blades were 

developed along the axis which gives the runner 
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blade portion. For the hub and shroud, similar process 

was applied. Lines coincide with the portion of both 

hub and shroud were taken and enclosing them gives 

the surface. Thus, surface was revolved full along 

axis so as to give the shroud and Hub section along 

with the blade. The runner formed can be seen in 
Figure 6(i).  
 

 

(a) 
 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

(g) 

 

(h) 
 

(i) 

 
Figure 6 Remodeling Technique adopted to remodel the Francis 

runner 

C. Geometry similarities 

IEC 60193 [13] is used to find possible location of 

runner to be measured for geometrical similarity. The 

measurement of solid remodeled geometry is done 

through Measure tool in ANSYS SpaceClaim. The 

measurement was compared to that of the available 

drawing. Radii represented as and at 
four locations is measured. Similarly, minimum and 

maximum blade thickness was compared to available 
drawing. Only blade was taken and lines are plotted 

to create contour on the central plane. Figure 7 

represents the contour taken at central axis where at 

four different radii are measured. Figure 8 (a) shows 

four radii to be measured and Figure 8(b) is the snap 

of Industrial drawing that shows the value of different 

radii to which the radii of remodeled geometry is 

compared. Table 2 represent the parameters which are 

compared along with the deviation in measurement. 

The geometry remodeled still do not have smooth 

edges and surfaces due to which there is still 

noticeable deviation in the measurement.  

 
Figure 7 Contour for the radii measurement 

 

(a) 

 

(b)  

 

 
Figure 8 (a) Four radii to be measured (b) Drawing that shows the 

value of radii for the comparison (adapted from [14]) 

Table 2 Deviation in Measurement  

Parameter measured and 

compared 

Deviation (mm) 

 5.37 

 2.4357 

 3.5 

 4.11 

Maximum blade thickness 2 

Minimum blade thickness 2 

 

D. CFD verification 

i. Francis turbine model 
To study the fluid flow through turbine runner, 

complete runner passage way has been considered 

which is shown in Figure 9. It consists of 13 Blades. 

Moreover, three-dimensional discretization has been 

done which is based on finite volume method (FVM) 

provided by the ANSYS CFX software.  
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Figure 9 Francis Fluid domain 

ii. Mesh generation 
3D tetrahedral unstructured mesh has been employed 

in the above computational domain as shown in 
Figure 10, due to its flexibility while solving complex 

and large geometry. Total computational mesh 

consists of 18.38 M elements, default inflation. The 

limitation of this project is most of parameters during 

simulation are taken default due to large size 

geometry. 

 
Figure 10 ANSYS CFX Meshing 

iii. Mathematical Model 
In the fluid flow analysis of the domain, the 

continuity equation and Reynolds averaged Navier-

Stokes equation for an incompressible flow has been 

used in the following form [14]. 

 

 
(1) 

 

 
(2) 

 

Where v, p  and ρ are kinematic viscosity, velocity, 

pressure and density respectively and  is the mean 

viscous stress tensor component. It is also called as 

Reynolds’s stress tensor. The turbulent effects on the 

flow field are through the Reynolds stresses , 

which are calculated from the turbulence k-ε model. 

Turbulence k-ε model is the often-used closure model 

while modelling turbulent flow. The code uses 

unstructured finite volume approach, except at the 

boundaries of the domain, to convert the Reynolds-

averaged Navier-Stokes equations to algebraic 

equations that are further solved numerically. 

 

iv. Boundary condition 
The steady state incompressible fluid flow in 

circumferential direction of turbine runner is used for 

the computation. As per the salient feature of 

Marsyangdi Hydropower, inlet boundary conditions 
of mass flow rate and outlet pressure condition were 

given. Assuming the Guide vane angle as 17˚, the 

radial and tangential component was taken. 

 
Table 3 Boundary Conditions 

Inlet Boundary condition 

 

Inlet Mass flow rate: 30500kg/s 

Flow direction 

Radial component -0.292372 m/s 

Tangential component -0.926305 m/s  

Axial component 0 m/s  

Outlet boundary condition  Outlet 1 atm pressure 

Blades, hub, shroud Rotating, No slip wall 

 

v. Velocity distribution 
From CFD analysis for specific operating conditions, 

velocity streamlines in the fluid domain are obtained 

as shown in Figure 11. The symmetrical flow can be 

seen in the runner inlet, which is resulted from the 

uniform flow distribution of the runner inlet. There is 

almost radial flow direction at the inlet. There is 

certain rise in magnitude of velocity near the trailing 

edge due to decrease in area between blade and the 

ring. There are still some irregular streamlines which 
is maybe due to improper fluid domain. 

 
Figure 11 Velocity Streamline 

 

vi. Hydraulic power calculation  
The hydraulic power for the runner is given as 

equation 3. where the torque (τ) is -850177 and 

angular velocity (ω) is given by -31.42 rad/s.  
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  (3) 

  

The rated power for single unit of Marsyangdi 

Hydropower project is 23 MW. From CFD analysis 

the power obtained is 26.71 MW. 

III. CONCLUSION 

Reverse engineering method is found to be 

practicable to remodel the Francis turbine runner. 

Starting with STL file of scanned surface, the runner 

including blades, hub and shroud were remodeled. 

For geometrical validity, the radii at different 

locations were compared to that of available drawing. 

The deviation in     and blade thickness 
were 5.37 mm,2.4357mm, 3.5 mm, 4.11mm and 2 

mm respectively. From the CFD analysis of Francis 

runner domain, Hydraulic power was calculated as 

26.71 MW and observed that the power is nearly 

greater than single unit rated power of Marsyangdi 
Hydropower which is 23 MW. 

This paper focused on viability of reverse engineering 

technique in remodeling, geometrical validation and 

CFD applications of Francis Turbine runner. Also, 

damage to runner blades and other component due to 

cavitation are prominent in most hydropower 

turbines, application of this technique helps in 

maintenance of eroded runners or other complex 

geometry with in short period of time. This technique 

can be applied to revel the complex designs of 

Turbines and other related components. In future, 

proper reverse engineering methodology can be 
developed to redesign the turbine for the 

rehabilitation of existing power plants. With CFD 

application further analysis can be carried out as 

design optimization of runner for maximizing 

efficiency, minimizing erosion and cavitation as well 

as increasing the dynamic stability of the turbines. 
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Abstract— Public Transportation shares significant 
trips of Kathmandu valley; thus, vehicles scheduling 
plays vital role in the urban development. Among various 
routes within Kathmandu valley, 8.78km Pyangaun – 
Lagankhel was considered as the study area. Mini buses, 
micro and tempo are the current operating public 
transport means within the study area; but is not serving 
the demand effectively. Due to operational delay and lack 
of proper system characteristics, it is utmost necessary to 
reschedule the public vehicles within the route. This 
paper tries to analyze the status quo analysis and 
rescheduling the public transportation with significant 
capacity buses so as to reduce the travel time and 
increases the operating speed. It also provides the 
headway and frequency of improved public 
transportation system. 

Keywords— Public Transportation, Frequency, 
Station, Speed 

I. INTRODUCTION  

Public transport is transport of passengers by group 
travel systems available for use by the general public 
typically managed on a schedule, operated on 
established routes, and that charge a posted fee for each 
trip. 

Lalitpur Metropolitan City is facilized with number 
of public vehicles, various private and government and 
public private companies are attracted to run their 
vehicles   at the routes among all the routes Pangau-
Lagankhel is also one of the routes among the various 
route, which is   all about 8.78km long. Major 
intersection at the routes are Mahalaxmistan, 
Chapagaudobato, Dhapakhel Dobato , Chapagau. The  
major  places  connected  by the   routes are Lagankhel, 
Mahalaxmisthan, Dholahity, Sunakoti, 
Dhapakheldobato, Thecho, Chapagau and  Pyangaun, 
Bajrabarahi temple, Santanesowr  temple are religious 
purpose to travel in the very trip  and Lagankhel as  the  
central/major  attractive place for shopping, schooling, 
business. This route incorporates both private and 
public vehicles. 

This route is considered one of the shortest routes, 
however travel time here is nearly an hour. In this 
situation though, local buses and micro has been 
providing some respite to locals. However, the very 
routes lack the proper management. 

II. OBJECTIVE OF STUDY 

The objective is to analyze the status of public 
transportation including service quality of Pyangaun – 
Lagankhel route and optimize the operational 
characteristics of the public transport service with the 
route. 

III. STUDY AREA 

 

 
Fig. 1. Study Route from origin (Lagankhel) - destination 

(Pyangaun). 

The route is 8.78km long and the people of the very 
route are getting trouble to reach their destination in 
time and feeling discomfort to travel, hard to get seat in 
the public vehicles. 

 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering & Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

79



ISBN 978-9937-0-9019-3

IV. METHODOLOGY: 

Three location within 8.78km segment were 
selected and traffic volume count, public transport 
patronage survey a questionary survey was performed 
with the help of the google form. 

Abbreviations and Acronyms 

Define abbreviations and acronyms the first time 
they are used in the text, even after they have been 
defined in the abstract. Abbreviations such as IEEE, SI, 
MKS, CGS, sc, dc, and rms do not have to be defined. 
Do not use abbreviations in the title or heads unless 
they are unavoidable. 

A. Traffic Volume Count 

Three points were selected with in 8.78km route 
segment traffic volume study at 3 weekdays between 
8/12/019-10/12/019 and 14/12/019 Saturday, covering 
all time of day from morning 5am to 8pm. 

B. Public Transport Patronage Survey 

No of passengers get in and out of bus was noted, 
time of arrival and departure in every station. This 
helped to find out the corridor capacity and find the 
delays at every stop and at intersections along with 
various stations at various locations. 

C. Questionnaire Survey 

To achieve the perception towards the public 
transportation, acceptable distance of walking to the 
station, questionnaire survey with sample size of 400 
was adopted. 

V. STATUS QUO ASSESSMENT 

A. Speed 

Operating Speed and running speed is the important 
parameter to access the current scenario of public 
transportation. 48 trip data was collected consisting of 
different time and direction was collected. The data 
related to the tempo was collected based on the sample 
survey at various location and interview with drivers. 

TABLE I.  AVERAGE SPEED AT VARIOUS DIRECTION. 

Speed Bus Micro Tempo 
P-L L-P C-L L-C S-L L-S 

Avg 
journe
y time 

48m2
5.7 s 

51m 
0.3s 

37m 
53.3s 

43m 
14S 

20m 
20S 

21m 
25S 

Avg 
Runni
ng 
time 

39m 
19.1S 

29m 
54.5S 

31m 
47.9S 

31m 
53.4S 

16m 
10 S 

15m 
22S 

Avg 
Delay 

9m 
6.6s 

21m 
5.8S 

6m 
5.4S 

11m 
20.7S 

4m 
10S 

6m 3S 

Avg 
journe
y 
speed 

10.87 
kmph 

10.32 
kmph 

11.05 
kmph 

12.61
kmph 

13.69
kmph 

12.99 
kmph 

Avg 
Runni
ng 
speed 

13.40 
kmph 

17.61 
kmps
h 

14.98 
kmph 

15.02
kmph 

17.22 
kmph 

18.12 
kmph 

 

B. Volume Assessment 

Different time of day (morning peak, off peak, 
evening peak) volume proportion of the modes of 
vehicles running in very route was determined. 

 
Fig. 2. Study Route from origin (Lagankhel) - destination 

(Pyangaun). 

C. Load Profile of the Route 

The survey data was tabulated to allow for easy 
comparison between the segments of a transit route. 
The first and last stations had the highest number of 
boarding and alighting but the middle stops had the 
highest through passengers. 

D. Existing Passenger Demand 

This portion of analysis, total number of passengers 
using the public vehicles per hour in three different 
times of the day (morning peak, off peak, evening 
peak). 

TABLE II.  MAX DEMAND OF PASSENGER AT WEEK DAYS AND 
WEEK END 

Maxhourly demand P-L L-P 
Morning peak(weekdays) 1691 970 
Off peak (week days) 577 754 
Evening peak(weekdays) 723 1495 
Weekend(max) 696 986 

 

E. Proposed Stations 

Based on 400 samples collecting from the public 
transport users of all means suggest 51.4% suggest to 
walk within 5 min with 1m/s as avg walking speed 
yields distance of 300m. Thus, the preferred distance 
between the stations as per user demand 600m. 

Based on demand assessment following stations 
were proposed, with 45 sec delay at all the stations and 
Satdobato is suggested as major station with 90sec 
operational delay and 2min as the intersectional delay . 
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TABLE III.  PROPOSED STATIONS OF THE ROUTE PYANGAUN -
LAGANKHEL. 

Stations Recommended Chainage 

1 Lagankhel 0+0 

2 Mahalaxmisthan 0+921 

3 Chapagaudobato 1+580 

4 Khumaltar 2+330 

5 Dholahity Babu Store 3+210 

6 Sunakoti Simako 4+140 

7 Sunakoti Chautara 4+850 

8 Civils Homes 5+420 

9 Dhapakheldobato 6+130 

10 Buddhapokhari 6+780 

11 Chauki 7+510 

12 Chapagau 7+960 

13 Pauli 8+300 

14 Pyangaun 8+780 

 

Based on table max 921m and min 340m which is 
validated due to the user response of travelling 5min 
i.e., 300m. 

F. Frequency 

Based on the current journey time and reduction on 
number of Station, the travel time is calculated to be 
46.33 minute. Based on the passenger demand the 
number of buses with new proposed 45-seater vehicles 
(13 peoples as standing) and 32 (8 peoples as standing) 
were analyzed. 

𝐻𝑜𝑢𝑟𝑙𝑦 𝑏𝑢𝑠 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  
𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 𝑛𝑢𝑚𝑏𝑒𝑟 ∗ 0.9

𝑏𝑢𝑠 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 + 𝑠𝑡𝑎𝑛𝑑𝑖𝑛𝑔 𝑛𝑢𝑚
 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  
𝑡𝑟𝑎𝑣𝑒𝑙 𝑡𝑖𝑚𝑒

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑢𝑠𝑒𝑠
 

 
 

The total travel time of vehicles based on 
assessment was found to be 50 minutes with 3 min 40 
sec rest for each vehicle. This time is considered to 
provide some rest time for driver. The minimum value 
is adopted so as to reduce the number of buses required 
on each direction. As the vehicles takes less than 1 hour 
to complete the trip and return, the required frequency 
is calculated as time required for one trip/hour = 50 
minute/60 minute. 

 
 
 
 
 
 
 
 

TABLE IV.  NUMBER OF BUS REQUIRED IN THE VERY ROUTES 
(45 SEAT BUS) 

 

 

TABLE V.  EFFECTIVE BUS NUMBER WITH EFFECTIVE BUS 
TIMING (45) 

Vehicles hourly 
demand 

Time 
Interval(min) 

Number of 
Buses (45) 

L-P P-L L-P P-L 
Week Days 

Morning peak 6 2 8 29 
Off peak 4 5 11 10 
Evening peak 4 4 13 12 

Week End 
Morning peak 3 4 14 13 
Off peak 8 8 6 6 
Evening peak 4 7 11 7 

 
Based on Table V it shows the maximum number 

of bus is required at morning peak; which is 37 
considering both direction with new 45-seater buses. 

TABLE VI.    TIMING AND NUMBER OF BUS OF 32 SEAT BUS 

Vehicles 
hourly 

demand 

Time 
Interval(min) 

Number of Buses 
(32) 

L-P P-L L-P P-L 

Week Days 

Morning peak 2 1 20 42 

Off peak 4 2 12 19 

Evening peak 1 3 31 18 

Week End 

Morning peak 2 2 20 19 

Off peak 6 5 8 9 

Evening peak 3 5 16 10 

 

Based on table 6 it shows the maximum number of 
bus is required at morning peak; which is 62 
considering both direction with 32-seater buses. 

Weekday 

Part of day HourlyPassenger demand No of bus 
Morning peak 
 P-L L-P P-L L-P 

8-9 1262 559 22 10 

9-10 1691 947 29 16 

off peak 577 754 10 13 
Evening peak 
     

4-5 709 924 12 16 
5-6 711 1495 12 26 

Weekend  
Morning peak 
     

8-9 
759 970 

13 17 9-10 

Off    peak 376 388 6 7 
Evening peak 
       

4-5 
410 750 

7 13 5-6 
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VI. CONCLUSION:  

The route is 8.78 km long with the maximum 
passenger demand and according to the demand of the 
passenger ,37 new buses with seat 45  or 62 buses with 
32 seats was purposed .20min was delays time and 
according our newly purposed schedule the delay time 
is 45sec in 13 stations and 90sec in Chapagaudobato 
and 2min intersectional delay, the travel time is 
restricted to 46min 20 sec and 14 number of stations 
was purposed according to the passenger flow and 
according to the demand of 400 respondents  to travel 
5min to reach the stations 921m was the largest and 
340m lowest distance between the stations. 

After operating with existing buses existing delay 
will be reduced from 20min to 13min 15 sec and 6min 
45 sec saved in each travel. 
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Abstract— In the wake of the COVID-19 pandemic, 

all emergency and routine medical activities have been 
greatly affected. A safe method of swab collection for 
PCR testing is deemed necessary for the sake of 
protection of healthcare workers and patients, and in 
mitigating the pandemic through timely contact tracing. 
Given the highly contagious character of the virus, swab 
collection booths should be aimed at creating a safe 
environment for the collection of specimens from the 
patients. This can be accomplished by achieving a 
desired pressure difference between the chambers 
containing the patients and the doctors. Quite a few 
such systems were developed and implemented 
worldwide, including in Nepal; however, their scientific 
study is very limited. Thus, with a view to scientifically 
back the claims of positive pressure mechanisms 
warranted in swab collection process, in this paper, the 
airflow into and out of a swab collection booth (SCB) is 
simulated using computational fluid dynamics (CFD) 
techniques. The model simulated showed a positive 
pressure inside the chamber proving that the air 
carrying droplets cannot enter the chamber stationing 
the medical staff.  

 

Keywords—COVID-19, Computational Fluid 
Dynamics (CFD), Swab Collection Booth (SCB) 

I. INTRODUCTION   

Since the outbreak of the novel coronavirus 
disease (COVID-19) and its spread worldwide in early 
2020 [1]–[3], many countries have spent their research 
capacities in combating the virus, be it either through 
preventive or corrective measures. One of such 
measures that directly assists in the pandemic 
mitigation through PCR testing followed by contact 
tracing is the adoption of swab collection booth 
(SCB). This system helps achieve safe and economic 
specimen collection by medical personnel.  

As the coronavirus is transmitted through a 
multitude of media, droplet transmission being the 
most common, this alternative and specialized method 
of SCB have been developed worldwide [4]–[6], esp. 
in the resource-poor countries having Personal 
Protective Equipment (PPE) shortages to protect the 
healthcare workers who naturally face serious risks, as 
well as the suspected patients who might get infected 
through cross contamination.  

 Isolation booths are seen as rapid and cost-
effective solutions that provide healthcare workers 
with ample isolation from the patient, while 
maintaining flexibility so as not to impede their 
performance [7]. Focus is usually given on airtight 
sealing, isolation, mobility, ergonomics and regular 
sanitation in order to prevent transmission of the virus 
to the doctor and cross-contamination among patients 
[8]. The frequent and rough use of such booths calls 
for a technology that can be used in lieu of airtight 
seals.   

A widely accepted theory is that of ventilated 
chambers providing a difference in pressure. Based on 
the law of diffusion, these chambers secure the 
healthcare worker by placing him/her in an 
environment of higher pressure than the patient, 
effectively stopping the flow of potentially infected air 
into the healthcare worker's chamber. Ad hoc 
solutions such as a negative pressure tent to prevent 
aerosol transmissions have been developed by the 
University of Michigan and FlexSys Inc [9]. 
Similarly, healthy patients are prone to nosocomial 
infections and contamination from aerosols produced 
by patients. Such delicate surgeries benefit greatly 
from a negative pressure environment that lessens 
exposure and cross-contamination, even those created 
from readily available medical equipment [10], [11]. 
Using differential pressure booths in conjunction with 
a HEPA (High-Efficiency Particulate Air) filter rules 
out the possibility of aerosol based disease 
transmission, providing an additional layer of 
protection for healthcare workers [12]. In the same 
vein, patients can be accommodated in negative 
pressure environment for isolation purposes [13], [14]. 
It is noted that this negative pressure chamber would 
require proper disinfection following every test [2].   

As improvisation to the above theory, in the 
context like Nepal where suspected patients tended to 
hesitate entering into the test chamber that was already 
visited by the preceding patient, is that medical 
personnel be kept inside the positive pressure chamber 
with adequate isolation. This would still need 
disinfection of the areas surrounding the swab 
collection nevertheless. One of such a swab collection 
booth was researched and developed by Nepal 
Academy of Science and Technology (NAST) and 
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donated to Tribhuvan University Teaching Hospital 
(Institute of Medicine) as depicted in Fig. 1. 

 

 
Fig. 1 The Swab Collection Booth Developed by NAST 

 Furthermore, in resource-poor regions, where 
health facilities are few and far between, testing of the 
potential virus infection has been performed 
successfully with a 'mobile swab collection vehicle' – 
essentially a vehicle carrying positive pressure 
chambers [15]. Specimen collection booths have been 
seen to help in reducing specimen collection time,  
disinfection time as well as cutting down on time that 
would otherwise be taken to change PPE, increasing 
the number of tests performed per day at a cost that is 
cheaper in the long run [16].  

The effectiveness of this pressure-based method 
can either be assessed through physically-based 
experiment or by simulating airflow inside such a 
chamber. The physical experiments can be too 
cumbersome and also expensive for parametric 
evaluation. Alternatively, Computational Fluid 
Dynamics (CFD), which is a numerical method 
employed for mathematically visualizing and 
analyzing the flow of fluids and has been used to 
simulate airflows of similar nature, can be employed 
[8]. In this paper, ANSYS FLUENT, a popular CFD 
tool, was used to simulate the flow of air inside a swab 
collection booth in 3 different configurations of inlet 
and outlet. This parametric study would provide an 
overview of the pressure distribution inside the booth 
along with the flow field of air. An overall positive 
pressure inside the booth would indicate that the 
concept is verified. 

II. METHODOLOGY 

The swab collection booth is modelled as a 
aluminum cuboid, a box of dimensions 1.5×1.5×2.5m 
with circular inlets and outlets of 0.2m diameter as 
depicted in Fig. 2. CFD simulations were run in 3 
variations of inlet and outlet of the same booth. A 
constant velocity inlet of 1.768388m/s is considered, 
corresponding to a discharge of 200 m3/h. On the 
other hand, the outlet is modelled as a pressure outlet 
at atmospheric pressure. The parametric study is done 
in the aforementioned 3 cases. In each case, a 
tetrahedral mesh of max size 100mm is used. The 
simulation is carried out in a steady state model for 
1500 iterations in FLUENT. The turbulence is 

modelled with realizable 2-eqn k-epsilon model and 
scalable wall function.  

 
Fig. 2 Diagram Showing Three Configurations of the Booth 

III. RESULTS 

A. Case I 

The inlet and outlet are placed at two opposite faces 
as shown in Fig. 3. The room has an overall positive 
pressure with a higher-pressure region in the face 
across the inlet.  

 
Fig. 3. Pressure Contour (I denotes inlet and O denotes outlet) 

B. Case II 

The inlet is placed at the top face as shown in Fig. 4. 
The room has an overall positive pressure without 
areas of major pressure concentration. 

 
Fig. 4. Pressure Contour (I denotes inlet and O denotes outlet) 

C. Case III 

The inlet and outlet are placed at two opposite 
faces as shown in Fig. 5. Similar to Case I, the room 
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has an overall positive pressure with a higher pressure 
region in the face across the inlet. 

 
Fig. 5. Pressure Contour (I denotes inlet and O denotes outlet) 

IV. DISCUSSION 

A. Concentration of Pressure 

The three configurations of the swab collection booth 
showed drastically different pressure distributions 
across the chamber. Although each configuration 
maintains a positive pressure inside the booth, the 
amount, distribution and local concentration of 
pressure varies between configurations. Case I and 
Case III had localized areas of high pressure while 
Case II had a much uniform distribution of pressure 
distribution as evidenced from Fig. 3, Fig. 5 and Fig. 4 
respectively.  

To further study the variations of pressure across the 
booth, certain probing locations were specified. These 
locations are explained in Table I and Fig. 6. 

 
Fig. 6. Position of pressure probing at mid-planes: case 1(left), case 

2 (middle), case 3 (right) 

TABLE I.  PROBING LOCATIONS 

Point 1 Inlet mid-plane (entry into the booth) 

Point 2 Middle of the booth, mid-plane, at a height of 1.6 m 

Point 3 Outlet mid-plane (exit from the booth) 

B. Comparative Study of Pressure 

The gauge pressures taken at points 1, 2 and 3 
along with maximum pressure in the chamber are 
specified in Table II. Upon plotting them in a graph, a 
trend is obtained that is uniform for all cases. 

TABLE II.  PRESSURES AT VARIOUS POINTS 

Gauge Pressures (Pa) 

Cases Point 1 Point 2 Point 3 Maximum 

Case 1 3.17308 3.1198 1.22259 4.188 

Case 2 3.3128 3.24261 1.3201 3.981 

Case 3 3.1183 3.08448 1.1578 4.229 

 

 
Fig. 7. Pressure Variation at 3 Points in the Simulation 

It is evident from Fig. 7 that the trends in pressure 
are same in all 3 cases. Moreover, the values of 
pressures at 3 points are nearly identical for Case 1 
and Case 3; i.e., it does not matter if the inlet and 
outlet is exchanged. However, an inlet at the roof of 
the booth provides for a higher overall pressure in the 
room although the maximum pressure is less than that 
observed in Case 1 and Case 2 implying that the 
configuration with the inlet at the top is the optimal 
option out of the three. It is to be noted that the 
pressures in this study do not refer to absolute 
pressures, but gauge pressures while the operating 
pressure is considered to be 1 standard atmosphere 
(101325 Pa). 

TABLE III.  GAUGE PRESSURES FOR CASE 1 

2.2m 1.9m 1.6m 1m 0.3m 

3.17308 3.11661 3.1198 3.12907 1.22259 

Pressures at various heights in Case 1 are probed 
in the simulation as depicted in Table III. Upon 
plotting and analyzing these values using a website, an 
exponential curve (R2=0.9993) was found to 
reasonably fit the data [17]. 

P = 3.136626 -20.16319/2^(z/0.08831232) 

 

 
Fig. 8 Exponential Approximation to the Variation of Pressure 

In Fig. 8 and the equation associated therewith, P 
represents the gauge pressure in Pascals, and z 
represents the height from the ground in meters. 

Point 1 
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V. CONCLUSION 

Healthcare workers are at constant risk of COVID-19 
infection as they are exposed to patients every day. 
Positive pressure isolation booths provide reliable 
protection to healthcare workers from cross-
contamination and ensure rapid, economical sample 
collection with minimum contact and without 
wearing expensive PPEs. 
The flow of air in a COVID-19 swab collection booth 
was simulated using ANSYS FLUENT for 3 
configurations and the variation of pressure was 
plotted. Each configuration showed a positive 
pressure inside the booth with similar trends of 
pressure variation from inlet to outlet confirming the 
concept scientifically. Furthermore, more promising 
results were observed with the configuration having 
the inlet placed at the top. One of such booths used 
for combined swab and blood collection modified by 
NAST and donated to Nepal APF Hospital had the 
same configuration of inlet and outlet. The variations 
of pressure with altitude were also approximated 
using an exponential function. 
In the future, a fully equipped large scale swab 
collection vehicle with disinfecting capabilities can 
be studied based on this result. 
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Abstract— This paper reports the compressive 
strength of OPC (Ordinary Portland Cement) and PPC 
(Portland Pozzolana Cement) manufacture by the 
Arghakhanchi Cement Pvt Ltd. OPC is produced with 
95 % clinker and 5 % gypsum. PPC is produced by 70 
% clinker, 20 % fly ash, and 5 % gypsum. The quality 
of cement depends upon the quality of the clinker. 
Physical properties are compared concerning NS (Nepal 
Standard). Compressive strength in 3 Days, 7 Days, and 
28 Days is compared. In 28 days, the compressive 
strength of OPC is more than that of PPC. OPC is 
highly used in reinforced concrete (RCC) work, whereas 
PPC is widely used in plaster and finishing works. These 
results were compared with NS. PPC is an 
environmentally friendly cement because it uses a lesser 
amount of clinker and byproduct –fly ash. 

Keywords— Cement, OPC, PPC, Clinker  

I. INTRODUCTION  

 Cement is a fine-grained powder that, when it is 
mixed with water, turns into a solid. Because of its 
strength, cement is widely used for construction 
works. It is simply a binder, which sets after it dries 
and reacts with carbon dioxide in the open air and 
hence binds other materials together. The basis of 
cement is lime; it has been used as a binding material 
in construction for thousands of years. In the past, 
lime was simply heated by itself to drive out the 
carbon dioxide and leave calcium oxide, which is 
what was used to make cement. These days they use 
what is called Portland cement. They then crush it and 
add gypsum to the mixture. The gypsum will slow 
down the rate at which the cement hardens, making it 
easier to use. Clinker is the main material for 
producing any kind of cement. The type of cement 
depends upon the quantity of clinker added to produce 
cement. Clinker is produced by mixing limestone, 
bauxite, and clay, and Iron ore.  Worldwide more than 
ten types of cement are used. In Nepal, OPC and PPC 
are widely used.OPC is manufacture with 95 % 
clinker with the addition of 5 % of gypsum. PPC is 
made with 70 % of clinker, 25 % fly ash with the 
addition of 5 % gypsum. It is also important to note 
that Portland cement characteristics are relatively 
unchanged over the last 10 years [1]. The physical 

properties of OPC and PPC compare and found OPC 
with higher strength. 

Gypsum is used to delay the setting time of the 
cement. Suppose the proportion of gypsum is higher 
or less, which will directly affect the setting time of 
cement. The physical properties are fineness, setting 
time, soundness, and compressive strength of the 
cement. Five samples of both OPC and PPC are taken 
for comparing compressive strength. If cement is 
stored in airtight conditions, it gives the expected 
strength up to 3 months [2]. The cement should not be 
in contact with moisture. Curing age increases the 
strength of cement. A similar comparative study on 
cement in Nigeria found that the density value of 
concrete cubes did not show variation but, in turn, 
dependent on the age of curing while the strength 
increases with the age of curing [3]. Curing should be 
done a minimum of 7 days to gain high strength. 

II. MATERIAL AND STANDARD SIZE 

A. OPC 

OPC is manufacture with 95 % of clinker with the 
addition of 5 % of gypsum. The setting time is less, 
and the strength gain is quick. It is widely used in the 
mega project where the strength requires getting high 
as early. In RCC, OPC is highly used. During 
hydration of the ordinary Portland cement, calcium 
silicate hydrate (C-S-H) gel and calcium hydroxide, 
Ca(OH)2, are formed from silicates phases, and 
ettringite (AFt), mono sulphate (AFM) are formed 
from aluminate phases [4].  

B. PPC 

      PPC is the blended cement. It is manufacture with 
70 % of clinker, 5 % of gypsum, and the remaining 
25 % of fly ash. The setting time is more, and the 
strength gain is slow. It is used in Plastering and 
finishing work. Pozzolana is a natural or artificial 
material containing silica in a reactive form [5]. PPC 
is considering environmentally friendly cement. It 
consumes less amount of clinker and utilization of 
byproducts- fly ash. 
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C. Clinker 

       Clinker is the raw material that is produced with 
a combination of limestone, bauxite, red clay, and 
iron ore. The raw mix has to pass the different stages. 
One stage is pre-heater, where the raw mix has to 
pass, and chemical reactions take place. The next 
important stage to pass is the rotary kiln. In a rotary 
Kiln, the heat temperature is 1450 degrees Celsius to 
melt the raw mix. Finally, after quick cooling, the 
clinker is produced. The cement depends upon the 
quality of the clinker. The clinker is cooled, mixed 
with setting regulators (e.g. gypsum) grounded to a 
fine powder to obtain the cement [6]. 
 

D. Gypsum 

      Gypsum is a mineral that is added to the cement. 
It is added to control the setting time of cement. If 
gypsum is not added, the cement will set quickly after 
adding water. It makes it difficult for workability. 
Around 5 % of gypsum is added during the 
manufacture of cement upon the cooling of clinker at 
the grinding process. In both types of cement, 
gypsum is added. 

 

E. Fly ash 

      Fly ash is fine in powder which is blended with 
clinker and gypsum to produce PPC. Fly ash is the 
byproduct of thermal plants. It has cement properties, 
so it is widely used as blended material. 25 % is 
added during the manufacture of PPC. It was also 
observed that finer particles resulted in increasing the 
rate of reaction needing less heating time to achieve a 
given strength [7]. 

 
 

 
 

Fig.1.    Flow chart of OPC and PPC 

 
In Fig.1. Its shows the production of OPC and PPC. 
Limestone, bauxite, clay, and iron ore are mixed to 
form a raw mix. The clinker is produced after several 
processes. In clinker, with the addition of gypsum, 
OPC is produced, and with the addition of fly ash and 
gypsum, PPC is produced. OPC is a pure form of 
cement. PPC is a blended form of cement. 
 

III. STANDARD TEST 

TABLE I.  NS STANDARD OF OPC AND PPC 

Particulars 
(Unit: MPa / 

N/mm2) 
 

OPC 
Requirements of 

NS: 49 
(Min = Minimum) 

PPC 
 Requirements of NS: 

385 
(Min = Minimum) 

Compressive 
Strength 

  

3 Days 16 Min. 16 Min. 
7 Days 22 Min. 22 Min. 
28 Days 33 Min. 33 Min. 

IV. LAB TEST 

 

 

V. RESULT AND DISCUSSION 

TABLE I.  COMPRESSIVE STRENGTH - 3 DAYS 

 

 
The strength (MPa) gain in 3 days is 35,34,37,35 and 
40 of five different samples of OPC whereas 
31,28,28,27 and 31 by PPC. The average strength 
gained by OPC in 3 days is 36.2 and by PPC is 29. 

 

 

 

 

 

TABLE II.  COMPRESSIVE STRENGTH - 7 DAYS 
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In 7 days, the strength (MPa) gain by OPC is 
43,42,44,40 and 46. Similarly, 38,37,35,34, and 43 
strength is gain by PPC in 7 days. Hence, the average 
strength of OPC is 43 and PPC is 37.4. 

TABLE III.  COMPRESSIVE STRENGTH - 28 DAYS 

 

 
Finally, in 28 days, the strength is tested to finalize 
the Grade of cement. In 28 days, the strength (MPa) 
gained by OPC are 57,57,57,53 and 59 and by PPC is 
54,55,51,48 and 50. The average strength of OPC is 
56.6, whereas, for PPC, the average strength is 51.6. 
The final strength gain in 28 days is considered the 
Grade of Cement. 
 
9 cubes of 7.06 cm are made with a ratio of 200 gm 
of cement and 600 gm of soli of Grade I, II, and III. It 
is the ratio of 1:3 (Cement: Soil). No, any admixture 
is mixed in this test. 
 
 

VI. CONCLUSION 

The strength of OPC is more than that of PPC. 
Finally, strength gain in 28 days by OPC is 56.6, 
whereas by PPC is 51.6.  In construction where the 
high strength is required than OPC should be used 
instead of PPC. It is because OPC is the pure form of 
cement without the addition of Fly ash. The strength 
is gained during the period. The curing process also 
helps to gain strength over time and should be done in 
at least 7 days. The amount of clinker is less used, 

and utilization of byproduct – fly ash makes PPC 
environmentally friendly cement. 
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Abstract—This paper evaluates the relative efficiency
of hydropower plants owned by Nepal electricity author-
ity (NEA), using basic DEA model and ranks the hy-
dropower based on super efficiency model. Performance
of hydropower plant which are greater than 2MW were
analyzed for the fiscal year 2018 and 2019 using the
various parameter as input and output. The objective
of this study is to benchmark group for the inefficient
one, provides rank to each hydropower finding Technical
efficiency, Overall efficiency and Scale efficiency of each
hydropower for the study period and provide an easy
guide for decision makers by comparing performance
for two years. Basic DEA model involves the input CCR
model and BCC model which was used for finding the
Overall efficiency and Technical efficiency and super
efficiency model was used for ranking. 14 hydropower
plants owned by NEA were selected for the analysis with
4 input parameter as total installed capacity, operation
and mentainance cost, current number of employee and
plant tripping and 4 output parameter as Annual energy
generated, energy generated in dry, winter peaking
capacity and summer peaking capacity.

The mean technical efficiency was found to be 96.9%
and overall efficiency was found to be 78.6% with scale
efficiency of 80.34% and mean super efficiency value
of 98.40% with Marsyangdi of highest rank being most
efficient and panauti with rank 14 with efficiency score
of 21%, for the considered period.

Index Terms—DEA, BCC model, CCR model, DMUs,
NEA, super efficiency,slack, Peer, Technical efficiency,
Overall efficiency, Scale efficiency

I. INTRODUCTION

At present Nepal has the installed capacity of
1332.86 MW, out of which 626.70 MW is owned
by Nepal Electricity Authority (NEA).Nepal is ex-
periencing rising power demands and is assumed to
double by 2025 as of 2018 as per recent white paper
published by MOE. Most of the Nepal’s hydropower
projects are ROR types, so seasonal influence affects
energy generation. There is necessity of performance
evaluation of hydropower for the past year so that
there is ease in decision making for the concerned
authorities in future. Considering various parameter

as input and output which effects the efficiency of
plant and analyse the result for past two years in term
of efficiency, slack, peer for NEA owned hydropower
greater than 2MW.

The measurement of efficiency have been done in
the power and energy sector for several years. Various
productivity efficiency measurement techniques have
been used in various reports in finding different ways
to enhance the productivity. Among several techniques,
DEA is perhaps the foremost widely used approach
in gauging the organizational units. DEA was intro-
duced by Charnes, Cooper and Rhodes (1978) [1] to
assess the relative efficiency of organizational units
with multiple inputs to produce multiple outputs. The
authors of DEA define the DEA as an applied math
primarily based relative efficiency activity tool that
uses optimisation technique to mechanically calculate
the weights appointed to the inputs and outputs of the
assembly units being accessed. The particular input
and output variables are crossed with the weights to
find the efficiency of the DMUs.

DK.Jha [2], studied the relative efficiency of hy-
dropower plants owned by NEA was determined for
year 2000 to 2004 using modified DEA model which
was compared with conventional CCR DEA model
of using various parameter as input as total installed
capacity, operation and maintenance cost, no of em-
ployee both temporary and permanent, plant tripping
and unit tripping and output are annual energy genera-
tion, energy generated in driest month summer peaking
capacity and winter capacity and sensitivity analysis
was done for that year and ranking of hydropower
based on the efficiency calculated was done for con-
sidered period.

Further the performance evaluation of hydropower
was done for 3 years from 2014 to 2016 using basic
DEA model for some NEA owned and some IPP
owned HPP with input parameter as installed capacity
(MW), total operation and maintenance Cost (NRs),
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number of employees and output as energy gener-
ated (GWh), dry energy (GWh), forced outage hours
(hours/year) and slack and peer are identified that
period of consideration. [3]

Seyma Eme [4] uses the values of Installed power,
production capacity per year were used as input vari-
ables whereas amount of water use for electricity gen-
eration, electricity generation amount and the average
number of people whose energy needs are met were
used as output variables. Efficiency-measurement was
performed using CCR model. They used DEA model
separately for 51 HEPPs and the models were solved
using GAMS package program. When the results
obtained were examined, they observed that 19.61%
of HEPPs were operating effectively in Turkey. They
offered suggestions for improvement for inefficient
HEPPs. Jiekang et al. (2014) [5], here DEA was
enclosed in electromagnetism-like mechanism and a
new multipurpose scheduling model was urged to
realize the optimum balance between water volume
and amount of electricity for production. A check
system with eight electricity power plants was done
to verify this new technique. Calabria et al. (2018)
[6], the performances of 81 hydro power plants were
evaluated by DEA method considering indicators as
annual operation and maintenance costs per installed
capacity, availability factor, average time to repair and
failure rate.

The need of this study was acknowledged as the
previous studies done in Nepal were much earlier
and the present scenario could be different than the
result produced then. Also we have incorporated more
hydropower plants in the study and ranked them cal-
culating super efficiency.

II. METHODLOGY

The different steps involved during the performance
evaluation are:
• Selection of performance parameter
• Collection of data
• Model formulation
• Calculation and Interpretations of result

A. Selection of performance parameter

Performance parameter such as Installed Capacity
(MW), Total Operation and Maintenance Cost (NRs),
Number of Employees and Plant Tripping (no of times
) were taken as input and Annual Energy Generated
(GWh), Energy Generated in Dry Season(GWh), Win-
ter Peaking Capacity and Summer Peaking Papacity
were taken as output for the formulation of model
which are taken through the literature review.

B. Collection of data

Data were collected from office of Nepal Electricity
Authority, NEA publications, reports and literature
studies as well.

C. Model Formulation

Orientation of model taken was input oriented and
Constant Return to scale model was used for calculat-
ing overall efficiency and Variable return to scale was
used for calculating the Technical efficiency. [7]

θ∗ = minθ (1)

subject to
n∑

j=1

λjXij ≤ θXi0; j = 1, 2, ...n; (2)

n∑
j=1

λjYrj ≥ Yr0; r = 1, 2, ...j; (3)

n∑
j=1

λj = 1; (V RS) (4)

λj ≥ 0; j = 1, 2, ...n; (5)

where,
Xi0 = ith unit of DMUs
Yr0 = rth unit of DMUs

The only difference between the CRS and VRS is
in the constraints. After calculating the efficiency of
each DMUs, following linear programming model has
been used for calculating slack.

max

m∑
i=1

S−
i +max

s∑
r=1

S+
r (6)

Subject to

n∑
j=1

λjXij + S−
i = θ∗Xi0; i = 1, 2, ...m; (7)

n∑
j=1

λjYrj − S+
r = Yr0; r = 1, 2, ...s; (8)

λj ≥ 0; j = 1, 2, ...n; (9)

where
S−
i = input slacks
S+
r = output slacks

Peer for inefficient plant are identified with the help
of weight of each DMUs calculated from both the
model.

1) Model for Super efficiency: For the decision
maker it is not possible to make decision when most
of the unit are efficient and cannot make ranking
of efficient unit so one approaches for ranking the
efficient unit along with inefficient unit is supper
efficiency approach where the efficient evaluated unit
are removed from set of DMUs and further evaluated
from updated frontier. Value of all efficient frontier is
greater then 1. The SE model is as below: [8]

MinZ0 = θ; (10)

subject to:
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n∑
j=1

λjXij ≤ θXi0; i = 1, 2, ...n; (11)

n∑
j=1

λjYrj ≥ Yr0; r = 1, 2, ...j; (12)

λj ≥ 0; j = 1, 2, ...n; (13)

θ is free

D. Calculation and Interpretations of result :

Calculated data was robust and not easily under-
standable so the interpretation was done after calcu-
lating which was understandable in the form of graph,
table etc.

III. RESULT AND DISCUSSION

The efficiency of the hydropower is calculated in
term of overall efficiency, technical efficiency and
slack efficiency and super efficiency which is described
below:

A. Overall Efficiency:

The overall efficiency is calculated from input ori-
ented constant return to scale which is considered at
operating in optimal scale. The value of efficiency for
2018 and 2019 is shown in fig. 1. In the year 2018/19,

Fig. 1. Overall efficiency of different hydro power plants

6 out of 14 hydropower is efficient with efficiency
score 100% having mean efficiency 79.1% with mini-
mum efficiency of 20.9% of panauti hydropower which
is most inefficient plant among considered hydropower
plants. 3 hydropower plant have efficiency score in the
range of 20-30% which are considered most inefficient
plant and 3 plant have efficiency score of 90-100%.
Similary in year 2019/20, 6 hydropower are efficient
with mean efficiency of 72.8%. 2 of the hydropower,
gandak and chatara are considered most inefficient
plant having efficiency score in the range of 10-20%.
All the inefficient plant can still increase its efficiency
by decreasing its input for same level of output.

Fig. 2. Technical efficiency of different hydro power plants

B. Technical Efficiency:

The technical efficiency for year 2018 and 2019
is shown in fig. 2. In the year 2018/019, 11 out of
14 hydropower are found to be technically efficient
with mean efficiency of 96.8% 2 hydropower have
efficiency score in between 70-80% which are most
inefficient and are Gandak and modi khola having
efficiency score of 78.3% and 79.4% respectively. Sim-
ilarly in year 2019/020, again 11 out of 14 hydropower
found to be efficient with mean efficiency score 97%
which is greater then in last year. only 1 hydropower
have efficiency score in between 70-80% which is least
value among all unit considered.

C. Scale efficiency:

The plant is scale efficient if the plant operates at
most productive scale size. The scale efficiency of
plants is given in fig. 3. In the year 2018/019, the 6

Fig. 3. Scale efficiency of different hydro power plants

out of 14 hydropower are scale efficient with mean
efficiency of 80.92% and the most inefficient plant
is panauti with 20.9% efficiency. In year 2019/020,
6 out of 14 hydropower is scale efficient with mean
efficiency of 79.77%.and minimum efficiency 19.03%
of chatara hydropower which is most inefficient.

D. Slack calculation:

The excess value of input which is used in plant is
called slack. Slack for the year 2018/2019 is in table
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I and for year 2019/2020 is in table II. where,
TIC = Total installed capacity(MW)
TOAMC = Toal operation and mantainance cost(NPR)
NOE = Number of employee
PT = Plant tripping(no of times)

SN. HPP TIC TOAMC NOE PT
1 Kaligandaki ’A’ 0 0 0 0
2 Middle Marsyangdi 0 407488.91 0 0
3 Marsyandi 0 0 0 0
4 Kulekhani-I 0 0 0 0
5 Kulekhani-II 0 0 0 0
6 Chameliya 0 0 0 0
7 Trishuli 0 0 0 0
8 Gandak 5.79 14081.98 0 0
9 Modi Khola 0 0 1 120
10 Devighat 0 0 0 0
11 Sunkoshi 0 0 0 0
12 Ilam (Puwa Khola) 0 0 0 0
13 Chatara 0 0 0 0
14 Panaut 0 0 0 0

TABLE I
SLACK CALCULATED FOR YEAR 2018/2019

SN. HPP TIC TOAMC NOE PT
1 Kaligandaki ’A’ 0 0 0 0
2 Middle Marsyangdi 0 0 0 0
3 Marsyandi 0 0 0 0
4 Kulekhani-I 0 0 0 0
5 Kulekhani-II 0 3467.11 13 0
6 Chameliya 0 0 0 0
7 Trishuli 0 0 0 0
8 Gandak 5.11 12578.527 0 72
9 Modi Khola 0 15244.69 0 0
10 Devighat 0 0 0 0
11 Sunkoshi 0 0 0 0
12 Ilam (Puwa Khola) 0 0 0 0
13 Chatara 0 0 0 0
14 Panaut 0 0 0 0

TABLE II
SLACK CALCULATED FOR YEAR 2019/2020

For year 2018/019: slack is found on all input of
3 hydropower Middle marsyangdi, gandak and modi
khola for the Middle Marsyandgi to be efficient with
respect to its peer group it should reduce its input in
operating and maintenance cost by 407488.91 nepali
rupees and 11 employees and tripping times by 7 it
make it efficient. Gandak have its slack of 5.79 in
total installed capacity which means that for the both
particular year gandak is not operating with its full
capacity. similarly conclusion can be made for other
plant and other year.

E. Peer identification:

By decreasing the excess input for the inefficient
plant to efficient frontiers peers can be identified for
each inefficient plant where peer are the efficient plant
which lies in efficient frontier.The peer for 2018/2019
is given in table III and peer for 2019/2020 is given
in fig. 4. table

For year 2018/19: for Middle Marsyangdi peer
group is Marsyangdi and for Gandak peer group are
Chameliya, Chatara and Panauti .by reducing the input

Inefficient group Peer1 Peer2 Peer3
Middle Marsyangdi Marsyangdi 0 0

Gandak Chameliya Chatara Panauti
Modi Khola Marsyandi Puwa Khola Panauti

TABLE III
PEERS FOR YEAR 2018/2019

Fig. 4. PEERS FOR YEAR 2019/2020

from middle Marsyangdi to its peer group so to make
Gandak efficient it should use the weighted combi-
nation of input and output of its peer group. Similar
conclusion can be made for all other inefficient unit
and another year.

F. Super Efficiency Calculation:

The value of super efficiency is used to rank the
efficient units. The ranking and super efficiency value
is given in table of fig.5. In 2018/019, Marsyangdi

Fig. 5. Super efficiency of Hydropower plants

is found to be super efficient with efficiency score of
289.7 % with highest rank 1 and super inefficient, pa-
nauti with 14 rank have score of 20.9%. and have mean
efficiency score of 97.41% .and for year 2019/020,
again the efficiency score of marsyangdi is high and
again the panauti is super inefficient. Overly mean
super efficiency value is found to be 98.40%.

CONCLUSION

This study has given some different results than
the previous studies. [2], [3].Our study has included
calculation of various efficiencies and calculation of
super efficiency for ranking the hydropower plants
on the basis of parameters taken. Marsyangdi H.P. is
found to be super efficient plants while Panauti H.P.
remains most inefficient plant in the years of study. For
inefficient plants, peers are identified by using DEA by
decreasing the excess input for the inefficient plant to
efficient frontiers. Few plants have shown slacks and
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optimization of slack input can increase the efficiency
of those plants.
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Abstract 

Local Climate Zone (LCZ) classification has been 
extensively used to classify urban and rural landscapes 
in cities, including urban temperature studies. The 
urban heat island (UHI) in Kathmandu valley 
(Kathmandu, Bhaktapur, and Lalitpur), has been 
analyzed and standardized focusing on the Local 
Climate Zones (LCZs). LCZs classify the landscape into 
homogeneous types based on structural type, land 
surface cover, materials used, and human activities. 
This standard classification has made urban studies 
more meaningful and easy to compare the results with 
various cities globally. The LCZ map for Kathmandu 
was created using Landsat images, Google Earth, and 
SAGA-GIS software for both March 2013 and March 
2019. Landsat 8 TM/ETM+/OLI imagery was used to 
estimate LST. For the estimation of LST algorithm was 
used considering emissivity. The result shows that the 
difference within the built-up scheme is around 2-4 °C 
whereas the difference between Building and Land 
cover types on the comparison is around 5-10 °C. The 
difference between the Building and Land cover type on 
comparison suggests that there is the presence of the 
UHI effect in Kathmandu valley. 

Keywords—Local Climate Zones (LCZ), Land Surface 
Temperature, Urban Heat Island 

I. INTRODUCTION  

Urbanization has been taking place at an 
unprecedented rate which results in a radical land 
cover change. As per the UN demographic statistics,  
more than  54%  of the world’s population now live in 
urban areas,  and this number will reach  66%  by 
2050 [1].  Rapid urbanization in cities replaces the 
natural cover of surrounding forests, grasslands, and 
deserts, with roads, buildings, parks, and gardens. 
These Land cover change in cities has significant 
effects on local climate: temperature, precipitation, 
humidity, winds, and, to a lesser extent, cloud and 
radiation. Also, these change has environmental 
implications, often subtle in primitive or sparsely 
populated settlements, but in modern cities, the 
implications are long term. [2] 

Kathmandu is the capital city of Nepal, and it 
combines with the Lalitpur and Bhaktapur, KV as a 
cosmopolitan and sprawling valley. The Kathmandu 
Valley (KV) epitomizes such rapid urban growth. The 
change of agriculturally productive peri-urban areas to 

rapid housing development that is expanding outskirts 
in a concentric zone fashion is speedy. The built-up 
area has been expanding rapidly replacing those 
agricultural lands. Rapid urban expansion coupled 
with unmanaged settlement development has led to 
various socio-environmental challenges. The core 
reason behind these unmanaged developments in the 
KV is due to ineffective land use, zoning, and land 
sub-division policy.[3] 

 The urban heat island (UHI) effect is one of the 
ecological consequences of urbanization [4]. “Urban 
Heat  Island”,  refers to the atmospheric warmth of a  
city compared to its countryside. Urban heat island 
intensity (UHII) is an important metric used in 
measuring UHI effect. Despite the number of previous 
UHI/UDI studies [5,6,7,8], the study has lacked a 
proper standard to categories urban and rural areas. 
Hence, this has created variation in the results and it is 
difficult to compare the individual urban/rural related 
studies from one city to another. To deal with such 
kind of problem Steward and Oke proposed a  
classification scheme – “Local  Climate  Zones” [9] 
which has introduced a contextual and relevant 
solution by dividing various microclimatic 
environments into a particular zone known as Local 
Climate Zone (LCZ). The LCZ is mainly divided into 
built types and land cover types. Built types are 
further divided into zones based on fabric coverage 
and metabolism. Likewise, land cover types are 
further divided into seven zones as shown in [9, Tab. 
I].  

Land Surface Temperature (LST) is being used in 
a variety of areas such as evapotranspiration, climate 
change, hydrological cycle, vegetation monitoring, 
urban climate, and environmental studies, among 
others [10, 11, 12, 13, 14. 15, 16, 17, 18]. Satellite-
based thermal infrared (TIR) data is directly linked to 
the LST through the radiative transfer equation. The 
retrieval of the LST from remotely sensed TIR data 
has attracted much attention, especially from Landsat-
8 TIR bands. Besides radiometric calibration and 
cloud screening, the determination of LSTs from 
space-based TIR measurements requires atmospheric 
corrections [19]. In the past, many studies have been 
carried out to estimate LST from satellite-derived TIR 
data, by using different approaches and methods i.e. 
mono-window algorithm [20] and single-channel 
algorithm [21]. Before the invention of earth 
observation satellites (EOS), it was hard to estimate 
the LST of an area. But now a day’s remotely sensed 
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data is being used for LST estimation by using 
thermal data. 

TABLE I 
LCZ DIVIDED INTO BUILT TYPES AND LAND 

COVER TYPES  

 

This paper aims to determine the relationship 
between  LST  and  LCZ  classes with the  Kathmandu 
Valley selected as a  case study.  Landsat 8 images 
(2019 and 2013)  of  Kathmandu valley were used to 
investigate  LST,  which were subsequently classified 
to show the surface  UHI intensity. An improved 
method of the World Urban Database and Portal Tool 
(WUDAPT) was also used to develop the LCZ map. 
Air temperature data were not used to test against the  
LST  pattern of  LCZ  classes. LST  of different  LCZ  
classes characterized to inform urban climate 
researchers and urban planners about the influence of 
LCZ on local climate, leading to more sustainable 
urban planning in the valley. 

II. MATERIALS AND METHOD 

A. Study Area 

 

 

 

 

 

 

 

 

 

 

FIGURE 1.  Study area Kathmandu Valley 

The Kathmandu Valley comprising an area of 
approximately 664 km² (Fig. 1) is the administrative 
center of Nepal and home to the capital city, 
Kathmandu (1311 m above sea level). The 
Kathmandu Valley is located in the central-east part of 
Nepal and lies between latitudes 27°32’13’’ and 

27°49’10’’ north and longitudes 85°11’31’’ and 
85°31’38’’ east [22]. The Kathmandu valley ranges 
from 1144 m and is surrounded by the hills of the 
Mahabharat range up to 2717 m which form a bowl-
shaped valley floor [23]. The Kathmandu Valley 
consists of numerous municipalities. Some of the 
areas on the outskirt are predominantly located in rural 
areas while some municipalities are located in the 
central urbanized areas. However, due to rapid 
urbanization, many of these rural village development 
committees are now characterized by urban expansion 
[22]. The capital Kathmandu is located within the 
valley’s Bagmati river system of which eight 
tributaries drain the city. The system has always been 
the city’s main source of water for drinking and 
irrigation and also it holds religious, cultural, and 
social value. The climate is sub-tropical cool 
temperate. In general, the annual maximum and 
minimum air temperatures were between 29.7 °C in 
May and 2 °C in January, respectively. The heavy 
concentration of precipitation occurs from June to 
August as a result of southeast monsoon winds [24]. 

B. Landsat 8 data 

For the study of Local Climate Zoning and Land 
Surface Temperature Landsat 8 satellite images, OLI 
(Operational Land Imager) and TIRS (Thermal 
Infrared Sensor) 15- to 30- meter multispectral data 
from Landsat 8 C1 Level- 1, were downloaded from 
United States Geological Survey (USGS). Thermal 
band (Band 10) was provided as the atmospheric 
brightness temperature in Kelvin (K), and the 
multispectral bands of Landsat-8 OLI were provided 
as surface reflectance. The satellite imageries were 
selected such that the cloud coverage is less than 10%. 

TABLE II 
LANDSAT TM/ETM+/OLI IMAGERY USED IN 
THIS STUDY A) LST CALCULATION B) LCZ 

RECONSTRUCTION, KATHMANDU UTC + 5.45 
HOURS  

Landsat-
ID 

 
Acquisitio

n date 
(YY-MM-

DD) 

 
Acquisition 
time UTC 

(Kath. 
valley) 

The spatial 
resolution of the 

TIR band (m) 

 
LC814104
12013085
LGN02 

 
2013-03-26 

 
04:48:43 

 
100 

 
LC814104
12019083
LGN00 

 
2019-03-24 

 
04:47:55 

 
100 

C. LCZ mapping of the study area 

Several LCZ mapping schemes are available so far. 
For example, [25] follows a manual sampling of 
individual grid cells using Geo-Wiki, digitization of 
homogeneous LCZs, and a GIS-based approach using 
building data. [26, 27] follow object-based image 
analysis. [28, 29] follow supervised pixel-based 
classification. In this study, the methodology 
provided by the World Urban Database and Access 

LCZ Building Types LCZ Land Cover 

Types 

1 Compact high-rise A Dense trees 

2 Compact midrise B Scattered trees 

3 Compact low-rise C Bush, Scrub 

4 Open high-rise D Low plants 

5 Open midrise E Bare rock/paved 

6 Open low-rise F Bare soil/sand 

7 Lightweight low-rise G Water 

8 Large Low-rise  

9 Sparsely built 

10 Heavy Industry 
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Portal Tools (http://www.wudapt.org/) has been 
adapted. WUDAPT has introduced a simple 
workflow, which makes the procedure universal, low 
level of data requirements, comparable to different 
cities and operators, computationally and financially 
inexpensive, and easy. Important aspects, preparation, 
and tools of the implemented workflow are shown in 
[28, Fig. 2(a)]. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.  Overview of the mapping procedure. a) 
Workflow; b) Summary of a workflow 

Several LCZ mapping schemes are available so 
far. For example, [25] follows a manual sampling of 
individual grid cells using Geo-Wiki, digitization of 
homogeneous LCZs, and a GIS-based approach using 
building data. [26, 27] follow object-based image 
analysis. [28, 29] follow supervised pixel-based 
classification. In this study, the methodology provided 
by the World Urban Database and Access Portal Tools 
(http://www.wudapt.org/) has been adapted. 
WUDAPT has introduced a simple workflow, which 
makes the procedure universal, low level of data 
requirements, comparable to different cities and 
operators, computationally and financially 
inexpensive, and easy. Important aspects, preparation, 
and tools of the implemented workflow are shown in 
[28, Fig. 2(a)]. 

In this mapping process, Google Earth is used 
along with the high-resolution imagery of cities for 
identifying the appropriate training sites. The Landsat 
data which is used in this study for the classification 
can easily be acquired from the U.S. Geological 
Survey Earth explorer interface [30, Fig. 2(b)]. For the 
geometrical preprocessing and the classification of the 

map, System for Automated Geoscientific Analysis 
(SAGA) is used as a platform. First, the downloaded 
Landsat is cropped to the region of interest (ROI). The 
training areas are digitized using Google Earth and 
loaded to SAGA in KML format. In SAGA, the layers 
are merged and coordinates are transformed. 

Resampling followed by resampling is conducted 
and post classifications are applied to get the LCZ 
map. The processed LCZ map is further tested on the 
Google Earth platform for verification. Corrections 
are made by adding the training areas if necessary and 
the same process is continued to create the 
representative LCZ map. 

 
FIGURE 3.  Training areas to develop LCZ map using 

(WUDAPT) algorithm) 

D. LST of the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4.  Flowchart of the Land Surface Temperature 
algorithm 

The methodology adopted by [31, Fig. 4] was used 
for the analysis purpose. Band operations are 
performed to apply the algorithm as mentioned by 
[32] to calculate LST. Any object possessing a 
temperature above absolute zero Kelvin emits thermal 
infrared radiation. The signals received by radiometers 
on satellite can be converted to at-satellite radiance (L 
sensors using Equation 1 : 

L sensors = gain * DN + bias   (1) 
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Where L sensors are the spectral radiance of 
thermal band in W/ (m2 ster. mm); gain is the slope of 
the radiance conversion function; bias is the intercept 
of the radiance conversion function [33].  The gain 
and bias values are found in the metadata file provided 
with the satellite data. 

  Radiance values from the thermal band can then 
be transformed to at- satellite brightness temperature 
using the thermal calibration constant given in the 
metadata file.   

T’ sensor = K2 / (ln (K1 / (L sensors) +1)) - 273.15 

      (2) 

Where T’ sensor is at- satellite brightness 
temperature in degree Celsius. K1 and K2 are thermal 
calibration constants. To relate the at-satellite 
brightness temperature and LST, the emissivity 
properties of an object plays an important role. The 
estimation of LST considering emissivity can be 
simplified using following the algorithm [32] 

T = TB / [1+ (λ x TB / C2) x ln (e)] (3) 

Where: 

 λ    = wavelength of emitted radiance 

 C2 = 1.4388 x10−2 m K = 14388 µm K 

 h    = Planck’s constant = 6.626 x10−34J s 

 ss   = Boltzmann constant = 1.38 x10−23J/K 

 c    = velocity of light = 2.998 x 108 m/s 

 e    = emissivity 

   In the above Equation 3, emissivity is an 
unknown value. There are various methods to predict 
the emissivity value from the satellite data. A method 
based on LULC classified map is the simplest one but 
the accuracy of LULC classification has a significant 
influence on emissivity prediction. Also, these 
methods use ratio values of vegetation and bare land. 

One of the easier methods to predict emissivity is 
using NDVI image as given by [34] 

e = 0.004 Pv+ 0.986   (4) 

Where Pv is the proportion of vegetation obtained 
[35] 

NDVI = [ B5 – B4 / B5 + B4 ]  (5) 

Pv  = [ NDVI – NDVImin / NDVImax – NDVImin]2 
      (6) 

Where NDVI is a normalized difference 
vegetation index that is used to evaluate the content of 
vegetation present in an area. 

III. RESULT AND DISCUSSION 

LCZ and LST retrieval process is completed using 
[28] (WUDAPT) and [32] algorithms respectively. 
LCZ and LST maps are generated for Kathmandu 
Valley as shown in Fig. 5, for the years 2013 and 
2019 respectively. Degree Celsius (°C) is considered 

as a basic unit for temperature for all analysis since 
the original LST calculated was in Kelvin. Hence a 
Kelvin to °C conversion is applied and results are 
presented in °C. 

 
 

 

 

 

 

 

 

 

 

 

FIGURE 5.  LCZ and LST maps (2013, 2019) of Kathmandu 
Valley 

A.    Local Climate Zones  

First of all, three LCZ classes are absent in the 
urban areas: LCZ 1 (compact high-rise); LCZ 4 (open 
high-rise), and LCZ 5 (Open mid-rise). The 
Kathmandu valley has Kathmandu, Bhaktapur, and 
Lalitpur as major cities of Nepal. In the case of two 
cities i.e. Bhaktapur and Lalitpur, the administrative 
border – indicated with a black line – is connected 
with the capital city Kathmandu Fig. 1. In comparison 
to these cities, Kathmandu seems to have the highest 
settlement, Lalitpur is second and Bhaktapur has the 
least settlement. Bhaktapur is also the smallest district 
in Nepal. The core city of Bhaktapur in 2019 seems to 
have grown compared to 2013. The settlement at 
Kathmandu has increased northward. The settlement 
is mostly LCZ 3 (Compact low-rise). All the cities 
(Kathmandu, Bhaktapur, and Lalitpur) are very old 
historic cities and the settlement pattern is mostly 
compact. Each house is joined with the adjacent 
buildings. 

Tribhuvan International Airport, located in 
Kathmandu has its runway blacktopped because of 
which the area is categorized as LCZ E (bare rock/ 
Paved). The outskirts of each city are mostly covered 
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with LCZ D (low Plants); LCZ C (Bush, Scrub); LCG 
B (Scattered trees), and LCZ A (Dense trees). The 
core cities of each district are surrounded by LCZ 
7(Light Weight low rise). This settlement is an 
example of sprawl development. The bare Soil (LCZ 
F) can also be seen in all the cities. The bare soil is 
due to the extraction of the earth materials by the brick 
factory and the unmanaged so-called “planned land” 
with no structures on it. 

B. Local Climate Zones and Land Surface 
Temperature 

Major business areas with compact built-up forms 
were always warmer compared to their surroundings 
(Fig. 5). Away from the densely built-up areas, the 
warm parts of the cities also occurred near large 
patches of relatively flat, impervious surfaces (Road 
junction, Bus parks, etc.). Hotspots were very often 
associated with large commercial and distribution 
areas. On the other hand, bodies of water and forested 
areas formed the coldest localities (see Fig. 5). 

In general, there are large variations in LST across 
LCZ classes while the pattern is similar between the 
cities. The LST of built-up LCZ classes is generally 
higher than that of the land cover classes, reiterating 
the high UHI intensity in urban areas. In particular, 
LCZ 3 (compact open-rise) has the highest LST 
among the built-up LCZ classes for Kathmandu 
Valley. LCZ 9 (sparsely built) shows the opposite 
trend. The complex and diverse urban morphology of 
this LCZ class in Kathmandu valley is the 
predominant reason for such an opposite trend since 
most of the LCZ 9(sparsely built) areas in Kathmandu 
and Lalitpur lies in hilly areas and the villages are 
surrounded by farmland and forest. 

The urban-rural Ts differences (ΔTs (u–r)) in 
Kathmandu, Bhaktapur, and Lalitpur that were 
detected on clear days in the daytime are shown in 
Fig. 5. 

TABLE III 
LST IN DIFFERENT LCZ SCHEME FOR BOTH 

2019 AND 2013 AND THEIR DIFFERENCES IN 
(°C)  

Building Type LCZ LST 

2019  

LST 

2013 

 

LCZ (oC) 

(2019-

2013) 

Compact Midrise 2 25.32 23.99 2 

Compact Low-rise 3 27.30 26.694 1 

Lightweight Low-rise 7 22.879 21.98 1 

Sparsely built 9 23.89 23.66 0 

Heavy Industry 10 27.247 23.435 4 

Dense Trees A 17.432 15.78 2 

Paved or Bare rock E 28.789 28.32 0 

Bare soil and sand F 27.60 23.70 4 

Water G 21.25 19.62 1 

 

Lower LST is generally observed in land cover 
LCZ classes due to the extensive previous surface in 

natural land cover. LCZ A (dense forest) exhibits the 
lowest LST in the valley. However, there are certain 
inconsistencies in the LST of land cover classes due to 
the temporal difference in vegetation. Higher LST 
values were observed in LCZ E (bare rock or paved) 
in which, some of them are concrete paved areas like 
the airport and wide road networks. 

TABLE IV 
COMPARISON OF LST WITH THE DIFFERENT 

LCZ SCHEME (i.e LSTLCZx- LSTLCZy) IN 
KATHMANDU VALLEY. 

Intra building 

type 

comparison 

Difference 

in LST (oC) 

Building and 

Land cover 

type 

Comparison 

Difference 

in LST (oC) 

LCZ 2-LCZ 7 3 LCZ 2-LCZ A 10 

LCZ 3-LCZ 7 4 LCZ 3-LCZ A 11 

---------------- -- LCZ 7-LCZ A 7 

 

 

 

 

 

 

 

 

 

FIGURE 6.  LST vs LCZ / Difference in LST vs LCZ (2019-
2014) 

The difference within the built-up scheme is 
around 2-4 °C whereas the difference between 
Building and Land cover types is around 5-10 °C 
(Table IV).  

IV. CONCLUSION 

In this study, the surface thermal features of three 
urban cities were compared, taking into account their 
specific climatic regions. The clear-sky surface 
temperature data product from Landsat sensors of  
March 2019 and 2013 was used for the comparison.  

LCZ is a climate-based classification system that 
provides a method for UHI study. LCZ can illustrate 
the structure of the city that determines the thermal 
regimes So, instead of taking the  UHI  as an “urban-
rural” difference (ΔT urban-rural), LCZ temperature 
difference (ΔT LCZ X–LCZ Y) is developed for the 
quantitative comparison of  UHI  between cities. This 
study employed LCZ to investigate the UHI effect in 
KV. The seasonal urban-rural LST differences were 
analyzed and it shows that diurnal LST differences are 
strongly affected by the LCZ division. Different urban 
effects were detected in the inter-climate comparison 
– the typical UHI effect was recognized in both 2013 
and 2019. As can be expected, the most intense UHI 
effect was observed in the settlement with compact 
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midrise and compact low rise. Regional plans should 
focus on limiting the built-up area density or 
providing more open, green spaces in problematic 
areas. Additionally, differences were also seen in the 
intra-climate comparison. The largest difference 
between the thermal features within the built-up 
scheme is around 2-4 °C whereas, the comparison 
between Building and Land cover type is around 5-10 
°C. Hence, the temperature difference between 
Building and Land cover type comparison suggests 
that there is a presence of the UHI effect in the 
Kathmandu valley. 

This paper aims to explore the advantages of 
combining the LCZ system and remote sensing 
technology and contribute to understanding the LST   
features of   LCZ. To fully describe the relationship 
between LST and vegetation, further research is 
required with more detailed remote sensing and 
surface air temperature datasets. Besides the temporal 
variation of the vegetation cover, soil moisture also 
plays a principal role in the thermal environment [36]. 
Future research should focus on this variable. A better 
understanding of the spatial distributions of thermal 
properties and recognizing the potentially problematic 
areas will contribute to more climate-sensitive urban 
planning for decision-makers. 
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Abstract— Hydraulics of any river is better understood 

using numerical modelling. This study is concerned to 

design barbs for protection of Seti river banks along 

Pokhara-Baglung highway using two-dimensional (2D) 

hydraulic modeling in ANSYS Fluent. Desk study was 

conducted by collecting river flow data for seven years 

from 2009 A.D. to 2015 A.D. The geometry of the river 

reach near the weir section was drawn manually in 

geometry design modeler in Workbench. Face meshing 

with element size of 0.5m was performed in meshing 

module of Workbench. The model inputs used were: the 

stream geometry, roughness coefficient of 0.5 in each 

case, flow velocity of 3 m/s. Simulations were performed 

to obtain the velocity magnitude contours and velocity 

streamlines for all cases along with an additional base 

case without any barbs structure. The average length to 

width ratio (L/B) and average Spacing to length ratio 

(S/L) of the structures used in this study are 0.25 and 1.5 

respectively. The length of barbs was taken as 20m in 
each case and spacing in-between barbs was taken as 

30m in cases with double barbs. The simulation results 

showed that, among all the cases considered, the one with 

double barbs at an angle of 90° to the upstream increases 

the flow velocity and confines the flow towards the centre 

of the river and thereby induces bank stability 

effectively. 
Keywords—numerical modeling, barbs, face meshing, 

bank erosion, Simulations  

I. INTRODUCTION  

Importance of a highway is evident in a country 
where the major mode of transportation is roadway. 
River route in hill roads is common and its proximity 
to the river causes various problems depending upon 
the nature of river, its source, hydraulic properties and 
other aspects. The major problem in a river route is 
erosion of bed and banks of river that endangers the 
road alignment. Thus, it is obligatory to consider 
various river training techniques to protect the river 
banks to ensure safety of the route. One of the solutions 

can be the construction of barbs (quite similar to spurs, 
groins and submerged vanes) structure protruding into 
the flow at an angle upstream to the river bank for the 
purpose of deflecting the flow current away from the 
bank and minimize the erosion potential. Generally, the 
barbs structures are used to protect river banks for 
gentle meanders, or relatively straight banks. The 
primary function of barbs is to deflect the strong flow 
away from the critical zones and therefore, prevent 
erosion of the banks. The study area for this research 
work covers a portion of Pokhara-Baglung highway 
adjacent to the Seti River situated near the weir across 
SetiGandaki Irrigation Hydroelectric Project in 
Pokhara, Kaski district of Gandaki Province, Nepal. 

 Water flow current has the potential to cause bed 
scour, bank erosion and carry sediment load with water. 
Riverbank erosion is a cause of toe erosion of slopes 
inducing landslides and also posing risk to the adjacent 
infrastructures. Pokhara-Baglung highway is one of the 
important highways of Gandaki Province and connects 
Kaski to Parbat, Baglung and Myagdi, Mustang. In 
addition, it is undergoing widening and upgrading as a 
part of mid-hill highway.  

The weir across the river is located at 83º58’22.7” 
latitude 28º15’02.29” longitude in Pokhara 
Metropolitan, Kaski. 

Seti River flows in deep gorges through the central 
part of Pokhara Metropolitan and floods during the 
monsoon period in flanged part of the river, which 
causes bank erosion and inundation of settlements[6]. 
Seti river analysis in Pokhara Metropolitan city could 
be significant for the proper planning, development and 
protection of infrastructures within the vicinity of river. 
Survey data obtained from survey conducted by Water 
Resource and Irrigation Development Office, Kaski 
ensures that, slope of the river is less than 10% at the 
study section. 
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Figure 1 Study Area with flow direction (Source: Google Earth) 

II. METHODOLOGY 

A. Data Used  

The data of gauge reading (depth of water at the 
crest of under sluice) for seven years from 2009 A.D. 
to 2015 A.D. of the Seti River is collected from Pokhara 
Water Conservancy and Irrigation Project, Pokhara, 
Nepal. From the respective stages and cross-sectional 
width of river upstream of the weir, cross sectional area 
of river flow discharge was calculated. The velocity 
was then calculated from the discharge and cross-
sectional area.  

TABLE I.  DISCHARGE IN SETI GANDAKI RIVER AT 

TULSIGHAT AS PER ACTUAL GAUGE READING 

 

 

S.N. 
Date of maximum 

yearly discharge 

Head over the 

crest weir. H 

(m) 

Maximum 

Discharge 

through weir 

(m3/s) 

1 7 Oct 2009 1.50 251.3 

2 30-31 July 2010 1.65 289.9 

3 28 Jun 2011 1.50 251.3 

4 5 May 2012 2.00 386.9 

5 15-19 Jun 2013 1.25 191.1 

6 18 Jul 2014 1.50 251.3 

7 29 Jul 2015 1.35 214.5 

The flow velocity (v) of 3m/s is used as input in 
inlet section while setting up for solution in ANSYS 
Fluent for obtaining solutions. The values of discharge 
(Q) through the weir and head over crest of the weir (H) 
shown in Table 1 is used for calculating the velocity of 
flow. During seven years’ period from 2066 to 2072, 
maximum discharge through weir is 386.94 cumecs. 
The weir’s width is 80 m and the height is 2 m. The 
velocity of flow is obtained to be 2.5 m/s using the 
cross-section information. For analysis purpose 
velocity (v) is taken as 3 m/s. 

B. Barbs Design Guidelines 

The general design guidelines of barbs (e.g., length, 

spacing) are available in many hydraulics textbooks. 

The design criteria of barbs vary with their purpose 

(e.g. bank erosion protection vs. navigation 

improvement) and are based on the prevailing flow 

regions in the vicinity of the barbs. The length of barbs 

depends upon the amount of flow needed to be 

redirected from the banks towards the main-core region 

and the maximum permissible flow depth and velocity 

in the region. Typical design specifications 

recommended that the barb length to stream width ratio 

(L/B) is less than 0.5 to prevent excessive constriction 

of waterway width causing excessive bed-scour in the 

main core region and backwater effects. The spacing 

between the barbs is governed by structure length and 

the typically recommended spacing to length ratio 

(S/L) is 0.75 to 2.0. In determining design criteria of 

barbs majority of studies to date have investigated the 

flow pattern around a single barb while in the field 

multiple barbs are often used to control bank erosion in 

a stream reach. A series of barb structures used in a 

stream reach can have large scale effects due to an 

increase in the total flow resistance of the reach 

creating backwater effects. The presence of barbs 

affects the water surface profile and the overall spatial 

distribution of the velocity in the main-core and the 

barb regions; therefore, it is essential to simulate the 

entire series of barbs to obtain a true picture of the 

large-scale effects of these structures on the hydrologic 

and morphologic characteristics of a stream. 

C. Methodological Process 

The methodological steps include a review of essential 

criteria for designing of barbs structure. Preliminary 

study of the respective site location was performed with 

the use of Google Earth. Brief review of design criteria 

for designing barbs structure was followed by 

description of the study site and collection of field data 

for model validation. Site visit was performed to assess 

the effectiveness of existing barbs structures. 

Simulation cases with various sets of barbs with 

different number of barbs and different arrangements 

were defined. Face meshing with element size of 0.5m 

was performed prior to 2D hydraulic modeling of river 

flow using Fluent. The velocity field near the river bank 

for different cases was analyzed and compared to select 

a best case of barbs to effectively minimize the bank 

erosion. The data of gauge reading was collected from 

Pokhara Water Conservancy and Irrigation Project, 

Pokhara, Nepal. The velocity to be used in the model 

simulation was calculated from the discharge and 

cross-sectional area.  

Three location across the river are selected based on the 

vulnerability of flooding as depicted by the floodplain 

map of the study area for different return period [4]. 

With these proposed locations for barbs construction 

eight various cases are considered for the study. The 

cases comprise up of two arrangements i.e., double 

barbs (at spacing of 30m) and single barbs structure of 

two arrangements (at an angle of 30° to upstream and 

90° to the bank) each of 20m length and 2 m. Table II 

shows various cross-sections where barbs are 

considered to protect the bank erosion. 
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The limitation of this study is in using 2D model given 

that the flow fields around such structures are strongly 

three dimensional. 

 

 

TABLE II.  VARIOUS CASES OF BARBS STRUCTURE 

Cas

e 

No. 

Descriptio

n of Cases 

Dimensio

n of 

barbs 

(Width x 

Length) 

Orientatio

n of barbs 

Spacing of 

barbs 

(Spacing/Leng

th of 

structure=1.5) 

1 Single 

Barbs at 

A-A 

reach 

20mx2m at an 

angle 30˚ 

to 

upstream 

  

2 Double 
barbs at 

A-A 

reach 

20mx2m at an 
angle 30˚ 

to 

upstream 

30 m 

3 Single 

Barbs at 
A-A 

reach 

20m x 

2m 

at an 

angle 90˚ 
to 

upstream 

  

4 Double 

barbs at 

A-A 
reach 

20m x 

2m 

at an 

angle 90˚ 

to 
upstream 

30 m 

5 Single 

barbs  at 

B-B and 

C-C 
reaches 

20m x 

2m 

at an 

angle 30˚ 

to 

upstream 

  

6 Double 

barbs at 

B-B and 

C-C 
reaches 

20m x 

2m 

at an 

angle 30˚ 

to 

upstream 

30 m 

7 Single 

barbs at 

B-B and 
C-C 

reaches 

20m x 

2m 

at an 

angle 90˚ 

to 
upstream 

  

8 Double 

barbs at 

B-B and 
C-C 

reaches 

20m x 

2m 

at an 

angle 90˚ 

to 
upstream 

 30 m 

 

III. RESULTS AND CONCLUSION 

A. Results 

The two dimensional hydraulic model ANSYS Fluent 

was used to obtain the best alternative among different 

cases considered in terms of arrangement of barbs 

structure, alignment to the flow direction, number of 

barbs structure and spacing among the structures in 

case of double barbs structure. The model inputs are: 

the stream geometry, same roughness coefficient of 

0.5 in each case, flow velocity of 3 m/s. The flow 

velocity considered taken by rounding up the actual 

maximum velocity observed in past years was used to 

evaluate the overall performance of the barbs in 

controlling bank erosion. In performing the numerical 

simulations, the model was run with and without the 

barbs present but our main concern is with different 

cases with barbs present. The flow condition in the 

case of no-barbs Figure 2 was used as reference for 

comparison and to evaluate the barbs effect on the 

river reach. 

 

Figure 2 Base Case without barbs structure 

The flow velocity magnitude and streamline of velocity 

in case with single barb (20mx2m, 30° upstream) at A-

A as shown in Figure 3 and Figure 4 respectively shows 

that the velocity increases up to 6.5m/s maximum, 

downstream along the toe of the barbs structure and 

flow around the bank of the river around barbs structure 

substantially reduce to near zero. Compared with the 

base case the construction of barb structure at A-A the 

flow is confined towards the core of the river and flow 

velocity decreases at the bank of the river near the bank. 

 

 

Figure 3 Single barb (20mx2m, 30° upstream) 

 

Figure 4 Streamline Single barb (20mx2m, 30° upstream) 

In another case as shown in Figure 5 and Figure 6 with 

double barbs (20mx2m, at 30° upstream) at A-A with 

a space of 30m between them shows strange increase 

in velocity along the bank of the river downstream of 

second barb and obvious increase in flow velocity up 
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to a maximum of 7.8 m/s downstream away from the 

toe of the barbs structure towards the core of the river.  

 

Figure 5 Double barbs (20mx2m, at 30°upstream) 

 

Figure 6 Streamline Double barbs (20mx2m, at 30°upstream) 

The third case as shown in Figure 7 and Figure 8 with 

a single barb (20mx2m, 90° upstream) at A-A shows 

increase in flow velocity along the bank of the river  

and along the toe of barb (maximum velocity 8.4m/s), 

downstream of the barb structure.  

 

 

Figure 7 Single barb (20mx2m, 90° upstream)  

 

Figure 8 Streamline Single barb (20mx2m, 90° upstream)  

The flow velocity magnitude and streamline of 

velocity in case with double barbs (20mx2m, 90° 

upstream) at spacing of 30m in between at A-A as 

shown in Figure 9 and Figure 10 respectively shows 

that the velocity increases up to 7.81m/s, downstream 

along the toe of the barbs structure and flow around the 

bank of the river around barbs structure substantially 

reduce to zero. The velocity magnitude shows that 

there is strange increase in flow velocity along the 

bank of the river downstream of the barbs 

arrangement. Compared with the base case the 

construction of barb structure at A-A the flow is 

confined towards the core of the river and flow 

velocity decreases at the bank of the river near the 

bank. 

 

Figure 9 Double barbs (20mx2m, 90° upstream)  

 
Figure 10 Streamline Double barbs (20mx2m, 90° upstream) 

In another case as shown in Figure 11 and Figure 12 

with single barb (20mx2m, at 30° upstream) at B-B 

and C-C shows increase in flow velocity upto a 
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maximum of 10.3 m/s, downstream of the second barb 

away from its toe. Also there is a pattern of increase of 

flow velocity along the bank of the river downstream 

of each barb which is not desirable. The velocity 

streamline shows that the flow is absent in the areas 

where the velocity magnitude shows increase in the 

flow velocity along the bank downstream of the barbs. 

 

Figure 11 Single barb (20mx2m, 30° upstream)  

 

 
Figure 12 Streamline Single barb (20mx2m, 30° upstream) 

 

The flow velocity magnitude and streamline of 

velocity in case with double barbs (20mx2m, 30° 

upstream) at spacing of 30m in between at B-B and C-

C are shown in Figure 13 and Figure 14. The velocity 

magnitude shows that the velocity increases up to 

10.27 m/s, downstream away from the toe of the barbs 

structure at section C-C. The flow velocity around the 

bank of the river around barbs structure substantially 

reduces to zero but just downstream of second barb at 

each location the velocity increases significantly. 

 

 
Figure 13 Double barbs (20mx2m, 30° upstream) 

 
Figure 14 Streamline Double barbs (20mx2m, 30° upstream) 

 

The flow velocity magnitude and streamline of 

velocity in case with single barbs (20m x 2m, 

90°upstream) at B-B, C-C as shown in Figure 15 and 

Figure 16 respectively shows that the velocity 

increases up to 13.94 m/s downstream along the toe of 

the barbs structure at section C-C and the flow velocity 

at the bank of the river around barbs structure 

substantially reduce to zero. The velocity magnitude 

shows that there is increase in flow velocity along the 

bank of the river downstream of each barb location. 

 

 
Figure 15 Single barbs (20m x 2m, 90°upstream) 

 

 
Figure 16  Streamline Single barb (20m x 2m, 90° upstream) 

 

The flow velocity magnitude and streamline of 

velocity in case with double barbs (20mx2m, 90° 

upstream) at spacing of 30m in between at B-B and C-

C as shown in Figure 17 and Figure 18. The velocity 

magnitude shows that the velocity increases up to 

11.12 m/s at the bank away from the highway. The 

flow velocity around the bank of the river around barbs 

structure substantially reduces to zero but just 

downstream of second barb at B-B location the 
velocity increases significantly.  
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Figure 17 Double barbs (20m x 2m, 90° upstream) 

 

 
Figure 18 Streamline Double barbs (20m x 2m, 90° upstream) 

 

B. Conclusion 

A comparison of velocity magnitude and velocity 

streamline was done among all different cases 

considered for this project in turns. In the case without 

any barb structure the flow velocity along the bank of 

the river near section A-A is approximately 3.5m/s 

while in other cases with barbs structure the velocity 

in the same region is reduced near to 0 m/s. Among 

various cases the one with double barbs at an angle of 

90° in section B-B and C-C (Figure 4.17, Figure 4.18) 

shows significant reduction in flow velocity near the 

river bank along the highway. In conclusion, the 

simulation results show that, the construction of 

double barbs at sections B-B and C-C at an angle of 

90° to the upstream confine the flow towards the centre 

of the river and thereby induce bank stability 

effectively. 
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Abstract: Pervious pavement blocks are noteworthy 
concrete blocks that allow infiltration of storm water through 
the ground surface into the soil. Pervious pavement blocks are 
a recognized runoff-reducing substitute for normal pavements 
in development of sustainable parking areas, sidewalks, 
gardens. The cavities present in the previous pavement blocks 
allows water to percolate through it. The compressive strength 
of the pervious pavement block is lesser than that of the 
impervious pavement blocks due to the presence of voids. Also, 
the strength of plastic based pervious concrete is less than the 
strength of pervious concrete made using cement as plastic 
possesses less adhesive property than cement. The study deals 
on analysis of characteristic of waste plastic as binding 
material replacing cement in the manufacturing of pervious 
pavement blocks. High Density Polyethylene (HDPE) is used 
for the preparation of test specimens of plastic based pervious 
pavement blocks. Aggregate was heated up to 190oC. After 
attaining acquired temperature, recycled HDPE plastic chips is 
added together and constant mixing was done. Mix proportions 
of plastic were varied from 15% to 30% and aggregate from 
85% to 70% by weight with gradation of aggregate 4.75mm-
10mm. The standard size of cube (15cm*15cm*15cm) is used 
for the preparation of sample specimen. The optimum 
percentage of plastic is 23.8% for the compressive strength 
4.98N/mm2 with optimum porosity 14.5% for the gradation of 
aggregates 4.75mm-10mm.  

Keywords: HDPE, Pervious pavement block, Porosity, 
Compressive Strength 

I. INTRODUCTION 

Pervious pavement is an open graded structure with 
interconnected voids through which rain and storm water is 
permitted to percolate into the aquifer. Pervious pavement 
block with plastic as a binding material consists of 
aggregate and plastics. The urban places of the world are 
covered with impermeable surfaces like cement concrete 
due to the rapid urbanization, which has major impact on the 
ground water table. Pervious pavement is an effective way 
for the proper ground water recharge. Pervious pavement 
construction is an environment friendly method for the 
proper management of storm water. It can be used for lower 
traffic roads, shoulders, sidewalks and parking areas [1]. 
The use of pervious pavement block may reduce flooding 
risk, recharge ground water, reduce storm water runoff, 
reduce noise when in contact with vehicle tires and prevent 

glare and skidding during rainy seasons by allowing water 
to infiltrate freely through its pores [2].  The research on 
pervious pavement materials has been in developed 
countries such as USA and Japan since 1980’s by 
considering all strategies to reduce the effect of urbanization 
on ground water. The absence of fine aggregate in pervious 
pavement helps in increasing the voids, water can pass 
through these voids and reaches to ground level [3]. 

The grading of aggregate used in pervious pavement is 
generally between 4.75mm to 20mm or sometimes even a 
single sized coarse aggregate is used. Larger size of 
aggregate would yield more porosity but would give the 
surface a very jagged look and   less compressive strength 
[4]. The aggregate size of 4.75mm-10mm is optimum for 
the design of pervious pavement block in Nepal [5]. The 
mix proportion with aggregate size (4.75-10 mm) gives 
better strength compared to (10-20 mm) & (4.75-20mm) [6]. 
The compressive strength of the pervious pavement ranges 
from 3-28 MPa , porosity 15 - 35 % with  density 1600-
2000 kg/m3 [7]. When compared to conventional concrete 
pavement block, pervious plastic pavement block   has a 
lower compressive strength, greater permeability, and a 
lower unit weight [8]. Compressive strength of the pervious 
pavement block is inversely proportional to the porosity. 
Higher the value of the porosity of the pavement block, 
lower is the compressive strength [9]. 

The effect of plastic waste as light aggregates on 
physical properties of mortar   has showed that the flow 
ability and thermal conductivity of the mortar are improved 
[10]. The plastic waste tiles have values of porosity that are 
relatively low, which makes them practically impervious in 
opposition to micro-concrete tiles and porosity is less than 
1% [11]. The adhesive properties  of the high density 
polyethylene (HDPE) is more than the other types of 
plastics and  has more water resisting capacity[12].HDPE is 
one of the fastest growing waste is the environment even 
though it is recyclable. Recycling is one of the best fields in 
doing innovation in the industry. Recyclable HDPE is one of 
the major plastic to recycle. To overcome the disposal 
problem, we need to reuse the HDPE for the environmental, 
human and animal safety purpose [13]. Number of studies 
has been performed on the reuse of plastic waste in 
concrete; they were almost based on the use of plastics as a 
part of aggregates. In this context, the idea is to reuse plastic 
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waste as a binder instead of cement in the manufacture of 
plastic based pervious pavement blocks. 

II. MATERIALS AND METHODOLOGY 

A. Materials 

Recycled HDPE type plastic was used as binding 
material in the plastic based pervious concrete mixes. HDPE 
has melting point 110oC to 140oC (specific gravity 0.9 – 1). 
Aggregate size of 4.75mm to 10mm (Specific gravity 2.7) 
was used as single graded aggregate [14]. 

 
Fig.  1. Sample specimen of recyclable HDPE plastics 

B. Mix Proportions 

For the plastic as a binding material in plastic based 
pervious concrete, there is no specific standard of mix 
proportions. The proportions of sand varying from 50% to 
80% by weight in plastic are adopted in the preparation of 
tile and 60% proportion gave the best result [11]. Therefore, 
for the preparation of pervious concrete, proportions of 
plastic is varied from 15% to 30% by weight. Mix 
proportions are given in the “TABLE I”.  

TABLE I. MIXED PROPORTIONS 

Mix type Plastic (%) Aggregate (%) 

A 15 85 

B 20 80 

C 30 70 

 

C. Preparation of Specimens 

Aggregate was heated up to 190oC. After attaining 
acquired temperature, recycled HDPE plastic chips were 
added in aggregate and constant mixing was done. After 
adding plastic, constant temperature of about 160oC was 
maintained while mixing. Thoroughly mixed plastic based 
pervious concrete was then placed in mold in three equal 
layers (5cm) and compacted. Compacted specimen in the 
mold was then left for cooling. 

 
Fig.  2. Heating of aggregates up to 190 o C 

D. Testing of Specimens 

Compressive Strength and Porosity of the plastic based 
pervious concrete were determined using the cubic 
specimen. Setting time of plastic is dependent on 
temperature decreasing rate of casted specimen and it sets 
completely at room temperature. Therefore, curing is not 
required for the concrete specimen and compressive strength 
testing can be done after specimen reaching to room 
temperature. Compressive strength test was carried out 
according to [15] .Nine numbers of cubes were prepared, 
three cubes for each mix type. 

    
Fig.  3. Compressive strength test 

Porosity is the ratio of volume of void to volume of 
solid. Permeability is proportional to the porosity [16]. 
Porosity of plastic based pervious concrete is determined 
following the following procedures: 

 Place the specimen in container and fill the 
container with water submerging the specimen  

 After approximately 5 minutes, mark the water level 
in container 

 Remove the specimen from container and hold it in 
the air for certain time and allow water of specimen 
to drop in container 

 Weigh the container with water (W1) 
 Add water in container to the marked level and 

again take weight(W2) 

Porosity is determined using following equation: 

                        Porosity = ((V-Vs)/Vs.)*100                       (1) 

                              Vs. = ((W2 – W1)/pw)                             (2) 

Where: 

V - Volume of specimen (m3) 

Vs. - Volume of solid in the specimen (m3) 

Pw - Density of water (1000kg/m3) 
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III. RESULT AND DISCUSSION 

A. Porosity of Plastic Based Pervious Concrete Cube 
Specimens 

The porosity of the plastic based pervious concrete 
decreases as the percentage of plastic increases in the cube. 
The increase in the percentage of plastic increases the 
proper bonding between the aggregates and hence decreases 
the voids. Porosity of the plastic based pervious concrete 
blocks varies from 22.45% to 12.11% when the percentage 
of plastic varies from 15% to 30%.In the plastic based 
pervious concrete, plastic as binding material, the porosity is 
16.8% when percentage of plastic is 20%by weight and the 
gradation of aggregate is 4.75mm-10mm. In the cement 
based pervious concrete, the porosity is determined to be 
20.65% when the gradation of aggregate is 4.75mm-10mm 
with water cement ratio 0.5 and aggregate to cement ratio 
equal to 4:1[5].The porosity obtained for different 
proportion of mix of aggregate and plastic are obtained as 
shown in the “Table II” and “Fig.4”. 

TABLE II. POROSITY OF TEST SPECIMENS 

Mix Type Plastic (%) Aggregate (%) Porosity (%) 

A 15 85 22.45 
B 20 80 16.8 
C 30 70 12.11 

 

 

Fig.  4. Porosity vs. Percentage of plastic  

B. Compressive strength of Plastic Based Pervious 
Concrete Cube Specimen 

The compressive strength of 15cm×15cm×15cm cubic 
samples of plastic based pervious concrete is tested for three 
mixed proportions of aggregate and plastic by weight with 
the gradation of aggregate 4.75mm-10mm. The compressive 
strength of the plastic based pervious concrete increases as 
the percentage of plastic increases. The compressive 
strength of the plastic based pervious concrete varies from 
2.03% to 7.07% when the proportion of plastic varies from 
15% to 30% by weight. The smaller sized aggregate gives 
higher compressive strength due to the dense packing of 
aggregates [18]. However, in the plastic based pervious 
concrete, coarse aggregate (4.75mm-10mm) is used so that 
the compressive strength is low due to the lack of dense 
packing of aggregates in the plastic based pervious concrete 
blocks. In addition, it is difficult to get the high strength in 
the previous concrete because of high voids content in the 
concrete. The presence of voids acts as weaknesses in 

cement matrix and produces crack formation, which leads to 
the low compressive strength in the previous concrete [17]. 
The compressive strength determined for the different 
mixed proportions of aggregate and plastic by weight are as 
shown in the “Table III” and “Fig.5”. 

TABLE III. COMPRESSIVE STRENGTH OF TEST SPECIMENS 

Mix Type Plastic (%) Aggregate 
(%) 

Compressive 
Strength(N/mm2) 

A 15 85 2.03 

B 20 80 3.4 

C 30 70 7.07 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  5. Compressive Strength vs. Percentage of plastic 

C. Porosity VS Compressive strength of Plastic Based 
Pervious Concrete Cube Specimen 

The “Fig.6”, shows that the porosity of plastic based 
pervious concrete decreases with increase in the percentage 
of plastic as the increase in the percentage of plastic reduces 
the voids in the blocks. In addition, the compressive strength 
increases with decrease in the voids of the blocks.  Thus, the 
study showed that both compressive strength and void ratio 
should be considered during the mix proportion of plastic 
and aggregates. The optimum percentage of plastic is 23.8% 
for the compressive strength 4.98N/mm2 with optimum 
porosity 14.5% for the gradation of aggregates 4.75mm-
10mm. 

  
Fig.  6. Porosity VS compressive Strength 
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IV. CONCLUSIONS 

Based on the limited test results provided in this paper, 
the following conclusions can be drawn. 

 The optimum percentage of plastic is 23.8% for the 
compressive strength 4.98N/mm2 with optimum 
porosity 14.5% for the gradation of aggregates 
4.75mm-10mm. 

 The compressive strength of the plastic based 
pervious concrete depends upon the aggregate size 
and the mixed proportions of aggregate and plastic 
by weight. 

 Size of aggregate used in the Plastic based pervious 
concrete mix has an indirect relation with 
compressive strength. Smaller sized aggregate 
showed higher compressive strength compared to 
large sized aggregates due to dense packing of 
aggregates. Larger sized aggregates give higher 
porosity due to the presence of void.  

 Increase in the percentage of plastic by weight in the 
plastic based pervious concrete increases the proper 
bonding between the aggregates by decreasing the 
voids. Hence, the compressive strength is found to be 
higher for the larger proportion of plastic by weight. 

 Plastic based pervious concrete can be an ideal 
solution to control storm water, re-charging of 
ground water by the proper management of 
recyclable HDPE plastics. 
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Abstract— The percentage of the population 

remaining to get connected to electricity has decreased 

from 35 % to 4.5 % in this decade. However, 1.3 million 

out of 29 million Nepal’s population still need to be 

connected to an electricity supply. As most of this 

population lives in Karnali State, exploitation of 

renewable energy needs serious attention in this region 

as other energy sources are expensive and beyond reach. 

Choosing a suitable renewable energy technology that is 

economically feasible and environmentally acceptable is 

a topic of interest among researchers. Using one of the 

Decision Support systems helps in making easier choice 

for policy makers and government levels. In this case the 

research here-within evaluates among three renewable 

energy options, i.e., Micro-hydro, Solar Power and Wind 

power. The research shows that Micro-hydro would be 

best suited option in case of Jumla.   

Keywords—AHP, renewable energy, decision making,  

I. INTRODUCTION (HEADING 1) 

In a decade timeframe Nepal has seen dramatic and 

staggering slip in the total number of people who are 

yet to get connected to electricity. 10 years back more 

than 10 million people were living without 

electricity[1]. But now this number has decreased to 1.3 

million. Nevertheless, there are still roughly 4.5% 

population in Nepal without electricity[2]. Though the 

country has scaled up its transmission line and 

production capacity with huge hydropower under 

construction, the remaining 4.5% are yet to get 

connected which will still take more than a decade 

time[3]. This is mainly because of two reasons. The 

first being accessibility and second being ineffective 

policy structure[4-6].   

With all the above ordeal we do have a humongous task 

ahead us as a country in solving energy demand. Before 

the National grid reaches, we do have a challenge to 

fulfill the energy demand for that fraction of time. In 

this case, we have option to ponder upon based on 

available renewable energy. But the task is often 

tormented with difficulty in identifying the right source 

of energy. In this research we will try to solve this 

difficulty with use of decision tools in our display.  For 

our research we will select one of a district within 

Nepal with highest energy deficiency. Further we will 

explore the notion on which renewable energy source 

will be best to solve the issue of energy demand. This 

is as per the evaluation of best renewable energy 

source.  

For the purpose of research, we have taken a district 

called Jumla situated in Karnali state within Nepal. 

Rationale behind the selection of Jumla will be 

elaborated in the research process and justification 

section.  Our main goal/objective in this research is to 

identify the main criteria upon which the evaluation of 

renewable energy will be dependent based on literature 

review for Jumla Nepal and select the best decision tool 

for the decision-making task. Moreover, carry out the 

data collection, data analysis and interpretation for the 

research and Finally, point out the findings and its 

future implication for further research is also the main 

goal of this research.   

II. LITREATURE REVIEW 

Choosing a suitable renewable energy technology that 

is economically feasible and environmentally 

acceptable is a topic of interest among researchers 

working in this field because of the availability of 

different kinds of renewable energy sources in the 

region [2]. Researchers have argued that renewable 

energy technologies such as micro and mini 

hydropower, solar, and wind are not only technically 

feasible and financially viable solutions but also 

suitable energy sources for rural and remote areas in 

developing countries like Nepal[7]. The literature 

review was carried out to explore the factors/alternative 

pertaining to our research. Mainly to find main criteria 

upon which the evaluation of renewable energy will be 

dependent we have identified four research papers.   

 

The first paper is recent one published in 2020. In this 

research the study is based on Jumla and it exactly 

aligns with the scope of our study on identifying the 

best energy sources. The research carried outlines three 

available and possible renewable energy sources in 
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Jumla, i.e. Micro Hydro, solar power and wind power. 

But it does not make use of decision-making tool nor 

explores broadly in the identification of right energy 

sources. The paper is focused on exploring wind energy 

generation and it briefly states which all energy sources 

meets the demand of Jumla  [2]. The technical as well 

as economic aspects are the main criteria upon which 

other sub-criteria are laid out.   

In this paper authors used Fuzzy Analytic Hierarchy 

Process (AHP) to prioritize investment planning of 

renewable power plants in Turkey and five different 

kinds of power plants under the visual pollution criteria 

based on amount of CO2 emission released, 

environmental damage, capital costs, space 

requirement and provided employment were 

evaluated[8].  

The second paper studied was from Libya. The authors 

used AHP, a decision tool to select an appropriate 

power generation technology. This paper presents the 

idea of determination of these parameters, which 

influence the selection of power generation technology 

in particular for developing countries. The paper 

identifies four main criteria that is economic, 

environmental, technical and social. A sub-criteria are 

also included to support decision making process. The 

performances of six technologies of a power generation 

are evaluated by Analytic Hierarchy Process (AHP) 

using expert choice software and the best technology is 

selected. Particularly out of all the six technologies 

solar power generation is the found to be best 

technology. Further, as per the sensitivity analysis, it 

was found that the best alternative is not sensitive to a 

change in the weights estimated by the AHP[9].  

The third paper studied was based on rural areas in the 

Caribbean region of Colombia. In this research 

decision-making in energy planning is approached as a 

problem of multi criteria decision analysis in which 

different types of factors are seen to be involved. The 

selection aspects is based on the increasing complexity 

of five factors. The first is social factor, secondly the 

technological factor, thirdly environmental factor, then 

comes economic factor, and finally risk factors. This 

paper uses the analytic hierarchy process (AHP). The 

research is based on the participation of experts. Total 

of 5 criteria along with 20 sub-criteria, and 4 

alternatives. [10].   

Any decision problem to be chosen as Multi-criteria 

should possess following nature:  

-There should be goal/decision to be achieved from the 

decision problem   

-The decision makers should have opinions and 

preferences pertaining to decision problem.  

-The opinions/preferences should be based on multiple 

criteria  

-The Multiple criteria can be either subjective or 

objective in nature  

-Further, there should be decision alternative 

associated to each Multiple criterion                              

 

The reason for selecting the Analytical Hierarchical 

Process (AHP) is because no research has conducted 

yet on topic based on AHP for evaluation of energy 

source in Jumla, Nepal and this will be first step on 

recognizing the power of decision-making tool that 

will eventually help in better policy making as well as 

investment outlook.  

III. METHODOLOGY 

For the site location, we have chosen Tila village of 

Jumla which is at elevation of 2718 meters, at 29.275-

degree latitude and 82.184-degree longitude in Nepal 

as shown in Fig.1. The topography of Tila village is 

extremely varied, with a maximum change of 

elevation of 1000 meters. Moreover, within a range of 

16 km, the elevation varies about 2464 meters, and 

within a range of 80 km, the difference is about 6302 

meters. The village is covered mostly by cropland, 

trees, and grassland. Tila village has a total of 2626 

households with 13,607 inhabitants who are mostly 

poor [11]. The electricity they currently receive from 

a micro hydro system is subsidized by the government 

but the villagers face load shedding of several hours 

every day. To alleviate this problem, they have rooftop 

solar power installed, but during the winter season 

when there is less daylight solar power is unreliable. 

Similarly, the micro hydro system is dependent on the 

snowy and rainy seasons.  

  

During those seasons, the canal experiences blockages 

and piping systems need significant maintenance. This 

is an opportunity for the government to invest in other 

renewable resources. So technically there are currently 

three renewable energy for Tila village, i.e., Micro-

hydro, Solar power, and wind power.   

  

The literature review, particularly three research 

reviewed pointed the AHP method to suit our purpose 

[8-10]. AHP which is Analytical Hierarchical Process 

is a decision-making tool used to solve problems with 

multiple criteria. In this method a hierarchy is 

performed. The problem to be solved is located at the 

top followed by intermediate level in which basis of 

decision-making is laid out. Further, the solution 

alternative is presented at the base. The steps we 

follow are as follows:  

A. Problem hierarchy 

The goal is located at the top-level. This is followed 
by the criteria in the second level. The criteria are 
further divided into sub-criteria based on the detail. The 
criteria allow decision maker to set preferences as per 
the attributes. Finally, the last level constituents all the 
alternatives, which are the possible solutions. This 
finally leads to making the final decision.  
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B. Set priorities for criteria  

The preferences of the decision makers are based on 

numerical value which is assigned to all criteria. The 

numerical value and its scale were developed by Saaty 

(2008). The scale is presented in Table below. The 

effectiveness has been validated by numerous 

researchers.  

TABLE I. PAIRWISE COMPARISON MATRIX USING 

SCALE OF RELATIVE IMPORTANCE  

  1  Equal importance    

  3  Moderate importance    

  5  Strong importance    

  7  Very strong importance    

  9  Extreme importance    

  2,4,6,8  Intermediate values    

  1/2,1/5,1/7,1/9  Values for Inverse comparison  

C. Verify the consistency of the judgments 

The verification of the consistency is made using 
Consistency index. This is mathematically defined as  

                    CI = (λ max−n)/(n−1)                      (1) 

To verify the CI values, a comparison is made with 
the random consistency index (RI). This parameter is 
defined as an average of the CIs of a large set of 
matrices with random inputs[12]. In addition, Saaty 

defines the consistency ratio (CR) = CI/RI. If CR ≤ 

0.1, then the results are consistent. When CR > 0.1, the 
data are inconsistent and therefore the decision maker 
judgments must be reviewed. 

D. Define priorities for sub-criteria 

The priority for sub-criteria is important to establish. 
For this, paired comparisons must be made to establish 
the importance with respect to the higher level, i.e., 
criteria. 

E. Define priorities for alternatives.   

In this case, we compare between the alternatives 
outlined. For this, preferences among alternative is 
established in respect to the criteria and the sub-criteria 
that have been presented.  

In our research we would do the above-mentioned steps 
in one of the educational purposed software called 
“Expert Choice”. Further software’s data would be 
analyzed in Data Analysis section here-within the 
report.  In the case that sub-criteria have been defined 
in the decision problem, it is necessary to proceed as in 
step 3. For this purpose, the paired comparisons must 
be made in order to establish the importance of the sub-
criteria with respect to the higher level. 

IV. RESULT AND DISCUSSION 

In our case, decision problem is evaluating best 
renewable energy source in Jumla, Nepal. We have 
identified 3 different preferences pertaining to decision 
problem. Further, we have outlined 7 criteria based on 
the literature review for evaluation of best renewable 

energy source. In our case, first three criteria, i.e., 
efficiency, capacity factor and capital investment are 
objective in nature whereas number of civil 
components, time for construction, transportation and 
maintenance are subjective in nature depending on 
location, climate and requirement.  As shown in 
hierarchical structure decision alternative associated to 
each criteria are Micro Hydro, Solar Power and Wind 
Power. Since the decision problem selected possess all 
the above requirements which is inferred from the para 
above we can say the decision problem is Multi-criteria 
in nature.  

1) Efficiency  

The efficiency of a wind turbine is about 50% and the 

overall distributed wind energy system has an 

efficiency range from 32% to 50% [13]. The efficiency 

of a distributed wind source is between the solar and 

micro hydro systems. The most efficient solar panels on 

the market today have efficiency ratings as high as 

22.8%, whereas most panels range from 15% to 17% 

efficiency rating[14]. The battery of the solar system 

has the efficiency of about 70-90 % and the overall solar 

PV system has the efficiency of 15 %[15] [16]. With 

50-60% efficiency, the micro hydro system has a higher 

efficiency than wind and solar systems. 

  

2) Capacity Factor  

The capacity factor is the amount of energy produced 

by a system divided by what it could produce if it 

functioned at peak capacity all the time. Wind, hydro, 

and solar capacity factors tend to vary with location and 

seasons since they depend on the speed of the wind, 

flow of water, and sunlight. According to the U.S. 

Energy Information Administration data provided in 

2016, the wind energy system has a capacity factor of 

34.7% whereas the hydropower system has 38%. The 

solar PV system has a capacity factor of 10-20 % [2].  

 

3) Capital Investment  

Looking at the capital investment in the wind, micro 

hydro, and solar power, we find that distributed wind 

energy systems need more investment than the other 

two. The micro hydro system requires about $2500/kW 

to $5500/kW whereas wind energy system requires 

about $3000/kW to $7200/kW[17] [2]. The community 

usually participates in the construction of a micro hydro 

system, and the capital cost of the project is reduced, 

but for the distributed wind energy system, there is not 

much cost that can be reduced by community 

participation. Thus, the distributed wind energy system 

is less economical than the micro hydropower system. 

The cost of installation of the solar PV system is around 

$2000 to $4000 per kW.  

 

4) Number of Civil components  

Many components of a wind energy system are less 

robust than those of a hydropower system. On the other 

hand, the hydropower system consists of more civil 

components than the wind power system. The only civil 

components in the wind power system are the 
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foundation and the tower while in the micro 

hydropower system, there are many civil components 

such as a weir structure, reservoir, canal, desilting 

basin, intake, machine foundation for the turbine and 

generator, etc. The third type of the alternative energy 

sources has few civil components. In case of solar 

power, we need small foundation that is easily 

extractable whenever it’s required. So, comparing all 

the three energy sources micro-hydro has the highest 

number of civil components. This is followed by wind 

power with comparatively less civil components. 

Finally followed by solar power will lowest number of 

civil components.   

 

5) Time for construction  

In respect to the number of civil components as 

mentioned above, time of construction for micro-hydro 

will take the longest. As the civil components such as a 

weir structure, reservoir, canal, desilting basin, intake, 

machine foundation for the turbine and generator, etc. 

takes more than a year time for construction. Similarly, 

for wind power it takes time of six months and above. 

Whereas, for solar power it is more of assembling the 

parts pertaining the lesser time. So, time for 

construction is highest for micro-hydro, low for solar 

power and medium for wind power.   

6) Transportation of components  

The hilly and winding roads to Jumla make 

transportation of large wind turbine blades challenging. 

This brings a challenge for transportation especially for 

wind power installation. In case of other two energy 

sources, we have more challenges in transportation for 

micro hydropower with the turbines being difficult to 

move around the sharp turns and small roads. In case of 

solar power, the components can be segregated in 

number of parts and it can be taken to destined place 

even using mules. Thus, in respect of energy sources 

transportation is considered somewhat easier in case of 

solar power, followed by micro-hydro and difficult in 

case of wind power.   

7) Maintenance  

There are fewer maintenance problems in the wind 

energy system than in the micro hydropower system. If 

we observe current scenario in Jumla, people face 

power cuts in the rainy season, and there are also other 

power outages arising from failure of different civil 

components of the micro-hydro system. Whereas the 

solar panel does not need much maintenance. 

Nevertheless, in the solar PV system there is a huge cost 

associated with frequent battery replacement. So, in 

regards of the preference we make in maintenance, we 

can infer the fact that there is more maintenance issue 

in micro hydro and wind power followed by solar 

power. Solar power is kind of expensive due to its 

frequent battery replacement issue.   

 

Fig. 1. A hierarchical structure 

 
A hierarchical structure with a goal at the top level, the 
attributes at the second level and the alternatives at the 
third level is constructed as figure 1. The expert choice  

software was used for the data analysis, i.e., executing 
AHP. The pairwise comparison was done as as shown 
in figure 2.   

 

 

 

 

 
Fig. 2.    Compare the relative importance with respect to goal
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Fig. 3.  Result in expert choice software

As shown in the figure 3, the generated result by the 

expert choice software, the micro-hydro is best 

alternative with highest score of 0.367 among solar 

power with 0.337 and wind power of 0.296 score. 

V. CONCLUSION 

As per the AHP examined with the reference of 

Literature review we find that Micro-hydro best suits 

in our case. This is followed by Solar Power and Wind 

power. The sub-criteria highest priority is achieved for 

efficiency and lowest priority is found to be for 

Transportation components The CR for all the inputs 

made is less than 0.1. This assures that there is no 

inconsistency as per the research entails. 

 

The sub-criteria traced for this research can be further 

sub categorized in other criteria such as Economic 

aspects, technical aspects, social aspects, 

environmental aspects, and risk aspects. The results 

wherein we found Micro-hydro as most suitable in our 

case will help policy makers as well as local.  

Government to make new changes for specific region. 

Further the use of ANP and fuzzy logic can be done to 

re-evaluate the findings made in this research. This 

will help further to quantify the results and its use.  
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I. INTRODUCTION  

A. Background 

Headwater streams are small and numerous 
capillaries of stream networks and comprise a major 
portion of aquatic ecosystems [1]. Headwaters are 
defined as a watercourse within the first 2.5 km of its 
furthest source, occurring over a range of climate, 
geology, hydrology, and biogeographical settings [2]. 
In contrast to down-stream reaches, headwater 
streams are characterized by their close interactions 
with the hill slopes processes, more spatiotemporal 
variation, and their extra need for different means of 
protection from land use [3]. Headwaters streams are 
necessary for understanding and protecting 
downstream ecosystems as they are inextricably 
linked. Also, the growing pressures on aquatic 
resources have made the resources more vulnerable to 
depletion, so understanding regarding the drivers of 
headwater flow must be improved to facilitate wise 
land and water management decisions. 
 
In the Kathmandu Valley (Valley), headwaters are 
mostly present in the outskirts of the developed areas 
and are near natural land uses. These streams serve as 
the major sources of water for both domestic and 
irrigation purposes in the Valley. These streams 
influence the water-quality and streamflow conditions 
of downstream waters [4]. These streams are 
generally clean, free from pollution, and require no 
special treatment for a specific use. Thus, if these 
streams are wisely handled and protected from 
overexploitation and pollution, it can serve as an 
excellent source of drinking water. However, these 
streams are often neglected, excluded from 
conservation programs, and ignored in many 
integrated water resources management plans in the 
Valley.  

Abstract—Headwater streams are the capillaries of 
streams networks, that are generally present in the 
outskirts of developed areas and are near natural land 
uses in the Kathmandu Valley (Valley). Headwaters are 
generally clean and pure, thus Kathmandu Upatyaka 
Khanepani Limited (KUKL) has been tapping 
headwater streams and springs and is supplying fresh 
water to the entire Valley’s population. The rapid 
population growth coupled with unplanned urban 
sprawl has resulted in the channelization, diversion, 
pollution, and at worst scenario complete destruction of 
these streams. Therefore, the baseline data regarding 
streamflow alteration is crucial for the better 
management/protection of the streams. The present 
study intends to understand the spatio-temporal 
variability of streamflow in the headwaters of the Valley 
and determine the influence of rainfall on streamflow. 
For this study, 14 different sites from the headwaters of 
the Valley were selected. United States Geological 
Survey mid-section method for discharge measurements 
was performed with a SonTek FlowTracker Acoustic 
Doppler Velocimeter for the period of two years (2018-
2019) and all the data were recorded using an android 
application called Open Data Kit (ODK) Collect. The 
rainfall data from the 18 different rainfall stations of 
the Valley for the same period was obtained from the 
Department of Hydrology and Meteorology (DHM). In 
order to accomplish the objectives, the data collected 
were subjected to GIS-based analysis. The results 
showed that streamflow ranges from 0.00079 to 4.4487 
m3/s and almost identical trends were observed in both 
years. The correlation between streamflow and rainfall 
was moderately positive i.e, 0.4044. Furthermore, in the 
northern and eastern parts of the Valley, both the 
rainfall and streamflow were comparatively higher. The 
results of this study might provide valuable insights 
regarding the present scenario of headwaters of the 
Valley.   
 
Keywords—headwater streams, streamflow, and rainfall 
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Abrupt population growth, unmanaged urban sprawl, 
and assorted anthropogenic deeds have led to 
immense degradation of these freshwater streams. 
Additionally, most of the headwaters are tapped to 
meet the growing freshwater demands of the 
downstream population, which has tremendously 
stressed these freshwater resources. As a result, the 
channelization, diversion, depletion, and 
contamination of these streams are widely prevalent 
in the Valley. In order to conserve, manage, and 
protect these streams from these detrimental impacts, 
the collection of hydrological data is the initial step. 
And, it is vital to comprehend the spatial-temporal 
patterns in streamflow conditions of these streams. 
 
Streamflow is an indicator variable that can provide 
information on long-term hydroclimatic changes by 
representing an integrated response to catchment 
variability and spatial fluctuation of main 
hydrological processes such as precipitation, 
infiltration, and evapotranspiration, etc. [5]. 
Streamflow is linked with almost all the processes of 
streams and its knowledge will support the proper 
water supply management, flood control, pollution 
control, engineering design, water quality conditions, 
and trend monitoring, and many more [6]. Rainfall is 
often considered as a primary driver influencing the 
streamflow conditions. The proper understanding of 
interlinkage between rainfall and streamflow is 
crucial for effective water resource planning, 
designing, and management [7]. However, there is a 
wide knowledge gap regarding streamflow and 
research concerning streamflow and rainfall is also 
quite scarce in the context of the Valley.  
 
Hence, the present study attempts to demonstrate the 
spatiotemporal variation of the streamflow and 
rainfall, and their interrelationship to better 
understand, conserve, and manage the headwater 
streams of the Valley.  

 

II. MATERIAL AND METHOD 

A. Study Area  

Kathmandu Valley is a small, roughly circular 
intermontane basin situated in the middle of the lesser 
Himalayas at an altitude of 1,350 m, occupying about 
525 km2 [8]. The Valley is principally drained by the 
Bagmati river, whose headwater streams start at the 
springs on the Southeastern slopes of Shivapuri 
National Park [9]. The Bagmati River is fed by nine 
other perennial tributaries before exiting from the 
southwestern edge of the Valley. The Valley is 
characterized by an annual average rainfall of 1,621 
mm and the mean annual temperature is 20°C. More 
than 80% of the annual rainfall occurs from June to 
September. The north-western part of the Valley 
receives the highest amount of rainfall, whereas the 
southern part gets least amount of rainfall [10]. The 

monsoon season is followed by post-monsoon 
(October to November), winter (December to 
February), and pre-monsoon (March to May). 

B. Data collection 

In this study, we took the streamflow measurements 
of the Bagmati River and its eight major tributaries 
(Hanumante, Manohara, Dhobi, Bishnumati, Balkhu, 
Nakkhu, Kodkhu, and Godawari Khola). United 
States Geological Survey mid-section method 
streamflow measurements were performed with a 
SonTek FlowTracker Acoustic Doppler Velocimeter. 
All the data were recorded using an android 
application called Open Data Kit (ODK) Collect. The 
daily rainfall data from 18 rainfall stations of the 
Valley was acquired from the Department of 
Hydrology and Metrology, Nepal (DHM) for a period 
of monsoon season of 2018 and 2019. 
 
C. Data analysis 

The monthly streamflow data collected from the 
headwaters of the Valley for the period of 2018 and 
2019 from the ODK platform was quality controlled. 
The monthly streamflow data was interpreted 
graphically using Microsoft office Excel 2019 and R 
studio to understand the temporal fluctuation. The 
average monsoonal streamflow in the headwater 
streamflow sites was calculated and was represented 
in a spatial map using Quantum Geographic 
Information System (QGIS) to understand the spatial 
variation of the monsoonal streamflow in the 
headwaters of the Valley. The cumulative rainfall 
(mm) was calculated from the daily rainfall data 
collected from 18 DHM rainfall stations of the 
Valley. Subsequently, the cumulative monsoonal 
rainfall was interpolated using Inverse Distance 
Weighted (IDW) technique in QGIS to understand 
the spatial variation of the rainfall in the monsoon 
season of two years. Furthermore, to assess the 
relation between the rainfall and streamflow in the 
headwater streams, a scatter plot was plotted. Also, 
correlation value was determined between them to 
better present the association between them. 

Fig. 1. Study area showing streamflow measurement sites and 
DHM rainfall station of the Valley 
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III. RESULTS AND DISCUSSIONS 

A. Spatio-temporal variation of the streamflow 

 

 
Fig. 2. Temporal variation of the streamflow variation in  the year 

2018 and 2019 

3/s.   Fig. 3. clearly illustrates that the 
streamflow was comparatively higher in the 
streamflow sites of Bagmati river (principal river of 
the Valley) than in the sites including Kodkhu, 
Balkhu, and Nagarkot which correspond to the lower 

catchment area. Although the trend in streamflow was 
almost similar in both years, the streamflow in 2018 
was higher compared to that of 2019 in most of the 
sites located in the northern part of the Kathmandu 
Valley watershed. 

B. Spatio-temporal variation of the rainfall in the 
Valley 

 

The spatio-temporal variation of the cumulative 
monsoon rainfall is shown in Fig. 4. The spatial map 
suggests that monsoon rainfall was much higher in 
the north-eastern part of the Valley (>1700 mm) than 
in the southern part of the Valley during both 
years.  Apart from that, monsoonal rainfall in the 
north-eastern part of the Valley was higher in 2018 
than in 2019. In contrast, the southern part of the 
Valley received comparatively more monsoonal 
rainfall in 2019 than in 2018. The monsoon rainfall in 
the valley is caused by a south-westerly wind from 
the Bay of Bengal, so the Valley's northern and 
eastern sections are windward, while the southern and 
western sections are leeward [11]. This may be the 
main explanation for the Valley's southern and 
western (leeward) parts receiving less monsoon rain 
than the northern and eastern (windward) parts.  

C. Relationship between the rainfall and streamflow 
in the Valley 

 

Streamflow is highly influenced by the rainfall as 
well as other factors such as snowmelt, river bed 
slope, hydro-climatology, sediment deposition, and 

Fig. 4. Spatio-temporal variation of the rainfall in the Valley 

Fig. 3. Spatial color-coded map showing the streamflow variation 
in the monsoon season 

Fig. 2. shows the temporal variation of streamflow of 
the headwaters of the Valley in 2018 and 2019. It was 
observed that streamflow increased with the onset of 
monsoon season, the maximum value was observed 
in September in 2019 while in 2018, the streamflow 
was maximum in July. Also, the streamflow 
gradually decreased after the end of the monsoon and 
it was quite low compared to monsoonal flow. 
Likewise, streamflow was highly influenced by the 
monsoonal rainfall in the Jhikhu Khola Watershed of 
Nepal [13]. Moreover, the streamflow increased 
during December in both years. It might be because 
of the influence of the winter rainfall resulting from 
the cold wind from the Siberian region. The trend in 
the streamflow of the headwaters was almost 
identical in all three years. The streamflow in the 
headwater streams was found to range from 0.00079 
to 4.4487 m

Fig. 5. Scatterplot showing the relationship between the rainfall 
and streamflow 
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IV. CONCLUSION 

An attempt was made to understand the spatial and 
temporal variation of streamflow of headwater 
streams of the Valley by performing United States 
Geological Survey mid-section method streamflow 
measurements by Sontek flow tracker and its linkage 
with the rainfall was also assessed. In this study, 
streamflow in the headwater streams of the Valley 
ranged from 0.00079 to 4.4487 m³/s in 2018 and 
2019. The trend in the streamflow was almost similar 
in both years. Also, this study found that the northern 
and eastern parts of the Valley receive higher rainfall 
while the southern and western parts of the valley 
received lower rainfall.  In addition, it can be inferred 
from this research that streamflow in the stream is 
positively influenced by monsoon rainfall, with a 
correlation value of 0.4044. The findings from this 
study may serve as an important frame of reference 
for similar studies in the future. 
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catchment area [12].  The rainfall was

 Fig. 5. clearly demonstrates  the 
relationship between the rainfall and streamflow in 
the headwaters of the Valley. Rainfall and streamflow 
was found to have moderate positive (0.4 <= r < 0.59) 
correlation i.e., 0.4044. The positive correlation 
indicates that as rainfall increases, streamflow in the 
stream tends to increase, and vice versa. 

 higher in the 
northern-eastern parts of the Valley as a result, the 
streamflow in the sites (BA01, BA02, BA03, BA04, 
MH01, DB01) in the streams of the northern and 
eastern part of the valley (Bagmati, Manohara, and 
Dhobi river) was also higher. Furthermore, the 
southern and western parts of the Valley received 
lower rainfall and in response to that, the streamflow 
in the sites (BK01 and KD01) of the streams (Balkhu, 
Kodkhu river)  in the southern and western part was 
also lower. Although the BM01 site of the 
Bishnumati river lies in the northern part of the 
Valley, the streamflow was low and in the NK01 site 
of the Nakkhu river in the southern part of the 
Valley,  the streamflow was higher. The contrasting 
streamflow characteristics in these two sites may be 
explained in terms of catchment area. 
area of the NK01 site is quite larger i.e., 41.93 sq. km 
while that of BM01 is quite small i.e., 2.366 sq. km 
hence it accounts for their respective high flow and 
low flow.

The catchment 
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Abstract—In the Kathmandu Valley, monsoonal 
rainfall is often regarded as an indispensable source of 
water that recharges streams, groundwater, lakes, and 
ponds. The rainfall amount is highly influenced by the 
topography and climate, so it varies both spatially and 
temporally. Along with the swift population growth and 
unplanned urbanization, the rainfall extremes also are 
inducing several hazards including floods that result in 
loss of lives and impedes socio-economic development. 
Therefore, rainfall monitoring is important to 
understand the spatial and temporal distribution of the 
rainfall to support wise water management decisions. In 
resource-constrained countries like Nepal, the citizen 
science approach can be a pertinent option to generate 
hydro-meteorological data. Hence, S4W-Nepal 
mobilizing Citizen Scientists (CS) to generate rainfall 
data with the help of a cost-effective S4W rain gauge 
and an android mobile application called ‘ODK 
Collect’. This study aims to determine the reliability of 
citizen scientists' rainfall data in comparison with the 
Department of Hydrology and Meteorology (DHM) 
rainfall data. The results showed that the average data 
error percentage of the CS was 13.32 %. The 
correlation between nine co-located stations was found 
to be strong (above 6), 4 co-located stations were 
moderate (between 0.4 - 0.59), and 2 co-located stations 
were weak (below 0.39). Only 2 out of 15 co-located 
stations were not statistically significant. The results 
show the potential application of the citizen science 
approach in data-scarce countries like Nepal. 

 

Keywords—Rainfall, Citizen Scientists, Kathmandu 
Valley  

I. INTRODUCTION  

Rainfall is an important climatic feature of the 
atmospheric cycle in the earth. Rainwater is the 
primary source of freshwater on the earth’s surface 
that plays a vital role in regulating terrestrial water 
systems such as rivers, lakes, groundwater, etc. 
Rainfall has been influencing the lives and livelihood 
of the population worldwide as less rainfall can lead to 
water scarcity and drought. In contrast, heavy rainfall 
can lead to numerous hazards including floods, 

landslides, loss of crops and livestock, etc. [15]. 
Therefore, understanding the spatial and temporal 
distribution of rainfall is critically essential to predict 
such rainfall extremes and prevent the associated 
impacts [10;11;14]. Moreover, it will support proper 
water resource management and planning, soil 
conservation planning, disaster risk management, 
drought forecasting, agricultural enhancement, 
hydropower plant, etc. [1,3].  

 
Nepal is generally regarded as a water-rich country as 
it receives annual average rainfall ranging from 1500 
to 2000 mm [4]. In addition, the country receives 80% 
of total annual rainfall during the monsoon season 
(mid-June to the end-September) [13]. However, 
people are facing severe problems, including the acute 
scarcity of potable water, due to the inability to 
manage the water resources.  During the monsoon 
season, different areas of Nepal face several water-
induced catastrophic events such as floods, landslides, 
GLOFs, etc., which threaten the lives and affect the 
infrastructure, crops, etc.  In order to address those 
issues, the initial step would be to measure the rainfall 
regularly.  
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However, there are many challenges in ground-based 
rainfall monitoring over space and time in developing 
countries like Nepal. The rainfall monitoring coverage 
and the reliability of the rainfall data (without missing 
data and accuracy) are vital for understanding the 
rainfall pattern [5]. In Nepal, there are more than 300 
rain gauges installed by the Department of Hydrology 
and meteorology (DHM), which mostly lie below 
3000 m [12,16]. Additionally, the density of the rain 
gauge network lacks adequate spatial representation in 
Nepal. The reasons behind it could be a lack of 
commitment to funding the hydro-meteorological rain 
gauge network, inadequate manpower in the specific 
area, etc. In such a case, citizen science approach for
 rainfall monitoring could be a promising approach 
to fulfill the data gaps. Mobilizing citizen scientists 
and using cost-effective rain gauges for rainfall 
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measurements can generate a good set of spatio-
temporal data [3]. On the other hand, the citizen 
science approach has connected the general public 
with the scientific professional and can increase the 
scientific understanding with their local resources [8]. 

 
Hence, Smartphones For Water Nepal (S4W-Nepal) 
has been conducting Monsoon Expedition since 2017, 
leveraging citizen scientists, mobile technology, and 
young researchers. The campaign aims to generate 
spatial and temporal rainfall data to support wise 
water management decisions.  In 2019, the major 
focus was to collect quality data near the DHM 
rainfall station in order to compare S4W-Nepal and 
DHM s' rainfall data. Therefore, this study focuses on 
S4W-Nepal’s 2019 monsoon rainfall data to 
understand the reliability of the citizen science 
approach for rainfall monitoring in the Kathmandu 
Valley. 

II. OBJECTIVES 

A. Broad Objective 

B. Specific Objectives 

 To understand the spatial variation of the 
rainfall in the Valley (based on CS rainfall 
data). 

 To statistically compare the rainfall data of 
CS and the DHM. 

 To evaluate the performance of CS. 
 

III. MATERIAL AND METHOD 

A. Study Area 

 
Fig. 1. Study area map showing the DHM sites and 

CS sites in the Kathmandu Valley. 

The Valley is located in the Bagmati province of 
Nepal, which lies between 27°32′13″ - 27°49′10″N 
latitude and 85°11′31″ - 85°31′38″E longitude. The 
Valley comprises three districts; Kathmandu, 
Bhaktapur, and Lalitpur. It is bounded by the 
Kavrepalanchowk district in the east, Dhading and 

Nuwakot districts in the west, Sindhupalchowk district 
in the north, and Makwanpur district in the South. The 
Valley is a small intermontane basin, roughly 25 km 
in diameter and an approximate geographical area of 
587 km2 [2]. The Valley lies between 1300 to 1400 
m.a.s.l. in the central lower part and surrounded by 
hills ranging from 2000 to 2750m.a.s.l. in elevation 
[7]. Rainwater, groundwater, and streams are the 
predominant source of water in the Valley. The major 
rivers flowing in the Valley includes Bagmati, 
Hanumante, Dhobi, Bishnumati, Manohora, Nakhu, 
Kodku, and Balkhu Khola. The rate of in-migration 
and urbanization is rapidly increasing in the Valley as 
the area is an economic hub and the administrative 
center of Nepal [6].  
 
Rainfall Climatology 
Rainfall in Nepal varies from place to place due to 
topographical variation [9]. The seasons of Nepal are 
classified into pre-monsoon (March-May), monsoon 
(June-September), post-monsoon (October-
November), and winter (December-February). The 
monsoon in Nepal is characterized by a seasonal shift 
of wind flow from the southeast. In the Valley, the 
average annual rainfall is 1500 mm, out of which 80% 
falls during the monsoon season. The annual average 
temperature is 18 °C based on 21 years (1988–2008) 
of temperature records from Kathmandu Airport 
Station. 

B. Data Collection Method 

 
Fig. 2. S4W rain gauge. 

S4W-Nepal has been conducting an annual ‘Monsoon 
Expedition’ campaign from the month of May to 
September to collect the rainfall data by mobilizing 
enthusiastic CS from different places of the Valley. 
The CS use a cost-effective S4W rain gauge and an 
android mobile application ‘Open Data Kit (ODK) 
Collect’ to perform daily rainfall measurements. The 
S4W rain gauge is made of recycled clear plastic 
bottles (Coke or Fanta) of 2.15 liters having a uniform 
diameter of 100 mm, a concrete base, and a ruler with 
millimeter gradations. In the Monsoon Expedition 
2019, 118 CS were recruited, out of which 55 regular 

T
.

o know the reliability of rainfall measurements
  and S4W rain gauge  
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CS helped to generate a good set of spatial rainfall 
data from May to September in the Valley. 

C. Data Analysis 

a) CS Performance 
The total number of rainfall data per month of the 
individual CS was determined to know the regularity 
of the CS. The boxplot of the total number of 
measurements per CS in each month from May to 
September was generated. The rainfall data collected 
by the CS was quality controlled by comparing a 
photo of the rain gauge and the measurement value of 
the rainfall. 

  
The data error percentage of the total measurements 
was calculated based on the following formula: 

 
Data error %= NCMcs/TNMcs×100% 

 
where, NCMcs is the number of corrected 
measurements, and TNMcs represents the total 
number of measurements. 
 
Then, the total number of corrected data and total 
measurements of the CS per month was plotted to 
understand the error percentage of the total 
measurements. 
 

b) Distribution of Rainfall 
To understand the spatial rainfall variation of the 
Valley, a monthly mean normalized rainfall 
distribution map was prepared considering the data of 
28 regular CS by using Quantum Geological 
Information System (QGIS). The normalized rainfall 
value was obtained by dividing monthly rainfall from 
each station by the mean rainfall from all stations for 
the same month. 
 

c) Comparison of standard rain gauge 
 In order to know the reliability of the rainfall data 
collected by using the S4W-Nepal rain gauge, it was 
compared with the standard DHM gauge. The CS 
stations located near the DHM stations (i.e., co-
located stations) were chosen by generating Thiessen 
polygons in QGIS and identifying polygons with both 
a DHM gauge and a CS station. Then, 15 co-located 
stations resulting from this process were selected to 
directly compare with the standard DHM rain gauge 
in the Valley. Only overlapping data from May to 
September in 2019 were used for statistical 
comparison. The data of CS were correlated with the 
respective DHM stations based on the Pearson 
correlation coefficient method to determine their 
relationship. 

IV. RESULT AND DISCUSSION  

A. CS Performance 

During Monsoon Expedition 2019, the total number of 
CS recruited was 118. Meanwhile, the number of 
active CS who sent the rainfall measurement during 
the month of July was found to be highest (i.e., n= 93) 
and lowest during September (i.e n= 53) (Figure 
3).  There were 66 CS who took less than 5 rainfall 
measurements. The number of CS who took less than 
5 measurements decreased from May (n= 26) to 
September (n=5). Also, the CS took an average of 15 
measurements per month. 
 

 
Fig. 3. Boxplot showing number of CS rainfall observation per 

month. 

 

Fig. 4. Chart showing the total number of rainfall measurements 
per month and error percentages per month. 

The total number of measurements was highest during 
the mid-month of monsoon i.e July (n= 1550), and 
decreased throughout the monsoon until September 
(n= 815) (figure 4). Similarly, the data error 
percentage was maximum in August (error% = 
16.32%). In September, the number of measurements 
was comparatively less however the data error 
percentage was high. The average data error 
percentage of the CS was 13.32 %.  
 
The results suggest that there were a partial number of 
 CS who stopped sending rainfall measurements after
 some time. However, there were a significant number
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of CS who took regular rainfall measurements 
throughout the monsoon period. The reasons behind 
the motivation of the CS to take regular data might be 
the motivation factors -like weekly acknowledgment 
text, CS of the month, certificate of appreciation, 
follow-up calls, and data dissemination, etc. 
Moreover, follow-up calls to the CS in case of data 
error and irregularity seems to be the important 
motivating factor to increase the quality of data and 
data regularity. 
 

B. Distribution of Rainfall 

The data generated by CS show that rainfall was 
highest in the month of July (mean= 417.63 mm), 
followed by September (mean = 287.68) and August 
(mean = 250.44 mm) (Figure 5).  Heavy rainfall was 
observed in July in the Valley which triggered 
flooding in several rivers, adversely affecting the 
settlements near the river corridors [17]. In July, along 
with the heavy rainfall, the rainfall was evenly 
distributed on the Valley’s floor. The Northern and the 
eastern parts of the Valley were found to have higher 
cumulative rainfall in the monsoon compared to the 
western and the southern parts. 

 
Fig. 5. Map showing mean monthly normalized rainfall 

distribution in the Kathmandu Valley. 

C. Comparison with Standard rain gauge 

 
Fig. 6. Chart showing the correlation coefficient of DHM and CS 

rainfall data.  

S4W-rain gauge in comparison with DHM rain gauge 
shows that the correlation between nine co-located 
stations were found to be strong (above 6), four  co-
located stations were moderate (between 0.4 - 0.59), 
and two co-located stations were weak (below 0.39) 
(Figure 6). The correlations for all stations were 
statistically significant at 0.01 significance level 
except for two; differences at the two stations may be 
due to greater distances between DHM and CS 
stations in these locations (~1.5 km for Sankhu and 
~0.5 km for Naikap). The times series of cumulative 
rainfall suggests that there was a similar trend of 
rainfall in both DHM and CS stations (Figure 7). 

 
Fig. 7. Time series chart of CS (BT_CS_BP) vs DHM (BT) of the 

Bhaktapur station. 

V. CONCLUSION 

The results illustrated the feasibility of the citizen 
science approach and cost-effective S4W rain gauges 
to fulfill the data gap in countries like Nepal. 
Regardless of some errors in the measurements i.e., 
13.32%, the citizen science approach could be 
convenient to generate the rainfall data. In order to 
minimize such issues regarding measurements and 
increase the reliability of data, regular training and 
motivation should be provided to the CS.  Despite the 
use of the cost-effective rain gauge, it can also 
generate reliable rainfall data compared to the 
standard rain gauge, as only two co-located stations 
seem to be not statistically significant and nine 
stations out of fifteen have strong correlation. 
Furthermore, CS should be trained and motivated to 
record regular rainfall measurements. The data 
collected by the help of CS can have a substantial 
impact in the field of research and support better 
water resource management decisions, along with 
raising awareness among citizens about the 
complexity and value of managing this precious 
resource. 
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who help to generate rainfall data throughout the 
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Abstract— It is essential to develop a numerical model 

which could accurately predict the flow depth before and 

after the hydraulic jump. Therefore, in this study, a 

numerical model is developed to simulate flow at the 

vicinity of a hydraulic jump occuring in a straight 

rectangular open channel. The numerical model consists 

of a set of one-dimensional depth-averaged continuity 

and momentum equation. The Constrained Interpolation 

Profile (CIP) scheme, which is a higher-order numerical 

scheme, was used to solve the advection term in the 

governing equations. The numerical model was first 

verified against the analytical solution of dam-break flow 

problem of inviscid fluid. Close agreement was observed 

between the numerical and analytical results. The 

numerical model was then validated against the 

experimental data. The flow profile at the location before 

and after the hydraulic jump structure for flow with 

Froude number between 2.3 to 7.0 could be reproduced 

numerically with good accuracy. The location of 

hydraulic jump could also be predicted by the model.  

Keywords— Depth-averaged equation, Constrained 

Interpolation Profile (CIP) scheme, Numerical model, 

Hydraulic jump 

I. INTRODUCTION  

Hydraulic jump is a rapidly varied phenomenon in 
open channel flow. Hydraulic jump occurs when the 
flow changes from supercritical to subcritical state, an 
abrupt rise of water surface. After the hydraulic jump, 
flow energy is reduced and flow velocity become 
stable. Thus, hydraulic jump acts as energy dissipator.  
This characteristic makes hydraulic jump a good 
mechanism to be used in various hydraulic structure 
such as construction of spillway and stilling basin [3]. 

Hydraulic jump also helps to promote aeration 
because turbulent flow motion entrapped air bubbles 
from the air and entrained air bubbles in the water for a 
longer duration. 

In this study, a one-dimensional numerical model is 
developed to simulate the flow at the vicinity of 
hydraulic jump in a rectangular channel. The numerical 
model is coded in FORTRAN 95 programming 
language. A higher-order numerical scheme (CIP 
scheme) is used to solve the advection terms in the one-
dimensional governing depth-averaged equation: 
continuity and momentum equations. CIP scheme was 

developed by Yabe et al. in 1985. CIP is a third order 
accuracy numerical scheme, in both time and space 
derivative [6]. Besides that, CIP scheme has been 
proved to be superior as it can capture discontinuities 
without severe numerical oscillation. In other words, 
CIP possesses shock-capturing ability. 

In rapidly varied flow with steep water surface 
gradient, the pressure distribution is non-hydrostatic. 
Therefore, the inclusion of Boussinesq term to account 
for the effect of non-hydrostatic pressure is required. 
However, Chaudhry And Gharangik [2] showed that 
the Boussinesq term has little effect on numerical 
reproduction of the location of hydraulic jump. In 
addition, for flow away from the hydraulic jump, the 
effect of Boussinesq terms is less significant. 
Therefore, in this study the Boussinesq term is not 
included in the model. 

The numerical model is first verified against the 
Ritter’s solution which is the analytical solution for the 
one-dimensional dam-break flow problem. The 
existence of discontinuity at the flow front in dam-
break flow problem served as a convenient target for 
numerical studies [4]. Validation of the numerical 
model is carried out to ensure that the model could 
reproduce experimental results [5]. 

II. METHODOLOGY 

A. Experimental Setup 

The experimental setup is referred to the paper 
published by Chaudhry and Gharangik [2]. To avoid 
confusion, we need to clarify that we did not carry out 
any physical experiment and the experimental result 
used in the validation of the numerical model is 
obtained from Chaudhry and Gharangik [2]. In their 
paper, the experimental facilities compromise of a 
rectangular metal flume with dimension: 14.0 m long, 
0.915 m high, and 0.46 m wide, a sharp-edged sluice 
gate at the upstream and an adjustable downstream 
tailgate. These experimental facilities are shown in 
Figure 1. The dimension of the flume, inflow condition 
and outflow condition of the experiment were taken as 
a reference to simulate the same condition for 
comparison purpose. 
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Fig. 1. Experimental facilities by Chaudhry and Gharangik [2] 

 

Fig. 2. Definition of flow variables in the one-dimensional  

depth-averaged model 

B. Development of numerical model 

The governing equations solved in the numerical 
model are the depth-averaged continuity and 
momentum equations shown in Eq. 1 and Eq. 2 
respectively. The flow variables in the governing 
equation are defined based on Figure 2. 

𝜕ℎ

𝜕𝑡
+
𝜕(𝑢ℎ)

𝜕𝑥
= 0 (1) 

𝜕(𝑢ℎ)

𝜕𝑡
+
𝜕(𝑢𝑢ℎ)

𝜕𝑥
= −𝑔𝐴 (

𝜕ℎ𝑠
𝜕𝑥
+
𝜏𝑏𝑥
𝜌𝑔𝑅

) (2) 

Here, 𝑢= depth-averaged velocity in 𝑥-direction, ℎ𝑠= 
water surface elevation and ℎ= flow depth. 𝐴  is the 
cross-sectional area of flow defined as 𝐵ℎ  for 
rectangular channel where 𝐵  is the width of the 
channel, 𝜏𝑏𝑥= bottom shear stress in 𝑥-direction, 𝑔= 
gravity acceleration, 𝑅 = hydraulic radius and 𝜌 = 
density of water. The definition of the flow variables 
and coordinate setup for the problem is shown in Figure 
1 where ℎ𝑠 is defined as ℎ𝑠 = ℎ(𝑥, 𝑡) 𝑐𝑜𝑠 𝜃  + 𝑧𝑏  and 
𝑧𝑏= bed elevation from the datum. 

C. Solution Algorithm 

 The conservative form of the continuity and 
momentum equation are changed into a non-
conservative form as shown in Eq. 3 and Eq. 4. CIP 
scheme are only used to solve the advection form on 
the left-hand side of Eq. 3 and Eq. 4.  

 

Fig. 3. Staggered grid system used to define the location of  

flow variables used in the numerical model 

𝜕ℎ

𝜕𝑡
+ 𝑢

𝜕ℎ

𝜕𝑥
= −ℎ

𝜕𝑢

𝜕𝑥
 (3) 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
= −𝑔

𝜕ℎ

𝜕𝑥
 (4) 

Time-splitting method [9] is used to solve Eq. 3 and 
Eq.4 in two parts, i.e. the advection part (left-hand side) 
and the non-advection part (right-hand side). 

Step 1 

The advection part of the continuity and momentum 
equations are shown in Eq. 5 and Eq. 6. The value of ℎ 
and 𝑢 are upgraded to temporary values (ℎ* and 𝑢*) 
after solving the advection terms with CIP schemes. 

𝜕ℎ

𝜕𝑡
+ 𝑢

𝜕ℎ

𝜕𝑥
= 0 

𝑠𝑜𝑙𝑣𝑒𝑑 𝑤𝑖𝑡ℎ 𝐶𝐼𝑃
→             ℎ𝑛

      
→ ℎ∗ (5) 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
= 0 

𝑠𝑜𝑙𝑣𝑒𝑑 𝑤𝑖𝑡ℎ 𝐶𝐼𝑃
→            𝑢𝑛

      
→ 𝑢∗ (6) 

Step 2 

After solving the advection term, the non-advection 
term can be solved by using Eq. 7 and Eq. 8 which are 
cast from Eq. 3 and Eq. 4. 

𝜕ℎ

𝜕𝑡
= −ℎ

𝜕𝑢

𝜕𝑥
 (7) 

𝜕𝑢

𝜕𝑡
= −𝑔

𝜕ℎ

𝜕𝑥
 (8) 

Eq. 7 and Eq. 8 are discretized using finite difference 
method as in Eq. 9 and Eq. 10 (based on staggered grid 
system shown in Figure 3). 

ℎ𝑖
𝑛+1 − ℎ𝑖

∗

∆𝑡
= −ℎ𝑖

∗
𝑢𝑖+1
𝑛+1 − 𝑢𝑖

𝑛+1

∆𝑥
 (9) 

𝑢𝑖
𝑛+1 − 𝑢𝑖

∗

∆𝑡
= −𝑔

𝜕ℎ𝑛+1

𝜕𝑥
 (10) 

 

Since the calculation of new value of h which is 
represented by ℎ𝑛+1 in Eq. 9 requires the new value of 
u which is represented by 𝑢𝑛+1 and the value of 𝑢𝑛+1 
depends on the value of ℎ𝑛+1 in Eq. 10, it is obvious 
that the ℎ𝑛+1 has to be solved implicitly. The method 
to solve for ℎ𝑛+1  and 𝑢𝑛+1  is based on the SMAC 
(Simplified Market and Cell) method [7] and explained 
based on Kawasaki et al. [8] as follows: 
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First, an initial guess for 𝑢𝑛+1is made by using the 

temporary value h for the term 
𝜕ℎ𝑛+1

𝜕𝑥
. The initial guess 

is labelled as �̃�𝑖 as follows: 

�̃�𝑖 = 𝑢𝑖
∗ − 𝑔∆𝑡

𝜕ℎ𝑖
∗

𝜕𝑥
 (11) 

 

Eq. 11 is then subtracted by Eq. 10 to obtain the 
following relations: 

𝑢𝑖
𝑛+1 − �̃�

∆𝑡
= −𝑔

𝜕

𝜕𝑥
(𝛿ℎ)𝑖 (12) 

(𝛿ℎ)𝑖 = ℎ𝑖
𝑛+1 − ℎ𝑖

∗ (13) 

 

Eq. 12 and Eq.13 are then substituted into Eq. 9 to 
obtain a Poisson equation shown in Eq. 14. 

𝜕2(𝛿ℎ)𝑖
𝜕𝑥2

=
1

𝑔∆𝑡
(
𝜕�̃�

𝜕𝑥
+
(𝛿ℎ)𝑖
∆𝑡. ℎ𝑖

∗) (14) 

 

The discretization of the Poisson equation is shown in 
Eq. 15. 

𝛿ℎ𝑖+1 + 𝛿ℎ𝑖−1 − 2𝛿ℎ𝑖
(∆𝑥)2

=
1

𝑔∆𝑡
(
�̃�𝑖+1 − �̃�𝑖
∆𝑥

+
(𝛿ℎ)𝑖
∆𝑡. ℎ𝑖

∗) 

 (15) 

Eq. 15 is solved with SOR (Successive Over 
Relaxation) method with the over relaxation factor of 
1.6 to obtain (𝛿ℎ)𝑖. 

Step 3 

The new value of ℎ and 𝑢 is updated based on Eq. 12 
and Eq. 13 as shown in Eq. 16 and Eq. 17. 

ℎ𝑖
𝑛+1 = ℎ𝑖

∗ + (𝛿ℎ)𝑖 (16) 

𝑢𝑖
𝑛+1 = �̃�𝑖 − 𝑔∆𝑡 (

𝛿ℎ𝑖 − 𝛿ℎ𝑖−1
∆𝑥

) 
 

(17) 

 

 

Fig. 4. Initial condition of dam-break flow problem 

 

D. Verification of numerical model 

Numerical model is used to simulate one-dimensional 
dam-break flow problem. The simulation results 
obtained from the numerical model are compared with 
Ritter’s solution. Ritter’s solution is an analytical 
solution for wave structure in a sudden dam break of 
flow propagating from a dam reservoir to a dry 
downstream channel bed [1].  Assumptions for this 
solution are as follows: perfect fluid is used, and the 
horizontal bed is assumed to be flat. Therefore, the 

bottom shear stress term, 
𝜏𝑏

𝜌𝑔𝑅
 is neglected and the bed 

slope is equal to zero (𝑧𝑏=0). The initial condition for 
the simulation of dam-break flow is shown in Figure 4. 
In the simulation, time increment, ∆𝑡 = 0.001s and cell 
size, ∆𝑥 = 0.1m are used. 

E. Validation of numerical model 

The one-dimensional numerical model is used to 
simulate hydraulic jump problem to evaluate the 
performance of the model in reproducing the flow 
profile at the vicinity of the hydraulic jump. Here, a flat 
channel bottom is assumed, therefore 𝑧𝑏 = 0. Besides 

that, the bottom shear stress term 
𝜏𝑏𝑥

𝜌𝑔𝑅
 is evaluated in the 

model by using Manning’s n as follows, 

𝜏𝑏𝑥
𝜌𝑔𝑅

=
𝑢|𝑢|𝑛2

ℎ4/3
 (18) 

where n is the Manning’s roughness coefficient.  

The numerical simulation result is then compared with 
numerical result and experimental data carried out by 
Chaudhry and Gharangik [2].  The initial condition for 
the simulation of hydraulic jump is shown in Figure 5. 
In the simulation, time increment, ∆𝑡 = 0.001s and cell 
size, ∆𝑥  = 0.1m are used. 6 cases of Froude number 
(based on Chaudhry and Gharangik [2] experiment) are 
used to simulate the hydraulic jump problem and the 
simulation conditions of the hydraulic jump problem 
are shown in Table 1. 

TABLE I.  SIMULATION CONDITIONS OF THE HYDRAULIC 

JUMP PROBLEM BASED ON DIFFERENT EXPERIMENT CASES  
CARRIED OUT BY CHAUDHRY AND GHARANGIK [2] 

Case 
Froude 
number, 

Fr 

Manning’s 

Roughness, 

𝑛 

Inflow 

depth, 

ℎ1 (m) 

Outflow 

depth, 

ℎ2 (m) 

1 2.3 0.014 0.064 0.168 

2 2.9 0.016 0.055 0.189 

3 4.23 0.020 0.043 0.222 

4 5.74 0.022 0.040 0.286 

5 6.65 0.022 0.024 0.195 

6 7.0 0.020 0.031 0.265 

 
X (m)

H
(m

)
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0

0.2

0.4
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Fig. 5. Initial condition of hydraulic jump problem 

III. RESULT AND DISCUSSION 

A. Verification of numerical model 

The result for the simulation of one-dimensional 
dam-break flow problem are shown in Figure 6. As 
shown in Figure 6, the speed of the leading wave agrees 
with Ritter’s solution. The negative wave propagating 
towards the upstream wall is also well reproduced in 
the numerical model. In addition, numerical 
oscillations are not observed at the discontinuities at the 
front wave. Hence, it can be said that the model was 
well verified against the Ritter’s solution.  

B. Validation of numerical model 

The hydraulic jump problem for the 6 cases of 
Froude number were simulated. The results of the 
steady-state flow profile for the respective case are 
shown from Figure 7 to Figure 12. The overall flow 
profile reproduced by the numerical model shows good 
agreement with the experimental data by Chaudhry and 
Gharangik[2] especially at the regions away from the 
hydraulic jump. This is because vertical acceleration is 
negligible at these regions. 

The model overpredicted the surface gradient of the 
hydraulic jump in all the cases especially for steady 
jump cases in Case 4, 5 and 6 where the Froude number 
is larger than Fr=4.5 [10]. On the other hand, the 
location of hydraulic jump was well reproduced by the 
model despite the absence of Boussinesq term in the 
numerical model. Hence, it can be said that Boussinesq 
term has little effect in determining the location of the 
hydraulic jump. 

Therefore, the steady-state flow profile that the 
numerical model is able to reproduce an accurate 
prediction of flow profile at the location before and 
after hydraulic jump for flow with Froude number from 
2.3 to 7.0. It is also worth to note that height of the 
hydraulic jump increases as the Froude number 
increases. Hence, it can be said that the numerical 
model is reliable to reproduce the formation of 
hydraulic jump. 

 

 

 

 

Fig. 6. Simulation of one-dimensional dam-break flow problem 

from t = 0.0 s to t = 1.4 s 

 

Fig. 7. Flow profile for Case 1 (Fr=2.3) at steady state (t = 70.0 s) 

 

Fig. 8. Flow profile for Case 2 (Fr=2.9) at steady state (𝑡 = 70.0 s) 

 

Fig. 9. Flow profile for Case 3 ( Fr=4.23) at steady state  

(𝑡 = 70.0 s) 
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Fig. 10. Flow profile for Case 4 (Fr=5.74) at steady state  

(𝑡 = 70.0 s) 

 

Fig. 11. Flow profile for Case 5 (Fr=6.65) at steady state  

(t= 70.0 s) 

 

Fig. 12. Flow profile for Case 6 (Fr=7.0) at steady state  

(𝑡 = 70.0 s) 

IV. CONCLUSION 

A higher order one-dimensional depth-averaged 
model was developed in this study. The CIP scheme, 
which is a third order accuracy scheme was used to 
solve the advection terms in the depth-averaged 
equation.  

The numerical model was first verified against 
Ritter’s solution. A close agreement was observed 
between the result of numerical model and Ritter’s 
solution. 

In the validation process, the numerical model was 
validated against the experiment and numerical 
simulation of hydraulic jump. It was shown that the 
numerical model developed in this study could 
reproduce flow profile at the location before and after 
hydraulic jump with good accuracy. Hence, it can be 
said that the numerical model has good accuracy in 
reproducing the flow at the vicinity of the hydraulic 
jump and the location of the hydraulic jump could be 
predicted well by the model. 
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Abstract— This paper presents the result of an 
analytical study investigating the effect of external 
wrapping using Carbon fiber Reinforced Plastics 
(CFRP) laminates on the performance point of 
reinforced concrete column. The column that didn’t 
meet the targeted performance level are retrofitted 
using CFRP and the resulting hinge formation are 
studied. The seismic response of RC building frame 
in terms of performance point and the effect of 
earthquake forces on multi storey building frame with 
the help of pushover analysis is carried out in this 
paper. The pushover analysis of the building frame is 
carried out by using structural analysis and design 
software SAP2000 (version20). It has been concluded 
that after the use of CFRP for retrofitting of columns, 
the hinge formation on the structure were found to be 
within the targeted performance level and the lateral 
resistance and displacement capacity of the frames 
was significantly improved 

 

Keywords— CFRP, Capacity Curve, Performance 
Point, Pushover analysis, RC building 

I. INTRODUCTION  

Collapse and severe damage of many buildings in past 
earthquakes have shown the vulnerability of buildings  
in seismic regions around the globe. One important 
reason is that those buildings were designed based on 
older codes. Furthermore, the change of use of a 
structure the inadequate initial design or bad 
performance of design during construction, the lack of 
well preservation of the structure and finally and most 
important random loading like earthquakes or fire 
effects during service stage of buildings could 
increase of vulnerability. 
 
‘Retrofitting’ and ‘demolishing and reconstruction’ 
could be two solutions for those type of buildings. The 
first solution seems to be viable because of economic 
reasons. Fortunately, in recent decades, the 
availability of Fiber reinforced polymer (FRP) with its 
favorable properties such as light weight, ease of 
applications, high strength and light weight, 

durability, high impact strength  has made the 
‘retrofitting’ solution become more practicable. With 
minor serviceability interruption and without 
architecture interference, FRP retrofitting has 
increasingly fascinated not only structural engineers 
but also architects and owners; thus, FRP has served 
for huge demand on repairing, renovating or 
strengthening deficient structures around the world. 
 
FRP flexural retrofits of frame structures using 
numerical and modelling approaches were carried out 
by many researchers. Niroomandi et al. (2010) applied 
FRP to increase the flexural stiffness at joints of 
original frames and then carried out pushover 
analyses. They reported that ductility, seismic 
performance and behaviour factor of the retrofitted 
frame were significantly improved, and the ordinary 
frame was able to be upgraded to in intermediate 
frame. Mortezaei, Ronagh, and Kheyroddin (2010) 
studied the effects of CFRP confinement of columns 
in combination with CFRP flexural retrofitting of 
beams for different RC frames subjected to ground 
motions with fling step. Their analytical results 
indicated that shear and energy absorption capacities 
of the CFRP retrofitted frames increased 1.5- and 2.3-
fold, respectively, compared with those of original 
frames. Ronagh and Eslami (2013) carried out 
nonlinear analyses of an eight-storey. RC frame 
flexurally retrofitted at critical regions of beams and 
columns using GFRP and CFRP flange-bonded 
scheme. The results showed that GFRP and CFRP 
flexural retrofitting increase 43% and 80% the lateral 
load capacity of the original frame, respectively; 
however, GFRP provides higher displacement 
ductility.  
 
The aim of this paper is to compare the performance 
point of the damaged structure and the same structure 
retrofitted with CFRP. It has been concluded that the 
use of CFRP technique significantly improved both 
lateral resistance and displacement capacity of the 
frames. 
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II. METHODOLOGY 

The 3 storey school building is located in seismic zone 
V (Location Kathmandu). For the analysis of the 
building, the basic computer model was created using 
SAP2000. The fig.1.shows the 3-D model of the 
building frame. For the pushover analysis of the 
building, the properties of the various plastic hinges 
such as flexural, shear, torsional and joint hinges are 
defined. After the hinges are assigned, the maximum 
roof displacement of 300mm is applied and the hinges 
formation belonging to different performance level 
was studied. The section in which the performance 
level exceeded the targeted performance level was 
retrofitted using CFRP. Equivalent compressive 
strength of the section confined by CFRP was 
calculated using the equation formulated by (Riad 
Benzaid, 2013).Non-linear static pushover analysis 
was done by using the equivalent compressive 
strength and the behavior of the structure at maximum 
roof displacement of 300 mm was studied. The design 
base shear of the building was calculated using the IS 
1893:2016 and is compared with the performance base 
shear obtained from analysis. 
 

TABLE I.   

Table 
Head 

Material Properties 

Material/Section Grade/Size Unit 

1 
Concrete grade M20  

2 Steel grade Fe415  

3 E (Concrete) 22360.68 N/mm2 

4 E (Steel) 200000 N/mm2 

5 Column size 0.350*0.350 m*m 

6 Beam size 0.230*0.425 m*m 

7 Floor height 3 m 

8 Wall thickness 0.230 m 

9 Density of concrete 25 KN/m3 

10 Density of brick masonry 20 KN/m3 

11 Thickness of CFRP 0.167 mm 

12 
Modulus of Elasticity(E) 

(CFRP) 
230*103 N/mm2 

13 Tensile strength(CFRP) 3400 N/mm2 

14 Ultimate Strain (CFRP) 0.014  

 

A. CALCULATION OF EQUIVALENT 
COMPRESSIVE STRENGTH 

The maximum value of the confinement pressure that 
the FRP can exert is attained when the 
circumferential strain in the FRP reaches its ultimate 
strain and the fibers rupture leading to brittle failure 
of the cylinder. This confining pressure f1 formulated 
by (Riad Benzaid, 2013) is given by: 
 

                               (1)                                             

Where, 
ECF = Modulus of elasticity of CFRP 
ƐCF = Ultimate CFRP tensile strain 
T=   Thickness of CFRP 
 n= number of wrap of CFRP 
B=Dimension of Square section 
The effective CFRP strain coefficient  
represents the degree of participation of the CFRP 
jacket, and the friction between concrete and CFRP 
laminate. Type bond, geometry, CFRP jacket 
thickness, and type of resin affect the effective CFRP 
strain coefficient 

 
    =2.95 
The Equivalent confined compressive strength is 
given by 
FCC = FUC + 3.3 f1                                                 (2) 
FUC =Unconfined Compressive Strength of Concrete 
FCC = 20 + 3.3*2.95 
      =29.7N/mm2 

 

B. CALCULATION OF DESIGN BASE SHEAR  
The design base shear of the building is calculated 
from IS1893 (Part 1):2016 
Vb=AH*W           (3) 

Ah=                                     (4) 

Where, 
Vb=Design Base Shear 
W=Seismic Weight of the Building=3852.31KN 
AH=Design horizontal Acceleration Coefficient 
Z=Seismic Zone Factor=0.36  
I=Importance Factor=1.5 
R= Response Reduction Factor=5 
Sa/g=Design Acceleration coefficient=2.5 for soft soil 
site with time period 0.27 sec 
Therefore equation (3) becomes 
Vb=520.06KN 
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Plan view 
 

 
3D Model. 

Fig.1. 

III. RESULTS & DISCUSSION 

 
Basically a hinge represents localized force-
displacement relation of a member through its elastic 
and inelastic phases under seismic loads. For 
example, a flexural hinge represents the moment-
rotation relation of a beam of which a typical one is 
as represented in Fig.2. AB represents the linear 
elastic range from unloaded state A to its effective 
yield B, followed by an inelastic but linear response 
of reduced (ductile) stiffness from B to C. CD shows 
a sudden reduction in load resistance, followed by a 
reduced resistance from D to E, and finally a total 
loss of resistance from E to F(Leslie, Rahul 2012).  

 
Fig.2. A Typical Flexural Hinge Property, showing IO (Immediate 

Occupancy), LS (Life Safety) and CP (Collapse Prevention) 
 
At a roof displacement of 300mm, the hinge 
formation at different part of the structure is shown in 
fig.3. It is obvious from the Fig.3.that one ground 
floor columns of grid C-3 falls under section EF i.e. 

total loss of resistance and next column fall under 
collapse prevention section which is far beyond our 
acceptance criteria of Life safety in rare earthquake. 
These two columns after retrofitted with CFRP as 
shown in Fig.4 has shown that the hinge formation 
are within the life safety level, which is our targeted 
performance level for school building. 
On the above retrofitted building frame the non-linear 
static pushover analysis was also performed to 
investigate the performance point of the building 
frame in terms of base shear and displacement. After 
pushover analysis the demand curve and capacity 
curves are plotted to get the performance point of the 
structure. The performance point is obtained as per 
ATC 40 capacity spectrum method. The base shear 
for PUSH X load case is 1387.53 KN and for PUSH 
Y base shear at performance point is at 1288.34 KN 
as shown in Fig.5. & Fig.6. 

 

Fig.3. Hinge formation at initial structure. 

 

  
 

Fig.4. Hinge formation at retrofitted structure.    
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Fig.5. Capacity Curve in  X Direction Before Retrofitting 
 

 
 

Fig.6. Capacity Curve in  Y Direction Before Retrofitting 
 

 

 
 

Fig.7. Capacity Curve in X Direction of Retrofitted Structure 

          

  
 

Fig.8. Capacity Curve in Y Direction of Retrofitted Structure 
      
 After performing analysis the base shear of structure 
before retrofitting at performance point is found to be 
1369.28 KN for X directional loading and 1258.10 
KN for Y directional loading and this value increased 
significantly to 1387.53 KN for X directional loading 
and 1288.34 KN for Y directional loading, which is 
greater than design base shear i.e. 520.06KN. Also 
the displacement at performance point is found to be 
21.371mm for X directional loading and 31.813mm 
for Y directional loading and this value increased 
slightly to 22.538mm for X directional loading and 
32.001mm for Y directional loading. Since at the 
performance point base shear is greater than the 
design base shear the building frame is safe under the 
earthquake loading. 
 
 
 
 
 
 
 

TABLE II.  T 

Distribution of design base shear. 

                                                                       

 

 

IV. CONCLUSION 

 
The performance of reinforced concrete frames was 
investigated using the pushover analysis. As a result 
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of the work that was completed in this study, the 
following conclusions were made:  

I. After the structure retrofitted with CFRP, the 
hinge formation on the structure were found 
to be within the targeted performance level 
of collapse prevention.  

II. At performance point, base shear has 
increased significantly whereas 
displacement has increased slightly after 
retrofitted with CFRP. 

III. It is concluded that the school building 
frame used for pushover analysis is 
seismically safe, because of the performance 
point base shear is greater than design base 
shear.  
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I. Abstract— Entryway and window openings are 

unavoidable components in RC masonry in-filled 

frames because of functional and ventilation 

requirements. The presence of entryway and opening in 

RC masonry in-filled frames reduces the lateral stiffness 

and strength of the wall, which modifies the structural 

behavior of structure. If these open spaces are located in 

the critical zones like areas within middle two thirds of 

a wall panel, then the wall needs to be reinforced by 

providing necessary structural elements such as lintel 

bands (i.e., horizontal/vertical bands) around them. 

Lack of such strengthening techniques may cause the 

structure to undergo severe damage during the 

earthquake. In this paper, the change in structural 

response of RC masonry infilled frames due to the 

presence of horizontal bands above the openings is 

studied. For studying the behavior of the frames, static 

non-linear pushover analysis tool has been used [2]. 

Keywords—Unreinforced brick masonry infill walls, 

Lintel, Horizontal bands, Vertical bands and Static non-

linear pushover analysis 

II. INTRODUCTION 

The use of reinforced concrete building is growing 
day by day due to various reasons like increase in 
demand to aesthetic appearance of a building also 
easy in fulfilling those demand through RC frame, 
partition wall requirements, and low cost. Among all 
the kinds masonry construction, brick masonry is one 
of the most commonly used materials till date in many 
parts of the world. Though these infill walls are 
essential component, they are considered as 
nonstructural elements according to the existing 
standard codes of practice in many countries. During 
ground motions, the infill brick wall may lose its 
stability, leading to change in seismic capacity of a 
building as a whole. Though there is presence of large 
article on effect of strong ground motion on RC 
frame, the effect of openings (i.e., Door(s) and 
window(s)) and presence of lintel bands above the 
openings are not much studied and are rather 
neglected in the analysis and design procedures. Lintel 
is a horizontal member just like beam made up either 
of stone, wood, steel or reinforced concrete (usually) 
or pre-tensioned concrete to support the masonry 

material present above the opening. These are 
responsible to transfer the load vertically to the 
supporting walls (Figure 1(a)). Horizontal bands (at 
sill and lintel) are provided in the masonry structure to 
keep the walls in place at the time of seismic events 
(Figure 1(b)). The presence of entry spaces, horizontal 
bands at the different positions in the wall panel 
changes the lateral load transfer mechanism in the 
structure and may lead to strength of infill wall. The 
presence of lintel beams and bands may lead to 
various effects especially the short column effect and 
change in the design forces on different structural 
elements[2]. 

III. LITERATURE REVIEW 

From the review of past research work, it has been 
observed that the presence of infill wall may help to 
reduce the collapse of building by reducing storey 
displacement and increasing lateral load carrying 
capacity of frame[3]. Experimental study [12] carried 
out on RC frame with brick masonry infill has shown 
that the damage pattern of the structure depends on 
interaction between the frame and brick infill, and also 
on the relative strengths of RC frame and the infill 
panels. The combination of RC frame and brick infill 
ought to be in such a way that the energy given by the 
earthquake is dissipated by failure of infill wall, as it 
is nonstructural element, otherwise there might be 
failure of critical structural element which is serious 
matter for global performance of structure. In the case 
of RC frames with unreinforced brick masonry in-
fills, introducing bare frame with brick infill material 
can lead to serious damage, also changes the relative 
capacities of beams and columns [5]. On the other 
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hand, in the case of RC frames with reinforced brick 
masonry in-fills, the plaster thickness and 
reinforcement meshing in infill can also increase the 
lateral strength of frame provided that the frame 
members are designed for the additional forces due to 
the presence of brick infill [12]. The Indian Standards 
[2]  provides sizes and details of the bands. 

Fardis (1996) investigated the seismic response of an 
infilled frame which had weak frames with strong 
infill material. It was found that the strong infill which 
was considered as non-structural is responsible for 
earthquake resistance of weak reinforced concrete 
frames. However, since the behaviour of infill is 
unpredictable, with the likelihood of failing in a brittle 
manner, it was recommended to treat infill as a non-
structural component by isolating it from frames. On 
the contrary, since infill is extensively used, it would 
be cost effective if the positive effects of infill are 
utilized. 

Polyakov (1956) the study of the complicated 
behaviour of masonry infill by suggested that the infill 
and frame disparate excluding at two compression 
corners. He established the idea of the equivalent 
diagonal strut and proposed that transformation of 
stresses from the frame to infill occurs only in the 
compression zone of the infill.  

Nasratullah Zahir, Dr Vivek Garg [9] paper present 
static and dynamic analysis of R.C building frame 
with infill The results obtained from the analysis 
indicates that story shear increase for infill frame 
models compare to bare frame model by equivalent 
static method and response spectrum method. This 
increase in the ratio is found to be more at the roof 
compared to the base of the structure. The story shear 
values obtained by Smith and Holmes models are 
found to be more compared to Paulay and infill panel 
models.  

Rahul P. Rathi, Dr P.S. Pajgade [14]  in this paper 
actual building such as college building (G+3) is 
considered by modelling of frame and Infills. 
Modelling of infills is done as per the actual size of 
openings with the help of equivalent diagonal strut 
method for the various model such as bare frame, 
infill frame and infill frame with the centre and corner 
opening. Results indicate that infill panels have a large 
effect on the behaviour of frames under earthquake 
excitation. In general, infill panels increase the 
stiffness of the structure. The increase in the opening 
percentage leads to a decrease in the lateral stiffness 
of the infilled frame. 

Murty, C.V.R., and Nagar, A., (1996) [12] In this 
paper there is mention about hybrid load transfer 
mechanism i.e. from the both wall and frame structure 
in such structures, there is a large concentration of 
ductility demand in a few members of the structure. 
For instance, the soft-storey effect (when a storey has 
no or relatively lesser infills than the adjacent storey), 
the short-column effect (when infills are raised only up 
to a partial height of the columns), and plan-torsion 
effect (when infills are unsymmetrically located in-

plan), cause excessive ductility demands on frame 
columns and significantly alter the collapse 
mechanism. Another serious concern with such 
buildings is the out-of-plane collapse of the infills 
which can be life threatening. Even when the infills 
are structurally separated from the RC frame, the 
separation may not be adequate to prevent the frame 
from coming in contact with the infills after some 
lateral displacement; the compression struts may be 
formed and the stiffness of the building may increase 

This paper aims in understanding the effect of 
lintel band above the central opening in RC framed 
structure. A Case study is carried out by considering a 
single bay single storey RC structure with brick infill, 
a central opening and lintel band.  

Static nonlinear analysis is performed on the RC 
frame considering brick infill under different 
condition viz., (a) frame with masonry infill without 
opening (Figure 2(a)) (b) frame with opening but 
without lintel and lintel band (Figure 2(b)) (c) frame 
with lintel above the central opening (Figure 2(c)) and 
interpretations are derived. . 

IV. MODELING 

In this study, a single bay single storey non-ductile 

RC infilled frame is considered and four different 

types of infill frames were considered (i) RC in-filled 

frame with no openings (Figure 2(a)) (ii) RC infilled 

frame with central opening but without lintel band 

(Figure 2(b)) and (iii) RC infilled frame with lintel 

band above the opening (Figure 2(c)). The material 

properties and the structural details are given in Table 

1 and Table 2 [2] respectively. 

 

Table 1: Material Properties 

Compressive strength of concrete 

(fck) in RC frame  

  

25 MPa  

 

Compressive strength of concrete 

(fck) in Lintel Beam and Band  

 

20MPa  

 

Yield stress in steel (fy)  

 

415 MPa  

 

Poisson’s ratio of concrete (γ)  

 

0.2  

 

Compressive strength of brick 

masonry (fb)  

10 MPa  

 

Mortar Type (Cement and Sand 

ratio 1:5) 

M1 

 

Basic compressive stresses for 

masonry after 28 days (IS 1905-

1987) 

0.96 N/mm2 

 

Compressive strength of masonry 

fm’ (IS 1905, Appendix B-2) 

 

0.96/0.25 = 

3.84 N/mm2 

Young’s modulus of brick masonry 

Em ( IS 1905, Clause 3.3.2) 

550*3.84 = 

2112 N/mm2 

Poisson’s ratio for brick masonry 0.3 
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           Table 2: Structural Details 

Bay width  

 

3.5 m  

 

Height  

 

3.0 m  

 

No of bays  

 

1  

 

Opening Size  

 

1m x 1m  

 

Column size  

 

0.3 m x 0.3 m  

 

Lintel Beam  

 

0.075 m x 0.230 m  

 

Lintel Beam Length  

 

3.5 m  

 

Lintel Band  

 

0.23 m x 0.075 m  

 

Beam size  0.23 m x 0.35 m  

 

According to code provision only those walls with an 

opening area of less than 10% of the gross panel area 

are considered as resisting seismic loads. In this study 

opening area of 9% of the gross panel area is 

considered. The frame is designed in all four models 

according to IS: 456-2000 [10]. 75mm thick R.C.C. 

lintels and lintel bands are considered over the 2m 

high brick walls.  

The space frame is modelled using a standard 

software SAP 2000, Version 16. Infill brick masonry 

walls are modelled as a wall shell element. First 

Static linear analysis of building is carried using the 

program calculated fundamental time period along x 

and y direction which is followed by push over 

analysis respectively. The following load 

combination as given in NBC 105:1994 are 

considered for the working stress method 

DL+LL+E 

0.7DL+E 

 

 

 

Figure 2: (a) Frame with masonry infill without 

opening (b) Frame with opening but without lintel 

beam and lintel band (c) Frame with lintel beam 

above the central opening 

V. METHODOLOGY 

In this methodology, the brick masonry is 
considered as combination of brick units and mortar 
units. The interaction between the brick units and the 
masonry units could be established with the help of 
assumed virtual pair of springs in two directions; one 
normal and the other shear. But in our case for finding 
the effect of lintel band on global performance, macro 
modeling of masonry element was done where 
masonry element is assumed as the shell element with 
properties mentioned in above table 2 and 1 then first 
static linear analysis was performed which is followed 
by Nonlinear static analysis [1]. Nonlinear static 
pushover analysis is used to know the performance 
and collapse pattern of infill frame. It is an 
incremental static analysis used to determine the force 
displacement relationship, or the capacity curve for a 
structure. The analysis involves applying horizontal 
loads, in a prescribed pattern, onto the structure 
incrementally; pushing the structure and plotting the 
total applied lateral force and associated lateral 
displacement at each interval, until the structure 
achieves collapse condition. . A plot of the total base 
shear vs. roof displacement in a structure is obtained 
by this analysis that would indicate any premature 
failure or weakness. Displacement controlled 
pushover analysis is performed on all the four RC 
infilled frames which are modeled using macro level 
modeling. A target displacement of 254mm is applied 
on to the structure in positive x direction to all three 
models.  

Then on application of displacement up to 254mm 
the changes on performance level, changes on base 
shear and also stages of structure on different phase 
i.e. formation of hinges and types of hinges were 
observed which are shown in result section  [4]. 

VI. RESULT AND INTERPRETATION 

After analysis of structure the changes on 

performance level, Base shear, stages of building (i.e. 

Hinge formation), based on displacement controlled 

pushover analysis along x direction up to 254mm and 

then comparison is down between three different 

model (i.e. Wall only, wall with central opening and 

wall with lintel band above opening) 

A. Performance level 

After carrying out nonlinear static analysis [1] on 

model containing wall only the performance level 
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was (V, D) =(8.316KN,1.89E-05m), similarly for 

model containing central opening (V, D) 

=(11.170KN,3.97E-05m) and for model including 

lintel band above central opening (V, D) 

=(11.619KN,4.08E-05m) which shows increase in 

performance level of structure. 

B. Hinge state 

On carrying out push over analysis of model 

containing opening only the hinge state was in life 

safety state but after applying the lintel band above 

the opening the hinge state were found to be in 

immediate occupancy state which shows the increase 

in safety of structure. 

C. Base shear Vs Displacment 

On Plotting the graph between base shear and 

displacement for three model, following graphs were 

obtained. 
 

VII. CONCLUSION  

In this paper three brick infilled masonry frames (Full 

wall, with opening without lintel and opening with 

lintel band) have been considered. Displacement 

based pushover is conducted on these frame to 

understand the effect of lintel on overall performance 

of the frame. Base shear, hinge state and deformation 

capacities have been studied. It was observed that 

there was increase in stiffness of structure, reduction 

on top storey drift by 1.2% and also improvement in 

hinge state from Life safety state to immediate 

occupancy on adding lintel band. Hence lintel bands 

increase seismic strength, stiffness and reduce top 

displacement of structure. Therefore, in higher seismic 

zone areas, providing lintel bands is suggested. The 

conclusions should not be generalized because the 

numerical experiments were conducted on only one 

frame. 
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Abstract— This paper presents the result of an 

analytical study, in terms of seismicity, of a single 

masonry wall before and after the use of a 

strengthening technique: Wall Jacketing. The study 

idealizes an inferior material quality and non-

engineered plain brick masonry wall for seismic 

evaluation. The wall was modelled in SAP 2000 and 

analyzed for the stresses induced and its distribution. As 

the stresses induced upon seismic loading was beyond its 

strength, Wall jacketing was introduced as a seismic 

strengthening measure, and designed. The new analysis 

showed improved performance.  Through the study, it 

has been concluded that GI wire mesh wall jacketing 

significantly increases lateral strength and 

deformability of the seismically deficit low strength 

masonry structure. It also improves the in-plane 

strength of the wall, and the structural integrity of the 

whole structure in terms of in-plane and out-of-plane 

forces. 

Keywords— Wall jacketing, Retrofitting, Seismic 

performance, Brick Masonry, GI wire mesh 

I. INTRODUCTION 

Masonry is one of the oldest, traditional, and most 

common medium of housing construction in Nepal. It 

consists of fieldstone, fired brick, concrete blocks, 

adobe or rammed earth, wood or a combination of 

locally available traditional materials. The 

construction system is informal with the use of local 

masons with only little intervention by professional 

experts, so our masonry practice is non-engineered 

construction. Although, masonry is most often 

preferred and employed construction, it is not perfect 

with regard to seismic efficiency. Experiences show 

that the collapse of non-engineered construction is 

one of the largest contributors of losses and casualties 

during an earthquake. In compared to other modes of 

construction such as reinforced concrete and steel, 

masonry has low seismic resistance and is a sister 

cause of huge devastation during earthquake. 

A proper adherence to recommended earthquake 

resistant measures as per NBC or IS code may avoid 

such heavy loss of life and property. However, for 

existing buildings that are in use there exists a threat 

to future damage due to an earthquake. Retrofitting of 

existing buildings emerges as a possible solution that 

implies incorporation of earthquake resistant 

measures in either seismically deficit or earthquake 

damaged parent construction. The original structural 

inadequacies, material degradation over time, and 

alterations carried out over time such as making new 

openings, addition/removal of new/old parts inducing 

dissymmetry in plan and elevation are responsible for 

affecting the seismic behavior of old buildings. 

Retrofitting is important for we still have many 

seismically deficit buildings, and in case of an 

earthquake event, the immediate shelter requirements 

cannot be met; all the buildings cannot be replaced or 

rebuilt. This saves cost, time and most importantly 

lives of occupants. Selection of any retrofitting 

technique depends on the existing fragility of the 

masonry structure. Although masonry shows 

localized behavior in most cases because of variation 

in type of materials used, type of construction, site of 

construction, structural typology, almost all 

observations show uniform modes of failure of wall 

during seismicity. The two most common, and 

dominant, modes of failure are out-of-plane and in-

plane failure of walls. 

a. Out-of-plane failure: The structural walls 

perpendicular to seismic motion are subjected to 

out of plane bending resulting in out of plane 

failure. This is also due to inadequate anchorage 

of the wall into the roof diaphragm, and limited 

tensile strength of masonry element as well as 

mortar. The flexural stress exceeds the tensile 

strength of masonry resulting in rupture followed 

by collapse. This is dominant in long span 

diaphragms causing excessive horizontal flexure. 

Out of plane movement and failure 

characterization (Zuccaro and Papa, 1999) follow 

as: 

i. Vertical cracks in corners and/or T-walls 

ii. Horizontal cracks along the façade 

iii. Partial collapse of an external wall 

iv. Wythe Separation 

v. Cracks at lintel and top of slender piers 

vi. Cracks at the level of the roof 

b. In-plane failure: The walls parallel to seismic 

motion suffer in plane bending and shear causing 

horizontal and diagonal cracks in the wall known 

as In-plane failure. This is most common in un-

reinforced masonry structures due to excessive 
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bending of shear as is evident from double 

diagonal (X) shear cracking. In-plane failure 

Characterization (Pasquale and Orsmi, 1999); 

i. Vertical cracks on openings 

ii. Diagonal shear cracks on parapets and in 

doors and window lintels 

iii. Diagonal shear cracks in the masonry 

piers between openings 

iv. Crushing of corners of walls due to 

excessive compression stress 

v. Horizontal flexure cracks on top and/or 

base of masonry piers 

vi. Vertical cracks at wall intersections 

vii. Separation and expulsion of the 

intersection zone of two corner walls 

c. The other masonry failure are diaphragm failure, 

pounding, connection failure, and failure of non-

structural members.  

The study focuses on seismic strengthening of wall 

against in-plane and out-of-plane failure using one of 

the simplest retrofitting technique: wall-jacketing 

using GI mesh in cement mortar (Ferro cement 

Jacketing). Jacketing: This simple method consists of 

a galvanized iron mesh fixed to the walls through 

nails or connector links (anchors) through the wall 

thickness, and the mesh is covered by the cement 

sand mortar in the ratio 1:3. For full effect and 

improved tensile strength, the jacketing is 

recommended on both faces throughout the length. 

This method is suitable for up to 4 story. It induces 

extensive changes in architecture, takes more time, 

and is costly. However, the performance 

improvement can be achieved up to life safety (LS) to 

Immediate Occupancy (IO) levels (up to MMI IX). 

The study considers wall as structural elements, and 

structural safety is kept the prime objective. 

II. METHODOLOGY 

There is no closed form solution available for the 

computation of stresses in walls due to combined 

action of bending and axial compression. The 

analysis and design presented here is approximate 

and is in very simplified approach. A typical common 

style, single brick masonry wall 9 in (230 mm) thick, 

10 ft (3048 mm) high and 14 ft (4267 mm) long with 

opening (5 x 6) ft. or (1524 x 1829)mm is considered 

for the study.  

Seismic Base Shear has been calculated as per NBC,  

Seismic Zoning Factor (Z =1),  

Importance factor (I=1),  

Structural performance factor (K=2.5),  

Period, T= (0.09 X H)/ (D^0.5) =0.13, 

C=0.08 for subsoil type II.  

Seismic Coefficient, Cd = CZIK =0.08 x 1.0 x 1 x 2.5 

= 0.2. 

Similarly, other loads in the wall are Dead load due to 

slab self-weight, slab and floor finish. The live load 

used is 1.5 KN/m2. 

The other parameters adopted for wall modeling are: 

Unit Weight = γ = 19 KN/m3 

Poisson’s Ratio = ν = 0.15 

Modulus of Elasticity (E) =968 N/mm2  

Slenderness ratio (SR) = Maximum of   and  

 = 13.25 or 18.50 = 20 taken 

Eccentricity of wall = 0 

Height to width ratio =  = 0.71 < 0.75 

 

 

Fig. 1. 3D Model of wall in SAP2000 

The wall was modeled using SAP 2000 and analyzed 

for stress concentration and distribution. The resultant 

stresses: shear, axial compression and tension were 

checked against permissible stresses and upon failure, 

the strengthening measure was designed. Wall 

jacketing, using GI wire meshing in cement sand 

mortar, was considered for strengthening of the wall. 

The wall was modelled using layered shell design 

providing equivalent thickness of steel throughout the 

wall. The resultant stresses induced after 

strengthening were analyzed and checked against 

permissible stresses for the composite section. 

 

 
Fig. 2. Detailing of Jacketing 2.3mm @ 25 mm bothways 

 

A. Permissible Stresses and Checks: 

The permissible stresses check were maintained as 

per IS 1893: 2000. The permissible stresses for 

retrofitted section were computed as : 
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Permissible Compressive Strength (Fretrofittd wall) 

Fretrofittd wall  = Fwall + Fsteel    (1) 

F wall only = fb x Ks x Ka x Kp   (2) 

Fsteel = fs x Ast provided     (3) 

Where, for M2 mortar, 5 Mpa Brick masonry 

     Basic Compressive strength (fb) = 0.44 N/mm2  

Stress reduction factor (Ks) = 0.62 

Area Reduction Factor (Ka) = 0.7 + 1.5 A =1 for 

A being greater than 0.2 m2 

Shape Modification Factor (Kp) =1 

Similarly, permissible Shear Strength of retrofitted 

wall (τc (retrofitted wall) ) was computed as, 

τc (retrofitted wall) = τc  original wall only + τc  (steel) ) (4) 

τc original wall only  = 0.1 + fd/6   (5) 

Where, 

 fd = compressive stress due to dead load in N/mm2 

τc = permissible shear stress in N/mm2 

τc (steel) computed from Table 23 of IS 456:2000 

B. Design of Strengthening technique: GI wire 

meshing in cement sand mortar 

Wall Jacketing using GI wire mesh in cement mortar 

1:3 is considered for retrofitting. The wall jacketing is 

considered on both face of the wall to consider for 

full effect(benefit). Sample calculation for bandage of 

jacket for unit length on both directions is presented 

herewith. 

1) Inertial force carried by the bandage, q, 

q = C x γ x t x h x 1= 0.43 x 19 x 0.23 x 1 x 1 =1.88 

KNm 

This bandage is designed for horizontal bending of 

the wall, 

Span (ℓ) = 4.2672 m 

Bending moment (M) = q x ℓ2/10 =1.88 x 4.26722/10 

=3.423 KNm 

2) Resisting bending moment calculations: 

T=C= Allowable stress x steel area 

The allowable stress is increased by 25% for 

earthquake loading. 

Resisting Bending Moment, M = T x Z 

Allowable stress in steel = 1.25 x 0.56 x fy = 1.25 x 

130 = 162.5 N/mm2 

M = 1.25 x 130 x Ast x Z 

For, lever arm Z = 280 mm, 

Ast =  x 106 = 75 mm2 

Using galvanized wire 2.3 mm @ 25 mm and width 

750 mm throughout the wall. (Ast provided= 170 

mm2) 

For modeling in SAP 2000, the Ast provided is 

modeled as a thin layer of equivalent steel placed as a 

layer throughout the wall section. It is computed as: 

�s =  = 170/1000 =0.17 mm 

3) Shear force in the added section: 
Shear Force (V) = q x ℓ/2 + (M+ M)/ ℓ=1.88 x 

4.2672/2 + 2 x 3.423/4.2672 = 5.615 KN 

Assuming unit m strip of bandage on either side of 

wall, percentage of tensile steel, Pt is, 

 Pt =  = 0.34% 

Permissible Shear Stress (τC) = 0.265 N/mm2 (IS 456: 

2000, Table 23) 

Considering all shear carried by the bandage,  

Induced shear stress =  = 0.051 < 0.265 

N/mm2 SAFE!  

4) Interface Bond between Wall and Bandage: 

Interface Bonding Force = T = C = Ast x 0.56 x fy 

Bonding force = 170 x 130 /1000 = 22.1 KN 

Assuming that unit meter strip of bandage (50 x 1000 

x 4276) mm on either side of wall,  

 Bond Stress =  

=  = 0.0052 N/mm2 

Considering all shear carried by band interface,  

The shear resisting capacity between brick and band 

= 0.1 N/mm2 > 0.026 N/mm2 

 The design is safe in bond without anchor!Bond 

Failure is brittle so we keep anchor. 

5) Design of Anchor: 

In case of bond failure, the anchor should resist the 

interface force. 

Force to be resisted by anchors = T = C =22.1 KN 

Use 4.75 mm ( Fe 415) rebar as anchor,  then shear 

area of each anchor = 17.71 mm2 

Allowable shear stress in anchor = 0.4 x 415 = 166 

N/mm2 

Shear resistance per anchor =  = 2.94 KN 

Number of anchors =   = 7.5 or 8 nos. 

Spacing of anchors =  = 609 mm,   

Use 600 mm. 

6) Check for vertical Bending: 

Vertical height (�) = 3.048 m      

For q = 1.88 KN, 

Moment (M) = q x �2/12 =  = 1.455 

KNm/m 

Bending Stress (fb) =  =  = 0.165 

N/mm2  

Vertical Loads: 

P= wall + slab + Finish = 19 x 4.2672 x 0.23 x 3.048 

+ 4.522 x 0.1 x 24 + 4.522 x 1 = 72 KN 

Axial Stress (fa) =  =  = 0.0733 N/mm2  

7) Check for wall stresses:  

Direct Compression = 0.0733 N/mm2  

Bending Stress = 0.165 N/mm2  

Maximum Stress = fa + fb = 0.0733 + 0.165 = 0.2383 

N/mm2 

Minimum Stress = fa - fb = 0.0733 – 0.165 = -0.0917 

N/mm2 

The wall is in tension as well.  

We provide longitudinal reinforcement in vertical 

direction for tension. 

Tensile stress (σt) = 0.0917 N/mm2 

Tension (T) = σt x A = 0.0917 x 230 x 1000= 21091 

N = 21.091 KN 

Also,  T = 1.25 x 0.55 x fy x Ast 

Then,  Ast =  =  = 130 mm2 
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Ast provided = 170 mm2 per m length in both 

directions. Hence, steel takes tensile stress 

III. RESULTS AND DISCUSSION 

The seismic analysis of the wall was carried out 

considering earthquake in two directions. The design 

forces for retrofitting were determined by considering 

direct and torsional forces due to lateral loads, axial 

load due to overturning in addition to dead and live 

loads. The seismic design includes determination of 

steel for GI mesh in both directions for resisting the 

compression, shear and flexure forces of the wall. 

TABLE I.  OUTPUT COMPARISION TABLE 

Parameters Unit 

Control 

Model  

Retrofitted 

Model Remarks  

Length m 4.267 4.267 Wall 

Jacketing 

with GI wire 

mesh 2.3 mm 

@ 25 mm 

both ways 
with 50 mm 

thick M20 

mortar all 
over the wall. 

Height m 3.048 3.048 

Thickness m 0.23 0.33 

Permissible 

compressive 
stresses N/mm² 0.273 1.157 

Capacity has 
increased 

Model S22 N/mm² 0.639 0.316 

Axial 

Compression 

decreased 

Permissible 

Shear Stress N/mm² 0.112 0.368 

Shear 

Strength has 

increased. 

Model S12 N/mm² 0.423 0.359 

Shear Stress 

decreased 

Inter Story 

Drift mm 0.504 0.069 

Displacement 

Decreased 

Base Shear KN 13.2 18.2 

Base shear 

capacity 

Increased 

 

 

Fig. 3. Axial Stress Distribution S22 in Original Wall 

 

 

Fig. 4. Axial Stress Distribution S22 in Retrofitted Model 

 

Fig. 5. Deformed Shape of Original Wall 

 

 

Fig. 6. Deformed Shape of Retrofitted Wall 
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a) The permissible compressive strength of the 

wall with strengthening measures is 

significantly higher (nearly 4.25 times) its 

original strength. This method of retrofitting is 

very suitable in case of very old masonry 

structures with worn out and inferior material 

quality. 

b) The shear strength capacity of the wall 

increases significantly by nearly 3.25 times its 

original shear strength. This is due to the 

resistance provided by the GI wire meshing 

and anchorage. 

c) The induced stresses decrease with an increase 

in area and resistance provided by the added 

layer of steel and concrete. 

d) The inter story drift of the wall is reduced.   

Limitations of the study: 

a) Anchorage of the wall into the roof diaphragm 

has been considered integral. This frame like 

integrity is not achieved practically.  

b) The study has not taken into consideration the 

contribution of concrete lining in increasing 

the compressive and shear strength capacity of 

the wall. 

c) The analytical models using SAP 2000, uses 

equivalent steel methodology modifying the 

layered shell property. 

 

IV. CONCLUSION 

Masonry buildings have proved to be the most 

vulnerable to earthquake forces and have suffered 

maximum damage in the past earthquakes. Wall 

Jacketing, strengthening of plain brick masonry wall 

with GI mesh in M20 concrete lining, increases its 

flexural, compressive and shear strength significantly, 

and provides safety against failure in compression 

and shear. It shows: 

1. Improvement of the existing masonry strength 

and deformability 

2. Improvement of the in-plane strength of the 

wall.  

3. Improvement of the structural integrity of the 

whole structure in terms of in-plane and out-

of-plane forces that is global retrofitting. 

 

REFERENCES 

[1] Agrawal, P., & Shrikhande, M. (2013). Earthquake Resistant 
Design of Structures. Delhi: PHI Learning Private Limited. 

[2] Bothara , J., & Guragain, R. (March 2004). Seismic 
retrofitting of low strength unreinforced masonry non-
engineered school buildings. Bulletin of the New Zealand 
Society for Earthquake Engineering. 

[3] Center of Resilient Development (CoRD), MRB Associates. 
(2016). Seismic Retrofitting Guidelines of Buildings in Nepal: 
Masonry. DUDBC/UNDP/Comprehensive Disaster Risk 
Management Program. 

[4] Earthquake Risk Reduction and Recovery Preparedness 
Program. (May 2011). Engineer's Training on Earthquake 
Resistant Design of Buildings Volume II. Department of 
Urban Development and Building Construction/UNDP. 

[5] Earthquake Risk Reduction and Recovery Preparedness 
Programme for Nepal. (2016). Seismic Vulnerability 
Evaluation Guideline for Private and Public Buildings. 
Department of Urban Development and Building 
Construction/ UNDP. 

[6] Indian Institute of Technology. (2005). IITK-GSDMA 
Guidelines for Structural Use of Reinforced Masonry. 
Kanpur: Gujarat State Disaster Mitigation Authority. 

[7] IS 1905:2002 Code of Practice for Structural Use of 
Unreinforced Masonry, Third Revision. (2002). Bureau of 
Indian Standard. 

[8] IS 456:2000, Plain and Reinforced Concrete-Code of 
Practice. (2005). Bureau of Indian Standards. 

[9] Manandhar, V., Marasini, N., Prajapati, R., Guragain, R., & 
Chaulagain, R. (2020). Experimental investigation of low 
cost steel wire mesh retrofit for stone masonry in mud mortar. 
17th World Comference on Earthquake Engineering. Sendai, 
Japan: The 17th World Conference in Earthquake 
Engineering. 

[10] NBC 205. (n.d.). 

 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

2021 ISBN 978-9937-0-9019-3

147



KEC Conference  

Seismic Strengthening of Intze Type RC  
Elevated Water Tank by Jacketing: A  

Pushover Approach 
Hariram Rimal  

Department of Earthquake Enginering 

IOE Thapathali Campus 

Kathmandu, Nepal 
rimal2049hariram@gmail.com 

 

Abstract— Earthquake is one of the natural 

calamities that produces the vibration to the ground 

which cause to produce most destructive forces on 

earth, and have potential to cause damage to lives and 

lifeline facilities. Elevated storage reservoir need to be 

functional even after the major earthquake event. 

During past earthquakes elevated storage tank 

experience damage or collapse all over the world.  

This paper presents nonlinear static analysis 

(Pushover Analysis) to evaluate seismic demand for 

600 m3 capacity of intze type elevated water tank at 

zone V, soil type III in reservoir full, reservoir 60% 

full and reservoir empty condition. This gives the 

plastic hinge formation and plots the total base shear 

verses top displacement curve, which is known as 

‘capacity curve’ of the structure. The analysis is 

performed using CSI SAP2000 V17 software package 

to evaluate base shear demand and performance point. 

The initial structure consisting of inadequate frame 

staging system and study is focused on column 

jacketing and braces replacement technique of retrofit 

and then base shears, fundamental time periods and 

performance points are compared. Final structure 

after retrofit is safe in major seismic event as it have 

performance point base shear greater than design base 

shear and all the column and braces hinges are at 

Immediate Occupancy (IO) performance level at 

Design Base Earthquake (DBE). 

Keywords— Column Jacketing, Capacity Curve, 

Performance Point, Pushover analysis, DBE, Intze 

type Elevated water tank. 

1. INTRODUCTION 

Earthquake is known to produce one of the most 

destructive forces on earth. It cause damage to man-

made structures, like Buildings, Chimneys, Towers 

and Public Infrastructures like, Bridge, Roads, Dams 

and Irrigation structures, Water supply and 

Sewerage systems, Telecommunications systems, 

Power Plants Industries, Life line systems etc. The 

earthquakes are also known to cause landslides, 

liquefaction, slope-instability and damage to earth 

and rack structures. The earthquake causes loss of 

life and property and shakes the moral of people. 

Elevated storage reservoir is the very important 

component of water distribution system for any 

country therefore it is necessary to remain function 

even after the major earthquake event. 

Elevated reservoirs are constructed in order to 

distribute water in the gravity flow in the 

distribution network. Typically Department of 

Water Supply and Sewerage (DWSS) and other 

water distribution agencies construct the Intze type 

RC reservoir as the RC elevated water reservoir in 

Nepal. Intze type RC water tank are quite 

susceptible to seismic forces due to their basic 

configuration consisting of large mass concentrated 

at the top with relatively slender supporting system. 

The poor seismic performance of many elevated 

water tanks was observed during past major 

earthquakes due to the inappropriate structural 

design of framing system and joints, low overall 

strength and ductility.  

Present study is primarily focused on understanding 

seismic behavior and performance characteristic of 

elevated water tank using a non-linear static analysis 

approach: a pushover approach. Study assumes all 

the components above the staging like top ring 

beam, tank wall, bottom ring beam, conical wall, top 

and bottom spherical domes are intact and the 

vulnerable part is the staging. And hence the focus 

of study is towards the seismic strengthening of the 

staging i.e. columns and braces using RC jacketing. 

Three cases; reservoir full case, half full case and 

empty case are modeled in SAP 2000 v17 and 

analyzed. 

  

2. METHODOLOGY 

In the present study, two cases were separately 

analyzed one is the structure before retrofitted and 

another is the structure after retrofitted with column 

and braces jacketing.  

For each cases; three conditions i.e. reservoir full, 

partially full and empty were analyzed in SAP 2000 

v17 software. Hydrodynamic forces exerted by 

liquid on tank wall shall be considered in the 

analysis in addition to hydrostatic forces. These 

hydrodynamic forces are evaluated with the help of 

spring mass model of tanks. 

 

2.1 Spring Mass Model for Seismic Analysis:  

 When a tank containing liquid vibrates, the liquid 

exerts impulsive and convective hydrodynamic 

pressure on the tank wall and the tank base in 

addition to the hydrostatic pressure. In order to 

include the effect of hydrodynamic pressure in the 

analysis, tank can be idealized by an equivalent 

spring mass model, which includes the effect of tank 
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wall – liquid interaction. The impulsive mass of 

liquid, mi is rigidly attached to tank wall at height 

hi. Similarly, convective mass, mc is attached to the 

tank wall at height hc  by a spring of stiffness Kc as 

shown in the figure 1. 

 
Fig.1: Spring mass model for elevated tank 

 

2.2 Plastic Hinge Properties: 

Basically a hinge represents localized force-

displacement relation of a structural element 

through its elastic and inelastic simulation under 

seismic loading. 

Hinges are of various types namely 

• Hinges for Flexural    

      

• Hinges for Shear  

• Hinges for Axial 

Nonlinear behaviour of structural member is the 

nonlinearity of the material which does not allow 

only the plastic behaviour of member thus it is 

necessary to generate the moment-rotation curve 

which characterizes the yield criteria of nonlinear 

frame. For each 

and every 

degree of 

freedom define 

a moment-

rotation relation 

curve that gives 

the plastic 

deformation, 

yield value and 

the following 

yield. This is 

done in terms of 

an idealized 

curve with 

values at five points AB-C-D-E as following figure. 

The following points should be noted: 

• Point A is always will be the origin.  

• Point B represents start of yielding. Deformation 

does not occur in the hinge up to point B. Only the 

plastic deformation beyond point B will be shown 

by the hinge.  

• Point C represents the ultimate capacity of structure 

by pushover analysis.  

• Point D represents a residual strength or after 

damage of structure.  

• Point E shows total failure of structure. Beyond E 

point the hinge will drop shear down to point F, which 

is not visible in figure, directly below point E on the 

horizontal axis. If user does not want fail hinge this 

way, user need to be sure to give a large value for the 

deformation at point E. 

 

2.3 Model Descriptions: 

600 cu.m. intze type elevated RC tank with following 

dimensions is selected for the study: 

 

 
 

Diameter of the cylindrical portion (D)= 11.0 m 

Rise of top dome (h1)= 2.2 m 

Diameter of lower ring beam (D0)= 7.0 m 

Rise of bottom dome (h2) = 1.65 m 

Height of conical dome (h0) = 2.2 m 

Height of cylindrical portion (h) = 5.2 m 

Height of staging from top of foundation to circular 

ring beam = 15.0 m 

Thickness of cylindrical portion = 250 mm 

Thickness of conical dome = 400 mm 

Thickness of top spherical dome = 100 mm 

Thickness of bottom spherical dome = 250 mm 

Size of top ring beam = 300X300 mm 

Size of bottom ring beam = 750X400 mm 

Size of circular ring beam = 450X750 mm 

 

The structure above the circular ring beam is 

assumed to be intact. The staging consist of 300 

mm diameter column with 6-16 mm diameter 

HYSD 500 re-bars and 6 mm diameter helical ties  

at 300 mm c/c. Braces consists of 300X300 mm 

section and 3-16mm diameter HYSD 500 re-bars on 

the top and 3-16 diameter re-bars on the bottom and 

6 mm diameter stirrups at 300 mm c/c spacing. All 

the column and braces sections are assigned in the 

model by section designer. The parameters for the 

spring mass model are calculated as per the 

Guidelines of IS 1893: Part 2 (Draft) and values are 

given in following table 1: 
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2.4 Analysis Results Before Retrofit: 

The elevated water tank with staging height of 15m 

is located in seismic zone V (Location Kathmandu). 

For the analysis of the structure, the basic computer 

model was created using SAP 2000 v17. The 

fig.4.shows the 3-D model of the structure. For the 

pushover analysis of the structure, the properties of 

the various plastic hinges such as flexural, shear, 

torsional and joint hinges are defined. After the 

hinges are assigned, the maximum roof 

displacement of 400mm is applied and the hinges 

formation belonging to different performance level 

was studied. The section in which the performance 

level exceeded the targeted performance level was 

retrofitted using Jacketing. 

  

 

Fig. 4. 3-D model for reservoir full, 60% full and empty condition 

ATC 40 provides information about seismic 

coefficient to construct elastic response spectra and 

these are dependent on zone factor and soil profile 

type. Kathmandu lies in higher seismic zone and the 

soil type of Kathmandu is very soft soil, hence, Ca 

(Effective peak acceleration of the ground) and Cv 

(5 percent-damped response of a 1 second system) 

value is adopted as 0.18 and 0.30 for Design 

Earthquake (IS 1893:2000). 

 

The analysis is performed for three conditions that is 

reservoir full condition, reservoir 60% full condition 

and reservoir empty condition. The results of each 

conditions with pushover are stipulated in table 1. 

As the elevated water tank is very essential and 

lifeline facilities the structure should be in IO level 

at DBE and also the performance point base shear 

should be higher than design base shear. To meet 

this requirement; the structure should be retrofitted. 

From the result, the fundamental time period of the 

Table - 2 

S

.

 

N

o

. 

Parameter

s 

Conditions 

Reservoir Full 

condition 

Reservoir 60% 

full condition 

Reservoir 

empty 

Condition 

1 

Column 

Hinge 

 ( figure 5) 

At  top of bottom 

storey, one 

column hinge at D 

level, two column 

hinges at C level 

At bottom of first 

storey and top of 

second storey, 

two-two columns 

hinges are at LS, 

some of column 

hinges are at IO 

and most of 

column hinges are 

at B level 

Some 

column 

hinges are at 

IO and most 

of the 

column 

hinges are at 

B 

2 

Braces 

Hinge 

(figure 5) 

All the braces 

hinges are at B 

(just start of 

plastic yielding) 

Some braces hinge 

are at IO and most 

of hinges are at B 

(i.e. just start of 

plastic yielding) 

All the 

braces 

hinges are at 

B (just start 

of plastic 

yielding) 

3 

Performan

ce Point at 

DBE N.A. N.A. 

230.667 

KN, 142 

mm 

4 

Displacem

ent of 

joint 48 at 

above 

hinge 

result and 

correspon

ding base 

force 

99 mm, 151.923 

KN 

197.4 mm, 

180.899 KN 

144.89 mm, 

230.374 KN 

5 

Base 

Shear 

(Auto 

Seismic)- 

Design 

Base 

Shear 386.645 KN 350.40 KN 288.095 KN 

6 

Time 

period of 

fundament

al mode 3.03746 Sec 2.743244 Sec 

2.357798 

Sec 

7 Result 

Capacity of 

structure is 

Inadequate at 

DBE 

Capacity of 

structure is 

Inadequate at 

DBE 

Capacity of 

structure is 

inadequate 

as the 

performance 

point base 

shear is less 

than design 

base shear 
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structure is quite higher and at reservoir empty 

condition, performance point base shear is lower 

than design base shear which means the section is 

less stiff. Even if braces sections are within 

Immediate Occupancy (IO) level for all conditions, 

base shear criteria indicate the section also needs 

retrofitting or replacement. At roof displacement of 

only 99 mm (corresponding shear force = 151.923 

KN), some column hinges are at the level of failure 

which means ductility of the structure is less in the 

reservoir full condition and hence this is most 

critical condition among empty and partially full 

conditions. There is no performance point for 

reservoir full and 60% full condition but seismic 

demand and capacity of structure meets at base 

shear force of 230.667 KN and corresponding 

displacement of 142 mm for reservoir empty 

condition at the design based earthquake (DBE) but 

seismic event can produce base shear of 288.095 

KN which is beyond the performance point base 

shear of 230.667 KN. 

As the elevated water tank is very essential and 

lifeline facilities the structure should be in IO level 

at DBE and the stiffness of the structure also needs 

to increase and period of structure have to reduce. 

To meet these requirements, the column and braces 

sections should be strengthened. 

. 

 

 

 
Fig. 5. Column and braces hinge result before retrofit for 

reservoir full, 60% full and empty condition 

2.5 Column jacketing technique: 

Jacketing is a technique used to increase the strength 

of existing structural members (e.g. Columns, 

Beams etc.) by providing a “Jacket” of additional 

material around the existing member. This 

additional material can be of several types e.g. 

concrete, steel or FRP etc. Concrete Jacketing is 

pivotal for strengthening to add or restore ultimate 

load capacity of reinforced concrete columns. It is 

used for seismic retrofitting, supporting additional 

live load or dead load that is not included in the 

original design, to relieve stresses generated by 

design or construction errors, or to restore original 

load capacity to damaged structural elements. 

 

The case of this study is that, the structure is 

inadequate to withstand the seismic loading demand. 

Figure 6(a) illustrates the column section of 

previously constructed and retrofitted structure. The 

retrofitted section (outer core) consists of #20 mm -

10 numbers of bars as longitudinal bars and 10 mm 

dia circular ties @ 100 mm C/C and concrete 

material is M20 and having total of 480 mm 

diameter. 

Figure 6(b) illustrates the braces section of 

previously constructed and renovated structure. The 

replaced section consists of #20 mm -10 numbers of 

bars as longitudinal bars and 10 mm dia stirrups @ 

100 mm C/C and concrete material is M20 and 

having size of 450 x 450 mm. 
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Fig 6(a): column section before and after retrofit 

 

 

Fig 6(b): braces section before and after retrofit 

The section is finalized after the series of trial 

sections. From table 1, only few column sections are 

deficient and retrofitting done to only those deficient 

sections does not make sense. That means local 

retrofitting technique does not work and hence all 

the column sections are replaced with jacketed 

section (i.e. global retrofitting) and braces sections 

are replaced with another heavy section (450 x 

450mm) then pushover analysis is run again for 

three conditions. The result should be positive for all 

three conditions otherwise section should be revised 

and analysis should run for next trial section. 

2.6 Analysis Results After Retrofit: 

The pushover analysis result after the concrete 

jacketing of column (no braces jacketing) with all 

three conditions are illustrated in the table 3 and 

corresponding hinge results are shown in figure 7. 

 

 

Table - 3 

S. 

No. 
Parameters 

Conditions 

Reservoir 

Full 

condition 

Reservoir 

60% full 

condition 

Reservoir empty 

Condition 

1 

Column 
Hinge  

(Figure 7) 

All bottom 

storey 
column 

hinges are at 

B and rest of 
are at elastic 

deformation 

Few of the 

column 

hinges are at 
B and rest of 

are at elastic 

deformation 

Some bottom 
storey column 

hinges are at B 

and rest of are at 
elastic 

deformation 

2 
Braces Hinge 

(Figure 7) 

All the 

braces hinges 
are at B (just 

start of 

plastic 
yielding) 

All the 

braces hinges 
are at B (just 

start of 

plastic 
yielding) 

some braces 
hinges are at B 

(just start of 

plastic yielding) 
and few braces 

hinges are at 

elastic 
deformation 

3 
Performance 
Point at DBE 

1059.542KN, 
87.00 mm 

1051.923 

KN, 80.00 
mm 

1035.169 KN, 
68.00 mm 

4 

Displacement 

of joint 48 at 

above hinge 
result and 

corresponding 

base force 

91.95 mm, 

1073.023 KN 

82.069 mm, 

1062.53 KN 

72.726 mm, 

1063.314 KN 

5 

Base Shear 

(Auto 

Seismic)- 
Design Base 

Shear 952.619 KN 874.87 KN 744.227 KN 

6 

Time period 

of first 3 
modes 1.34069 Sec 1.21226 Sec 0.992275 sec 

7 Result 

Capacity of 
structure is 

adequate at 

DBE 

Capacity of 
structure is 

adequate at 

DBE 

Capacity of 

structure is 

adequate at DBE 
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Fig 7: Column and braces hinge result after retrofit for 

reservoir full and 60% full and empty condition 

 

3. RESULTS AND DISCUSSION 

To evaluate the seismic performance of the structure 

models, the pushover curve (Base shear versus  

Roof  displacement)  and  response  spectrum  curve  

(Acceleration  versus  Time  period) should be 

overlaid in acceleration displacement response 

spectrum (ADRS) format after converting their 

domain to spectral acceleration and spectral 

displacement. The intersection of both curves gives 

the performance point, which is analyzed for the 

evaluation process. The storey drift and the roof 

displacement of the structure also give the overall 

performance of that structure.  

 

After retrofitting, the column and braces sections are 

increased, due to this moment of inertia also 

increased and ultimately the stiffness of the whole 

staging frame increases. The design base shear is 

increased from 386.645 KN to 952.619 KN for 

reservoir full condition, 350.4 KN to 874.87 KN for 

reservoir 60% full condition and 288.095 KN to 

744.225 KN for reservoir empty condition after 

retrofit. That means the seismic demand of the 

structure also increased and the capacity of the 

structure is increased from 230.667 KN to 1035.169 

KN at reservoir empty condition. The time period of 

the fundamental mode is decreased from (3.03746 to 

1.34069 Sec), (2.743244 to 1.21226 Sec) and 

(2.357798 to 0.992275 sec) for reservoir full, 

reservoir 60% full and reservoir empty condition 

respectively. Figure 8(a) shows the variation of base 

shear demand of the structure and figure 8(b) shows 

the variation of fundamental time period of structure 

before and after the retrofit. 

 
Fig 8(a): Variation of base shear demand before and after 

retrofit 

 
Fig 8(b): Variation of fundamental time period before and 

after retrofit 
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For all three conditions the performance point base 

shear is higher than the design base shear. The 

pushover curve is shown in figure 9, which shows 

increases in base shear and corresponding 

displacement ultimately the capacity of the structure 

is increased. 

 

 
Fig 9(a): Pushover curve before and after retrofit (Reservoir 

Full Condition) 

 

 
Fig 9(b): Pushover curve before and after retrofit (Reservoir 

60% Full Condition) 

 

 

Fig 9(c): Pushover curve before and after retrofit (Reservoir 

Empty Condition) 

Figure 10 shows response spectrum curve 

(Acceleration versus Time period) overlaid in 

acceleration displacement response spectrum 

(ADRS) format after converting their domain to 

spectral acceleration and spectral displacement 

which shows performance point. Before retrofit, 

there is no performance point in reservoir full and 

60% full condition. That means capacity of the 

structure is inadequate to the seismic demand of the 

structure. But there is performance point in reservoir 

empty condition in parent structure. 

After the retrofit, the seismic demand of the 

structure is fulfilled by the capacity for all three 

conditions. 
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Fig 10(a): capacity vs. demand in ADRS format before and 

after retrofit (Reservoir Full Condition) 

 

Fig 10(b): capacity vs. demand in ADRS format before and 

after retrofit (Reservoir 60% Full Condition) 

 

 

Fig 10(b): capacity vs. demand in ADRS format before and 

after retrofit (Reservoir empty Condition) 

4. CONCLUSIONS: 

The performance of reinforced concrete frame 

staging was investigated using the pushover 

analysis. As a result of the work that was completed 

in this study, the following conclusions were made: 

1. After the structure retrofitted with column 

Jacketing and braces replacement, the hinge 

formation on the structure is within the 

Immediate Occupancy Level. 

2. The performance point base shear is greater 

than design base shear, the elevated water tank 

frame staging is seismically safe. 

3. Fundamental time period of the structure 

decreases as the water level in the tank 

decreases. 

4. Seismic demand of the structure decreases as 

the water level in the tank decreases, reservoir 

full case is found to be the most critical. 

 

5. LIMITATIONS: 

The study performed here is based on following 

assumptions: 

1. The upper structure above staging (i.e. tank 

portion) is assumed to be intact and vulnerable 

portion is staging only. 

2. The elevated water tanks usually consists of RC 

spiral staircase which may produce 

eccentricities in analysis but the effect of this is 

not considered in the analysis. 

3. The study is carried out in seismic zone V and 

soil type III (soft soil), the result obtained here 

used in other zone and other soil type but for 

same reservoir type may be uneconomical. 

4. The study only focuses on seismic safety. 

Economical retrofitted section is not analyzed 

which can be found after doing pushover 

analysis of different varying retrofitted sections 

(with different concrete thickness and steel 

rebar quantity). 
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Abstract— The beam column joint is the crucial zone 
in a reinforced concrete moment resisting frame. It is 
subjected to large forces during severe ground shaking 
and its behavior has a significant influence on the 
response of the structure. The performance of the 
building is well characterized by the capacity of beam- 
column joint. Basically, those joints develop large shear 
under seismic action and undergo brittle shear failure 
with development of shear hinges. So, reinforced 
concrete beam- column joints need ductile detailing to 
resist high shear forces during severe earthquakes. In 
context of Nepal, due to rapid urbanization and costly 
land in city areas residential buildings are being 
modified structurally as well as functionally. Such 
modifications have compromised the performance of the 
structure and increased the vulnerability during severe 
earthquake. This paper aims to assess the performance 
of a residential building modified to an office building, 
that is functional modification, using pushover analysis 
and presents a solution to strengthen it using glass fiber 
reinforced polymer (GFRP). Design-oriented approach 
is applied in strengthening the building elements as it is 
suitable for direct use in practical design. In this paper, 
Turkish earthquake code 2007 is referred to incorporate 
the design- oriented approach. It is found that the use of 
single GFPR layer increased the global displacement 
ductility 3 times the original while shear capacity of 
column increased by 26.79%. It is found that functional 
modification has lowered the performance of the 
building and concluded that the use of GFRP layer has 
significantly increased the performance of building from 
ultimate collapse to immediate occupancy level. 

Keywords—Fiber reinforced polymer (FRP), beam- 
column joint, ductility, pushover analysis, performance 
point, design- oriented approach. 
 

I. INTRODUCTION 

Recent Gorkha earthquake of April, 2015 has 
depicted the vulnerability of existing reinforced 
concrete structures, especially beam-column joints. 
Insufficient transverse reinforcement and poor 
reinforcement detailing have been identified as main 
reason for beam-column joint failure during Gorkha 

earthquake[1]. Typical construction and functional 
changes made to the existing buildings in urban areas 
has decreased the capacity and performance level and 
thus has increased vulnerability. Such buildings 
undergone modification needs retrofitting to the 
desired performance level. Several strengthening 
techniques have been developed so far. Despite of 
several techniques it is rather challenging task 
consisting of practical difficulties and requires 
experimental and analytical assessment before 
application. In the past two decades fiber reinforced 
polymers are being widely used in strengthening the 
concrete beams, columns and beam- column joints. It 
is because these materials are easy to install, take short 
period for construction, corrosion resistant, require no 
maintenance, light weight, cost effective and possess 
high strength[2]. Various stress-strain models like 
design-oriented model[3], analysis-oriented models 
and experimental methods have been developed for 
fiber reinforced polymer confined concrete. In this 
paper, Turkish earthquake code 2007[4] is referred in 
the design of retrofitted columns. Fiber composites 
help to increase shear strength and ductility of 
member. Mechanism of concrete, axial load, shear 
steel and FRP contributes in the shear strength of 
retrofitted column. The shear strength of retrofitted 
column depends on the level of ductility namely high 
ductile, moderate and limited ductility behavior. The 
model presented by Khaled Galal and A. Ghobarah, 
2004 assumes that the shear strength of column 
decreases bilinearly with increase in displacement 
ductility. A study has presented that the wrapping of 
FRP layer contributes in the shearing capacity and 
ductility without significant increase in column 
stiffness[5]. Static non-linear pushover analysis is used 
for the performance assessment of the control model 
and the retrofitted model. This paper presents a 
performance assessment of a case building modified to 
functional change using glass fiber reinforced polymer 
layer. I believe this study presents a simple approach 
for direct use in practical design of retrofitted beams 
and columns. 

II. OBJECTIVES AND METHODOLOGY 
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This paper aims at conducting pushover analysis of 
case model and retrofitted model and comparing 
performance level at performance point. For the 
purpose of study, a three-storey residential building 
prototype modified to an office building is considered. 
Sap 2000 finite element tool is used in the study. 
Performance evaluation of the models is conducted 
based on ATC 40, seismic evaluation and retrofit of 
concrete buildings.[6] The capacity deficient columns 
are strengthened using a single layer of GFRP[7]. 
Referring to the Annex 7E of Turkish earthquake code 
2007, the increased compressive strength of concrete 
coated with FRP layer is computed as: 

          fcc = fcm (1+2.4(f 1/ fcm) ≥1.2 fcm              1(a) 

In the equation 1(a), fcmis the compressive strength 
of the existing concrete and f1 is the lateral pressure 
amount provided by FRP coating. f1 shall be calculated 
according to equation 1(b) 

                      f1 = ҡaρfԑf Ef                                 1(b) 

In the equation 1(b), εf indicates the effective unit 
extension boundary of FRP, ҡa indicates the 
effectiveness factor of section shapes, ρf is the 
volumetric ratio of FRP and Efis the modulus of 
elasticity of FRP. 

       εf ≤ 0.004 

                            εf ≤ 0.5ԑfu                                                   1(c) 

Where ԑfu is the unit breaking strain of FRP, for 
simplicity εf is taken as εh, rup, rupture strain of FRP 
layer. 

                ҡa = 1-
( ) ( )

                         1(d) 

Where b, h are column dimension and r is radius of 
chamfer. 

                           ρf = 
( )

                          1(e) 

 Where n is number of FRP layer wrapped and t is 
thickness of FRP layer. 

Ultimate stain of FRP confined concrete is εcc, 

                       εcc = 0.002[1+15( ) . ]                 1(f) 

Shear strength capacity is computed with reference to 
Khaled Galal and A. Ghobarah, 2004. 

                     Vn = Vc+Vp+Vs+Vf                              2(a) 

 Where, Vn, Vc, Vp, Vs and Vf are shear strength 
contribution due to concrete, axial load, shear steel and 
FRP respectively. Shear contribution due to axial load 
is neglected in this study. 

                        Vc= 0.3(fck)0.5Ae                                                  2(b)  

                              Vp = kp
/

                                  2(c) 

                              Vs =                                  2(d) 

                             Vf = 0.95(2tf) (ԑf) df                                  2(e) 

 fck = Compressive strength of concrete. 
Ae = Area of effectively confined concrete core. 
Kp = 1 for column in double curvature and 0.5 for     
column in double curvature. 
P = Axial load in column. 
t = Total depth of column in cross section. 
H = Height of column. 
d = column section depth to the tensile steel. 
Av, fy, S are total cross section area, yielding 
strength and spacing of transverse steel. 
2tf = Total transverse design thickness of FRP. 
ԑf = Design strain for FRP. 
Ef = Modulus of elasticity of FRP. 
df = depth of FRP in the direction of load. 
 

III. CASE STUDY 

A. Building Geometry 
The case model is 2x3 bay regular three storey 

building with linear dimension in x-direction and y-
direction are 10.5m and 8m respectively. Beam size is 
0.23m x 0.35m and column size is 0.35m x 0.35m with 
slab thickness of 0.125m. The total height of building 
is 12m.  

TABLE I.  BEAM AND COLUMN DETAILS 

Element Size Reinforcement 

Column 0.35m x0.35m #8-16mm dia. 

Beam 0.23m x 0.35m #6-16mm dia. 

 

 

 

 
 
 
 

 
 
 
 

Fig. 1. Plan of Building 
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Fig. 2. 3D building model in SAP 2000. 

B. Material Properties 

TABLE II.  MATERIAL PROPERTIES USED IN THIS STUDY 

Concrete fcm (MPa) 20 
Steel fy(MPa) 500 
GFRP EFRP (GPa) 80 

εh, rup 0.015 
t (mm) 1.1 

 

TABLE III.  PROPERTIES OF FRP CONFINED CONCRETE 

Properties  Values 
b (mm) 350 
h (mm) 350 
r (mm) 25 
fcm(MPa) 20 
ԑco 0.002 
Fiber Type Glass Fiber 
t (mm) 1.1 
EFRP (GPa) 80 
εh, rup 0.0115 
f1(MPa) 2.956 
ҡa 0.510 
ρf 0.0126 
f1/fcm9 0.1478 
fcc(MPa) 27.09 
ԑcc 0.0115 

C. Loadings 

Loads assigned to the case model are self-weight, 
masonry wall load, floor finish and floor live load of 4 
KN/m2 for an office building. 

IV. ANALYSIS 
Nonlinear pushover analysis is carried out to 

case model and retrofit models to obtain capacity 
curve. Capacity spectrum method suggested by 
ATC-40 is adopted to obtain the target displacement 
and corresponding performance point. The 
intersection of capacity spectrum curve and demand 
spectrum curve is the performance point of the 
structure. The pushover analysis has not been 
introduced in the Indian Standard code yet. 
However, the procedure described in ATC-40 can 
be adapted for the seismic parameters of IS:1893-
2002[8]. 

Ca = Z/2 and 

Cv = Z/2 for hard soil, 

1.36*Z/2 for medium and 

1.67*Z/2 for soft soil 

Displacement-controlled pushover analysis is 
performed and hinge status and accordingly the 
performance level   is assessed.  

 

 

 

 

 

Fig. 3. Seismic performance levels on an idealized response 
curve . 

V. RESULT AND DISCUSSION 

As per Turkish earthquake code 2007, the 
compressive strength of FRP confined concrete is 
obtained to be 27.09 MPa. Pushover analysis is 
performed for case model considering unconfined 
concrete while for the retrofit model FRP confined 
concrete is considered. Auto hinges defined in SAP 
2000 are assigned to elements. Retrofitting technique 
is applied to those elements which are short of 
performance level. After pushover analysis, hinge 
formation at each step is studied and checked its 
performance level. Hinge status at performance point 
is checked for both case model and retrofit model. In 
after analysis of case model, six columns formed 
hinges at its base, two for push-X and four for push-Y 
with hinge status being beyond CP level. It is 
observed from table VII that joint rotation is 
negligible before collapse that is joint has undergone 
brittle failure. This study shows that ductility of 
retrofitted joint has significantly increased as shown 
in fig. 4., accompanied by joint rotation capacity. 
With reference to the fig. 10 and 13, it is clear that the 
case model does not meet the collapse prevention 
requirement in both directions as its performance 
point falls short of collapse prevention (CP) point. 
While the retrofitted model satisfies the immediate 
occupancy requirement. Pushover capacity curves are 
obtained for both the models as in the fig. 9 and 11 
which can be clearly interpreted that capacity has 
increased for the retrofitted model. In this study, 
single layer of GFRP is applied and is found to be 
effective increasing the performance of building. 
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TABLE IV.  PERFORMNACE POINT. 

Model Performance Point, X-
axis 

Performance Point, 
Y-axis 

Base 
Shear, 
V (KN) 

Roof 
Displacement, 

D (mm) 

Base 
Shear, 
V (KN) 

Roof 
Displaceme
nt, D (mm) 

Case 
Model 

881.97 35.44 895.43 42.91 

Retrofitte
d Model 

875.39 36.32 887.97 43.03 

 

TABLE V.  DISPLACEMENT DUCTILITY FACTOR 

Model 
Along X-axis 

  
µ 

Along Y-axis 
µ 

Δu Δy Δu Δy 

Case 
Model 

0.0358 0.0198 1.81 0.0397 0.0222 1.79 

Retrofit 
Model 

0.1205 0.0198 6.09 0.1389 0.0222 6.26 

 

TABLE VI.  SHEAR STRENGTH 

Av (mm2) 100 

fy (Mpa) 500 

de (mm) 302 

S (mm) 150 

tf (mm) 1.1 

ԑf 0.004 

Ef (Mpa) 80000 

df (mm) 352.2 

fck (Mpa) 20 

Ae (mm2) 122500 

Vs (KN) 100.67 

Vf (KN) 235.55 

Vc (KN) 164.35 

Vn = Vc+Vs (KN) 265.02 

Vfrp confined (KN) 336.22 

 

From table VI, the shear strength of 
column for case model is obtained as 265.02 KN 
while for retrofitted model as 336.22 KN. The 
percentage increase in shear capacity after 
retrofitting column with GFRP is found to 
be26.79%. In contrast to shear capacity and 
ductility the base shear is found less. This is due to 
the fact that GFPR mechanism contributes high 
ductility which increases the flexibility which in 
turn increasing the drift capacity. 

TABLE VII.  PERFORMANCE LEVELS FOR CASE 
MODEL. 

Hinge 
Name 

Load 
Case 

Step M3 (KN) 
R3 

(Rad.) 
Hinge 
State 

Hinge 
Status 

79H1 PushX 0 -1.0665 0 
A to 
<=B 

A to 
<=IO 

79H1 PushX 1 64.9434 0 
A to 
<=B 

A to 
<=IO 

79H1 PushX 2 112.0892 0 >E >CP 

79H1 PushX 3 65535 65535 >E >CP 

79H2 PushX 0 2.2729 0 
A to 
<=B 

A to 
<=IO 

79H2 PushX 1 -24.6236 0 
A to 
<=B 

A to 
<=IO 

79H2 PushX 2 -30.2978 0 
A to 
<=B 

A to 
<=IO 

79H2 PushX 3 -29.6756 0 
A to 
<=B 

A to 
<=IO 

70H3 PushY 0 -2.505 0 
A to 
<=B 

A to 
<=IO 

70H3 PushY 1 -3.8957 0 
A to 
<=B 

A to 
<=IO 

70H3 PushY 2 65535 65535 >E >CP 

70H3 PushY 3 65535 65535 >E >CP 

70H3 PushY 4 65535 65535 >E >CP 

70H3 PushY 5 65535 65535 >E >CP 

70H3 PushY 6 65535 65535 >E >CP 

70H4 PushY 0 5.7782 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 1 5.1232 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 2 4.204 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 3 4.2049 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 4 4.1639 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 5 4.1639 0 
A to 
<=B 

A to 
<=IO 

70H4 PushY 6 4.1449 0 
A to 
<=B 

A to 
<=IO 

 

TABLE VIII.  PERFORMANCE LEVELS FOR RETROFIT 
MODEL. 

Hing
e 

Nam
e 

Load 
Case 

Ste
p 

M3 
(KN) 

R3 
(Rad.) 

Hing
e 

State 

Hinge 
Statu

s 

79H1 
Push

X 
0 -1.0661 0 

A to 
<=B 

A to 
<=IO 

79H1 
Push

X 
1 64.8867 0 

A to 
<=B 

A to 
<=IO 

79H1 
Push

X 
2 

113.466
6 

0.00025
4 

B to 
<=C 

A to 
<=IO 

79H1 
Push

X 
3 

113.626
3 

0.00050
8 

B to 
<=C 

A to 
<=IO 

79H1 
Push

X 
4 

112.603
8 

0.00481
5 

B to 
<=C 

>CP 

79H1 
Push

X 
5 

113.317
3 

0.00749
3 

B to 
<=C 

>CP 
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79H1 
Push

X 
6 

113.453
5 

0.00777
8 

B to 
<=C 

>CP 

79H2 
Push

X 
0 2.2729 0 

A to 
<=B 

A to 
<=IO 

79H2 
Push

X 1 -24.684 0 
A to 
<=B 

A to 
<=IO 

79H2 
Push

X 
2 -30.1286 0 

A to 
<=B 

A to 
<=IO 

79H2 
Push

X 
3 -31.4633 0 

A to 
<=B 

A to 
<=IO 

79H2 
Push

X 
4 -72.4817 0 

A to 
<=B 

A to 
<=IO 

79H2 
Push

X 
5 -100.114 0 

A to 
<=B 

A to 
<=IO 

79H2 
Push

X 
6 -102.41 -4.5E-05 

B to 
<=C 

A to 
<=IO 

79H3 
Push

Y 
0 -1.0661 0 

A to 
<=B 

A to 
<=IO 

79H3 
Push

Y 
1 -0.839 0 

A to 
<=B 

A to 
<=IO 

79H3 
Push

Y 
2 -0.6908 

1.65E-
10 

B to 
<=C 

A to 
<=IO 

79H3 
Push

Y 
3 -0.7771 

5.46E-
10 

B to 
<=C 

A to 
<=IO 

79H3 
Push

Y 
4 -0.5694 

8.24E-
09 

B to 
<=C 

IO to 
<=LS 
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Fig. 4. Moment-Rotation curve for a beam-column joint 
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Fig. 5. Hinge status for Push-X at step 2 for case model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Hinge status for Push-X at step 2 for Retrofit 
model.  

 

 

 

 

 

 

 

 

 

 

Fig. 7. Hinge status for Push-Y at step 2 for case model. 

 

 

 

 

 

 

 

 

Fig. 8. Hinge status for Push-Y at step 2 for Retrofit 
model.              
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Fig. 9. Pushover Capacity Curve for X-axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Demand Capacity Spectrum Curve for Case 
model along Y-axis. 

 

 

 

 

 

 

 

 

Fig. 11. Pushover Capacity Curve for Y-axis. 

 

 

 

 

 

 

 

 

Fig. 12. Demand Capacity Spectrum Curve  for Case 
model along X-axis. 

Fig. 13. Demand Capacity Spectrum Curve for Retrofit 
model along X-axis. 

 

 

 

 

 

 

 

Fig. 14. Demand Capacity Spectrum Curve for Retrofit 
model along Y-axis. 
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Fig. 15. Demand Capacity Spectrum Curve for X-axis. 

 

 

 

 

 

 

 

Fig. 16. Demand Capacity Spectrum Curve for Y-axis. 

 

VI. CONCLUSION 
 

The main conclusion drawn after comparing the 
case model and retrofitted model are summarized 
below: 

 Design-oriented approach applied in this 
study is found to be simple and useful 
for direct design use. 

 Pushover analysis of case model 
representing several residential buildings 
undergone functional modification, 
shows the present level of performance 
and level of vulnerability in urban areas 
in Nepal. 

 After pushover analysis of both the 
models it is found that after retrofitting 
with a single layer of GFRP the 
performance level of case model has 
improved from ultimate collapse to 
immediate occupancy (IO) level. 

 In this study, moment rotation curve of 
retrofitted joint has significantly 
increased that shows an improvement on 
ductility of joint. It is found that the 
global displacement-ductility has 
increased by 3 times. 

 It is found that the shear capacity of 
retrofitted column is increased by 
26.79%. 

 This study concludes that the residential 
buildings in urban areas of Nepal which 
are modified functionally are at high 
risk. 
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Abstract—Due to larger dimensions of Super-long 
concrete structures, shrinkage and temperature 
effects are more pronounced and common than in 
typical conventional RC structures. These 
shrinkage and temperature effects tends to induce 
secondary tensile stresses which may lead to 
frequent cracking and excessive deflection 
resulting with huge losses in durability and 
serviceability thereby seriously affecting the safety 
and functionality of building structures. Nowadays, 
this has been the major issue that many engineers 
and designers are more likely to be concerned with. 
To date, there are many design codes and 
recommendations available for RC and prestressed 
concrete structures. However, no such codes and 
practices are available for the analysis, design and 
construction of Super-long concrete structures thus 
making engineers, designers and contractors 
completely relying on the engineering judgement 
based on the prior experience in similar and related 
projects. Hence, it requires proper clear 
understanding and accurate estimation of 
shrinkage, creep and temperature effects. This 
paper considers the provision of pour strip and 
application of prestressing (post tensioning) 
method as the effective means of crack mitigation 
in Super-long concrete structures, which is found to 
be both reliable and convenient according to the 
quantitative FEM analysis realized in ANSYS 
software. Furthermore, other supplementary 
measures in addition to prestressing is 
recommended to save construction costs although 
its effectiveness strictly depends on the actual 
construction site conditions. 
 

Keywords—super-long concrete structure, 
temperature, shrinkage, creep, prestressing, cracks 

I. INTRODUCTION AND LITERATURE REVIEW 

Sometimes referred as horizontal skyscrapers, Super-
long concrete buildings are structures with larger 
dimensions, i.e., length, greater than 55 m (as per GB 
50010-2010) [1] that requires expansion joints placed 

at strategic locations, which serves as a permanent 
measure to prevent the secondary tensile cracks that 
arises because of temperature variations and shrinkage 
of the structural concrete. However, these joints when 
placed at their locations, either does not maintain the 
structural integrity of Super-long concrete structure [2] 
or may cause loss of durability resulting from the 
leakages in case of underground parking structures [3]. 
In other words, the structures without joints are called 
as Super-long structures. Therefore, nowadays more 
emphasis is given to the research on structures without 
joints [4]. 
 
The effects of temperature changes and shrinkage are 
greater in ground floors or basement floors of the 
building structure [5] and hence they are given more 
importance for crack control provisions of basement 
floor slab. Also, the effect of temperature cannot be 
ignored when the structure is superlong [6]. 
 
The combined effects of shrinkage, creep and 
temperature drop tend to induce the tensile stresses in 
the basement slab, with shrinkage and temperature 
effects often being more pronounced than creep, since 
creep induced stresses in concrete are often relaxed 
with time due to relaxation in concrete [7]. The 
combined shrinkage and temperature effects also 
decreases due to relaxation coefficient when creep 
effects are considered in the analysis [8]. 
 
Till date, many crack mitigating methods like use of 
shrinkage compensating concrete (SCC), prestressing, 
pour strip and sequential construction, addition of 
extra steel reinforcements, etc. have been adopted for 
eliminating the shrinkage and temperature cracks in 
Super-long concrete structures. Various researchers 
have conducted research on crack control of super-
long concrete structures employing different methods. 
 
Gerard [9] studied the design and construction 
technology of expansion reinforcing band and use of 
shrinkage compensating concrete in super-long 
concrete structure in elastic foundation considering 
Soil Structure Interaction and then compared with 
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conventional concrete structure. In engineering 
practice, this method has been used to control cracking 
and leakage problems, this practice ultimately 
eliminates the expansion joints in the super-long 
concrete structure as well. 
 
Also, the concept of prestressing to eliminate 
secondary tensile stress is not new. As many 
researchers have carried out the study regarding the 
prestressing application in crack controlling of super-
long concrete structures [2], [10]–[13] and is found to 
be most effective and convenient means for reducing 
tensile stresses in structural concrete. 
 
This study focuses on mitigation of the cracks that are 
induced by the shrinkage, creep, and temperature 
variations. This can be achieved by the application of 
post tensioning in the basement slab of Super-long 
building and setting of a post-poured strip along the 
transverse direction, including the elastic foundation 
(i.e., springs) for soil structure interaction (SSI) that 
provides restraints due to the connected pile 
foundations underneath. Here, post-poured strip is 
employed as a temporary measure for reducing the 
amount of anticipated shortening that takes place 
before its closure, which is basically characterized by 
the plot of shrinkage plus creep shortening versus time. 
Hence, the effectiveness of the post poured strip 
strictly depends on its open time. Also, the sequential 
construction method becomes convenient with the 
setting of pour strip. 
 
The location of the pour strips (or expansion joints) 
varies accordingly as the ambient temperature of the 
site and can be estimated using deformation 
distribution method. More detailed description about 
evaluating the position of pour strips is given in the 
literature [14]. However, the pour strip in symmetrical 
basement plan structure is usually placed at the middle 
to ensure even distribution of stresses. 
 
In this paper, the study is the combined application of 
research conducted by Li and Sha [10] for prestressing 
and setting of post-poured strip, and Gerard [9] for 
elastic foundation. 
 

 
Fig. 1. Basement floor plan of the Super-long building 

II. PARAMETERS CONSIDERED 

The required parameters for the analysis are 
considered according to the real engineering field 
conditions. While some of the parameters are assumed 
such that it applies for typical Super-long structures. 
 
For the analysis, a fictitious Super-long concrete multi 
story building to be constructed in Shenzhen, China is 
assumed with overall plan dimensions of 82.5 m × 45 
m (Fig. 1), in which longitudinal direction consists of 
11 spans each of length 7.5 m and transverse direction 
consists of altogether 6 spans each of length 7.5 m. The 
thickness of the basement slab being 500 mm. The 
compressive strength for basement slab concrete is 35 
MPa and the average precompression level of 1.5 MPa 
is applied to transfer the effective prestress after all 
prestress losses. Also, the building is assumed to be 
constructed at site where average annual ambient 
relative humidity is 70 % and seasonal temperature 
variations is 15 ℃ . For early application of post 
tensioning at about 5 days, it is noteworthy to ensure 
that concrete gains adequate strength to sustain applied 
prestressing force. Thus, the casted basement concrete 
slab is cured for first 3 days to gain adequate strength 
and then, allowed to shrink. It is also assumed that the 
concrete mix is designed to reach its ultimate creep and 
shrinkage at about 75 years. This indicates shrinkage 
and creep predictions and their effects also applies to 
other long concrete structures of similar life span. The 
stress and deformation analysis are carried out for only 
the basement slab whereas the analysis of upper floors 
is not under the scope of this study. 
 
For stress distribution analysis of the basement slab, 
first the accurate prediction of shrinkage and creep is 
necessary. The prediction of shrinkage and creep 
depends upon the concrete paste parameters, strength 
parameters, loading parameters and environmental 
conditions. In other words, quantification accuracy of 
these parameters is based on real engineering site 
conditions (non- standard conditions). Then, the stress 
induced due to shrinkage, creep and temperature 
effects are predicted and examined for possibility of 
cracking and to suggest other crack mitigation 
measures. Hence, the suitable prediction model for 
shrinkage and creep is selected on the basis of its ease 
in application and simplicity in calculations. 
 

III. SHRINKAGE AND CREEP PREDICTIONS 

A. Comparison between different shrinkage and 
creep prediction models 

The most popular and latest models for prediction of 
creep and shrinkage are ACI 209R-92, CEB-FIP 2010, 
GL 2000 and B3. With reference to the various 
literatures [15]–[17], these four prediction models are 
compared according to their accuracy, ease in 
application, total no. of parameters used, etc. As for 
code models, the ACI 209R-92 model requires the 
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greatest number of parameters while CEB-FIP 2010 
and GL 2000 models require the least. Apart from code 
models, B3 model required the most parameters since 
it was developed based on the ACI 209R-92 model. 
The GL 2000 model required less parameters since it 
was developed based on both ACI 209R-92 Model and 
CEB-90 model. In GL 2000 model, creep and 
shrinkage predictions can be done with a simple 
procedure as all the equations have been formulated in 
terms of strength development of concrete with time. 
Hence, GL 2000 model is utilized to predict shrinkage 
and creep. 

B. GL 2000 Model 

The current version of GL 2000 model [16] was 
introduced by Gardner in 2004 with slight 
modifications of some coefficients from its older 
version (Gardener and Lockman, 2001) [18]. This 
model employs a simple procedure for creep and 
shrinkage prediction that requires less parameters even 
for a more complicated model. And the creep and 
shrinkage predictions can be easily improved by 
evaluating concrete strength development with time 
and modulus of elasticity (ACI 209, 2008) [19]. 
 
To ensure the deviations of both shrinkage and creep 
predictions to be within ±25%, GL 2000 model has 
following parameter restrictions. 

 Mean compressive strength of concrete from 
16 - 82 MPa 

 w/c ratio ranges from 0.4 - 0.6 
 Concrete v/s ratio greater than 19 mm 
 The age of concrete at loading and the age of 

concrete at the start of drying should be at 
least 1 day (to ≥ tc ≥ 1 day) 

 For type I, II and III Portland cements 
 Relative humidity ranging between 20–100 % 

 
The following parameters are required for prediction 
of shrinkage and creep using GL 2000 model 

 Age at which drying starts (or age at the end 
of moist curing) 

 Age at loading 
 Relative Humidity (in decimal) 
 Volume-surface ratio 
 Cement type 
 Mean compressive strength of concrete at 28 

days 

C. Prediction equations of shrinkage and creep using 
GL 2000 Model 

Shrinkage 
 
The shrinkage, 𝜀 (𝑡, 𝑡 )  at any age, t by GL 2000 
model is predicted as 
 

 𝜀 (𝑡, 𝑡 ) =  𝜀  𝛽(ℎ)𝛽(𝑡 − 𝑡 ) (1) 
 

 𝜀 = 900𝑘
30

𝑓

.

× 10  (2) 

 
 

𝛽(ℎ) = (1 − 1.18ℎ ) (3) 
 

     𝛽(𝑡 − 𝑡 ) =
(𝑡 − 𝑡 )

(𝑡 − 𝑡 ) + 0.12
𝑉
𝑆

.

 

 

(4) 

where, 
𝜀  is the ultimate shrinkage strain 
𝛽(ℎ) is the correction factor for the effect of RH 
𝛽(𝑡 − 𝑡 ) is the correction factor for the effect of 
time of drying 
𝑓 = 1.1𝑓′ + 5, is the mean compressive 
strength of concrete 
𝑓′ is the characteristics compressive strength 
𝑘 = 1.0 , depends on the cement type 
ℎ is the relative humidity in decimal 

  is the volume-surface ratio in mm 

𝑡  is the age at which drying starts 
 

Creep 
 
Creep is predicted in terms of creep compliance, 
𝐽(𝑡, 𝑡 ) and then it is converted into creep strains by 
multiplying with the applied precompression (1.5 
MPa) and stress reduction factor (0.5). 
 

 
𝐽(𝑡, 𝑡 ) = +

( , )   

 

      (5) 

 

 𝜙 (𝑡, 𝑡 ) =  𝜙(𝑡 ) 2
( ) .

( ) . +

. ( )

( )

.

+ 2.5(1 −

1.086 ℎ )
( )

( ) .

.

 

      
(6) 

 

     
 

        

 𝑖𝑓 𝑡 = 𝑡 , 𝜙(𝑡 ) = 1 
 

𝑖𝑓 𝑡 > 𝑡 , 𝜙(𝑡 ) = 1 −
( ) .

. .

  

       

 
 
 
 

(7) 
where, 
𝐸  is the Elastic modulus at the time of loading 
𝐸  is the Elastic modulus at 28 days 
𝜙 (𝑡, 𝑡 ) is the creep coefficient, the ratio of creep 
strain to elastic strain 
𝜙(𝑡 ) is the correction factor for the effect of drying 
before loading 

TABLE I.  ‘S’ AND ‘K’ VALUES AS A FUNCTION OF CEMENT 
TYPE 
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Cement type S k 

Type I 0.335 1.0 
Type II 0.4 0.75 
Type III 0.13 1.15 

TABLE II.  ULTIMATE STRAINS 

Ultimate creep and shrinkage micro strains 

Creep 117.6 
Shrinkage 474.6 
Total 592.2 
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Fig. 2. Shrinkage predictions     

Also, Modulus of elasticity has been defined as:                                
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Fig. 3. Creep predictions 

 𝐸 = 3500 + 4300 𝑓  
 

(8) 

And Time dependent strength is given by: 
 

 𝑓 = 𝛽 𝑓  
 

(9) 

  𝛽 = exp 1 −  (10) 

 
s being the CEB style strength development parameter 
which depends on the cement type (TABLE I. ). 
 

D. Shrinkage and creep prediction results 

The shrinkage and creep predictions expressed in 
microstrains are shown in Fig. 2 and Fig. 3. 
 

E. Ultimate shrinkage and creep 

The predicted ultimate shrinkage and creep strain as 
obtained from Fig. 2 and Fig. 3 is depicted in TABLE 
II.  
 

F. Restraint to shortening effects 

Since, the post tensioning is to be applied in the Super-
long basement slab, the Super-long structure is treated 
as long PT slab with enough restraints provided by the 
foundations. The PT concrete floor design 
handbook[20] recommend considering the restraint to 
shortening (RTS) effects based on any one of the 
following criteria. 

 the prestress to exceed 2 MPa 

 the floor slab structure has larger dimensions 

The overall dimensions (45 m × 82.5 m) of the 
overlong basement slab and presence of stiff columns 
that restraint the shortening of the floor makes RTS 
effects more significant. The analysis of the effects of 
shortening is done by detailed calculation of elastic, 
creep, temperature and shrinkage shortening and then 
compute the force required to deflect the supports by 
estimated amount of shortening at points of support. 
However, this restraint force calculation [21] is not 
under the scope of this study. 
 

G. Shortening 

Like typical PT construction, Super-long concrete 
basement floor shortening due to elastic compression, 
concrete creep, shrinkage can be expressed as 
approximately 25 mm (1 in.) per 30.5 m (100 ft) [22]. 
However, this total shortening values differ according 
to the quantifying parameters involved in evaluation 
and construction site conditions. Here, the detailed 
calculation of shortening including temperature for 
30.5 m (100 ft) PT slab is done by multiplying the 
predicted strain with length of the floor slab as in 
TABLE III. below. 

TABLE III.  SHORTENING IN MM PER 30.5 M (100 FT) SLAB 

Type 
Shortening 

(mm) (%) 

Temperature shortening 4.58 19.4 

Elastic shortening 0.95 4 

Creep shortening 3.59 15.2 

Shrinkage shortening 14.48 61.4 

Total shortening 23.59  
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Fig. 4. Shortening values in mm per 30.5 m slab (100 ft) without 

temperature shortening 
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Fig. 5. Shrinkage and creep shortening, % 

The elastic and creep shortening, caused by the 
prestressing force are often compared in terms of their 
shortening ratio. The result based on TABLE III. 
shows that shortening due to concrete creep is 3.8 
times of elastic shortening for GL 2000 model. 
Whereas, PT concrete floor design handbook 
recommended [20] the ratio of 2.5, without taking into 
account of stress reduction factor for elastic 
shortening. On the contrary, this stress reduction factor 
(0.5) included in present study reduces the elastic and 
creep shortening to half for sequential stretching in 
unbonded post tensioning. 
 
TABLE III.  also shows that the shrinkage is the largest 
contributor i.e., about more than 60% and temperature 
being the second most about 20% of overall 
shortening. Meanwhile, creep shortening accounts for 
15% and elastic shortening contributes for about 4% 
for shrinkage and creep prediction using GL 2000 
model. 
 
Fig. 4 indicates how the shrinkage shortening, creep 
plus elastic and total shortening vary with time, 
without considering the temperature. 
 
Fig. 5 shows the percent of final shrinkage and creep 
shortening which is utilized for determining the short-
term shortening of slab. The current study involves the 
incorporating of post poured strips in design, which 
remains open for the specific period such that an 
anticipated amount of shortening has taken place until 
its closure. Besides reducing the shrinkage, provision 
of pour strip also helps in complete elimination of the 
elastic shortening. 
 

H. Pour strip open time 

The pour strips opening time is quite important as it 
identifies the amount of shortening occurred before 
and after the closure of pour strips. The placement of 
pour strips at midway is due to architectural 
requirements and the construction requirements i.e., 
ease in placement and stressing of tendons. The pour 

strips open time can be estimated as mentioned in Fig. 
5, especially taken at least 30 days, but more precisely 
depends upon the % of shortening that has taken place 
within that specified period. Fig. 5 shows the 30 days, 
60 days, and 90 days percentage is estimated to be 
approximately 17%, 20% and 22% of total shortening 
respectively. The appropriate pour strip opening time 
is chosen somewhere in between 30-90 days such that 
maximum percentage of shortening occurs within that 
stipulated time and on the other hand, construction of 
the structure is not delayed. Here, 90 days concrete age 
possess enough anticipated shortening and open time 
greater than that will delay the construction schedule. 
Thus, 90 days open period will benefits the 
construction project taking into consideration of both 
criteria, hence optimizing the project completion time 
frame. 
 
To elaborate and better understand the effect of post 
poured strip in Super-long PT slab, the section of the 
basement slab with columns along the central grid 
from the basement slab plan in Fig. 1 is considered. 
The estimated amount of floor shortening at support 
points is important to understand the RTS effects and 
beneficial use of pour strip. 
 
The PT slab tends to shorten in the direction towards 
the stationary point. Here, the stationary point refers to 
the center of stiffness or the center of mass for 
symmetrical structure [23]. Thus, it is obvious that the 
shortening of slab calculated at far end point is greater 
than shortening at any near points. The shortening at 
the column points is calculated by multiplying the total 
strain in concrete by the distance of specified columns 
from stationary point. The representation of reduction 
of shrinkage shortening at columns locations when 
using pour strips are shown in TABLE IV. and TABLE 
V. The shortenings are computed at columns locations 
up to the midway of the slab for symmetric section. 
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TABLE IV.  SHRINKAGE SHORTENING AT COLUMN LOCATIONS (W/O POUR STRIP) 

 Column 
column location from center 

of stiffness (C.O.S) (m) 
total shortening 

(mm) 

Without 
pour 
strip 

C1 41.25 19.6 

C2 33.75 16.0 

C3 26.25 12.5 

C4 18.75 8.9 

C5 11.25 5.3 

C6 3.75 1.8 

TABLE V.  SHRINKAGE SHORTENING AT COLUMN LOCATIONS (WITH POUR STRIP) 

 
 

Column 

before 90 days after 90 days total 
shortening 

(mm) 

percent 
reduction Column location 

from C. O. S (m) 
Shortening 

(mm) 
Column location 
from C. O. S (m) 

Shortening 
(mm) 

With 
pour 
strip 

opened 
for 90 
days 

C1 18.75 1.1 41.25 17.2 18.3 6.6 
C2 11.25 0.6 33.75 14.1 14.7 8.1 
C3 3.75 0.2 26.25 11.0 11.2 10.4 
C4 3.75 0.2 18.75 7.8 8.0 9.7 
C5 11.25 0.6 11.25 4.7 5.3 0.0 
C6 18.75 1.1 3.75 1.6 2.6 N/A 

Note:  N/A means not available (or expansion occurs instead of shortening) 

 
The shortening at columns locations at the slab ends 
due to shrinkage only are reduced by more than 6 %. 
Here, this reduction nature of shrinkage shortening is 
similar to creep shortening since the shrinkage and 
creep are time dependent and perfectly cope with the 
construction sequence. While, elastic and temperature 
shortening behavior at columns locations are different 
because elastic shortening occurs at the time of 
prestressing and temperature shortening occurs 
throughout the life of the structure. 
 

IV. SOIL STRUCTURE INTERACTION EFFECT 

The concrete stress is directly affected by the type of 
the foundation connections being considered. Stress 
changes at center spans of the basement slab is based 
on the theory of fixed, pinned, or partially fixed 
connections to the pile foundations. There is more 
reduction of concrete stress in slab when using fixed 
connection, while the concrete stress reduction for 
partially fixed connections lies somewhere in between 
the fixed and the pinned connections [7]. The fixed 
connections strictly overestimate the volume change 
restraint forces whereas pinned connections 
underestimate it. These connections are based on 
partial fixity values in which the interaction between 
the soil and the structure is disregarded [21]. 

Moreover, the PCI Design Handbook[21] 
recommends a method to compute the rotational 
stiffness of the foundation supports based on the 
allowable soil bearing stress value, but it is quite 
limited to isolated footings. In contrast, the present 
study considers the effects of pile foundation as the 
foundation restraints, thus PCI method is disregarded. 
In other words, the foundations consideration can be 

done regarding the soil-structure interaction (SSI) [7], 
which is the main basis of geotechnical perspective, 
although the study is not done in overall depth, in this 
study. 

It is of utmost importance to accurately predict the 
effects of overall shortening in basement structures 
against restraints from the foundations. Fig. 6 shows 
how the column supports and their interaction with soil 
is replaced by the series of elastic springs and referred 
as SSI. This SSI effect is more precisely explained by 
Winkler’s model. Winkler´s Model [24] has been best 
recognized by subgrade reaction of the soil represented 
as an elastic medium, by replacing the soil by a set of 
infinitely, closely spaced, and independent elastic 
springs. The lateral stiffness of the springs kh, is 
evaluated based on the p-y method. Where, p being the 
stiffness ratio between the soil reaction in one meter 
length of pile and y being the deflection. 

 
Fig. 6. Full basement slab sections from fig 1, (a) w/o SSI, (b) 

with SSI 
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All springs connected in the slab are assumed to 
behave linearly-elastic until failure stage is reached, at 
this stage the force remains constant while the spring 
may undergo additional deformation [25]. According 
to various literatures, kx is calculated depending on the 
type of foundation and its properties, elastic modulus, 
plasticity and creep, exhibiting strictly non-linear 
behavior and making it difficult for evaluation. Wang 
[26] has proposed empirical values of kx for different 
types of soil by conducting the various experiments. 
Due to less available soil parameters, assuming the soft 
soil at the project site situated in Shenzhen, China, the 
horizontal stiffness kx of 1×104 KN/m3 is taken for soil 
thickness of 5 m. 

V. FEM ANALYSIS 

ANSYS [27] is a finite element analysis software used 
for engineering simulation which integrates different 
types of analysis fields. Due to its powerful modeling 
capability for finite element analysis of large 
structures, ANSYS has been widely used in civil 
engineering application. In this study, the structural 
deformation and stress analysis is done considering a 
linear elastic model. For the super-long concrete 
structure, the stress and strain distribution analysis of 
the basement slab is examined under the effects of 
equivalent temperature deformation. Thus, SHELL63 
and COMBIN14 elements shown in Fig. 7 are used to 
simulate the concrete floor and foundation restraints 
respectively in finite element modeling. 
 
SHELL63 element has both bending and membrane 
capabilities. Also, both in-plane and out of plane loads 
can be applied. The element has six DOF at each node 
i.e., translations and rotations in all three axes. Stress 
stiffening and large deflection capabilities are also 
included. On the other hand, Combin14 element has 
1-D, 2-D or 3-D applications in axial or twisting 
behavior. The axial spring-damper is a 1-D either in 
tension or in compression. Each of its nodes consists 
of 3 DOF (all axial) along all three axes.  
 

 
 

(a) 

 
 

(b) 

Fig. 7. Element geometry, node locations and the coordinate 
system of (a) SHELL 63, and (b) Combin 14 [27] 

A. Restraints due to pile foundation 

In modeling, the representation of the restraints due 
to pile foundation on the floor slab is modelled by 
considering the spring stiffness in three directions. 
Hence, the foundation stiffness, Kx is the input value 
of x-direction stiffness for spring element which 
represents the out of plane stiffness, and its matrix is 
augmented by 3 or 4 springs to ground. The no. of 
springs equals no. of distinct nodes, and their direction 
being normal to the plane of the element [27]. The 
resultant stiffness is adjusted according to influence 
area and no. of distinct nodes, which depends on mesh 
element edge length (2500 mm) as follows: 
 

  𝐾 , = 𝑎. 𝐴.  (11) 

 
Where, 𝐾 , = out of plane stiffness at node i, 𝑎. 𝐴= 
influence area, N = no. of distinct nodes, 𝐾 = spring 
stiffness (input as EFS on R command in ANSYS 
apdl), 𝑎 is the influence area multiplier whose value 
depends upon the locations of springs and provided as 
1, 0.5 and 0.25 for springs at interior, edge and corner 
respectively. 
 
Ansys automatically computes the three stiffness 
values for each different direction for springs based on 
their locations, provided that the value of 𝐾  is used as 
an input. Here, 𝐾 = 1×104 KN/m3 is taken according to 
section IV. 
 
Whereas, the y-direction stiffness is same as that of x-
direction stiffness and z-direction stiffness can be 
adjusted as: 
 

 𝐾 = 1.43 × 𝐾  (12) 
 

B. Assumptions 

The following assumptions are made in the finite 
element analysis. 

 The equivalent temperature as prestress is 
applied in terms of axial load in x-direction in 
concrete slab. 

 The effective tendon stresses that changes 
with time and tendon geometry profile are not 

2021 ISBN 978-9937-0-9019-3

KEC Conference 2021, April 18, 2021
“3rd International Conference on Engineering and Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 171



KEC Conference  

considered in the analysis. Moreover, tendon 
behavior has negligible effect on the stress 
distribution profile. 

 Combination of shrinkage and temperature 
drop is assumed as an equivalent temperature 
drop. 

 Only x-direction axial stresses are examined 
for all body temperature loads applied. 

 Building during construction is exposed to 
external environment, it means the 
temperature drop when combined with 
concrete shrinkage makes the situation more 
serious. 

C. Prestressing simulation 

Post tensioning is simulated in the form of 
precompression in the Shell63 element using 
equivalent prestress temperature load, because the 
Shell63 element in ANSYS apdl does not allow the 
direct application of prestress. Thus, the application of 
temperature rise as body temperature load plays the 
key role in inducing the adequate precompression in 
the slab model. There is no doubt that prestress 
temperature rise reduces the induced stresses, 
however, the level of stresses eliminated through 
prestressing can be main approach of this analysis. 
Also, there is no direct prestress transfer from the 
unbonded tendons to the concrete through the bond 
although prestressing is done and transfer occurs 
through the slab end in real practice. This equivalent 
prestress load in FEM analysis is valid only in case of 
unbonded post-tensioned concrete members since it is 
not possible to justify the tendons profile and geometry 
in Shell 63 element for bonded prestressed members. 
The following relation depicts the prestress 
temperature. 
 

Prestress strain, 𝜀 = =
.

.
  

 

And equivalent temperature, 𝑇 = = 5.76 ℃ 

where, 
𝑓  is the average precompression in concrete 
𝐸  is the elastic modulus of concrete at the time of 
stressing 
𝛼 is the thermal expansion of normal concrete often 
taken as 1×10-5 /℃. 
 

D. Simulating shrinkage and creep shortening 

The shrinkage or creep shortening effects and 
temperature drop effects in a concrete slab are quite 
similar according to the study of Mohammad [28]. 
Also, the combined effects of shrinkage and 
temperature drop is critical for a Super-long concrete 
structure and hence the detail FEM analysis is 

                                                           
 

E. Age adjusted elastic modulus 

First developed by Trost, Age adjusted effective 
modulus (AAEM) can be easily applied in various 
concrete structures since it has better theoretical 
accuracy than other methods incorporated in creep 
analysis [19]. Furthermore, the non-linear behavior of 
the concrete structures can be predicted accurately by 
using AAEM in linear elastic analysis. The age-
adjusted effective modulus is estimated as 
 

  𝐸 =
( )

( , )× ( , )
 (13) 

 
Where, 𝜒(𝑡, 𝑡 )  is the aging coefficient which is 
determined from the evaluation of the stress relaxation 
function. The aging coefficient depends on the loading 
age, ultimate creep coefficient and the time gap after 
the loading is applied and 𝜑(𝑡, 𝑡 )  is the creep 
coefficient. 
 

F. Temperature variations 

 
1) Temperature gradient 

Temperature variations may be taken as daily, 
seasonal, or yearly temperature difference values. This 
study uses seasonal temperature drop as temperature 
gradient whose value is taken as -15 ℃. This value is 
assumed to be constant for the analysis of basement 
slab throughout the construction and service period. 
But its effects are examined only for the early 
construction period as the effects of temperature drop 
is quite significant during construction unless the 
thermal insulation measures are applied.  Its effect is 
taken negligible after the construction, provided that 
the building is installed with thermal insulation 
measures or proper heating systems[14]. 

TABLE VI.  ELASTIC MODULUS AND TEMPERATURE 
SHRINKAGE WITHOUT POUR STRIP 

Model Type 
Ea 

(N/mm2) 
Temperatureb 

(Tsh) 
 

1 
 

 
Conventional 
concrete slab 

 

 
6944.6 

 
-47.46 ℃ 

2 Post tensioned 
concrete slab 

6944.6 -47.46 ℃ 
 

a E represents age adjusted effective modulus (AAEM) 
b Tsh represents only ultimate shrinkage temperature and negative sign means contraction 
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FEM analysis, except in the case of age adjusted 
effective modulus. 
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TABLE VII.  ELASTIC MODULUS AND TEMPERATURE SHRINKAGE BEFORE AND AFTER CASTING OF A POUR STRIP 

Model Type 
Before 90 days After 90 days 

E(N/mm2) Temperature (Tsh1) E (N/mm2) Temperature (Tsh2) 
 

3 
 
Conventional slab 

 
10969.2 

 
-5.736 

 
6944.6 

 
-41.724 

 
4 

 

 
Post tensioned slab 

 
10969.2 

 
-5.736 

 
6944.6 

 
-41.724 

2) Shrinkage Temperature (before 3 months) 
The equivalent shrinkage temperature, 𝑇  at 90 days 
is obtained from shrinkage before setting of the pour 
strip is given as 
 

 𝑇 =
( )

=
. ×

= − 5.736 ℃ 

 

3) Shrinkage Temperature (after 3 months) 
The relative equivalent shrinkage temperature 
difference, 𝑇  obtained as a result of shrinkage that 
occurs after the closure of post strips and is stated as 
 

 𝑇 =
( )

= − 41.724 ℃ 

Where, 𝜀 (90) is the shrinkage strain predictions at 
first 90 days. And, 𝜀  is the ultimate shrinkage strain 
for GL 2000 model. 
 
The shrinkage temperature Tsh in TABLE VI. denotes 
the temperature corresponding to ultimate shrinkage. 
Whereas, the shrinkage temperatures Tsh1 and Tsh2 in 
TABLE VII. for models 3 and 4 respectively are taken 
differently to manipulate the construction sequence of 
the structure. And, E is the AAEM, the representation 
factor of creep effects, when taken into account for 
elastic analysis. 
 

G. Superposition - main focus of the study 

Li and Sha[10], studied the application of prestress 
technology in Super-long concrete structures, 
considering the shrinkage and temperature effects but 
the combined temperature stress of each slab before 
the closure of post poured strip is not considered. In 
contrast, the combined stress analysis in present study 
is based on the method of superposition of stress as 
studied by Gerard [9] because it allows the engineers 
and designers to analyze the resultant stress behavior 
of the Super-long structure starting from early 
construction period up to its whole service life. 
 

H. Comparative analysis 

Based on the above parameters, following four models 
are taken for the analysis to examine the stress 
distribution in x-direction of the Super-long post 
tensioned basement slab as well as the effect of the 
post-poured strip. The study also examines the stress 
distribution in Super-long conventional RC slab, for 
both with and without pour strips cases, making a basis 

of its comparison with corresponding post tensioned 
concrete slab. 

- Model 1 (Conventional concrete slab): The 
basement slab as a whole is casted at a time, 
finite element analysis is conducted including 
equivalent combined temperature load at 
ultimate, without post poured strips and post 
tensioning operation. 

- Model 2 (Post-tensioned concrete slab): 
Alike model 1, model 2 is quite similar in all 
construction aspects, except the model 2 
exhibits application of prestress load at 5 days. 

- Model 3 (Conventional concrete and pour 
strip open time - 90 days): The outer 
concrete slab (pour 1 in Fig. 8) is initially 
casted while a post-poured strip (pour 2 in Fig. 
8) of width 2 m is casted at 90 days. The total 
stresses developed will be the superposition 
of stresses induced due to the temperature 
load equivalent up to 90 days for the outer 
slabs, and the full structure at ultimate after 
the closure of the post-poured strip. 

- Model 4 (Post tensioned concrete and pour 
strip open time – 90 days): Model 4 
represents the model 3 with prestress applied 
in the form of initial equivalent temperature 
load at 5 days. The total stresses developed as 
the result of superposing stresses due to the 
temperature load equivalent to 3 months for 
the outer slabs, and the structure as a whole at 
ultimate after the closure of the post-poured 
strip are analyzed and examined. 

 
Fig. 8. Basement plan representing the construction sequence 

2021 ISBN 978-9937-0-9019-3

KEC Conference 2021, April 18, 2021
“3rd International Conference on Engineering and Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 173



KEC Conference  

VI. RESULTS AND DISCUSSIONS 

A. Finite Element Modeling Results 
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Fig. 9. Stress distribution in a Super-long concrete basement slab 
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Fig. 10. Deformation distribution in a Super-long concrete 

basement slab 

B. Stress analysis results 

The superposition method is applied for different 
temperature loads due to shrinkage, external 
temperature and prestress. The plot of stress 
distribution after superposition along longitudinal x-
direction against the slab length is shown in the Fig. 9. 
The parameters for the four different analysis model 
are shown in TABLE VI. and TABLE VII.  

Fig. 9 indicates the stress difference between model 1 
and model 2 caused by the application of prestressing 
follows parabolic distribution, it differentiates the 
Super-long conventional slab from Super-long post 
tensioned slab, without pour strip. The maximum 
induced stress appears at center spans of the slabs 
while minimum stress at end spans. The difference is 
also maximum at center and least at ends. The presence 
of equal mesh element size and restraints with same 
stiffness values maintains the integrity and symmetry 
of the Super-long slab structure, hence the stress 
distribution profile becomes symmetric. The 
maximum stress examined in the conventional and 
post tensioned slab are 3.8 MPa and 3.15 MPa 
respectively with maximum stress difference of about 
0.65 MPa. 

Stress distribution between model 3 and model 4 
caused by the application of pour strip implies that Fig. 
9 differentiates the Super-long conventional slab from 
Super-long post tensioned slab, with pour strip. Since, 
presence of pour strip disintegrates the Super-long slab 
structure into two different slabs (pour 1) that have 
similar behavior i.e., with respect to temperature and 
shrinkage effects, the slab tends to shorten towards the 
center of stiffness or point of zero movement. The 

maximum induced stress appears at near the center of 
the individual slabs while minimum stress is induced 
at the ends. Also, the difference is maximum at the 
center of the individual slabs and least at the ends. The 
maximum stress examined in the conventional and 
post tensioned slabs are 3 MPa and 2.3 MPa 
respectively on either side of the pour strip with stress 
difference of about 0.7 MPa. 

From model 1 to model 4, stress reduces from 3.8 MPa 
to 2.35 MPa. Here, the induced stress difference is 
maximum as model 4 is obtained after the combined 
effect of pour strip and prestress, Thus, taking it as the 
final model for further prestress design. 

C. Deformation analysis results 

Fig. 10 shows the deformation distribution after 
superposition along length of the Super-long concrete 
structure. The length verses deformation curve is 
symmetric and follows parabolic distribution with 
maximum values at both ends and minimum at the 
center for all models. This maximum deformation at 
ends may affect the corresponding column capacities. 
Due to this reason, it is appropriate to consider the 
effects of temperature and shrinkage on capacity of 
columns with maximum deflection. In addition, for 
model 3 and model 4, abrupt change in deformation is 
observed around the location of post poured strip. 

TABLE VIII.  COMPARISON OF END DEFORMATIONS 

Slab end deformations (mm) 

Theoretical value 
(shortening) 

FEA Model value 
(deformation) 

18.3 11.9 
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D. The effects of restraints 

Due to the pile foundation restraints, average 
precompression values of the basement slab is found 
to be maximum at the edge of the slab and gradually 
decreases further towards the center, showing 
parabolic distribution. However, the stress distribution 
and stress path along x-direction shows the similar 
characteristics with FEA model results presented by 
Guo et, al, [3] Moreover, similar structural behavior 
when compared with the model results obtained by 
Guo et, al, maintains validity to the model. 

The calculated end shrinkage shortening, and end 
shrinkage deformations obtained from FEM analysis 
are compared to address the effects of restraints is 
shown in TABLE VIII. And it is obvious that the 
restraints decrease the deformations to some extent. 
Thus, there exists a certain coefficient that directly 
decreases the deformation of the super-long slab and 
specifically represented by constraint coefficient or 
degree of restraint. Here, the constraint coefficient is 
the equivalent constraint of all the stiffness associated 
with the elastic springs and its relationship with the 
shrinkage strain is represented as 

 
𝜀 (𝑡) = 𝜀 (𝑡) × 𝜂 (14) 

Where, 𝜀 (𝑡) is the restrained shrinkage strain, 𝜀 (𝑡) 
is an unrestrained or free shrinkage strain and 𝜂 is the 
constraint coefficient. Since, end deformation 
increases or decreases accordingly as shrinkage strain. 
𝜂 = 0.65 is computed as the ratio of shortening and 
deformation from TABLE VIII. This computed 
coefficient is quite within the limit range 0.6 - 0.8, as 
mentioned in the various literatures for Super-long RC 
structures. 

The presence of the restraints directly decreases the 
precompression level in the basement slab. However, 
this reduction in the precompression in slab has no 
influence in the strength and capacity of the structural 
member [7]. And the prestress losses also remain 
unaffected by the reduction in the precompression 
level that results from the foundation restraints. Hence, 
in order to make this prestress effect more effective in 
the basement floor, the sequential construction method 
is adopted [3] such that prestress applied is effectively 
transferred to concrete, without any huge 
precompression losses, before introducing the stiff 
structural elements (basement perimeter walls) in the 
basement. 

Thus, obtained maximum stresses and deformations 
might cause cracking in the slab at sections where 
stress exceeds the tensile strength of the resisting 
concrete. Hence, the proper engineering judgement is 
also required for analysis of the above results and 
apply suitable prestress level for mitigating the cracks 
that may be caused by the superposed stresses. 

E. Prestress Design 

The prestressing is done after the concrete slab attains 
adequate strength. Here, strength denotes the 
compressive as well as tensile strength. Compressive 
strength for resisting enough of the initial jacking force 
and tensile strength to assure that the cracks are not 
formed after prestress transfer. Both of these strengths 
increase with time. The precompression added up with 
the tensile strength for reducing or eliminating the 
secondary tensile stresses caused as a result of 
shrinkage, creep and temperature. Maximum net 
tensile stress after effective prestress transfer and pour 
strip effect that is responsible of crack formation in 
Super-long basement slab is from model 4 i.e., 2.35 
MPa. For no crack formation within the basement slab, 
tensile strength of concrete at ultimate stage should 
exceed 2.35 MPa. Using ACI 209 code [19], tensile 
strength of the concrete yields 2.412 MPa, which 
illustrates that prestressing has been quite effective in 
cracks mitigation of Super-long concrete structure. 

Therefore, use of unbonded post tensioning is found as 
an effective method, also applications of unbonded 
tendons have some additional advantages with 
important features like flexible tendon layout, easy 
tensioning and anchorage, and high strength. The 
prestress design is done according to the requirements 
due to the net induced stresses obtained from stress 
distribution results. The maximum tensile stress is at 
the middle section of the basement slab denotes that 
the greater prestress level shall be required or the c/c 
distance between the unbonded prestressing strand at 
central part of the structure should be reduced, while a 
medium prestress level is sufficient at the ends. The 
unbonded tendons with low relaxation strands of grade 
1860 MPa, 12.7 mm diameter @400 mm c/c spacing 
at ends and @ 300 mm c/c spacing at center may be an 
effective solution against the cracking. 

F. Other Additional crack mitigation measures 

Applicable only if the secondary tensile stresses are 
still in excess of tensile strength of the concrete and 
often applied as a supplementary measure in addition 
with prestressing. 

 Resistance and release. 
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 Shrinkage compensating concrete (SCC): 
SCC induce prestress by increasing the 
volume of the concrete at initial ages or 
decreasing the stress caused by shrinkage and 
temperature [29]. Shrinkage compensating 
concrete also helps post tensioning operation 
by reducing the costs that is required for 
installing the certain sophisticated details like 
slip joints, wrapped dowels and additional 
steel reinforcement, etc. 

 Use of anti-cracking fiber reinforcing. 
 Non prestressed reinforcement addition. 
 Reducing the temperature gradient during 

construction can also be the promising 
measure to decrease the temperature 
shrinkage. 

VII. CONCLUSIONS 

This paper utilizes the theoretical evaluation of the 
shrinkage, creep and temperature effects, benefits of 
post-poured strip and post tensioning, and finite 
element analysis of the Super-long basement slab 
using linear elastic model. The key conclusions drawn 
from the analysis are: 

 Shrinkage contributes the most in total 
shortening of the Super-long structures, 
temperature being second-most while creep 
and elastic shortening effects due to 
prestressing are less as compared to that of 
shrinkage and temperature effects due to 
relaxation that occurs with time. 

 The end deformations of the Super-long 
basement slab are greater than center spans 
deformation. This indicates that columns at 
the ends are more likely to undergo greater 
deflection and hence columns capacity 
should be considered in the analysis and 
design of Super-long structures. 

 The combined tensile stress is found to be 
greater at the center spans than at end spans, 
due to which the center spans of the basement 
floor is to be equipped with more tendons 
(less c/c spacing between tendons) or higher 
prestress level can be applied at vulnerable 
sections.   

 Relaxation of the structural concrete used in 
the form of relaxation function is associated 
with the AAEM in this study and must be 
considered for detailed study because apart 
from creep and elastic, it also decreases the 
combined temperature and shrinkage stress to 
some extent depending upon the relaxation 
coefficient. 

 The results from the finite element analysis 
are conservative for linear static model. 
However, more detail study is required for 

analysis regarding the soil structure 
interaction, prestress loss in tendons, tendon 
geometry, etc. which may be possible with 
the non-linear analysis. 

 The one or more supplementary measures for 
crack mitigation in addition to prestressing 
can be beneficial in reducing the construction 
costs. For e.g., SCC with post tensioning has 
been proved to be sound and cost-effective 
measure since post tensioning is costly when 
applied solely for the purpose of crack 
controlling of super-long structures. 
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Abstract—Nepal being earthquake prone zone has 

seen many high magnitude earthquakes in recent 

history causing serious damages to bridge and its 

components. Bridges should remain serviceable even 

after earthquake for emergency activities and rescue 

operations. For assessing the seismic vulnerability of 

bridges, fragility curves are very important tool. 

Hence, this paper focuses on the use of analytical 

method for development of fragility curve for 

reinforced concrete bridge pier. Capacity of bridge is 

determined by nonlinear static analysis and Demand 

parameter is estimated using linear time history 

analysis. Time history data of five historic 

earthquakes are used to perform time history 

analysis. Characterization of fragility functions is 

done by assuming log normal distribution. It is 

obtained that initiation of damage in selected pier at 

0.7g for Immediate occupancy level and around 1.2g 

for Life Safety and Collapse Prevention level. 

Considering a particular value of PGA as 1.5g, there 

is probability of exceedance the performance level 

IO, LS and CP are 91.60%, 20.05% and 8.52% 

respectively. 
 

Keywords—bridge, seismic vulnerability, fragility 

curve, lognormal distribution, performance level 

I. INTRODUCTION 

Highways bridges being the integral part of robust 

transportation network, their functionality greatly 

affects the whole transportation system. Safety and 

serviceability of bridges should remain intact after 

seismic event for efficient rescue operations to 

minimize economic loss as well as loss of life. Load 

transfer mechanism of bridge is such that load from 

superstructure is to be transferred to the ground by 

pier, so pier is considered as most crucial member of 

bridge structure. 

 

Fragility curves are mainly used for determining effect 

of earthquakes in structure. For obtaining fragility 

curve various methods like analytical, empirical, 

expert opinion can be used. In this paper, analytical 

method is used as it has advantage in making use in the 

situation where there is insufficient seismic damage 

data. Elastic spectral [1], nonlinear static [2] and non-

linear dynamic analysis [3] are some of the approaches 

for performing analytical method. Among these 

analytical methods, nonlinear static and nonlinear time 

history analysis are the most widely used and the most 

reliable methods for deriving fragility curves of 

structures [4]. 

 

Fragility curves has been developed over several years 

for its implementation in quantifying seismic risks for 

highways [5] and bridges [6] [7] [8] [9] [10]. For 

assessing seismic vulnerability of highway bridges, 

fragility curves are important tool. Main aim of this 

paper is to express fragility functions for bridge pier 

using analytical methods which reflects the seismic 

vulnerability of bridge pier. 

 

II. METHODOLOGY 

In this study, commonly used Circular hammer head 

Reinforced Concrete Bridge pier is selected and 

modeled using finite element method in SAP2000 

v19.0.0 computer software. Static Nonlinear Pushover 

analysis is performed for determining capacity of pier 

and linear time history analysis is performed using five 

past earthquakes’ ground motion for determining 

displacement demand. 

A. Pier properties 

Dead and live load from superstructure are considered 

as a point load at bearing level. The diameter of the 

pier is of two meters. Longitudinal girders are simply 

rest on elastomeric bearing. Reinforcement detail and 

the model of bridge pier are shown in Figure 1 and 

Figure 2 respectively. Pier bottom is modeled as fixed 

Figure 1 Reinforcement detail of pier column 
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support not permitting displacement and rotation in 

any direction.   

 
Figure 2 Finite element model of pier 

B. Ground Motions 

Five different ground motions are employed in the 

analysis among which one is Gorkha earthquake, 2015 

and other are historic earthquakes taken from PEER 

database. Selected ground motions are of different 

PGA values from which response of structure for 

different PGA is captured. Detail of the ground motion 

selected are shown in Table 1. 

 

C. Fragility Functions 

 

The fragility or probability of failure (Pf), that the 

seismic demand (D) exceeds the structural capacity 

(C) can be described as below. The probability 

condition on a chosen intensity measure (IM) which 

represents the level of seismic loading.   

 

P{D≥C/IM} = P{C-D ≤ 0, IM}            (1) 

 

This probability for a given damage state is modeled 

as a cumulative lognormal distribution. For structural 

damage, given the spectral displacement, Sd, the 

probability of being in or exceeding a damage state, ds, 

is modeled as: 

 

𝑃[𝑑𝑠|𝑆𝑑] = 𝜙 [
1

𝛽𝑑𝑠
𝑙𝑛 (

𝑆𝑑

𝑆𝑑,𝑑𝑠
)]          (2) 

 

where:  

Sd,ds is the median value of spectral displacement at 

which the building reaches the threshold of the 

damage state, ds, 

 

ds is the standard deviation of the natural logarithm of 

spectral displacement of damage state, ds, and 

  

 is the standard normal cumulative distribution 

function. 

 

Table 1 Detail of ground motions selected for time 

history analysis 

Ground 

motions Station PGA(g) 

Northridge

, 1994 

090 CDMG STATION 

24278 0.568 

Kocaeli, 

1999 YARIMCA(KOERI330) 0.204 

Kobe, 

1995 KAKOGAWA(CUE90) 0.344 

ChiChi, 

1999 TCU045 0.181 

Gorkha, 

2015 Sanothimi Bhaktapur 0.153 

 

 

III. RESULTS AND DISCUSSIONS 

A. Static Pushover Analysis 

Nonlinear static pushover analysis is performed on the 

model and capacity of pier for different performance 

level is determined as shown in Table 2. 

 

Table 2 Capacity of Bridge pier 

Performance level 

Top displacement, 

mm 

Immediate occupancy 

(IO) 60.72 

Life safety (LS) 105.72 

Collapse Prevention 

(CP) 120.72 

 

B. Linear Time History Analysis 

All five selected ground motion are used to perform 

time history analysis from which displacement time 

histories of bridge pier are obtained. The time history 

response for Northridge earthquake is shown in Figure 

3 and maximum displacement from all earthquake are 

shown in Table 3. 

 

 
Figure 3 Displacement time history of pier for 

Northridge earthquake 
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Table 3 Result of Time History Analysis 

Earthquake 
Maximum Top Displacement 

(mm) 

Gorkha 3.169 

Chichi 4.769 

Kocaeli 8.713 

Kobe 11.52 

Northridge 26.14 

 

C. Fragility Curve 

  

Capacity and Demand are determined from Static 

Nonlinear Analysis and Linear Time History Analysis 

respectively. These data are used for deriving 

analytical fragility curves. Fragility curves are tools 

for determining the conditional probability of failure 

or probability that structural demand caused by various 

levels of seismic motions exceeds the capacity of the 

structure to resist a given damage state. Displacement 

demand are calculated for different value peak ground 

acceleration (PGA) using equation obtained from 

regression analysis which is 

 

Top Displacement = 59.322*PGA-3.2818          (3) 

 

To get continuous curve PGA values are subdivided 

from 0.05g to 2g at the interval of 0.05g. The values of 

probability of being the structure in certain 

performance level is calculated using Equation (2).  

Three performance level namely Immediate 

Occupancy (IO), Life Safety (LS) and Collapse 

Prevention (CP) for which probability of exceedance 

versus PGA are plotted as shown in Figure 4. 

 

IV. CONCLUSION 

 

From obtained fragility curve for bridge pier, it can be 

concluded that 

 

• For selected bridge pier, initiation of damage 

occurs at 0.7g for Immediate occupancy 

level and around 1.2g for Life Safety and 

Collapse Prevention level. So, the selected 

bridge pier is overdesigned. 

• Considering particular value of 1.5g for PGA, 

the probability of exceedance of performance 

level of IO, LS and CP are 91.60%, 20.05% 

and 8.52% respectively.  

• Probability of exceedance of certain 

performance level for different value of PGA 

can be obtained from fragility curve. 

 

 

 

 

Hence fragility curves can be used for efficient 

expression of seismic vulnerability of highway 

bridges and other structures. 

 

V. LIMITATIONS 

Following assumptions are made while performing 

analysis: 

• The effect of superstructure and live load is 

considered by applying vertical point load at 

bearing level. 

• Soil structure interaction is not considered 

during analysis. Foundation is modeled as 

fixed support at the bottom of pier. 

• Pier cap is assumed to be of uniform depth 

but in actual it is tapered in cantilever portion. 

Failure mechanism and response of pier cap 

are not considered in analysis. 
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Abstract— In this paper, an analytical 
procedure for the evaluation of the expected 
performance of existing reinforced concrete (RC) 
beam-column before and after being retrofitted 
using Fiber reinforced polymer (FRP) composite 
materials is presented. The beam-column that 
didn’t satisfy the required performance level are 
locally retrofitted using CFRP wrapping and the 
resulting hinge formation are studied. Using the 
pushover analysis in Structural analysis and 
design software SAP 2000, the seismic response of 
RC building frame in terms of performance point 
and the effect of seismic forces on multi storey 
frame are studied. It has been concluded that after 
CFRP retrofitting of beam-column, the hinge 
formation on the structure were found to be 
within the required performance level and the 
lateral resistance as well as displacement capacity 
of the frame was drastically improved. 

Keywords— CFRP, RC building frame, 
Performance point, Pushover analysis, 
Retrofitting 

I. Introduction 

Field reports and observations of collapse and severe 
damage of many buildings after earthquake events 
have provided further confirmation of the inherent 
vulnerability of old existing structures designed and 
built before the development of more recent seismic 
codes. The most important reason for that is those 
buildings were designed based on older codes. In 
those older codes, gravity loads were the main design 
loads while seismic design requirements were not 
considered or were given with a much lower 
emphasis compared to requirements of modern 
seismic codes. So many buildings were under 
designed or designed under outdated regulations or 
construction practice.  In addition, deterioration and 
degradation during service stage of buildings could 
increase the vulnerability. As a consequence of lack 
of capacity design principles and inadequate 
structural detailing, such as the use of smooth (plain 
round) bars, the lack of shear reinforcement(stirrups) 

in the joint, and general deficiencies in the anchorage 
details (e.g., hook-ended bars, lap splices, 90° opened 
stirrups), the beam-column joint regions of older 
construction practice have been identified, already for 
many years, as potentially high critical links within a 
frame system, being a likely cause of the brittle 
mechanism at a local level leading to sudden loss of 
vertical load-carrying capacity with partial or collapse 
failure of the entire structure (Ghannoum et al. 2006; 
Priestley 1997). 
 
Retrofitting and demolishing and rebuilding could be 
the two solutions for those old type buildings. The 
first solution seems to be preferable because of 
economic reasons. Fortunately, in recent decades, the 
availability of Fiber reinforced polymer (FRP) with 
its favorable properties such as simplified installation 
processes, low weight to strength ratio, relatively low 
invasiveness in terms of geometric modification of 
the existing structure, corrosion protection has made 
the retrofitting solution become more practicable. 
With minor serviceability interruption and without 
architecture interference, FRP retrofitting has 
increasingly attracted not only structural engineers 
but also architects and owners; thus, FRP has served 
for huge demand on repairing or strengthening 
deficient structures around the world.  
 
FRP flexural retrofits of frame structures using 
numerical and modelling approaches were carried out 
by many researchers. Niroomandi et al. (2010) 
applied FRP to increase the flexural stiffness at joints 
of original frames and then carried out pushover 
analyses. They reported that ductility, seismic 
performance and behaviour factor of the retrofitted 
frame were significantly improved, and the ordinary 
frame was able to be upgraded to an intermediate 
frame. Mortezaei, Ronagh, and Kheyroddin (2010) 
studied the effects of CFRP confinement of columns 
in combination with CFRP flexural retrofitting of 
beams for different RC frames subjected to ground 
motions with fling step. Their analytical results 
indicated that shear and energy absorption capacities 
of the CFRP retrofitted frames increased 1.5- and 2.3- 
fold, respectively, compared with those of original 
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frames. Ronagh and Eslami (2013) carried out 
nonlinear analyses of an eight-storey RC frame 
flexurally retrofitted at critical regions of beams and 
columns using GFRP and CFRP flange-bonded 
scheme. The results showed that GFRP and CFRP 
flexural retrofitting increase 43% and 80% the lateral 
load capacity of the original frame, respectively; 
however, GFRP provides higher displacement 
ductility. 
 
The paper compares the performance point of the as 
built structure and the same structure retrofitted with 
CFRP. It has been concluded that the use of CFRP 
and GFRP technique significantly improved both 
lateral resistance and displacement capacity of the 
frames. 
 

II. METHODOLOGY 

For the analysis of the two and half storey building 
located in seismic zone V in Kathmandu, a basic 
computer model is created in SAP 2000. For the 
pushover analysis of the building, various properties 
of plastic hinges such as flexural, shear, torsional and 
joint hinges are defined. After that, a maximum roof 
displacement of 300mm is applied and the hinge 
formation belonging to different performance level is 
studied. The section where the performance level 
exceeded the targeted performance level is retrofitted 
using CFRP techniques. Equivalent compressive 
strength of the section confined by CFRP is 
calculated using the equation formulated by Riad 
Benzaid, 2013. After that, non-linear static pushover 
analysis is performed using the equivalent 
compressive strength and the behavior of the 
structure at maximum roof displacement of 300mm is 
studied. Then the design base shear of the building is 
calculated using IS 1893:2016 and is compared with 
the performance base shear obtained from the 
analysis. 
 

S.N. Material properties 
Material/Section Grade/Size Unit 

1. Concrete grade M20  
2. Steel grade Fe500  
3. Modulus of elasticity, E 

(concrete) 
22360 N/mm2 

4. Modulus of elasticity, E (steel) 199947.98 N/mm2 
5. Column size 0.3x0.3 m*m 
6. Beam size 0.28x0.35 m*m 
7. Floor height 2.7432 m 
8. Wall thickness 0.23 m 
9. Density of concrete 25 KN/m3 
10. Density of brick 20 KN/m3 
11. Thickness of CFRP 0.167 mm 
12. Modulus of elasticity, E (CFRP) 230*103 N/mm2 
13. Tensile strength (CFRP) 3400 N/mm2 
14. Strain (CFRP) 0.014  

  
 
 

a. Calculation of equivalent 
compressive strength 

The maximum value of the confinement pressure that 
the FRP can exert is attained when the 
circumferential strain in the FRP reaches its ultimate 

strain and the fibers rupture leading to brittle failure 
of the cylinder/cube. This confining pressure f1 is 
given by: 
 
 

 
Where, 
ECF=Modulus of elasticity of FPR 
ƐCF=Ultimate CFRP tensile strain 
T= Thickness of FRP 
n= Number of wrap of FRP 
B= Dimension of square section 

 For CFRP 
The effective CFRP strain coefficient (n=0.68) 
represents the degree of participation of the CFRP 
jacket and the friction between concrete and CFRP 
laminate. Type bond, geometry, CFRP jacket 
thickness and type of resin affect the effective CFRP 
strain coefficient. 
f1=(2*2*230*1000*0.014*0.167*0.68)/(300√2) 
   = 3.448 
The equivalent confined compressive strength is 
given by: 
FCC=FUC+3.3f1 
FUC=Unconfined compressive strength of concrete 
FCC=20+3.3*3.448 
     = 31.378 N/mm2 

 

b. Calculation of design base shear 

The design base shear of the building is calculated 
from IS 1893 (Part 1):2016 
Vb=Ah*W 
Ah=(Z/2)*(Sa/g)*(I/R) 
 
Where, 
Vb=Design base shear 
W=Seismic weight of the  building = 1638.726 KN 
AH=Design horizontal acceleration coefficient 
Z= Seismic zone factor=0.36 
I=Importance factor=1.5 
R=Response reduction factor=5 
Sa/g= Design acceleration coefficient=2.5 for soft soil 
site with time period 2.7 sec 
So, equation (3) gives 
Vb= 221.228 KN 
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Fig. 1. 3D Model of wall in SAP2000 

III. RESULTS AND DISCUSSION 

Hinge represents localized force-displacement 
relation of a member through its elastic and inelastic 
phases under seismic loads. For example, a flexural 
hinge represents the moment rotation relation of a 
beam of which a typical one is as represented in 
figure 2. AB represents the linear elastic range from 
unloaded state A to its effective yield B, followed by 
an inelastic but linear response of reduced (ductile) 
stiffness from B to C. CD shows a sudden reduction 
in load resistance, followed by a reduced resistance 
from D to E, and finally a total loss of resistance from 
E to F (Leslie, Rahul 2012). 
 

 
Fig.2: A typical flexural hinge property, showing IO (Immediate Occupancy), LS (Life Safety) 
and CP (Collapse Prevention)  

The hinge formation at different parts of the structure 
at a roof displacement of 24mm in Push-X direction 
is shown in figure 3. From the figure, it is clear that 

ground floor columns of grid A-3, A-2, B-3 and C-3 
falls under section E-F which is complete loss of 
resistance which is far beyond our acceptance criteria 
of Life safety. 
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      Fig.3 : Hinge formation at initial structure in Push-X  

 
Similarly, the hinge formation at different parts of the 
structure at a roof displacement of 23.9mm in Push-Y 
direction is shown in figure 4. From the figure, it is 
clear that ground floor columns of grid A-1, A-2, B-1, 
B-3, C-1 and C-2 fall under the section E-F which is 
total loss of resistance and is far beyond our 
acceptance criteria of life safety. 

 

 

    Fig.3 : Hinge formation at initial structure in Push-Y  
 
 

  
 

Fig. 4:Pushover curve in X-direction  

Fig. 2. Pushover curve in X-direction 

      

 

                Fig. 5:Pushover curve in Y-direction 

 

These columns which fall under the section E-F are 
then retrofitted with CFRP and the hinge formation is 
within the Immediate occupancy level as shown in 
figure 6 & 7 which is our required performance level 
for the building. 
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Fig.6: Hinge formation at retrofitted structure in 
Push-X 

 

Fig.7: Hinge formation at retrofitted structure in 
Push-Y 

In the retrofitted structure the base shear for Push-X 
load case is 438.395 KN and for Push-Y load case is 
432.09 KN at performance point which are shown in 
figure 8 and 9.   

 

Fig. 8: Pushover curve in X-direction 

 

 

Fig. 9: Pushover curve in Y-direction  

As per calculation, the design base shear of the 
building has been found to be 221.228 KN. But after 
retrofitting and performing the analysis the base shear 
at performance point has been found to be 
438.395KN in X-direction and 432.09KN in Y-
direction, which is greater than the design base shear. 
As the base shear at performance point is greater than 
the design base shear, the building is safe under 
seismic loading. 

 

 

IV. CONCLUSION 

From the pushover analysis, the performance of the 
building before retrofitting and after retrofitting with 
CFRP was compared obtaining the following 
conclusions: 
-The hinge formation on the retrofitted structure with 
CFRP were found to be within the targeted 
performance level i.e. within Immediate occupancy 
level. 
-As the performance point base shear after retrofitting 
is greater than the design base shear, the retrofitted 
building is comparatively safer under seismic 
conditions. 
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Abstract— the fundamental Objective of this study is 
to compare the seismic performance of the 
unreinforced masonry building with retrofitted 
building using splint and bandage method as it is 
neither practical nor feasible to demolish all the 
existing buildings and construct new to meet seismic 
safety as cost, importance and vulnerability of 
structure major role. This studies focus on the splint 
and Bandage method of retrofitting, which decrease 
the vulnerability of structure in major failure mode 
(out of plane failure and in-plane failure mode). With 
the application of splint and bandage on the building, 
the performance of building was improved. The base 
shear and displacement of the structure was reduce 
whereas moment resisting capacity and shear 
strength was increased. 
 

Keywords— Splint and bandage, Unreinforced 
masonry, Retrofit, Performance level 

I. INTRODUCTION 

Nepal has a long history of devastating earthquake 
occurring at the interval of 80-90 years. As Nepal lie 
in the subduction of Indian plate underneath the 
Eurasian Plate resulting in one of the most seismically 
active zone in the world. This subduction zone 
accumulate the energy from the convergence of the 
zone, on reaching its limit, it release the energy in the 
form of seismic energy. Nepal has experience the lots 
of major earthquake in its history, the latest one being 
the Gorkha Earthquake on April 25, 2015 of 
magnitude 7.8 Mw. This earthquake results in 8857 
casualties, 22,304 injuries nearly 800000 buildings 
were collapsed causing around $10 billion losses. 

Earthquake doesn’t itself kill the people but the 
destruction of the man-made structures, buildings, 
bridge, towers due to the earthquake do. After the 
earthquake lots of seismic vulnerability assessment 
were done throughout the country. Based on those 
studies most of the buildings that were collapse were 
building of unreinforced masonry which were 

constructed by the local masons without any help 
from the professional expert. There still exist masonry 
buildings that are still standing, for those building are 
highly vulnerable to future earthquake as the 
construction were done based upon the local masons. 
For such building, to strengthen their structural 
performance to prevent those from immediate failure 
there ‘exist the practical solution to increase the 
seismic safety standard by upgrading their level of 
safety by retrofitting. It is neither practical nor feasible 
to demolish all the existing buildings and construct 
new to meet seismic safety as we cost plays one of the 
major roles. So depending upon the cost, important 
and vulnerability of structure different retrofitting 
techniques were applied. 

This studies focus on the splint and Bandage 
method of retrofitting, which decrease the 
vulnerability of structure in major failure mode (out of 
plane failure and in-plane failure mode). In the Splint 
and Bandage method of retrofitting, the vertical and 
horizontal band are added near the opening and at the 
corner. The band are applied inside and outside of the 
structure and are connected by anchorage bar. The 
Specific objective of this study are to study the 
behavior of unreinforced masonry building under 
seismic load, before and  after the application of 
retrofitting techniques (Splint and Bandage method) 
under seismic load. 

 

II. METHODOLOGY  

The date required for the analysis was taken in 
account. The dimension of building were assumed 
whereas the material properties and load to be applied 
are taken into account through IS codes and NBC. 
The modelling was done in Sap2000 for unreinforced 
masonry building required were taken, then the model 
was revised for retrofitting. The Splint and bandage 
band are model as sectional layered section, and the 
rebar were assigned as thin sheet as there is no 
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appropriate way to assignment the rebar in the section 
property. The required date were calculated and 
comparisons were made between the model on base 
shear, displacement, moment capacity and 
compressive stress capacity. The comparison were 
done for single wall only. 
 
Calculation of Seismic Weight 

Tables-1 

 
Unretro

fitted
Retrofit

ted

Seismic zone
Cl 6.4.2, 
Table 2 

Zone V Zone V

Seismic Zone factorZ Cl 6.4.2, Table 20.36 0.36
Structure type Table6
Importance factor I Cl 6.4.2, Table61.0 1.0
Lateral load 
resisting 
system

Draft 
code 

Cl 6.4.2, 
Response 
reduction 
factor

R
Draft 
code 

Cl 6.4.2, 
1.500 2.500

Height of the 
building h Refer dwg. 2.840 2.840 m
Dimension  
Along X Dx Refer dwg. 3.120 3.120 m
Dimension 
Along Y Dy Refer dwg. 4.730 4.730 m

Time period  
along X, 

Tx= 

0.09h/√

Dx

Cl 7.6.2 0.145 0.145 sec

Time period 
along Y

Ty= 

0.09h/√

Dy

Cl 7.6.2 0.118 0.118 sec

Soil type Type III (Soft soil)
 Response acc. 
Coeff. along X (Sa/g)x

Cl 6.4.5, 
fig. 2 2.5 2.5

 Response acc. 
Coeff. along Y (Sa/g)y

Cl 6.4.5, 
fig. 2 2.5 2.5

Design 
Horizontal 
Seismic 

Ahx=ZIS

a/(2Rg)

Cl 6.4.2
0.3000 0.1800

Design 
Horizontal 
Seismic 

Ahy=ZIS

a/(2Rg)

Cl 6.4.2

ZISa/(2R

g)

0.3000 0.1800

 
NBC 102:1994 Unit Weight of Material    

(IS 875 Part 1 is used as referred by NBC 
102:1994) 

Steel :   7850 Kg/m3 

Brick Masonry : 19.00 KN/m3 

Poisson’s Ratio (ν) : 0.30 

Modulus of Elasticity (E)  :1351.7 N/mm2 

RCC : 7850 Kg/m3 

NBC 103:1994 Occupancy Load    

(IS 875 Part 2 is used as referred by103:1994) 

Floor Finish : 1.0 KN/m2 

Roof  : 1.5 KN/m2 

Load Combination: For Working Stress method As 
per NBC 105: 
DL+LL 
0.7DL+EQx 
0.7DL-EQx 
0.7DL+EQy 
0.7DL-EQy 
DL+LL+EQx 
DL+LL-EQx 
DL+LL+EQy 
DL+LL-EQy 

 

Figures and Tables 

 

 
Fig 1: 3D Modelling of Unreinforced Masonry 

Building 
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Fig 2: 3D Modelling of Retrofitted Building 

 

 

III. RESULT AND DISCUSSION  

For the seismic behavior of the unreinforced 
masonry and retrofitted building, the linear static 
analysis were performed in SAP2000. For lateral 
loading seismic coefficient method as IS 1893:2002 
was applied. The seismic response of structure of 
single wall was found out in terms of maximum 
displacement, base shear, shear stress, compressive 
stress and bending stresses in the masonry building for 
each model. The result were presented in terms of 
tabular. 

Table-2 

Parameters 
Control 
Model  

Retrofitted 
Model Unit Remarks  

Length 4.84 4.84 m Application 
of splint and 
bandage 
both ways 
with 50 mm 
thick M20 
mortar , 
width of 
110mm. and 
8mm rebar 

Height 2.84 2.84 m 

Thickness 0.11 0.11 m 

Story Drift 1.08 0.354 mm 
Decrease in 
story drift 

Base shear 59.245 40.25 KN 
Decrease in 
Base Share 

Shear Stress 0.02 1.02 N/mm² 

Shear 
Strength has 
increased. 

Compressive 
stress 0.34 0.502 N/mm² 

Increase in 
Compressive 
stress 
capacity 

Moment 
(M11) 0.17 1.26 KN/m²/m 

Increase in 
in-plane 
moment 
capacity 

Moment 
(M22) 0.3 5.277 KN/m²/m 

Increase in 
out-plane 
moment 
capacity 

 

 

 
 Fig 3: Stress under s22 for retrofitted 

building 

 Fig 4: Stress under s22 for Unreinforced building 

 

The inter-storied drift of wall was decreased 72% after 
retrofit. The base shear of the retrofitted building was 
reduced by 32%.The compressive stress and moment 
capacity of retrofitted building was increased, so, as 
the stress and moment was also increased. The most 
moment and stress were taken by split and bandage as 
shown in fig. above. 

IV. LIMITATION : 

1. No consideration of bond strength between 
the brick unit, as modelling of such bond is 
not possible in the sap2000. 

2. No consideration of anchorage between the 
two bands, as the bond stress also increase 
the strength. 
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3. The model of rebar was done as thin sheet 
rather than modelling the rebar. 

4. The analysis was done with linear static 
method only. For the better performance and 
evaluation nonlinear static analysis and 
performance based analysis could have been 
done. 

V. CONCLUSION: 

The splint and Bandage method of retrofitting, 
decrease the vulnerability of structure in major failure 
mode (out of plane failure and in-plane failure mode). 
In the Splint and Bandage method of retrofitting, the 
vertical and horizontal band are added near the 
opening and at the corner as the part of the building 
are more vulnerable to the damage. The band are 
applied inside and outside of the structure and are 
connected by anchorage bar. With the application of 
splint and bandage on the building, the performance of 
building was improved. The stress and moment 
concentration after the application of band were 
mostly concentrated over the area of band, since the 
band have move capacity than the masonry structure, 
and it was able to absorb the stress and making the 
building more susceptible to damage during the 
earthquake loading. Fig-3 and fig-4 we can see the 
stress concentration over the unreinforced masonry 
and retrofitted model. The base shear and 
displacement of the structure was reduce whereas 
moment resisting capacity and shear strength was 
increased. 
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Abstract—This paper grants the results of an 
analytical results of RC concrete circular bridge pier 
strengthened with Carbon fiber reinforced polymer 
(CFRP). To work out the seismic performance of bridge 
pier Nonlinear analysis has been done. Nonlinear static 
(Pushover) analysis is used to govern the capacity of the 
bridge pier. A RC circular bridge pier, modelled in 
SAP2000 (v.20) is used for this study. Damage on the pier 
is set up out by using the result of Pushover analysis. 
Providing supplementary confinement by external CFRP 
wrapping is one among the prime common and active 
techniques for the retrofit of prevailing RC Bridge piers, 
which condenses the damage and avoiding the failure 
piers under different loading atmospheres. Retrofitting 
practice is considered as the cost-effective justifiable 
approach to strengthen repair damaged bridges or older 
deficient bridges. CFRP has been recognized to be an 
effective in increasing the axial strength of concrete pier 
column. After retrofitting by the CFRP wrapping, the 
load carrying capacity of the bridge pier was enriched. It 
is proved   that the strengthen model can sustain the load 
enacted on it. Using this pushover curves, it is concluded 
that the weaker initial pier is strengthen to Life Safety 
(LS) level from Collapse Prevention (CP) by using CFRP 
wrapping. 

Keywords— CFRP, Capacity Curve, Bridge pier, 
Performance Point, Pushover curve, Life Safety, Collapse 
Prevention, ductility criteria 

I. INTRODUCTION  

The replacement or removal of deficient piers will be 
an expensive task. Or, the reconstruction of this pier 
may be more convenient. There are many reinforced 
concrete structures in the world that need to be 
strengthened and changed their original functions due 
to structural aging [1]. Bridges are one of the most 
important structures in the transportation system, and 
they often bear various loads. Most popular bridges are 
made of reinforced concrete, which is often exposed to 
adverse physical and chemical conditions. Carbon 
Fiber-reinforced polymer (CFRP) composites have 
been widely used to reinforce existing or repair 
damaged reinforced concrete (RC) columns, because 
the constraints provided by external wraps increase the 
compressive strength and ductility of concrete [2]. 

Minor damages in the concrete components (such as 
cracks and spalling of the bridge) affect the restraint of 
the concrete on the structure, and therefore, cause the 
brittle failure of the column, which will lead to severe 
damage or complete collapse of the structure. 
Therefore, in order to prevent brittle failure, the 
ductility of the column must be strengthened, thereby 
improving the performance and reliability of the 
existing bridge. Each bridge exhibits different 
characteristics and performance under seismic loads. 
As far as Nepal is concerned, no frequent seismic 
vulnerability assessments have been made for such 
bridges, otherwise they may fail due to a major 
earthquake [11]. Due to many advantages, the use of 
CFRP materials has proven to be a successful 
technology to improve the strength and rigidity of RC 
structures. They are light weight, high strength/weight 
ratio, easy to operate and apply, no need for heavy 
lifting and handling equipment, and corrosion 
resistance are some of the advantages of using CFRP to 
reinforce and reinforce RC structures [5]. The bridge 
column is one of the most structural members of the 
bridge that resists lateral seismic forces and vertical 
forces. Therefore, in terms of the performance of the 
entire structural system, the performance and reliability 
of the column are very important. In order to extend this 
standard, restrictions or external reinforcement of the 
concrete column structure can be provided to extend 
the ductility standard. Piers and columns reinforced 
with CFRP panels can enhance flexural and shear 
capacity, improve ductility, and increase ultimate 
bearing capacity. Therefore, in this article, SAP 2000 is 
used to evaluate the seismic performance of the 
structure. Therefore, the existing columns with 
insufficient lateral reinforcement must be provided 
through external constraints to enhance the ductility of 
the structure. In the cylindrical CFRP reinforcement 
system, the concrete members are wrapped with CFRP 
plates in the circumferential (hoop) direction. The 
fibers are most commonly oriented perpendicular to the 
longitudinal axis of the concrete member [1]. Studies 
have shown that the use of CFRP as a refurbished fabric 
provides desirable results, thereby improving the 
performance of the structure. The main objectives of 
this research is to develop the analytical pushover curve 
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of reinforced concrete bridge pier and to determine the 
capacity of the existing bridge pier with compare to the 
retrofitted bridge pier. This article should better 
understand the performance of RC piers constrained by 
CFRP composites. When the CFRP closed cylinder is 
compressed in the axial direction, the concrete expands 
laterally, and this expansion is constrained by CFRP  
[4]. Their strength and healing ability attract people's 
attention to maintain the integrity of the bridge. This 
article is aimed at this endeavor. 

 

II. METHODOLOGY 

A. Bridge Description 

For the idealization of study purpose, the Pre-
Stressed Concrete 2-Webbed Bridge having double 
span of each   35 meter long and reinforced concrete 
circular bridge pier at middle is selected. The whole 
length of bridge is 70m. All the necessary dimensions 
of the bridge components used in this study are listed 
in the Table I. Also the typical cross section of bridge 
superstructure is shown in Fig.1. 

 
Fig. 1. Cross Section of the Bridge Superstructure (Dor, Nepal). 

 

TABLE I.  D
DESCRIPTION OF THE BRIDGE CONFIGURATION 

    
S.N. 

Bridge Components Data 

 Bridge Name Sample model 
 Overall length of the bridge 70m 
 Length of each span 35m 
 Span number 2 Nos. 
 Diameter of the pier 1.45m 
 Longitudinal reinforcement on 

pier 
25 no. Ø25mm 

 Confinement bar size on pier Ø8, @300mm 
c/c 

 Overall width of the bridge 11m 
 Carriageway width 7.5m 
 Pier cap length 7.8m 
 Pier cap height 1.7m 
 Pier cap width 4.5m 
 Longitudinal reinforcement on 

pier cap 
Ø28, @125mm 
c/c 

 Bridge live loads IRC Class A 
 

B. Analytical Bridge Modelling 

A three dimensional finite element model of the 
bridge was constructed in the CSI Bridge V20 
structural analysis software as shown in the Fig. 2. 
Bridge was modeled based on the properties of material 

and geometric dimensions from as built drawings. But 
some modification is done on pier section for the 
analysis purpose. All the loads and forces carried by the 
superstructure are transformed to the pier by means of 
elastomeric bearing which was modeled as the linear 
link element. Cantilever model of the pier considering 
lumped mass is shown in Fig. 3. Fiber hinge in the pier 
section was defined.  

 
Fig. 2. Finite Element Modelling of Bridge. 

 

Fig. 3. Pier from SAP 2000. 

C. Calculation of Equivalent Compressive     
Strength 

For circular piers, the concrete should be uniformly 
constrained, and the maximum confining pressure 
provided by CFRP composites is related to the 
thickness and strength of the CFRP and the diameter of 
the confined concrete core of the pier. The maximum 
value of the confinement pressure, fl that the CFRP can 
exert is attained when the circumferential strain in the 
CFRP reaches its ultimate strain and the fibers rupture 
leading to brittle failure of the cylinder is given by[2]: 

𝑓𝑙𝑡𝑓𝑟𝑝𝐸𝑓𝑟𝑝𝑓u/d              

Where fl is the lateral confining pressure, Ecfrp is 
the elastic modulus of the CFRP composite, εfu is the 
ultimate CFRP tensile strain, tcfrp is the total thickness 
of the CFRP and d is the diameter of the concrete 
cylinder. 

The compressive strength of confined concrete, fcc  

𝑓𝑐𝑐𝑓𝑐𝑘𝑓𝑙  
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Where fcc is the compressive strength of confined 
concrete, fc is the compressive strength of unconfined 
concrete, k is an average confinement effectiveness 
coefficient and fl is the lateral confining pressure due 
to the action of CFRP. 

D. Material Properties 

TABLE II.  M
MECHANICAL PROPERTIES OF CFRP USED IN STUDY [4] 

Concrete Compressive strength of unconfined 
concrete, fc (MPa) 

20 

Steel Yield strength, fy (MPa) 500 
CFRP  Modulus of Elasticity, Ecfrp (MPa) 71429 

Thickness per ply, t (mm) 0.760 
Ultimate strain, ɛ fu (%) 1.80 

Lateral confining pressure, fl (MPa) 4.043 

Average confinement effectiveness 
coefficient, K 

2.300 

Compressive strength of confined 
concrete, 𝑓𝑐𝑐 (MPa) 

29.230 

 

E. Loadings 

Loads assigned to the existing model are the total 
dead load of 6854.88KN from the superstructure 
and Maximum live load of 1121.30KN including an 
impact through IRC class A loading. 

III.  ANALYSIS 

A. Nonlinear Static (Pushover) Analysis 

    Pushover or nonlinear static analysis is basically 
used to determine the bearing capacity of bridge piers. 
A simple cantilever model of the bridge pier is formed, 
in which half of the mass of each span of the 
superstructure is concentrated on the top. The non-
linear behavior is characterized by the fiber optic PMM 
hinge. Analyze according to the displacement control 
method. Deformation limits for different performance 
levels, as per ATC-40. The analysis gives the pushover 
curve which was plotted base shear against pier top 
displacement. From the pushover result the maximum 
base shear of initial model was found to be 749.302KN 
and the maximum pier displacement of initial model 
was found 148.69mm and that of retrofitted model was 
found to be 880.093KN and the maximum pier 
displacement of retrofitted model was found 
134.31mm respectively. The capacity spectrum method 
recommended by ATC-40 is used to obtain the target 
displacement and corresponding performance points. 
The performance point of the structure is the 
intersection of the capacity spectrum curve and the 
demand spectrum curve. The procedure described in 
ATC-40 can be adopted for the seismic parameters of 
IS:1893-2002 [6].  

Ca = Z/2 and 

Cv = Z/2 for hard soil, 

         1.36 Z/2 for medium and 

         1.67 Z/2 for soft soil 

Displacement-controlled pushover analysis is 
performed in the SAP and evaluate the state of the 

hinge and evaluate the performance level.

 
Fig. 4. Seismic performance levels on an idealised response 

curve. 

 

IV. RESULTS & DISCUSSION 

The compressive strength of CFRP confined 
concrete is obtained to be 29.230MPa. For the initial 
model considering the non-confined concrete, 
pushover analysis was carried out, and for the 
retrofitting purpose, the model of the CFRP confined 
concrete was considered. CFRP helps to improve the 
strength and ductility of concrete.  The initial model is 
run and analyzed by SAP 2000 and the performance 
points are evaluated in the x-direction and y-direction 
in the pushover  curve. For the Ca and Cv values 
calculated from the Nepal National Building Code, the 
PO curves of the Maximum Earthquake (MCE) and 
Design Basis Earthquake (DBE) are drawn. By 
analyzing the initial model, it is found that the RC pier 
hinge fails before the performance point. Therefore, it 
is necessary to strengthen the pier through any 
renovation technique. In this article, we used carbon 
fiber reinforced polymer (CFRP). After pushover 
analysis, the hinge formation of each step will be 
studied and its performance level will be checked. 
Hinge status at the performance point is checked for 
both initial model and retrofitted  model. The 
performance point and respective base shear along the 
x-axis and y-axis of existing and retrofitted model is 
shown in Table III. For analyzing the seismic  
performance levels on an idealized response curve, 
different figures are extracted from the analysis result.  
In the fig. 5, the initial model at push x before the 
retrofit is shown. Also, after the retrofit with using 
CFRP wrapping, the retrofitted model at push x is 
shown at fig. 6. Initial model at push y before retrofit is 
shown on fig. 7. Likewise, the retrofitted model at push 
y is shown at the fig. 8 below. 

Pushover capacity curves are obtained for both the 
initial and retrofitted model as within the fig. 9 and 
fig.10. Which may be clearly evaluated that the 
capacity has increased for the retrofitted model. During 
this study, three layer of CFRP is applied and is found 
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to be effective increasing the performance of RC bridge 
pier. The capacity spectrum is obtained by 
transforming the base shear versus pier top 
displacement spectrum into a spectral acceleration 
versus spectral displacement. And the seismic demand 
is a representation of the earthquake ground motion 
which is presented in terms of forces and displacements 
imposed on RC structures by earthquakes. The capacity 
spectrum and demand spectrum along the x and y 
direction, also their respective comparison is done at 
the figures 11, 12, 13, 14. Also, the moment-curvature 
curve is calculated based on the nonlinear hinge 
properties. The moment curvature curve for initial and 
retrofitted model is compared at fig. 15 and fig. 16. 

TABLE III.  P
PERFORMANCE POINT 

Model Performance Point, 
X-axis 

Performance Point, 
Y-axis 

Base 
Shear, 
V (KN) 

Displaceme
nt, D (mm) 

Base 
Shear, 
V (KN) 

Displaceme
nt, D (mm) 

Existing 
Model 

735.37
9 

148.69 749.30
2 

141.656 

Retrofitte
d Model 

880.09
3 

134.31 880.07
4 

133.88 

 
 

 
 

Fig. 5. Initial model at push x before retrofit. 

 

 

 

Fig. 6. Retrofitted model at push x after retrofit. 

 

 
 
 

Fig. 7. Initial model at push y before retrofit. 

 

 
 

 

Fig. 8. Retrofitted model at push y after retrofit. 

 

 
 
 

 

Fig. 9. Pushover Capacity Curve for Push X. 
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Fig. 10.  Pushover Capacity Curve for Push Y. 

 
 
 
 

 

Fig. 11.  Demand capacity spectrum curve for Initial   model 

Push X. 

 
 

 
Fig. 12.  Demand capacity spectrum curve for Retrofitted  model 

Push X. 

 
 

 

Fig. 13.  Demand capacity spectrum curve for Push X. 

 

 
 
 

 

Fig. 14.  Demand capacity spectrum curve for Push Y. 

 

 

 

Fig. 15.  Moment curvature curve for push X. 
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Fig. 16.  Moment curvature curve for push Y. 

 

V. CONCLUSION 

The main conclusion drawn after comparing the 
Initial Model and Retrofitted Model are summarized 
below: 

 It is found that, after retrofitting with a three 
layer of CFRP, the performance level of initial 
model has improved from collapse prevention 
(CP) to life safety (LS) level. 

 After the structure retrofitted with CFRP, the 
hinge formation on the structure were found to 
be within the targeted performance level. 

 After the use of CFRP,  the Base Shear is 
increased to 19.67% in x direction and 17.45% 
in y direction. Also the displacement is 
decreased to 9.67% in x direction and 5.49% in 
y direction. 

 From the moment curvature curve, it is 
concluded that the retrofitted model hinge can 
resist more moment than the initial model hinge 
with respect to plastic rotation. 

 The performance level of Bridge pier is 
enhanced due to retrofitting of cfrp wrapping. 

 

VI. LIMITATIONS 

 The bonding behavior of transition layer 
between the CFRP  to CFRP is assumed to be 
homogeneous and the CFRP to Concrete bridge 
pier is not studied. 

 The negative effects of CFRP when in contact 
with water is not considered. 
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Abstract— In this study seismic response of two storey 

reinforced concrete building is analysed  by pushover 
analysis. Building frame is structurally analysed  by using 
software SAP 2000 (version 14). Nonlinear pushover 
analysis is perform to check the performance point. Effect 
of external wrapping of carbon fiber reinforcement polymer 
(CFRP) on fail beam investigate the improvement on 

performance of beam. CFRP is used as retrofitting 
technique. It has been concluded that after the use of CFRP 
for retrofitting of beam, the structure were found to be 
within the targeted performance level. 

 

Keywords—  CFRP, Capacity Curve, Performance Point, 
Seismic retrofitting, Pushover analysis 

I. INTRODUCTION  

Natural disaster are originated from natural event, 

causes loss of life and property. The most common 

natural disasters are earthquake, flood, storm, tsunami 

etc. Nepal is the one of most seismic regions of the 

world. Seismic retrofitting is considered one of most 
effective technique for earthquake risk reduction [1]. 

Retrofit refers to strengthening of existing structure. 

The retrofit process is general term that may consist 

of variety of treatment, including preservation, 

rehabilitation, restoration and reconstruction.  

According to the United Nations, Nepal is the 11th-

most earthquake prone country [2]. Therefore, 

earthquake vulnerability in Nepal is great concern. 

Generally, used retrofitting technique for reinforced 

concrete structure are base isolation, seismic damper, 

reinforced concrete jacketing, steel caging, fiber 
reinforcement polymer. For masonry structure are 

plaster stitching, cement grouting, shotcreting, splint 

and bandage. 

In the recent decades, the availability of fiber 

reinforcement polymer (FRP) with its favorable 

property such as ease of application, high stiffness, 

strength, light in weight, advanced fatigue and 

corrosion resistances, etc., providing significant 

functional and economic benefits, ranging from 

strength enhancement and weight reduction to 

durability features [3]. However, the FRP 

strengthening technique has a few drawbacks, which 
are mainly associated with the use of epoxy resins—

namely, high cost, poor performance in high 

temperatures, inability to apply on wet surfaces, and 

incompatibility with substrate materials (concrete or 

masonry). In an attempt to alleviate the problems 

arising from the use of epoxies, researchers have 

suggested the replacement of organic (epoxy resins) 

with inorganic (mortar) matrix [4].   

 The efficiency of FRP retrofitting in 

strengthening/repairing of structural beam column 
joints has confirmed in many studies worldwide. 

Researchers have also investigated the related 

problems such as FRP-concrete interface interaction 

and creep behavior in FRP strengthened structural 

members [5]. However, very few studies have 

scrutinized the overall behavior of FRP rehabilitated 

RC structures. Seismic performance of a full-scale 

RC structure repaired with carbon FRP (CFRP) 

laminates and wraps. Their experimental results 

proved the existence of a large displacement capacity 

in the repaired structure without any reduction of 
strength after the application of FRP at the beam-

column joints and walls. In addition, the energy 

dissipation remains almost identical to the original 

structure. On the contrary, a reduction in the 

deformability of shear walls observed during the 

experiments due to the presence of CFRP laminates 

over the entire height. In another experimental study, 

Di Ludovico et al. [6] Investigated seismic retrofitting 

of an under-designed, full-scale RC structure with 

FRP wrapping. In their study, a bi-directional test 

with peak ground acceleration (PGA) equal to 0.2g 
applied to the original structure prior to retrofitting 

under which the structure found inadequate. The 

structure was then retrofitted in order to withstand a 

50% higher PGA of 0.3g. The successful outcome of 

the tests proved the effectiveness of FRP in 

improving the global performance of the structure in 

terms of ductility and energy dissipating capacity. 

Improving the seismic behavior of deficient RC 

structures with FRP composites has also confirmed 

by Garcia et al. [7] Who through experimental tests 

and numerical modelling found that FRP retrofit 

results in substantial improvement of seismic 
performance of damaged RC frames. Following the 

main trend of the argument, the current study 

conducted to investigate to the seismic behavior of 

FRP retrofitted RC buildings. To pursue this 

objective, FRP sheets applied at the beams and 

columns regions that are prone to the development of 
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plastic hinges in such a way that increases the 

flexural strength. As a result, FRP sheets applied at 

the top and bottom flanges of members with fibers 

oriented parallel to the longitudinal steel 

reinforcements. Of particular interest was to compare 
the effects of GFRP and CFRP application. As the 

case study, a 2-storey moment resisting RC building 

selected representing the buildings. The seismic 

behavior of the structure evaluated using the 

nonlinear pushover method. In addition, the concept 

of lumped plasticity with flexural hinges at both ends 

of beams and columns implemented in the 

characterization of nonlinear properties of the 

structural members. The analyses carried out in SAP 

2000, a commonly used finite element program by 

the structural engineering profession. SAP2000 can 

perform static or dynamic, linear or nonlinear 
analysis of structural systems. 

 

II. METHODOLOGY 

Two storey residential building is located in 

seismic zone v. 3-d model of two storey building 

structure model as shown in fig 1. there are two 

number of bay in x and y direction. 27 fit in x 

direction and 24 fit in y direction in plan. The 

analyses carried out in SAP 2000. To perform 

pushover analyses in SAP2000, users can create and 

apply hinge properties. In SAP2000, a frame element 

is modelled as a line element having linearly elastic 

properties and nonlinear force displacement 

characteristics of individual frame elements are 

modelled as hinges represented by a series of straight 

line segments. There are three types of hinge 

properties in SAP2000. They are default hinge 

properties, user-defined hinge properties and 
generated hinge properties. Studies show that user 

defined hinge model gives better results than default 

hinge model [8]. Moment-curvature relationship is 

used to model plastic hinge behaviour in non-linear 

analysis. The seismic performance of a structure can 

be evaluated in terms of pushover curve, plastic hinge 

formation etc. The maximum base shear capacity of 

structure can obtained from base shear versus roof 

displacement curve. 

Equivalent compressive strength of the section 

confined by CFRP was calculated using the equation 
formulated by (Riad Benzaid, 2013).Non-linear static 

pushover analysis was done by using the equivalent 

compressive strength and the behavior of the 

structure at maximum roof displacement of 300 mm 

was studied. The design base shear of the building 

was calculated using the IS 1893:2016 and is 

compared with the performance base shear obtained 

from analysis.  

 

S.N. Materials Properties 

 Materials/section Grade/size Unit 

1 Concrete grade M20  

(Beam/column) 

2 Concrete grade 
(slab) 

M15  

3 Steel grade Fe500   

4 Modulus of 
elasticity E 
(concrete) 

19364.92 
for m15 
22360.68 
for m20 

N/mm2 
N/mm2 

5 Modulus of 
elasticity E (steel) 

200000 N/mm2 

6 Column size 500*500 mm*mm 

7 Beam size 230*300 mm*mm 

8 Slab thickness 150 Mm 

9 Floor height 1.5 for 
plinth level 
3 for story 
height 

M 

10 Wall thickness 230 Mm 

11 Density of 
concrete 

25 KN/m3 

12 Density of brick 20 KN/m3 

13 Thickness of CFRP 0.167 Mm 

14 Modulus of 
elasticity (E) of 
CFRP 

230000 N/mm2 

15 Tensile strengthof 
CFRP 

3400 N/mm2 

16 Strain (CFRP) 0.014  

17 Number of layer of 
CFRP 

1 Number 

 

1. CALCULATION OF EQUIVALENT 

COMPRESSIVE STRENGTH 
The maximum value of the confinement pressure that 

the FRP can exert is attained when the 

circumferential strain in the FRP reaches its ultimate 

strain and the fibers rupture leading to brittle failure 

of the cylinder. This confining pressure f1 is given by: 

F1=  

Where,  

E = Modulus of elasticity of CFRP  

Ɛ = Ultimate CFRP tensile strain  

T= Thickness of CFRP  
n= number of wrap of CFRP  

b=Dimension of section  

The effective CFRP strain coefficient (𝞰=0.68) 

represents the degree of participation of the CFRP 

jacket, and the friction between concrete and CFRP 

laminate. Type bond, geometry, CFRP jacket 

thickness, and type of resin affect the effective CFRP 

strain coefficient  

F1=  
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FCC = 20 + 3.3*1.74  

         = 25.74 N/MM2 

2. CALCULATION OF DESIGN BASE SHEAR  

The design base shear of the building is calculated 

from IS1893 (Part 1):2016  
Vb=AH*W  

Ah=   

Where,  

Vb=Design Base Shear  

W=Seismic Weight of the Building=3852.31KN 

       Deadload and 1.5KN/m live load is used.  

AH=Design horizontal Acceleration Coefficient  

Z=Seismic Zone Factor=0.36  

I=Importance Factor=1 

R= Response Reduction Factor=5  

Sa/g=Design Acceleration coefficient=2.5 for soft soil 

site with time period 0.27 sec  

Therefore equation (3) becomes  
Vb=346..71KN 

 

 
 

 
Figure 1  plan and elevation of model 

III. RESULT AND DISCUSSION 

Pushover analysis is iterative analysis and design 

process continues until the design satisfies a pre-

established performance criteria. The performance 

criteria for pushover analysis is generally established 

as the desired state of the building given a rooftop or 

spectral displacement amplitude. 
Pushover analysis is carried out by vertical loading 
(gravity load) followed by a gradually increasing 

displacement con-trolled lateral load in both +x and +y 
direction. The design base shear calculated as per IS 

specifications is compared with the overall capacity of 
the structure obtained from the pushover curve. 

Moment-curvature parameters are used as the input 

for modeling the hinge properties and it can be 

idealized as  

shown in Fig. AB represents the linear elastic range 

from unloaded state A to its effective yield B, 

followed by an inelastic but linear response of 

reduced (ductile) stiffness from B to C. CD shows a 
sudden reduction in load resistance, followed by a 

reduced resistance from D to E, and finally a total 

loss of resistance from E to F. 
  

 
Figure 2 Idealized moment-curvature relationship 

 
Table indicate the ordinary buildings are designed as 

frequently in fully operational, occasionally life 

operational, rarely in safe and very rarely in near 

collapse zone. Essential buildings are designed as 

occasionally fully operation, rarely life operational 
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and very rarely safe. In the similar way hazardous 

facilities are rarely fully operational and very rarely 

life operational. For the ordinary building frequently 

life operational, safe and near collapse is not possible 

as shown in figure. Such portion are inacceptable 
performance. 

   

At a roof displacement of 300mm, the hinge 

formation at different part of the structure and beam 

members are fails. These all beams, after retrofit with 

one layer of CFRP and analysis carried out then all 

member are pass.  

On the above retrofitted building frame the non-linear 

static pushover analysis was also performed to 

investigate the performance point of the building 

frame in terms of base shear and displacement. After 

pushover analysis the demand curve and capacity 
curves are plotted to get the performance point of the 

structure. The performance point is intersection of 

capacity and demand curve, obtained as per ATC 40 

capacity spectrum method. The base shear for PUSH 

X load case is 1105.908 KN and for PUSH Y base 

shear at performance point is at 1164.632 KN as 

shown in Fig.3. & Fig.4. 

The design base shear of the building frame is found 

to be 346.71 KN as per calculation. After performing 

the analysis the base shear at performance point is 

found to be 1105.908 KN for X directional loading 
and 1164.632 KN for Y directional loading, which is 

greater than design base shear. Since at the 

performance point base shear is greater than the 

design base shear the building frame is safe under the 

earthquake loading. 

 

 
 
Figure 3 capacity curve in x direction 

 
Figure 4 capacity curve in Y direction 

Design base shear distribution 

Floor 
level 

Load 
(Wi) KN 

Height 
(hi) m 

Wi*hi
2 

Qi=Vb*  Storey 
shear 
force 
(KN)  

2 1615.07 3 14535.62 69.34 69.34 

1 1615.07 6 58142.48 277.37 346.71 

total   72678.11   
 

IV. CONCLUSION 

Pushover analysis is an ideal method to explore the 

non-linear behaviour of structure. Moment-curvature 

relationship is an essential tool to define the user 

defined plastic hinge properties of the sections. Load–
moment interaction curve is required for defining 

column and beam hinges. As a result of the work that 

was completed it is concluded that the building frame 

used for pushover analysis is seismically safe, 

because of the performance point base shear is greater 

than design base shear.  

 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology”  

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

201



ISBN 978-9937-0-9019-3

 

REFERENCES 

[1]  N. Giordano, A. Norris, V. Manandhar, L. Shrestha, D. R. 

Poudel, N. Quinn, E. Rees, N. Giordano "Life-Cycle analysis 

of incremental seismic retrofitting of traditional," NRA article.  

[2]  R. B. Malla, k. kayastha, S. sharma, S. P. Ojha, Earthquake 

preparedness and disaster relief in Nepal, American Society of 

Nepalese Engineers, 2014.  

[3]  Y. Ou, D. Zhu, H. Zhang, L. Huang "Mechanical 

characterization of the tensile properties of glass fiber and its 

reinforced polymer (GFRP) Composite under Varying Strain 

Rates and Temperatures," polimers, p. 8, 2016.  

[4]  L. N. Koutas, Z. Tetta, D. A. Bournas, T. C. Triantafillou 

"Strengthening of concrete structures with textile reinforced 

mortars," ASCE, 2020.  

[5]  V. Berardi, L. Feo, A. Giordano " An experimental study on 

the longterm behavior of CFRP pultruded laminates suitable to 

concrete structures," Engineering, p. 39, 2008.  

[6]  D. Ludovico, E. Cosenza " Seismic strengthening of an under-

designed RC structure with FRP," Earthquake Engineering & 

Structural, p. 37, 2008.  

[7]  R. Garcia, K. Pilakoutas " Seismic behaviour of deficient RC 

frames," Engineering structure, p. 32, 2010.  

[8]  D. M. Daniel, S. T. john "Pushover analysis of RC building," 

International journal of scientific and Engineering research, 

vol. 7, no. 10, p. 88, 2016 october.  

 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology”  

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

202



ISBN 978-9937-0-9019-3

Seismic Strengthening of Re-entrant corner 

Masonry Building  
 

Abishek Bhattarai  

Department of Earthquake 

Engineering  

Thapathali Campus 

IOE, TU 

Kathmandu, Nepal 

bhattarai25abishek@gmail.com 

Abstract— The seismic performance of the building 

is influenced by the presence of re-entrant corners in 

the structure. Re-entrant corner causes concentration of 

stresses and torsion related problem during a seismic 

event. This defect is more vulnerable in case of masonry 

building due to its brittle nature. This paper deals with 

the behavior of re-entrant corner irregularity in 

masonry building and strengthening measures for it. 

The objective of study is to compare the capacity of 

building in different cases of plan irregularities before 

and after retrofitting. An arbitrary L- Shaped masonry 

building is taken for analysis. Subsequent analysis of the 

structures after strengthening with the steel angle at the 

junction of re-entrant corner was also carried out. The 

results of analysis confirm the improvement of seismic 

capacity of the re-entrant corners of the building with 

slight reduction of story drift. 

Keywords—Re-entrant corner, masonry, steel angle, 

seismic strengthening 

I. INTRODUCTION  

The practice of construction of masonry building with 

the irregular configuration of re-entrant corner is 

frequent. Re-entrant corners are the most useful set of 

building shapes that enables the accommodation of 

large area in the compact form [1]. They are more 

useful in case of school buildings and other service-

related buildings. 

The buildings with the re-entrant corners are the 

serious form of irregularities that abruptly effect the 

strength and stiffness of the structure. So, it is 

necessary to understand the behavior of such 

deficiency of the building in order to make it seismic 

resistant.   

The effect of re-entrant corner during a seismic event 

is associated with two problems: 

• Local stress concentration at the re-entrant 

corner due to the differential movement of 

different wings [1] 

• Torsional movement due to the relative 

separation of center of mass and center of 

stiffness of the building [1] 

Unreinforced masonry is brittle in nature and hence it 

is very susceptible to damage during earthquake. In 

addition, presence of re-entrant corner makes it more 

disastrous. So, this paper study about the behavior of 

masonry building through numerical modeling and 

suggest for the strengthening measures to control the 

disastrous effect of re-entrant corner.  

Basically, two types of failures are associated with 

the masonry structures In-plane and Out of plane 

failure 

 

So, this paper study about the behavior of masonry 

building through numerical modeling and suggest for 

the strengthening measures to control the disastrous 

effect of re-entrant corner. 

In order to do so following models are taken into 

consideration and analyzed in ETABS 

Model M1: One story masonry building with re-

entrant corner 

Model M2: One story masonry building strengthened 

with steel angle at re-entrant corner 

Model M3: Two story masonry building with re-

entrant corner 

Model M4: Two story masonry building strengthened 

with steel angle at re-entrant corners 

 

 

II. METHOD OF ANALYSIS 

Linear static analysis or seismic coefficient method is 

used for seismic analysis of the masonry building. IS 

1893:2002 [7] code is used for calculating seismic 

coefficient of the building. The seismic analysis of 

structure is carried out by considering the peak values 

of ground acceleration as in case of equivalent static 

method. Code design practices use the concept of 

force-based design, in which individual components 

of the structure are designed for strength based on the 

results obtained from elastic analysis.  

 

III. STRUCTURAL MODELING DETAILS 

Altogether four masonry buildings are modeled 

which includes the models before and after 

retrofitting with the angle section. Plan area of 

building in each case of building are same. 
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TABLE I.  MODELING DETAILS 

Maximum dimension along 
X-axis (L) 

6m 

Maximum dimension along 

Y-axis (B) 

10m 

Projection of re-entrant 
along X-axis (l) 

3m 

Percentage projection of re-

entrant along X-axis (l/L) 

50% 

Projection of re-entrant 
along Y-axis 

5m 

Percentage projection of re-

entrant along Y-axis (b/B) 

50% 

Plan Area of re-entrant 
buildings 

45 m2 

Number of stories 1 story buildings and 2 

story building 

Floor to floor height 3m 

Slab thickness 125mm 

Thickness of masonry wall 230mm 

Dead load + live load  8 KN/m2 

Seismic zone V 

Importance factor 1 

Soil type Medium (Type- II) 

Response Reduction Factor 1.5 

Steel angle section 500mm x 500mm x 25mm, 

Fe-250 steel  

Brick size 19cm x 9cm x 9cm 
modular brick 

Crushing strength of brick 10 N/mm2 

Modulus of Elasticity of 

Brick Masonry  

2200 N/mm2 

Mortar type  M1 

 

IV. RESULT AND DISCUSSION 

The Structural models of masonry buildings 

mentioned above are subjected to linear static 

analysis as per the recommendations of IS 1893:2002 

[7] using ETABS. Also, the capacity of wall in axial, 

shear and bending is calculated by the aid of manual 

calculation using IS 1905:1987 [6]. The confinement 

of re-entrant corner with angle section in two layer 

(inner and outer side of the wall) contributes in 

increasing the load bearing capacity of attached walls. 

It also increases in-plane and out of plane stiffness of 

the attached walls which helps in minimizing the 

effect of over stressing of the walls at the re-entrant 

corners due to torsion. The result of analysis indicates 

that the increase in stiffness of the walls at re-entrant 

corner increases the story stiffness of the building 

which ultimately decreases the story drift.  

 

 

 

Fig. 1. Induced axilal stress at re-entrant corner for M1 

 

A. Capacity of wall before retrofitting 

Basic Compressive stress (fb) = 0.96 N/mm2, from 

table 8 of IS 1905:1987 

Permissible compressive stress (Fa) = fb * ks * ka * kp 

ks =Stress reduction factor (function of slenderness 

ratio and eccentricity of wall) 

ka = Area reduction factor 

kp = Shape modification factor  

Permissible shear strength of masonry (Fv) = 0.1 + fd 

/6 

 

Fig. 2. Induced axilal stress at re-entrant corner for M2 

 

B. Capacity of wall after retrofitting 

Fa = Fwall + (Fsteel) c 

(Fsteel) c = Direct compressive strength of steel 

Fb = Fbd =Bending strength of steel  

(Fsteel) c, Fbd are adopted from IS 800:2007 

 

TABLE II.   MAXIMUM STRESSES IN RE-ENTRANT CORNER  

Model 
Maximum stresses in re-entrant corner 

Compressive Tension Shear 

M1 0.87 0.34 0.15 

M2 5.83 4.22 1.04 

M3 0.64 0.43 0.11 

M4 4.35 2.89 0.62 
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Fig. 3. Induced axilal stress at re-entrant corner for M3 

 

TABLE III.  CAPACITY OF WALL AT RE-ENTRANT CORNER 

Model 
Capacity 

Compressive Tension Shear 

M1 0.749 - 0.12 

M2 15.6 14.88 8.93 

M3 0.749 - 0.12 

M4 15.6 14.88 8.93 

 

 

Fig. 4. Induced axilal stress at re-entrant corner for M4 

 

C. Calculation of eccentricity of wall 

The stiffness of the wall is  

Kwall =Em t / [4* (h/d)3 + 3 (h/d)] 

Kretrofit = Kcomposite + Kwall 

 

TABLE IV.  STIFFNESS OF RE-ENTRANT WALL 

Model 

Stiffness of Re-entrant wall  

storey 1 storey2 

X-

direction 
wall 

Y-

direction 
wall 

X-

direction 
wall 

Y-

direction 
wall 

M1 72285 189940     

M2 83622 201277     

M3 72285 189940 72285 189940 

M4 83622 201277 83622 201277 

 

TABLE V.  MAXIMUM DEFLECTION OF WALL  

Model 

Maximum Deflection in wall 

Story 1 Story 2 

Ux Uy Ux Uy 

M1 0.117 0.066     

M2 0.118 0.067     

M3 0.318 0.174 0.659 0.342 

M4 0.186 0.201 0.432 0.426 

 

Due to the confinement of cross walls by steel angle 

at re-entrant corner, in plane wall helps in stability of 

outplane wall 

 

Kout of plane = m * Kinplane 

 

Here, m is the coefficient of distribution of in-plane 

stiffness to out plane stiffness. 

 

TABLE VI.  STOREY STIFFNESS 

Model 

Story Stiffness 

story 1 Story 2 

Stiff X Stiff Y Stiff X Stiff Y 

M1 834494.283 1444298.51     

M2 835940.33 1455522.742     

M3 794745.709 1345360.439 512940.002 1027635.556 

M4 841136.526 1463822.57 83622 201277 

 

TABLE VII.  STOREY DRIFT 

Model 

Storey Drift 

Storey1 Storey2 

Drift X Drift Y Drift X Drift Y 

M1 0.117 0.067     

M2 0.116 0.066     

M3 0.325 0.175 0.348 0.169 

M4 0.313 0.176 0.32 0.171 

 

 

• Stress induced in the re-entrant corner of the 
wall is more in a single-story building than in 
two story building because of the vertical 
stability provided by the upper story against 
lateral and torsional stress  

• There is a significant increase in the 
permissible strength of the wall at re-entrant 
corner after strengthening because of 
confinement of overstressed brittle corner with 
high strength and ductile steel angle 

• Stiffness of the walls increased to a 
considerable amount which ultimately helps in 
decreasing the deflection of wall after 
strengthening  
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• There was slight increase in the story stiffness 
of the building 

Limitations of the study 

• It is better recommended for the use of 
dynamic analysis rather than static 
analysis 

• Vulnerability transfer to other corners 
after strengthening of re-entrant corner is 
not considered 

• The effect of abrupt change in capacity of 
the wall at the junction of wall and steel 
angle is not considered  

• The effect of re-entrant corner is even 
more vulnerable in case of openings 
which is not considered 

V. CONCLUSION 

The seismic performance of re-entrant corner 
masonry building is increased by the confinement of 
steel angle in the re-entrant corner.  

• The induced compressive stress of the 
wall after retrofitting is increased to near 
about 6-7 times while the capacity has 
increased to about 20 times. This 
enormous increase in capacity of wall at 
re-entrant corner is due to the addition of 
high strength steel angle.  

• The lateral stiffness of the re-entrant wall 
is increased at the range of 5-15 % while 
the story stiffness is increased to less than 
1% which clearly indicates the 

mechanism of local retrofitting of the 
walls 

• Thre is considerable reduction in the 
deflection of wall but very slight decrease 
in the storey drift 
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Abstract— The objective of this study was to 

investigate the behaviors of high strength concretes 

containing concentrated latex and rubber sludge such 

as workability, compressive strength and tensile 

strength. The designed strength was 45 MPa. The 

required slump was from 7.5 to 12.5 cm. The water in 

mixture proportions was substituted by the latex at 

the rates of 0.5% and 1.0% by weight while the fine 

aggregate was replaced at the rates of 2.0% and 4.0% 

by volume. The mold dimension was in cylindrical 

shape with 10 cm of diameter and 20 cm of height. 

The concrete specimens were observed at the ages of 

3, 7, and 28 days of curing for the compressive 

strength and at the age of 28-day curing for the 

tensile strength test. The result showed that the 

workability of high strength concrete increased when 

it contained the para rubber latex. However, it 

decreased when the percentage of concentrated latex 

and rubber sludge increased. In addition, the 

compressive strength of 0.5% latex-concrete was 

higher than the that of control sample while the 1.0% 

latex-concrete provided a lower strength. Moreover, 

the mixtures that contained both latex and sludge 

gave less strengths while the amount of sludge 

replacement increased. At 28-day curing, most of 

mixtures provided better tensile strengths except the 

sample with 1.0% latex and 4.0% sludge. The 0.5% 

latex-concrete produced the highest tensile strength.  

Keywords— Compressive strength, workability, 

tensile strength, para rubber latex, and rubber sludge. 

I. INTRODUCTION  

One of the most important plants in Thailand is 
rubber plant and it also plays as a significant part to 
support Thai economy because it has been used 
with a massive amount every year, especially 
during 2006 to 2008, it was produced more than 3 
million tons for each year [1] in order to produce 
products in various forms for local distribution and 
exporting to overseas intensely. One-third of the 
whole natural fresh rubber comes from the eastern 
region of the country. Regrettably, in the last ten 
years, its price has been decreasing continuously 
[2]. It incurs badly effect to many sections, for 

instance agriculture, economy, politics, 
environment, and so on. Moreover, the production, 
which reforms fresh rubber into many kinds of 
products, has left over a massive by-product called 
rubber sludge. The rubber sludge has been used as 
a useful raw material for fertilizer production in 
agricultural field. Notwithstanding, the rest amount 
of this sludge still becomes a big concern for Thai 
government due to its stinky smell. To solve these 
issues, there were many researches and projects 
involved with para rubber latex such as the study 
about asphalt-latex combination [3-4], concrete 
containing rubber latex [5], for example. 

II. EXPERIMENTAL PROGRAM 

This study would focus on the high strength 
concrete with the 45MPa of designed strength. It 
was designed by following the ACI Standards [6]. 
The slump interval was from 7.5 to 12.5 
centimeters. The replacement rates of 0.5% and 
1.0% by weight of water in the mixtures were 
replaced with para rubber latex simultaneously 
while 2.0% and 4.0% by volume of fine aggregate 
in each mixture were replaced with para rubber 
sludge. The compressive strength was tested at the 
ages of 3, 7, and 28 days of curing respectively, 
while the tensile strength was investigated only at 
the age of 28 days of curing. Three samples were 
prepared for each test curing ages of every mixture. 
Mold dimension was a cylindrical shape with 10 
centimeters of diameter and 20 centimeters of 
height. 

A. Material Preparation 

Both coarse and fine aggregates must be 
washed by clean water and well- dried in the air. 
The coarse aggregate has to be screened to ensure 
its size was greater than 0.187 inch by using only 
the one which retained on a sieve No.4. The fine 
aggregate has to be screened by passing a sieve No. 
4 and retained on a sieve No.100. Since the sludge 
was used to replace with fine aggregate, making 
certain that it was dry very well and then sieve it so 
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that their overall sizes were similar. The 
concentrated latex came from DS. Rubber Co., Ltd 
Company, Rayong Province, Thailand. Chemical 
Admixture Type G confirming by ASTM 
C494/494M [7] was used for the high strength in 
order to maintain slump of fresh concrete. 

B. Material Properties 

After preparing all materials, they all were 
tested one by one so that we could acknowledge 
their properties. For coarse aggregate, its unit 
weight, maximum size, specific gravity, and water 
absorption are 1,603.4 kg/m3, 20 mm, 2.765, and 
0.37% respectively. Moreover, fine aggregate’s 
fineness modulus is 2.65. Its specific gravity equals 
to 2.63 and 0.44% for water absorption. Portland 
cement type I with specific gravity of 3.15 
confirming ASTM C150/150M [8] and tap water 
were selected. The latex was concentrated with 

61.96% of minimum solid content, 60.92% of 
minimum dry rubber content and milky color. The 
rubber sludge with 2.491 of specific gravity was 
used as fine aggregate replacement. It was tested by 
following the same way as cement specific gravity 
test method. 

C. Mix design 

The specimen proportions for this high strength 
concrete were designed base on ACI 211.1-91 [9] 
with the required strength and slump as mentioned 
previously.  All designed mixtures’ proportions for 
getting 1 cubic meter of concrete are shown in 
TABLE 1. For the high strength concrete, the 
superplasticizer at the rate of 0.6% by mass of 
cement or 3.2 kg/m3 for control mixture and its 
slump was 9 cm. Thus, the rest mixtures had to be 
added 3.2 kg/m3 for following those in control 
mixtures as well. 

TABLE I.  THE MIX PROPORTIONS FOR 1 CUBIC METER OF CONCRETE CONTAINING PARA RUBBER LATEX AND SLUDGE 

 

 

 

 

 

 

 

 

 

 

 

 

 
aHRL: High strength concrete with rubber latex 

D. Concrete Mixing Procedure 

A drum mixer was used for mixing concrete in 
this research. The required quantity of sludge must 
be combined well with the fine aggregate 
beforehand outside the mixer and in the same way, 
the concentrated latex had to be mixed with water 
as a solution before adding into the mixer. Then, 
the mixing proceeds based on the ASTM 
C192/192M [10]. For the high strength concrete 
mixing, the superplasticizer Type G must be added 
as an admixture to maintain its slump. The slump 
was observed by following the ASTM C143/143M 
[11]. It is important to know that the fresh concrete 
should be used within 30 minutes after taking out 
from the drum mixer to control its properties. 

E. Concrete Molding and Curing 

The cylindrical molds with 10 cm of diameter 
and 20 cm of height were needed in this study. 
Moreover, they were cast molds because they 
completely do not react to the concrete containing 
Portland cement ASTM C470/C470M [12]. The 
fresh concrete was filled into the molds by divided  

 

 

 

 

 

 

 

 

 

 

bRS: Rubber sludge 

to 3 layers. Each layer was tamping for 25 times by 
using a round steel bar measured 16 mm of 
diameter and 61 cm of length. While tamping the 
second and third layers, the steel bar must be 
penetrated around 2.5 cm into the first and second 
layers, respectively. The proper ambient 
temperature was between 20 and 30°C. 

F. Compressive and Tensile strengths Test 

Procedure and Calculation 

The specimens were brought out of the water 
and kept them covered with wet burlap to keep 
them moist. After that, their dimensions and weight 
were recorded. A neoprene cap was applied on the 
ends of the specimens to level a planar surface 
while loading. They were placed vertically into the 
machine and gradually applying load until failure. 

The compressive strength would therefore 
correspond to the point on the engineering stress-
strain curve defined by 

 

 σC=F/A              (1) 

Where, σC: compressive strength of 

concrete 

 
Mixture 

Compressive strength: 45 MPa 

Cement 

(kg/m3) 

Coarse Agg. 

(kg/m3) 

Fine Agg. 

(kg/m3) 

Water 

(kg/m3) 

Latex 

(kg/m3) 

Sludge 

(kg/m3) 

Superplastici

zer needed 

(kg/m3) 

Control 526 1018 644 207 - - 3.2 

aHRL0.5 526 1018 644 206 1 - 3.2 

HRL0.5+bRS2 526 1018 632 206 1 8 3.2 

HRL0.5+RS4 526 1018 619 206 1 16 3.2 

HRL1.0 526 1018 644 205 2 - 3.2 

HRL1.0+RS2 526 1018 632 205 2 8 3.2 

HRL1.0+RS4 526 1018 619 205 2 16 3.2 
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F: vertical load applied just before the     

samples cracked  

A:  surface area of the sample 

 

      First, the concrete samples had to wiped and 

removed any surface moisture. The test specimen 

shall be placed in the centering jig with packing strip 

or loading pieces carefully positioning along the top 
and bottom of the plane of loading of the specimen. it 

shall be ensured that the upper platen is parallel with 

the lower platen. The tensile strength calculation of 

concrete was defined by the following formula: 
 

σT=2P/πdL        (2)            

 

Where, σT: splitting tensile strength of concrete 

P: maximum vertical applied load 

indicated by the testing machine 

 d: diameter of the sample 

L: average length of the sample 

III. RESULTS AND DISCUSSION 

A. The Workability Result 

The mixtures with constant 0.5% of latex and 
0%, 2.0%, and 4.0% of the sludge substitution gave 
the slumps of 11, 7, and 6.8 cm, respectively.  
Moreover, the mixtures containing 1.0% of latex 
with 0%, 2.0%, and 4.0% resulted 10, 7, and 6 cm 
of the slump respectively as shown in TABLE II. 
These proved that the superplasticizer was highly 
effect on concrete workability. In addition, the 
slump level decreased when the quantity of the 
rubber sludge increased in each mixture proportion. 
On the other hand, the latex seemed not effect much 
on the high strength concrete’s slump.  

TABLE II.  THE SLUMP TEST RESULT 

Mixture Slump Result 

(cm) 
Control 9.0 

HRL0.5 11.0 

HRL0.5+RS2 7.0 

HRL0.5+RS4 6.8 

HRL1.0 10.0 

HRL1.0+RS2 7.0 

HRL1.0+RS4 6.0 

 

B. The Compressive Strength Result 

The compressive strength result was indicated 
in TABLE II and Fig. 1. At the ages of 3, 7, and 28 
days of curing, the compressive strength of HRL0.5 
was higher than the control sample’s while that of 
HRL1.0 was lower. A small amount of the latex 
helped reducing the concrete porosity yet it gave 
reverse result if there was greater and equal to 
1.0% of concentrated latex. For the mixtures 
containing the latex 0.5 % with 0%, 2.0%, and 
4.0% of sludge had dramatically decreased, 
respectively, even lower than the control one’s. 
Moreover, it showed the same way and reasons for 

the mixtures containing constant 1.0% of latex with 
0%, 2.0%, and 4.0% of sludge substitutions. It 
could be assumed that this happened due to the 
strength of fine aggregate was better than that of 
sludge. The latex-concrete containing 2.0% of 
sludge gave better strength than the one containing 
4.0% of sludge. The reason was the sludge particles 
distracted the hydration reaction of cement 
molecules as shown in Fig. 2 (a) and (b). The more 
the sludge substitution the lower the compressive 
strength. 

TABLE III.  THE COMPRESSIVE STRENGTH RESULT 

Mixture Compressive Strength (kg/cm2) 

3 days 7 days 28 days 

Control 305.0 353.6 389.3 

HRL0.5 298.9 374.6 391.9 

HRL0.5+RS2 276.9 326.8 365.6 

HRL0.5+RS4 264.5 282.1 339.0 

HRL1.0 283.8 315.7 382.9 

HRL1.0+RS2 270.5 312.0 325.9 

HRL1.0+RS4 273.5 288.5 324.0 

 

 
Fig. 1. The compressive strength development of high strength 

concrete containing concentrated latex and sludge. 

 

 
(a) 
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(b) 

Fig. 2. The stimulation pictures of concentrated latex and rubber 

sludge action on cement hydration reaction: (a) HRL0.5+RS2 

and (b) HRL0.5+RS4 

 

C. The Tensile Strength Result 

The tensile strength result in Fig. 3 showed that, 
the control sample which was cured for 28 days 
gave 37.7 kg/cm2 of tensile strength which was 
about 9.7 % compared to its compressive strength. 
The HRL1.0 and HRL0.5 samples respectively 
provided higher tensile strengths than the control 
one’s. It was concluded that the para rubber latex 
played as an important particle in order to reduce a 
porosity inside the concrete. Since the high strength 
concrete had less porosity, it didn’t need the latex 
much. Consequently, the result proved that 0.5% of 
latex replacement was a proper amount for improve 
the concrete tensile strength. It improved adhesion 
of cement molecules and aggregates as 
demonstrated in Fig. 4 (a). Oppositely, if it was 
replaced for 1.0%, it disturbed the hydration 
reaction of cement particles overwhelmingly by 
producing too many latex layers as shown in Fig 4 
(b). Although latex layers in concrete could 
increase the strength but still the cement was the 
most important out of all ingredients. The result 
observation also confirmed that the 0.5% latex-
concretes containing both 2.0% and 4.0% of sludge 
had obviously dropped their tensile strengths 
respectively. It happened the same way for the 
1.0% latex-sludge concrete. 

 

 

Fig. 3. The tensile strength result of high strength concrete 

containing concentrated latex and rubber sludge.  

 

 
(a)  

 
 

(b) 
Fig. 4. The illustrated pictures of para rubber latex effect on the 

reaction of cement molecules: (a) HRL0.5 and (b) HRL1 
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Fig. 5. The inner surface of the latex-sludge concrete. 

The Fig. 5 showed the inner surface of high 

strength concrete when there was excessive 

replacement of fine aggregate with rubber sludge. 

As the result, the sludge gathered together and 

became a distractor of concrete strength 

development. 

IV. CONCLUSION 

This research was conducted to observe and 
analyze the effects of the para rubber latex and 
sludge on the behaviors of high strength concrete 
namely workability, compressive strength and 
tensile strength. The conclusions were summarized 
as follows: 

▪ The workability of high strength concrete reduced 
when it contained the latex and sludge. It mostly 
depended on the quantities of superplasticizer and 
rubber sludge while the latex did not affect much. 

▪ The compressive strength of the latex-sludge 

concrete dramatically decreased when the latex and 

sludge replacements were increased. 

▪ The 0.5% latex-concrete raised the best both 

compressive and tensile strengths. Yet, the strength 

of the latex-sludge concrete gradually went down 

when the replacement increased progressively. 
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Abstract— Urban waste water management 
engineering featuring various conveyance and 
appurtenant structures connected by manholes is a 
very topical field in the context of increasing 
urbanism. While traditional manholes were generally 
made of brick and stone masonry, with the 
advancement in material science and engineering, 
new types of manholes have evolved; the double wall 
corrugated HDPE (DWC-HDPE) pipe system being 
one of the latest having inspired by the need of 
increased environmental sustainability, durability 
and faster construction, which also assists in better 
traffic management and business activities in the 
construction site. Despite a very promising solution, 
very less research has been done in this area of 
interdisciplinary structural engineering, and their 
structural behavior is poorly understood. In this 
paper, a prototype of DWC-HDPE manhole is 
subjected to vertical and lateral loads followed by an 
assessment of appropriate earth pressures, and its 
stress and buckling analysis is conducted. Manual 
calculations as well as simplified, linearly elastic, 
numerical modelling using FEM approach are 
adopted. The analyses results show that all the 
calculated parameters of the studied manhole 
structure are within acceptable limits; with the 
localization of stress occurring around the periphery 
of the opening. It is found that the intensity of tensile 
stress is largely dependent upon the discretization of 
support condition.  

Keywords — Urban waste management, Innovative 
technologies, Interdisciplinary structural engineering, 
DWC-HDPE manhole, Stress analysis 

I. INTRODUCTION 

Urban waste water management (UWWM) as a part 
of drainage engineering is a very topical field in the 
context of increasing urbanism or the rebuilding of 
existing sewerage system in existing cities. It is more 
so in the developing countries like Nepal with less 
organized infrastructure planning and development of 

the past. Every UWWM features various conveyance 
and appurtenant structures including manhole not 
only as a transit of various flows but also as a 
platform for inspection and maintenance in the entire 
sewerage system during operation. 
Traditionally manholes were made of brick masonry; 
however, with the advancement in material science 
and engineering, other types of manholes such as 
cast-in-place reinforced concrete, precast concrete, 
fiber reinforced concrete etc. also evolved. Lately, 
double wall corrugated (DWC) HDPE pipes are 
getting popular as horizontal sewers due to factors 
such as environmental sustainability, durability, faster 
construction etc. which further impacts traffic 
management and business activities of the 
communities in the construction site. In this paper, an 
innovative solution of manhole using the DWC-
HDPE sewer pipe surrounded by a concrete ring 
surrounding it atop (proposed by an established local 
manufacturer in Nepal) is assessed for vertical and 
lateral loads, and its stress and buckling analysis is 
conducted followed by a comparison with its 
reinforced concrete manhole counterpart. Manual 
calculation procedure is applied, followed by a 
simplified, linearly elastic, and a nonlinear numerical 
modelling in the Finite Element programs. In doing 
so, an analysis on existing lateral earth pressure 
philosophies is also conducted to identity a more 
appropriate approach of their modelling.  

II. MANUAL STRUCTURAL ANALYSIS 

A. Lateral earth pressure assessment 

Classical earth pressure theories [1,2] have been used 
extensively and many researchers [1, 4, 5, 6, 7] have 
scrutinized the lateral earth pressure acting on vertical 
wall, some of them being the circular retaining walls, 
for plain strain condition. However, these 
formulations do not always represent the actual 
behavior of circular shafts and structures [8]. 
Moreover, experimental studies have shown that the  
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Figure 1-a Comparison of earth pressure by different 
theories for 0.5 m radius of pipe for saturated soil 

 

Figure 1-b Comparison of earth pressure for 
saturated soil 

distribution of lateral earth pressure on circular shafts 
is nonlinear [8] and the classical method 
overestimates the lateral earth pressure fairly at a 
larger depth [9, 12]. Thus, in this study, earth 
pressure by some widely accepted methods [2, 5, 10, 
11] are evaluated and a formulation with more 

realistic approach for estimating the earth pressure is 
adopted. In this study the following data are taken for 
calculation of earth pressure by different theories: 
Height= 6 m, unit weight of soil, γ = 18 KN/m3, unit 
weight of water, γw = 10 KN/m3, and angle of internal 
friction of the soil, ө = 300. The calculation by all 
three methods is summarized in Fig. 1-a and Fig. 1-b.  

It is quite arduous to choose between the correct 
formulations, as the magnitude of earth pressure 
induced Earth pressures largely depend upon the 
radial wall movement (S1) induced. Fuji et al [14] 
concluded that the earth pressure generally shows 
decreasing trend until a point where the displacement 
is 0.2 % of wall height, where the pressure is equal to 
Berezantzev’s solution. Likewise, Herten and Pulsfort 
[16] in their experiment found that the earth pressure 
was changed when there was displacement greater 
than 0.05% of wall height. Also, Chun and Shin’ [15] 
experiment concluded that the earth pressure 
decreases and reaches its minimum value when the 
wall displacement is 0.6-1.8% of wall height. 
Similarly, Tobar and Meguid [13] found that for the 
full development of axisymmetric earth pressure, the 
wall displacement ranges between 0.2% to 0.3% of 
wall height. They concluded that when S1>0.1% H, 
the earth pressure values coincide with Cheng and 
Hu’s solution, and when S1>0.3% H the pressure is 
in good agreement with Berezantzev’s [5] solution. 
As the HDPE Pipe is flexible, the wall displacement 
for development of axisymmetric pressure is 
achievable, which is verified later on in this study. 
Hence, for this study, Cheng and Hu’s Method [10] is 
adopted. Although, there is significant difference in 
earth pressure values for unsaturated soil (fig 1-a), the 
difference is minimized when we take the saturation 
of soil into consideration (fig 1-b). 
 

 
Figure 1-c Comparison of Lateral pressure due to 
surcharge using line and point load 

Boussinesq’s [17] solution has been adopted for the 
analysis of surcharge. The analysis is done 
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considering two cases, case (i) surcharge analogy by 
point loads (for vehicle where the load is transferred  
through four tires) and case (ii) surcharge analogy by 
line loads for compacting rollers. For case (i) the 
weight of the vehicle considered is 12 ton and the 
distance of axel from the edge of manhole is 
considered to be 1m. Likewise, for case (ii), the 
weight of compacting roller is taken as 25 ton and the 
distance of its axel from the edge of manhole is taken 
as 0.5m. The results for unfactored load analysis are 
depicted in fig 1-c. It is evident that the effect of 
lateral surcharge decreases with increase in depth. 
However, the earth pressure due to surcharge at 
medium depth of nearly 6 m is greater than the value 
estimated by Boussinesq’s as seen in Das [18], 
Spangler [19]. Hence, a conservative lateral pressure 
of 10KN/m2 is applied uniformly in this simplified 
analysis as NZTA [20] and AASHTO [21] suggests. 
This, lateral surcharge is factored by 1.5 on the 
analysis done later in this study. 

B. Manual Analysis 

The pipe is installed in such a way that there is no 
axial load on the pipe as the load is distributed 
uniformly around the pipe by the concrete rings used 
in the installation. Thus, no axial stress is assumed to 
be induced in the analysis. Ring bending, 
Compressive Ring Thrust, Pipe Wall Buckling 
(Underground water table, and over ground water 
table), Bending Stress, and Thermal stress are 
checked manually for the maximum load obtained 
from above. 

Ring Stiffness: Ring stiffness indicates pipe’s ability 
to resist the vertical deformation due to external 

loads. Pipe Stiffness is given in eqn. (1) [30]. 
 
Ring Deflection: The normal response of flexible 
pipes to soil pressure is known as ring deflection. 
This response indicates the imitation of arching effect 
in the soil and leads to the redistribution of soil stress. 
The most commonly used method to determine the 
ring deflection i.e., the Modified Iowa formula [25, 
26] is used in eqn. 2 and eqn. 3. The maximum 
allowable deflection is 7.5% of the pipe diameter [22, 
23]. 
 
    …                   (2) 
     
 
                                        (3) 

Constrained Pipe Wall Buckling (Below Ground 
Water Level): Buckling is generally caused due to 

excessive compressive stress, which imitates a large 
undulation (dimple), and later grows to reverse 
curvature. Consequently, the structure will collapse. 
The vertical pipe is most prone to buckling during the 
compaction. Luscher’s Equation [27] for Constrained 
Pipe Wall Buckling represented in eqn (4-6) is used 
to determine the permissible constrained buckling 
pressure [22, 23, 24]. The Buckling phenomenon has 
a rapid occurrence, but the long -term external 
pressure has a greater influence to the buckling then 
the instantaneous load of large intensity. Thus, while 
calculating the allowable buckling pressure, Elastic 
modulus of the 50-year value is used. [22]. 

 
 

            (4) 
 
 

                  (5) 
 
 

 
      (6)                                          
 

Buckling above Ground Water Level: Incase the Soil 
is in Unsaturated State:  Moore-Selig Equation for 
Constrained Pipe Wall Buckling is used. [22, 24] 

 
               (7) 

 
 
 
Compressive Ring Thrust: The direction of lateral 
earth pressure is radial, and it acts around the 
circumference of a pipe. As a result, compressive ring 
thrust is induced in the pipe wall, which is opposite to 
the Tensile Hoop Stress. Excessive Compressive 
thrust can lead to the crushing of pipe material or 
bucking of the pipe walls. Equation (8)[22, 24]. Is 
used to determine the compressive thrust induced due 
to lateral surcharge and Earth pressure. 

 
    
       (8) 
 

Thermal Stress: Unrestrained pipe allows the 
expansion or contraction of pipe, and thus inducing 
stress of no structural significance. However, if the 
pipe is anchored on both ends, the pipe at restraint 
surface will exhibit thermal stress dependent upon the 
amount of change in the temperature. The magnitude 
of the thermal stress is calculated using eqn. (9) [22]. 

   
                                  (9) 

            (1) 
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Material Properties: The properties used in 
Calculation are obtained from manufacturer 
conforming the design standards and material 
designation code [35] as shown in Table 1.  
Results: The manual calculation results are tabulated 
in Table 2. 

III. NUMERICAL ANALYSIS 

A. Modelling Approach:  

The combined effect of applied load can be obtained 
from Finite Element Method, which minimizes the 
assumptions and analogy used in manual design. 
Thus, more realistic results are obtained and more 
economical section can be designed. In this study, 
ring stiffness transformation is used to simplify the 
model. Though simplified the FEA model is in close 
representation with the actual structure. The 
procedure is described in this section. 

Model of the Pipe: 
The complex and erratic geometry of the corrugated 
pipe consisting crest and valley system imposes 
taxing effort in modeling as well as computational 
efficiency. Due to this reason, a simplified straight 
wall model is taken into analysis, in this study, by 
converting the 3D geometry into equivalent 
thickness. 
Also, it has been found that the soil-structure 
interaction is identical in pipe with same ring 
stiffness, if the installation condition is similar for 
DWC pipe and straight walled pipe [36, 38]. 
Likewise, various field tests have corroborated that 
the equivalent straight-walled 2D model is suitable 
for obtaining deflection and strain in DWC pipe [37, 
39, 40]. In this study, ring stiffness transformation 
method is used to obtain the equivalent thickness of 
straight-walled pipe by using equations 10 and 11. 

=                                                                        (10)   

Substituting the I = t3/12, we get                         

S=                                                                     (11) 

4 node Shell elements are used to model the pipe of 1 
m interior diameter and length of 5m, in the general-
purpose software SAP2000. Likewise, the openings 
of 600 mm diameter at side walls are located 500 mm 
from the bottom of the support as shown in the 3D 
model.  
The model is discretized into the maximum element 
size of 40mm. The bottom of the model is assigned 
fixed support, whereas the top is left free as it is 
confined by the loading assigned from all the  
 
direction.  
 
Load and Material Assignment: A uniformly varying 
pressure obtained from Cheng and Hu’s solution and 
simplified lateral surcharge distribution, for saturated 
soil, is applied to the simplified model as shown in 
fig 1-d. The Factor of Safety of 1.5 for load 
assignment is taken for the analysis. The lateral 
pressure is assigned to the model by assigning joint 
pattern as explained in CSI Reference Manual [41]. 
The corresponding shape and material parameters of 
the simplified pipe are summarized in Table 3 and 
Table 1 respectively. 
Due to the linear behavior shown by the pipe for 
short-term load, the pipe is considered as an elastic 
material. The stress strain data used in the study is 
shown in fig 2. 
      
Table 2: Manually calculated results  

Parameters Calculated Allowable 

Ring Deflection 3.10% 7.50% 
Constrained Pipe Wall 

Buckling 14.5 psi 21  
Compressive Ring 

Thrust 186 psi 1150 

Bending Stress 352 psi 900 

Thermal Stress 197.2 psi 1150 
 

Table 3: Shape parameters  

Ring stiffness 
(KN/m2) 

Nominal 
diameter (mm) 

Wall thickness 
(mm) 

8 600 25.17 
8 800 33.56 
8 1000 42 

Table 1: Design properties  

Description Psi MPa Standards Designation Code 

Short Term Elastic Modulus 130000 896 ASTM D638[32] PE 4710 

50-year Elastic Modulus 29000 200 Material Designation PE 4710 

Allowable Compressive stress 1150 7.93 ASTMD695[33] PE 4710 

Tensile Stress 4600 32 ASTM D638[32] PE 4710 

Flexural Modulus 188500 1300 ASTM D790[34] PE 4710 
Coefficient of Thermal 

Expansion 8*10-5 in./in 0F 
 

PE 4710 

Density 0.96 g/cc ASTM D1505[29] PE 4710 

Poisson's ratio 0.45 
  

PE 4710 

Modulus of soil reaction 1000 psi ASTM D2487 Fine Grained Soil 

  
  

Howard 1997[31] Liquid Limit <50 
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Table 4: Key results from FEA analysis 

 

 
Figure 1-d: Simplified load distribution  
 

 
 
Figure 2: Stress-strain curve for HDPE pipe 

B. Analysis Case and Results 

Linear static analysis is performed for combination of 
dead load, lateral earth pressure and surcharge is 
performed. And the stress obtained from the analysis 
are within the accepted limits. Fig 3 shows the 3D 
model and Fig. 4 the deformation produced on the 
pipe. Fig 5-a shows the maximum principal stress 

(N/mm2) and Fig 5-b shows the minimum principal 
stress (N/mm2). Fig 6-a and fig 6-b show the normal 
stress in x and y direction (N/mm2) respectively. The 
key results are presented in Table 4.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  3D Model of the simplified pipe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4:  Deformation pattern on HDPE pipe due to 

combined loading 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5-a: Maximum principal stress 

Parameters Obtained Values 

Max. deformation 5.5 mm 

Max. Compressive Stress 3 N/mm2 

Max. Tensile Stress 3.6 N/mm2 
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Figure 5-b: Minimum principal stress 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6-a: Normal stress in X direction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6-b: Normal stress in X direction 

 

IV. DISCUSSION, CONCLUSION, AND 

RECOMMENDATION 

In this study, manual calculation as well as numerical 
simulation (linearly elastic) of a DWC-HDPE 
manhole is conducted. The pipe is simplified using 
the ring stiffness transformation method. The 
obtained results are compared with the allowable 
values from different standards. Subsequently, the 
following conclusions are drawn followed by a 
recommendation. 

 The obtained value for ring deflection, 
constrained pipe wall buckling, compressive 
ring thrust, and thermal stress, both from 
manual as well as numerical simulation, are 
within the acceptable limits. 

 The FEA analysis is a close representation 
of the actual condition as it gives the result 
with the combination of the bending, axial, 
and compressive stresses. 

 Due to the flexible nature of the DWC-
HDPE, the deflection obtained is enough to 
radially initiate the axisymmetric earth 
pressure. This earth pressure is lower than 
the earth pressure at rest, which is the main 
design criteria for design of rigid structures, 
and thus from design perspective, the DWC 
Manhole seems economical too. 

 It is observed that the stress localization 
occurs around the periphery of the opening 
of the manhole, and this could be addressed 
through proper attention in the connection. 

 Moreover, tensile stress seems to be 
concentrated at the bottom, and is dependent 
upon the discretization of the support. 
Further, a more realistic support 
discretization produces accurate distribution 
of the tensile stress near support. 

 Although, no axial stress is assumed to be 
induced in this study, in reality some axial 
stress is produced due to surcharge skin drag 
on the pipe. Thus, a more robust non-linear 
analysis involving soil structure interaction 
is necessary to predict the negative skin drag 
along with the realistic long-term buckling 
behavior of the pipe, which shall be covered 
in future works. 
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conduct this research, in the context of its 
applicability.  

INDEX 

PS= Pipe Stiffness, psi 
F=  Force, lbs/in 
ДY=  Vertical Deflection, in. 
E=  Modulus of Elasticity, psi 
r=  Mean Radius of Pipe, in. 
ΔX =  Horizontal deflection, in 

KBED =  Bedding factor, typically 0.1 
LDL =  Deflection lag factor 
P =  Lateral soil pressure due to earth load and surcharge, 

psf 
E’ = Modulus of Soil reaction, psi 
FS =  Soil Support Factor 
RSC =  Ring Stiffness Constant, lb/ft [ASTM F 894] 
DR =  Dimension Ratio, DO/t 
DM =  Mean diameter (DI+2z or DO-t), in 
z =  Centroid of wall section, in 
t =  Minimum wall thickness, in 
DI =  Pipe inside diameter, in 
DO =         Pipe outside diameter, in 
PWC =  Allowable constrained buckling pressure,      
       lb/in2 
N =  Safety factor 
R =  Buoyancy reduction factor 
HGW =  Height of ground water above pipe, ft 
H =  Depth of cover, ft 
e =  Natural log base number, 2.71828 
E =  Apparent modulus of elasticity, psi (of 50 year) 
I =  Pipe wall moment of inertia, in4/in  
PE =  Lateral soil pressure due to earth load, psf 
PL =  Lateral soil pressure due to surcharge, psf 
S =  Pipe wall compressive stress, lb/in2 
DO =  Pipe outside diameter (for profile pipe DO = DI + 2HP), 

in 
DI =  Pipe inside diameter, in 
HP =  Profile wall height, in 
A =  Profile wall average cross-sectional area, in2/in 

(Profile wall area from the manufacturer of the profile 
pipe) 
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a) Abstract— This paper introduces a technically 

feasible and economically affordable horizontal 

bandage retrofitting technique for low 

earthquake resistant masonry structures in 

developing countries as Nepal. An unreinforced 

masonry wall section has been tested for lateral 

strength before and after introduction of 

horizontal bands. The wall thus seismic 

strengthened by introduction of horizontal bands 

using section modifier. The Stresses developed in 

wall of retrofitted model are decreased by 50-

90% than its original modal. The analysis 

demonstrates introduction of horizontal bands 

can mitigate the risk to unreinforced masonry 

wall buildings in future scenario earthquakes. 

This method improves the in-plane and out-of-

plane mechanism of unreinforced masonry wall.  

 

Keywords— Horizontal bands, Retrofitting, Stone 

Masonry, Section modifier. 

I. INTRODUCTION 

Nepal lies in earthquake prone zone. Nepal has 

encountered many earthquake in past. Nepal has 

suffered 16 major earthquakes, including recent 

Gorkha Earthquake of 25 April 2015 in which more 

than six lakhs houses were fully damaged, three lakh 

houses were partly damaged among which most were 

traditionally constructed unreinforced stone masonry 

with mud mortar. Unreinforced stone masonry with 

mud mortar is mostly used construction materials in 

the Nepal. Here the construction practice of masonry 

system is non-engineered. It is also most vulnerable 

against earthquakes. The unreinforced masonry is a 

brittle material. Hence, if the stress state within the 

wall exceeds masonry strength, brittle failure occurs, 

followed by possible collapse of the wall and the 

building. Based on post-earthquake damage surveys, 

the major types of masonry failure modes have been 

identified as: 

a. Failure of In-Plane Walls 

It depend on the geometry of the wall 

(Height/Width ratio), quality of materials 

and on boundary restraints and loads acting 

on the wall. In-plane loads usually exhibit 

three modes of failure: 

 Sliding Shear: In case of low vertical 

load and poor quality mortar. 

 Shear: Wall loaded with significant 

vertical load as well as horizontal 

forces can fail in shear with diagonal 

cracking. Diagonal cracking of piers 

either start from corners of openings or 

in solid walls, from the wall ends 

 Bending: this type of failure can occur 

if walls are with improved shear 

resistance. Crushing of compression 

zones at the ends of the wall usually 

takes place 

 

b. Failure of Out-plane Wall 

Occur due to the lack of adequate wall 

ties, bands or cross walls. When ties are 

adequate, failure mode is out of plane 

bending horizontally. Slender walls are 

more likely to suffer this type of 

damage. 

c. Corner Separation 

Failure is due to lack of lateral support 

at two ends of the wall during out of 

plane loading. Separation of orthogonal 

walls due to in-plane and out-of-plane 

stresses at corners. 

d. Delamination of Walls 

Caused by lack of integrity of two 

wyths of the wall. 

Openings in the masonry walls will form short piers, 

which will experience concentrations of shear stresses 

and hence diagonal cracks. The corners of the 

openings, tension cracks may appear due to the 

reverse cyclic stress induced by lateral loading.  

Major deficiencies of masonry buildings: 

i. Lack of Strength and Stiffness 

ii. Lack of Integrity between Walls 

Roof and Floor 

iii. Absence of Vertical and Horizontal 

Bands  
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iv. Lack of Cross Walls 

v. Asymmetric Configuration of 

buildings 

vi. Inadequate Gap between Adjacent 

Buildings 

vii. Construction Deficiency 

Most of the Human casualties due to earthquake are 

due to structural damage of low strength masonry 

buildings (mainly with mud mud mortar). This can be 

mitigated by improving seismic performance of the 

existing low strength masonry structures. A suitable 

retrofitting technique for Stone masonry structures 

with mud mortar in developing countries should 

guarantee not only its efficiency in terms of 

improvement of the seismic resistant characteristics 

of the structure, it should also be considered that; the 

used material is economical and locally available and 

the required labor skill is low. For this introduction of 

horizontal bands in low strength masonry wall plays a 

vital role in strengthening the masonry structure. A 

main objective of this paper is to evaluate seismic 

performance of stone masonry wall before and after 

introduction of horizontal bands. Introduction of 

horizontal bands technique is to take the lateral load 

in the structure thus decreasing the stresses developed 

in masonry wall preventing the collapse of the 

structure. 

The advantages of the horizontal bands retrofitting 

method compared to the other earthquake 

strengthening technology are as follows:  

• The method is simple and inexpensive.  

• The method does not require high skills.  

• The materials required for the method can are 

cheap and easily available.  

 

II. METHODOLOGY 

The analysis and design of the Stone Masonry wall 

with mud mortar is done using SAP Analysis and 

manually. First of all manual calculation is done and 

the wall is checked for stresses whether it is under 

permissible stresses or not .The stresses developed in 

wall are greater than the permissible stresses. Here 

the retrofittig technique (ie., introduction of 

horizontal bands) is adopted .The analysis and design 

presented for the calculation of the reinforcement to 

be provided in Lintel & Sill bands here is 

approximate and is in very simplified approach. A 

typical common style, single stone masonry wall with 

mud mortar 300 mm thick, 3300 mm height and 

10800mm long with opening 1200mm*1500mm 2-

windows and 1200mm*2100mm 1-Door is 

considered for the study. Parameters adopted for 

stone masonry wall with mud mortar modeling are: 

Unit Weight = γ = 19 KN/m
3
 

Poisson’s Ratio = ν = 0.1(for mud mortar 0.1 to 0.15) 

Modulus of Elasticity (E) =700 N/mm
2
  

Slenderness ratio (SR) = Maximum of   and   = 

11 or 46.5 = 46.5 taken 

Eccentricity of wall = 0 

Height to width ratio =  = 0.305 < 0.75 

 

Fig. 1. 3D Model of wall in SAP2000 

 

The wall was modeled using SAP 2000 and analyzed 

for stress concentration and distribution. The resultant 

stresses: shear, axial compression and tension were 

checked against permissible stresses and upon failure, 

the strengthening measure was designed. 

Assuming Masonry Unit with Crushing Strength 10 

N/mm
2
 and mortar type L2 (mud mortar), referring to 

Table 8 of IS 1905-1987, 

Basic Compressive strength (fb) = 0.53 N/mm
2
  

Stress reduction factor (Ks) = 0.43 

Area Reduction Factor (Ka) = 0.7 + 1.5 A =1 

for A being greater than 0.2 m
2
 

Shape Modification Factor (Kp) =1 

Permissible Compressive Strength (Fa) = 0.53 x 

0.43 x 1 x 1 = 0.228 N/mm
2 

 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

Check against S11 in model:  0.826N/mm
2
 > 0.228 

N/mm
2 

KEC Conference 2021

221



ISBN 978-9937-0-9019-3

Allowable Shear Stress Calculation:  

τc = 0.1 + fd/6 ,  

Where fd = compressive stress due to dead load 

in N/mm
2
 (from Analysis) 

τc = permissible shear stress in N/mm
2 

τc  = 0.1 + 0.038/6 = 0.106 N/mm
2
 

Check shear stress against S12 in model: 0.412 

N/mm
2
  > 0.106 N/mm

2
  

The stresses induced in the wall are beyond its 

strength.  

Hence, strengthening measured is needed.  

          
Resisting Bending Moment, M = T x Z 

T=C= Allowable stress x steel area 

The allowable stress is increased by 25% for 

earthquake loading 

Allowable stress in steel = 1.25 x 0.56 x fy 

Bending moment (M) = q x ℓ2 /10 

M = 1.25 x 0.56 x fy x Ast x Z 

Ast is calculated and used in bands using section 

modifier in SAP 2000. 

Here RCC horizontal Bands are used as retrofitting 

technique in stone masonry structure with mud 

mortar. 

The wall thus retrofitted using horizontal bands. The 

dimension for Lintel and Sill bands from manual 

calculations (i.e. lintel band- 400*65*10800 and sill 

band- 350*65*10800) are used in SAP 2000 as frame 

section with section modifier. The wall was modeled 

using layered shell design providing equivalent 

thickness of steel. The resultant stresses induced after 

strengthening were analyzed and checked against 

permissible stresses for the composite section. 

 

 
Fig. 2. Section Design of Lintel band in SAP 2000 

The permissible stresses check were maintained as 

per IS 1893: 2000. The permissible stresses for 

retrofitted section were computed as : 

Permissible Compressive Strength (Fretrofittd wall) 

Fretrofittd wall  = Fwall + Fsteel      (1) 

F wall only = fb x Ks x Ka x Kp      (2) 

Fsteel = fs x Ast provided       (3) 

Assuming Masonry Unit with Crushing Strength 10 

N/mm
2
 and mortar type L2 (mud mortar) , referring 

to Table 8 of IS 1905-1987, 

Basic Compressive strength (fb) = 0.53 N/mm2  

Stress reduction factor (Ks) = 0.43 

Area Reduction Factor (Ka) = 0.7 + 1.5 A =1 for A 

being greater than 0.2 m2 

Shape Modification Factor (Kp) =1 

 

Similarly, permissible Shear Strength of retrofitted 

wall (τc (retrofitted wall) ) was computed as, 

τc (retrofitted wall) = τc  original wall only + τc  (steel) ) (4) 

τc original wall only  = 0.1 + fd/6   (5) 

Where, 

 fd = compressive stress due to dead load in N/mm
2
 

τc = permissible shear stress in N/mm
2
 

τc (steel) computed from Table 23 of IS 456:2000 

The wall increased capacity in terms of Axial 

compression and Shear Stress and the induced 

stresses were also safe within its limits. 

 

III. RESULTS AND DISCUSSION 

The analysis of stone masonry wall with mud mortar 

was done using SAP 2000 and manual calculation 

was done for design of bands. The seismic design 

included determination of dimension of horizontal 

bands and reinforcement in bands. The seismic 

analysis of the wall was carried out considering 

earthquake in two directions. The design forces for 

retrofitting were determined by considering direct and 

torsional forces due to lateral loads, axial load. 

TABLE I.  MODAL  COMPARISION TABLE 

 

 

Parameters Unit 

Original 

Model  

Retrofitted 

Model Remarks  

Length m 10.8 10.8 lintel band- 

(400*65*10800)           

and  sill band- 

(350*65*10800) 

are used in SAP 

2000 as frame 

section with 

section modifier 

Height m 3.3 3.3 

Thickness m 0.3 

0.43 at 

bands & 

0.3 at all 
other parts 

Permissible 

compressive 

stresses N/mm² 0.288 3.288 

Capacity has 

increased 

Permissible 

Shear Stress N/mm² 0.106 0.551 

Shear Strength has 

increased. 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

222



ISBN 978-9937-0-9019-3

TABLE II.  OUTPUT COMPARISION TABLE FROM SAP 2000 

 

 

 

Fig. 3. Axial Stress Distribution S11 in Original Wall 

 

 

Fig. 4. Axial StressDistribution S11 in Retrofitted Wall 

 

 

Fig. 5. Shear Stress Distribution S12 in Original Wall 

 

 

Fig. 6. Shear Stress Distribution S12 in Retrofitted Wall  

a) The Stresses developed in wall of retrofitted 

model are decreased by 50-90% than its 

original modal.  

b) The permissible compressive stresses and 

shear stress of retrofitted wall are increased by 

11.4 and 5.2 times of original model 

respectively. 

c) Base shear is increased provided by the added 

layer of steel and concrete in retrofitted model. 

Limitations of the study: 

a) The basic crushing strength of masonry unit 

was assumed to be 10N/mm
2
.  

b) The study only focuses on local strengthening 

of wall elements at lintel and sill level. 

c) The analytical models using SAP 2000, uses 

equivalent steel methodology for determining 

the reinforcement in Lintel and sill bands. 

d) The modeling is done only for a single wall 

structure. 

Case 

Type Stress 

Original 

Model 

Retrofitted 

Model  

Remarks 

Envelope 

s11 0.982 0.099  

Stresses in 

retrofitted 

model are 

decreased 

s22 0.826 0.052 

s12 0.412 0.123 

Dead 
s11 0.038 0.016 

s12 0.035 0.033 

Base Shear(KN) 

86.27 113.67 

Base shear 

is 

increased 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

223



ISBN 978-9937-0-9019-3

IV. CONCLUSION 

In Nepal construction practice of masonry system is 

non-engineered which are most vulnerable against 

earthquakes. This can be mitigated by improving 

seismic performance of the existing low strength 

masonry structures. A suitable retrofitting technique 

for Stone masonry structures with mud mortar is 

introduction of bands which, increases it's 

compressive and shear strength significantly and 

provides safety against failure in compression and 

shear. It shows: 

1. Increase in permissible compressive stress 

and shear stress in wall by 11.4 and 5.2 

times of original model respectively. 

2. Improvement of the in-plane and out-of-

plane strength of the wall by introduction of 

horizontal bands.  
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Abstract— This paper explores one of the methods of 

Strengthening existing low strength unreinforced stone 

masonry wall using GI wire meshing. Stone Masonry 

houses in mud mortar without any earthquake resistant 

features is the most common type of construction for 

economically weaker section. In this study, Stone 

masonry wall in mud mortar was modeled in SAP 2000 

and analysis was done for the resultant stresses and its 

distribution along horizontal and vertical directions as 

per IS standards. we observe that the stresses occurred 

were beyond its permissible strength. So, GI wire 

meshing as a seismic strengthening measure was 

considered and designed, where new analysis showed 

improved performance. By the study, it has been 

inferred that GI wire mesh intervention significantly 

increases lateral strength and deformability of the 

seismically deficit low strength masonry structure. Lack 

of structural integrity is addressed and potential out of 

plane failure has been notably decreased. The basic 

focus of retrofitting was to enhance the integrity of the 

masonry building so that whole structure acts as box. 

Keywords— Seismic strengthening, Stone Masonry, 

Mud Mortar, GI wire mesh 

I. INTRODUCTION 

 
Construction of building in Nepal is largely 

dictated by the availability of construction materials 
and labor skills to the immediate locality. The 
community relies on the local craftsman for 
construction, although most of them have no formal 
training. These types of construction behavior do not 
incorporate seismic safety as seismic design is not part 
of overall practice. Locally available materials like 
Stone, rubbles, timber, adobe and mud are mostly 
used in rural construction. These types of earthen 
buildings has low seismic resistance causing huge 
devastation during earthquake. Majority of the 
buildings in the recent 2015 earthquake were damaged 
belonging to stone masonry, of which, severe 
problems of failure were seen in walls. Old, cultural 
and historical monuments, functionally changed and 
poorly designed buildings are the most for seismic 
strengthening. Earthquake damage patterns in 
Masonry buildings are: 

• Corner separation 

• Diagonal cracking  

• Out of Plane Failure flexural failure 

• In-Plane flexural failure 

• Delamination of walls 

The most common and dominant modes of failure are 

out-of-plane and In-Plane Failure of walls. 

 

Out-of-plane failure: Out-of-plane failure of wall in 

un-reinforced masonry buildings are the most 

vulnerable caused collectively by inadequate 

anchorage of the wall into the roof diaphragm and 

limited tensile strength of masonry and mortar. The 

flexural wall will not resist any shear however, will 

be checked for out of plane forces with vertical loads. 

This action produces combined action of axial 

compression and bending forces. The relationship 

between the combined effects of axial load (P) and 

bending (M) can be related to the virtual eccentricity 

(e=M/P), and for linear elastic behavior it can be 

expressed as 

Fm = P/A + M/S   Where, 

Fm =allowable stress for combined compression and 

bending 

A = area of section and, 

S = sectional modulus 

 

Some of the damage’s patterns seen are like 

Horizontal cracks along the façade, Partial collapse of 

an external wall, Cracks at lintel and top of slender 

piers, Cracks at the level of the roof etc. 

 

In-plane failure: In-plane failures of walls in un-

reinforced masonry structures due to excessive 

bending or shear are most common and as example 

from double diagonal (X) shear cracking. It is 

assumed in Seismic design of masonry that the total 

base shear induced by an earthquake will be resisted 

by the in-plane shear wall and flexural wall will not 

resist any shear. Some of the damage patterns seen 

are like Vertical cracks on openings, Diagonal shear 

cracks on parapets and in doors and window lintels, 

Diagonal shear cracks in the masonry piers between 

openings, Crushing of corners of walls due to 

excessive compression stress, Horizontal flexure 

cracks on top and/or base of masonry piers etc. 
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Fig. 1. In-Plane failure characterization (pasquale  and Orsmi, 

1999 ) 

 
 

Fig. 2. Out -of-Plane failure characterization (zuccaro  and Papa, 

1999 ) 

 

Some of the methods of retrofitting which can be 

implemented to resist the low to medium level of 

earthquake without collapse and able to delay the 

collapse during high seismic events so that occupants 

could escape are wall jacketing, bolting of walls, 

splint and bandage etc. This study focuses on seismic 

strengthening of wall against in-plane and out-of-

plane failure using one of the simplest intervention 

techniques: wall-jacketing using GI mesh in cement 

mortar because of following advantage criteria. 

• Retention of same structural system 

• Minimum intervention to the existing 

structural system 

• Improvement of integrity between the 

building component 

• Easily implementable by local craftsmen 

• Improvement of structural as well as non- 

structural components 

 

 GI Wire Meshing (Jacketing): To improve the lateral 

resistance in damaged masonry walls or where there 

is need of strengthen to the existing structure, the 

application of reinforced cement coating forming a 

jacket on one or both side of the wall is used. Ferro-

cement or wire fabric like FRP materials is used as 

alternative of steel. In Strengthening of Stone 

masonry wall with wire mesh, process is done by 

removing of plaster from the damaged portion of the 

walls. Welded wire meshes or wire fabric is placed 

around the entire damaged region and Steel ties are 

inserted at regular intervals of 30 cm to 40 cm in 

order to tie the mesh with the wall and plastered by 

cement sand mortar of (20-40) mm thickness on the 

outer surface.  

 Some of the Caution need to take care of while 

designing by this method are: 

• Additional thickness of concrete may add 

sufficient weight and overturning moment so 

we need to strengthen the foundation for 

increased bearing area. 

• Special designing may require by the 

extremely high stress concentration and 

overturning forces, if only isolated wall 

meshing was done. 

• Jacketing highly increases the stiffness of 

the masonry and caution must be taken not 

to produce tortional moments. 

 

 

 
 

Fig. 3. Methods for jacketing (a) Use of wire mesh   (UNDP, 

1983) 

 

II. METHODOLOGY 

A typical style, single wall 14 in (350 mm) thick, 12 

ft (3660mm) high and 12 ft (3660 mm) with opening 

(6 x 6) ft. (1830 x 1830) mm long is considered for 

the study. 

Seismic Base Shear has been calculated as per IS, 

Seismic Zoning Factor (Z =5),  

Importance factor (I=1),  

Response Reduction Factor (R=1.5),  

Period,T= (0.09XH)/(D^0.5)=0.1722, 
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Similarly, other loads assigned in the wall are Dead 

load due to self-weight of  slab and floor finish. The 

live load used is 1.5 KN/m2. 

The other parameters adopted for wall modeling are: 

Unit Weight = γ = 19 KN/m3 

Poisson’s Ratio = ν = 0.15 

Modulus of Elasticity (E) =2076 N/mm2 

Slenderness ratio (SR) =     =10.45 = 10 taken and 

Eccentricity of wall = 0 

Height to width ratio of masonry unit < 0.75 

(assumed). 

 

The wall was modeled and analyzed using SAP 2000 

and stress concentration and distribution was 

compared with allowable stresses of Shear, axial 

compression and tension. Then, Failure is addressed 

with the strengthening measure of wall jacketing by 

using GI wire meshing in cement sand mortar.  Using 

layered shell design approach providing equivalent 

thickness of steel throughout the wall is now used for 

modelling and analysis of composite Section. Then 

resultant stresses induced after strengthening is now 

checked against permissible stresses for the 

composite section. 

 

 

Fig. 4. 3D Model of wall in SAP2000 

 

The permissible stresses check were calculated as per 

IS 1893: 2000. The permissible stresses for retrofitted 

section were deliberated as : 

Permissible Compressive Strength (Fretrofittd wall) 

Fretrofittd wall  = Fwall + Fsteel    (i) 

F wall only = fb x Ks x Ka x Kp   (ii) 

Fsteel = fs x Ast provided     (iii) 

For L1 mud mortar and 40 Mpa Stone masonry 

 

     Basic Compressive strength (fb) = 1.06 N/mm2  

Stress reduction factor (Ks) = 0.89 

Area Reduction Factor (Ka) = 0.7 + 1.5 A =1 for 

A being greater than 0.2 m2 

Shape Modification Factor (Kp) =1 

Similarly, permissible Shear Strength of retrofitted 

wall (τc (retrofitted wall) ) was computed as, 

τc (retrofitted wall) = τc  original wall only + τc  (steel) ) (iv) 

τc original wall only  = 0.1 + fd/6   (v) 

Where, 

 fd = compressive stress due to dead load in N/mm2 

τc = permissible shear stress in N/mm2 

τc (steel) computed from Table 23 of IS 456:2000 

III. RESULTS AND DISCUSSION 

The seismic analysis of the wall was carried out 

considering earthquake in x and y directions. The 

design forces for retrofitting were determined by 

considering combined effect of axial load and 

bending. The determination of steel for GI mesh in 

horizontal and vertical directions for resisting the 

resultant stresses. 

TABLE I.  RESULT COMPARISION TABLE 

 

Parameters Unit 

Un 

Reinforced 

Model  

Retrofitted 

Model Remarks  

Length m 
   3.66 3.66 Wall 

Jacketing 

with GI wire 

mesh 3.5 mm 

@ 25 mm 

both ways 

with 50 mm 

thick M20 

mortar all 

over the wall. 

Height m 
3.66 3.66 

Thickness m 

 

 

 

 

 

 

0.35 

 

 

 

 

 

 

0.45 

Permissible 

compressive 

stresses N/mm² 

 

 

0.94 

 

 

2.94 

Capacity has 

increased 

Model S11 N/mm² 

 

 

0.961 

 

 

1.677 

Axial 

Compression 

decreased 

Model S22 N/mm² 

 

 

1.021 

 

 

1.852 

Axial 

Compression 

decreased 

Permissible 

Shear 

Stress N/mm² 

 

 

0.113 

 

 

0.463 

Shear 

Strength has 

increased. 

Model S12 N/mm² 

 

0.512 

 

0.308 

Shear Stress 

has 

decreased 

Inter Story 

Drift mm 

 

0.617 

 

0.201 

Displacement 

has 

Decreased. 

Base Shear KN 

 

 

20.8 

 

 

28.2 

Base shear 

capacity has 

Increased. 

 

 

Fig. 5. Detailing of GI wire mesh 
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1. The allowable compressive strength of the 

wall with retrofitting is 2.94 N/mm² 

compared to 0.94 N/mm² of unreinforced 

Stone Masonry which is significantly higher 

by nearly 3.2 times its original strength.  

2. The permissible shear stress capacity of the 

wall increases significantly from 0.113 

N/mm² to 0.463 N/mm² by about 4 times its 

original shear strength.  

3. The inter story drift of the wall has 

decreased after the reinforcing input. 

4. The overall stresses are now distributed 

rather than in localized form.  

 

 

 

Fig. 6. Axial Stress Distribution S11 in Unreinforced Model 

 

 

Fig. 7. Axial Stress Distribution S11 in Retrofitted Model 

 

Fig. 8. Axial Stress Distribution S22 in Unreinforced Model 

 

Fig. 9. Axial Stress Distribution S22 in Retrofitted Model 

 

Fig. 10.  Deformed Shape of Unreinforced Model 
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Fig. 11. Deformed Shape of Retrofitted Model 

Constraints: 

1. We modelled the reinforcing properties as a thin 

layered equivalent steel section which may 

perform different behavior than the actual wire 

mesh. 

2. Basic compressive stress of Stone masonry is 

assumed by taking crushing Strength of masonry 

unit as 40 Mpa and L1 grade of mud mortar. 

3. Height to width ratio of masonry unit is assumed 

to be less than 0.75. 

4. Eccentricity of wall is assumed to be zero in 

manual calculation. 
 

IV. CONCLUSIONS 

 

Recent Earthquake have caused extensive damage to 

stone masonry buildings and such devastation after 

earthquake has underlined the need of retrofitting.  

Strengthening of Stone masonry wall with GI wire 

meshing has been most common type of construction 

technique in Nepal. This method of retrofitting is 

considerably effective method of minimizing hazard 

due to adoptability by local craftsman and owner and 

low complication.    

  

 

 

 

 

 

 

It is inferred that: 

 

i. Jacketing Scheme of strengthening can 

restore the strength even more than the 

original system. 

ii. GI wire mesh not only increases the lateral 

resistance of the wall but also increase its 

shear and flexural capacities of the model.  

iii. Structural integrity of the whole structure is 

increased due to confinement with GI wire 

mesh in terms of in-plane and out-of-plane 

forces. 

iv. In-plane strength of stone masonry walls 

reduced due to opening or any other reasons 

may be increased by employing the 

technique of GI wire meshing. 
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Abstract—Descriptive answer verification has been a
modern-day requirement. It is undoubtedly a challenge
for analysis and assessment of subjective answers along
with their autonomous grading. Although objective an-
swer evaluation has been in use for a long time, the anal-
ysis of subjective answers still possesses great complexity
and there is no resolute or precise method for grading
answers. Many methods have been implied and various
metrics are currently being used for its evaluation with
each one having its benefits and drawbacks. Thus, this
research aims in tracking the feasibility of the metrics
being used and providing an alternative approach for an
automated system having relatively higher accuracy.

Index Terms—Natural Language Processing(NLP),
Text-rank algorithm, Cosine Similarity, Fuzzy Logic.

I. INTRODUCTION

The concept of education and examination go hand
in hand. It is essential to test the degree of knowl-
edge absorbed by the learner to apply it practically.
Since examinations are conducted periodically at a
large scale, correcting examination papers can prove
to be a soporific task. Analyzing hundreds of papers
that contain monotonic answers has an element of
declined enthusiasm attached to it, in addition to being
time-consuming and unproductive. Hence, alternative
approaches have been implemented with the purpose
of computerization of evaluation but have been largely
focused on objective answers which are relatively
easy. However, objective examination solely cannot
accommodate all types of questions and does not
provide complete assurance in terms of the level of
understanding of the subject. This research aims to
automate the evaluation system for descriptive answers
to make it fast processing and independent of man-
power. It also guarantees the elimination of emotion
from the whole checking procedure. Also, it intends to
simplify the process of record-keeping and extraction.
The proposed system will use a standard answer as
a reference and utilize various metrics for compari-
son and subsequent allocation of marks through an
unbiased checking procedure. Moreover, these kinds
of automated systems not only lead to an efficient and
unbiased checking system but are also time and cost-
effective.

II. LITERATURE REVIEW

In March 2018, A. Shinde, C. Nirbhavane, S. Maha-
jan, V. Katkar, and S. Chaudhary presented a paper in
which the proposed system constituted of three main
steps: keywords and synonyms extraction, matching
of keywords and synonyms, weighting the keywords,
and generating score.[1] This evaluation system graded
the answers depending upon the number of keywords
matched. The major drawback of this system is that
the keywords need to be provided in capital letters. For
long sentences, this proves to be largely inconvenient.
Also, the system only looks for those keywords that
have been provided in the standard answer rather than
extracting those from the students answer which may
contain a few different words. Our system aims to
overcome this by implementing the text rank algorithm
to auto-extract keywords from both the answers sepa-
rately. Similarly, another paper published in November
2014 by P. Sheeba provided another approach towards
subjective answer verification. In this system, the
evaluation process consists of four main steps: Pre-
Processing, Part-of-Speech Tagging, Grading System,
and Parse Tree. While the proposed system provided
an element of semantic and syntactic analysis, it
can only efficiently evaluate single sentences and an
upgrade of the algorithm was required as explicitly
mentioned in the paper. [2] Our system overcomes
these hurdles as it efficiently evaluates multi-sentenced
descriptive answers along with proper grammatical
analysis. Another paper publishes in August 2013
by A. Kaur, M. Sasikumar, S. Nema, and S. Pawar
proposes a graphical approach. The methodology used
for the development of the algorithm is to match
learners’ single sentence answers with the standard
single sentence answers by converting both answers
into a graphical form and then intelligently matching
their nodes and labels.[3] In the proposed approach,
the graphical representation of descriptive answers to
present complex information clearly and to represent
knowledge in a machine-interpretable form has been
considered. However, this approach fails when used for
multiple sentences and consequently cannot be imple-
mented in large-scale examinations. In our system, we
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use various similarity matching metrics such as percent
match, Levestanian distance, and cosine similarity to
examine the degree of similarity between two answers.
This method is better suited to evaluate long answers
containing multiple sentences.

III. SCOPE OF WORK

1) Implementation and analysis of text-rank algo-
rithm for keyword extraction.

2) Automated grading of manual answers using five
different metrics where syntactic analysis is not
a requirement.

IV. METHODOLOGY

A. Proposed System

Our proposed system primarily consists of three
major components: information extraction module,
weighting module and score generation module as
shown in Figure 1.

Fig. 1. System Diagram.

1) Initially, the system extracts keywords from
the stored standard answer as well as the answer
submitted by the user. Along with the keywords, the

synonyms of the keywords submitted by the user will
also be extracted and equated. The keywords that
get repeated very often in a document are given less
importance, while the keywords which occur rarely
in a document will be assigned a higher value. The
synonyms of the keywords will be extracted from
the dictionary imported from a python library named
PyDictonary.

2) The next step comprises of Information
Extraction Module. The keywords are extracted and
prioritized by the text-rank algorithm which updates
the weights of every keyword according to the
importance and frequency of words. Thus, only the
most important keywords in a given paragraph are
listed. Subsequently, keywords are extracted from
the students answer as well and compared with the
keywords from the standard answer. The weight of
every matched keyword is added to obtain the final
total.

3) After keywords are matched, we check if the
length of the answer is close to the standard answer
using Levenshtein distance. Successively, the percent
match checks the accuracy of the percentage matched
with the standard answer.

4) Further, cosine similarity is calculated to
measure the similarity between two sentences by
measuring the cosine of the angle between the two
sentences by converting them into their respective
vectors by implementing the word to vector process.
Additionally, fuzzy string matching helps to find
matching strings even if the string is not entered
exactly.

5) Finally, the evaluation of the score is done based
on marks predicted by the score generation module.
This module provides the result based on the weight
assigned to various metrics. Appropriate percentage
is distributed according to the priority of the metrics.

B. Information Extraction Module

Text Rank Algorithm for Keywords Extraction

The task of the keyword extraction algorithm is
to automatically identify a set of terms that best
describe the document. Such keywords may constitute
useful entries for building an automatic index for
a document collection, can be used to classify a
text or may serve as a concise summary for a
given document. The Text Rank keyword extraction
algorithm is fully unsupervised. The authors of
the paper [4], introduce TextRank, a graph-based
ranking model for text processing, and show how this
model can be successfully used in natural language
applications. First, the text is tokenized and annotated
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with part of speech tags a preprocessing step required
to enable the application of syntactic filters. To avoid
excessive growth of the graph size by adding all
possible combinations of sequences consisting of
more than one lexical unit (ngrams), we consider
only single words as candidates for addition to the
graph, with multi-word keywords being eventually
reconstructed in the post-processing phase. Next, all
lexical units that pass the syntactic filter are added
to the graph, and an edge is added between those
lexical units that co-occur within a window of words.
This is used to construct an undirected unweighted
graph. After the graph is constructed, the score
associated with each vertex is set to an initial value
of 1 and the text-rank algorithm is run on the graph
for several iterations until it converges usually for
20-30 iterations, at a threshold of 0.0001. Once a
final score is obtained for each vertex in the graph,
vertices are sorted in reversed order of their score
and the top T vertices in the ranking are retained for
post-processing.

Fig. 2. Sample Graph for keyword extraction using Text Rank
algorithm.[4]

Figure 2 shows a sample graph built for an abstract
from our test collection. While the size of the abstracts
ranges from 50 to 350 words, with an average size
of 120 words, we have deliberately selected a very
small abstract for illustration. For In this example,
the lexical units found to have higher importance by
the TextRank algorithm is (with the TextRank score
indicated in parenthesis): numbers (1.46), inequations
(1.45), linear (1.29), Diophantine (1.28), upper (0.99),
bounds (0.99), strict (0.77). This ranking is different
from the one rendered by simple word frequencies.
For the same text, a frequency the approach provides
the following top-ranked lexical units: systems (4),
types (3), solutions (3), minimal (3), linear (2),

inequations (2), algorithms (2). All other lexical units
have a frequency of 1, and therefore cannot be ranked,
but only listed.

It can be observed from Figure 2 that the text-rank
algorithm prioritizes the words in terms of ranking
which implies that if a student uses a keyword having
a high rank, he receives a higher score as compared
to the words which are given low priority by the
algorithm.

C. Weighting Module (Evaluation of Metrics Used)

I)Levenshtein Distance
The difference in length between the two sentences is
equally important. For example, a student might write
an error-less sentence, however, be very limited in
words. Thus marks must be deducted for the decreased
length. Hence to calculate the length difference from
the desired answer, Levenshteins distance is calculated
from the standard answer. The Levenshtein distance is
a string metric for measuring the difference between
two sequences. Informally, the Levenshtein distance
between two words is the minimum number of
single-character edits (i.e. insertions, deletions, or
substitutions) required to change one word into the
other as shown in fig.3.

Fig. 3. Mathematical representation for calculation of Levestian
Distance. [5]

EXAMPLE : The Levenshtein distance between
FLOMAX and VOLMAX is 3, since the following
three edits change one into the other, and there is no
way to do it with fewer than three edits.

II) Percentage match

Percentage match is used in the system to determine
how closely two values match each other by
calculating the Character Edit Distance between two
String values, and also taking into account the length
of the longer or shorter of the two values, by character
count. In mathematical terms, the Character Match
Percentage comparison uses the following formula to
calculate its results as shown in equation 1 where:
In mathematical terms, the Character Match
Percentage comparison uses the following formula to
calculate its results as shown in equation 1 where:

CMP = Character Match Percentage
MCL = Maximum Character Length of the two values
being compared, in characters
CED = the Character Edit Distance between two
String values
CL = either the Maximum or Minimum Character
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Length, depending on the setting of the Relate to
shorter input option. If Relate to shorter input is
set to No (as by default),the Maximum Character
Length is used. If Relate to shorter input is set to Yes,
the Minimum Character Length is used (that is, the
number of characters in the shorter of the two values
by character count).

CMP =
MCL− CED

CL
∗ 100 (1)

III) Grammar

Grammar is one of the primary parameters used
for a detailed evaluation of subjective answers since a
sentence might contain just the important keywords but
no correlation or grammatical equivalence between
them which makes the answer highly equivocal.
Hence, evaluation of grammar is inevitably a high
priority to attain greater accuracy. The system uses
grammar as one of the prominent evaluation metrics.
We have used the Python library ”Pydictionary”
for analysis purposes. Our system uses three major
processes for grammar.

Tokenization: It is used to create tokens by breaking
up a sequence of strings into pieces such as words,
keywords, phrases, symbols, and other elements for
further processing.
Stemming: It is used to reduce the word to its word
stem by removing the affixes or conversion to its
respective root word.
Lemmatization: It is a normalization technique with
benefits same as that of stemming. However, the
major difference between them is that lemmatization
is used to reduce the words to base form as opposed
to stemming which just removes affixes.

In our system, tokenization occurs first which breaks
the strings and sentences followed by stemming
and lemmatization. A combination of stemming and
lemmatization is required for better results. Since
grammatical analysis tends to be very vague and
complex, all these operations are performed using
existing inbuilt libraries in our proposed system for
faster and accurate evaluation.

IV) Fuzzy Logic

Approximate matching of strings is reviewed
with the aim of surveying techniques suitable for
finding an item in a database when there may be a
spelling mistake or other error in the keyword. The
methods found are classified as either equivalence or
similarity problems.[6]
Fuzzy systems offer numerous methods that prove
helpful in solving application problems, where the

governing parameters bear fuzziness in nature. In
particular, many variants of fuzzy decision-making
models have been successfully explored as vocational
guidance systems to assist decision-makers in
recognition and guidance processes, especially in the
Medical diagnostic realm.[8]
Fuzzy string search can be used in various applications
such as a spell checker or a typos corrector. For
example, when a user types ”Missisaga” into Google,
a list of hits is returned along with Showing results for
”Mississauga”. This implies that a search query returns
results even if the user input contains additional or
missing characters or other types of spelling errors.
Fuzzy logic has been used in the proposed system in
a similar context. It aims at providing some marks
to the student’s answers even if they are somewhat
similar and doesnt require answers to be identical to
the standard answer. Fuzzy logic is used in the system
by importing the python library named fuzzywuzzy
which takes two strings as input and returns a fuzzy
value between them.

V) Cosine Similarity

Cosine similarity is used as a method for
approximating how similar two words/sentence
vectors are to each other. The intuition behind cosine
similarity is relatively calculating the cosine of the
angle between the two vectors to quantify how similar
the two documents are.[7] The process of conversion
of word to vector is done by a process called Bag Of
Words. For example:
Sentence 1: AI is our friend and it has been friendly
Sentence 2: AI and humans have always been friendly

Step 1: We calculated Term Frequency using Bag
of Words as shown in Fig.4:

Fig. 4. Calculation of Term Frequency by word count

Step 2: The main issue with term frequency counts
shown above is that it favours the documents or
sentences that are longer. One way to solve this issue is
to normalize the term frequencies with the respective
magnitudes or L2 norms. Summing up squares of
each frequency and taking a square root, L2 norm
of Sentence 1 is 3.3166 and Sentence 2 is 2.6458.
Dividing above term frequencies with these norms, we
get results as depicted in Fig 5.

Fig. 5. Values after Normalization of Term Frequencies

Step 3: As we have already normalized the two
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vectors to have a length of 1, we can calculate the
cosine similarity with a dot product:
Cosine Similarity = (0.302*0.378) + (0.603*0.378)
+ (0.302*0.378) + (0.302*0.378) + (0.302*0.378) =
0.684
Therefore, cosine similarity of the given two sentences
is 0.684.However, one major drawback of cosine
similarity calculation using Bag of Words is seman-
tics.While bag of words is intuitive and easy to im-
plement, there is nothing in the document-term matrix
which is capable of capturing the semantic similarity
between words like hi and hey. Thus to overcome this,
another feasible approach called word embeddings can
be used which are basically vector representations of
words which model semantic similarity through each
words proximity to other words in the vector space.

D. Score Generation Module

The score is generated by the combination of all the
metrics listed above. Appropriate weight is assigned
to each of the metrics to obtain a final predicted
score.
According to a published research paper entitled AI
Answer Verifier, the score for marks is generated
depending on the various factors and the total marks
will be the sum of all the marks obtained from,
individual, sections. Depending upon the priority,
keywords are given 40 percent priority followed by
grammar 30 and then synonyms 20 respectively and
finally, the length of the answer is given 10 percent.
The marks for length are dependent on the percentage
of keywords matching and a making scheme is
tabulated for giving marks to the length.[1] Thus,
if the students write a completely different answer
with no keywords matching, marks would not be
allocated. Our proposed system also assigns similar
distribution of percentage to the metrics, however,
with some necessary changes. The problem with the
distribution of weights mentioned above is that an
answer may be grammatically correct but convey no
actual meaning or be relevant to the question asked.
Thus, to overcome this drawback, our proposed
system only considers the evaluation of grammar
only if at least 30 percent of the keyword is matched
with the standard answer. Also, while grammar is
an important factor to be taken into consideration,
other parameters seem to be equally accountable
for a proper evaluation. Hence, Grammar accounts
for 20 percent of overall marks including synonym
matching. Further, our proposed system takes cosine
similarity and fuzzy logic into account equating to 20
percent of the total marks. Finally, the Levenshtein
distance and percent match between the two answers:
standard and students, accounts for ten percent each.

For example: A sample of standard answer and an
answer written by student is taken as an input in the
system as shown in fig.6. Further, fig.7 shows the

Fig. 6. Sample model of a standard answer and a manually written
answer from the dataset.

Fig. 7. Keyword extraction using Text rank algorithm for both
standard and manual answers respectively.

Fig. 8. Scores obtained for various metrics.

Fig. 9. Final score obtained after weight assignment and calculation.

KEC Conference 2021

234
KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal



ISBN 978-9937-0-9019-3

important keywords extracted and their correspond-
ing values after the implementation of Text Rank
algorithm. Consequently, the marks obtained after the
amount of keywords matched, levenshteins distnce ,
percent match and grammar is calculated individually
as demonstrated in fig.8 . Finally,the respective weight
assigned to each metrics is calculated to obtain the
final score as shown in fig.9.

RESULT AND DISCUSSION

To check the reliability and the accuracy of the
proposed system, we compared the results obtained
from the system with the standard answers graded
by some real evaluators. The dataset comprised of
a standard answer and a readers commentary for a
correct answer. Also numerous manually hand written
answers by students for the same question was given
and score was provided along with evaluation of
mistakes.For experimental purpose, we took around 10
questions from the official GRE website where some
prompt was given and students’ answers were graded
by real teachers. A score of 6 implied that it was a
perfect response whereas a score of 1 was the lowest.
We took the score 6 response as our standard answer
and then inserted all the other responses having scores
5,4,3,2 and 1 respectively in our system. Respective
scores obtained for each response were noted and then
compared with the actual scores received for all the
10 responses. The scores were converted to a scale of
100. The results obtained can be demonstrated in a
line chart as shown in Figure 10.

Fig. 10. Line Chart of manually evaluated scores and system
evaluated scores for same answers.

It can be observed that the result is mostly similar
in most of the answers apart from few outliers. This
huge discrepancy in some cases can be credited to the
fact that the standard answer may or may not include
every possible answer. Since this system has a major
limitation of syntactic analysis, an answer may be
equally correct without possibly matching the standard
answer. Therefore, in this case, the teachers grade it
high but the system fails to do so. Such outliers were
not taken into consideration or recorded in the graph

shown. Also, the limited number of test results was due
to the lack of availability of a dataset that mirrors our
proposed system. To overcome these limitations, the
system should be tested in a compromised environment
where the data (students’ answers) are more or less
similar to that of the standard answer provided. Also,
the question should be based on factual knowledge and
keyword similarity rather than semantic analysis and
cognitive reasoning.

LIMITATION

1) The students’ answers should be more or less
comparable to the standard answer stored. An
entirely different variant of the answer, although
correct, may not be graded properly by the
system.

2) Lack of syntactic analysis. The system doesnt
check for the meaning of words or how well an
argument is supported or contradicted.

FUTURE ENHANCEMENT

1) A Reinforcement learning approach will be used
for better emulation of the manual checking
process.

2) Currently the system is suited for only a single
question. However, verification of multiple an-
swer choices at the same time will be used.

3) The accuracy of the system will be checked on
a large dataset comprising of manually graded
answer sheets evaluated by real teachers.

4) Possible technologies such as deep learning will
be incorporated in the system for higher accu-
racy.

CONCLUSION

Hence it can be seen that various metrics have their
advantages and disadvantages. A trade-off between
metrics is required to build a system having greater
accuracy. Still, without the inclusion of syntactic anal-
ysis, the evaluation cannot be fully accurate. However,
for grading descriptive answers by comparison with
a standard answer, a combination of diverse metrics
can be merged to obtain relatively higher precision.
Although this inclusion accounts only for empirical
and non-semantic answers, it nonetheless makes the
evaluation process a lot easier for human accessors.
Moreover, a Machine Learning approach is required
for semantic analysis of answers and completely auto-
mated checking of descriptive answers.
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Abstract—Digitalization is the core of today’s long
distance communication, is a daily need of the current
generation and is used extensively in day to day life.
Due to this, this virtue should be available to all people,
including differently-abled people. The purpose of this
study is to provide a system for the differently-abled to
use text feature, which essentially is building an eye-
controlled virtual keyboard. Using Dlib, openCV and
CNNs, the study inspected the eye movement and eye
blink to select the desired key. It uses Neural Networks
to predict the eye’s state accurately using which the
keyboard is operated. The study achieved its goal of
providing a system for the differently-abled to text
by monitoring the eye movement. The study provides
a method to be used by target audience with great
efficiency. This study definitely offers as a milestone for
future advancements and similar studies and research.

Index Terms—eye-controlled, Convolutional neural
network, OpenCV, Dlib

I. INTRODUCTION

Communication is an indispensable need for human
beings. The invention of computer-mediated communi-
cation (CMC) has provided the ability to communicate
across great distances, communicate to an unlimited
number of people at a low cost, and the ease of creating
documents and other material to share. Ever since the
invention of computers, there has been a very high
amelioration of computer’s power and potentiality.
Nevertheless, we still use keyboards and mouse to
communicate and work with the computer. However,
for people who suffer from severe physical disabilities,
paralysis, and amputation, it is almost impossible to
use this computer communication boon in today’s
world. According to a study conducted by the Christo-
pher and Dana Reeve Foundation in 2013, it unveiled
that nearly 1 out of 50 people live with paralysis
[13]. Their physical activities are very often limited to
eye blinking. Taking this capability as an operational

functionality, this study designs an application that
allows users with a motional disability to use a virtual
keyboard with their eye movement. Furthermore, there
have been notable advancements in this subject, such
as the Tobii Eye Tracker, which focuses on providing a
better gaming experience, the Stephen Hawking chair,
where the PC uses a unique interface that detects the
movement of the cheek and selects the key. These
manifestations are not economically feasible and can
not be afforded by the general public. The application
designed by this study approaches the subject with
a cheaper and convenient alternative for differently-
abled people, which can be operated using a simple
laptop and a webcam.

II. RELATED WORKS

Generally, eye tracking measures the eyeball posi-
tion and determines gaze direction of a person, and the
movements of the eye can be tracked using different
technologies. It can be categorized into four cate-
gories: infrared-oculography (IROG), scleral search
coil method (SSC), electrooculography (EOG), and
video-oculography (VOG). Currently, most of the eye
tracking researches for Human-Computer Interaction
(HCI) are based on VOG, because the VOG technique
has minimized the invasiveness to user in some degree.

Wang et al. [12] have identified the most important
problems in the eye-tracking system, addressed the
attention diverting problem by designing and imple-
menting the EASE (Eye Assisted Selection and Entry)
system which generalized the idea of implicit use of
eye-tracking. MacKenzie and Ashtiani [2] also provide
a text entry system by eye blinking which uses a scan-
ning ambiguous keyboard. Chau and Betke [3] have
presented a system that detects the user’s eye blinks
and analyzes the pattern and duration of eye blink.
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Sharma [4] explains deeply about various eye gaz-
ing techniques, algorithms and models. Grauman and
Magee et al. [5] have surveyed and described different
types of eye or eye blink. Królak and Strumiłło [6]
explains system that allows acting operation depending
on the eye. In this system, no muscle movements are
required. The eye-blink controlled systems distinguish
between voluntary and involuntary blinks and inter-
pret single voluntary blinks or their sequences. Seki
et al. [7] explains vision-based eye blink detection
techniques that can be broadly classified into terms:
Active eye-blink detection and Passive eye-blink de-
tection. Active eye-blink detection technique depends
on special illumination and it uses the retro-reflective
property of the eye. Light falls in the eye from an
object and reflected from the retina. This kind of eye-
blink detection technique gives more accurate results
and it is also quick and robust method. Passive eye
blink detection techniques do not use any additional
light source and the blinking ratio is detected from
the sequences of images within visible spectrum. A
study conducted by Chakraborthy et al. [1], have
provided a system which solves the issue using the
same groundworks as this study. However, our study
aims to provide a system with increased efficiency and
accuracy by using a different methodology.

III. DATA ACQUISITION

The dataset required for training the blink and gaze
detection models is acquired through a webcam. We
obtained around 5000 data from 10 people and applied
the required preprocessing and manual filtering to the
captured images. For gaze detection, we categorized
our data into 3 classes, left gaze, right gaze, and
center gaze depending on the eyeball position. This
dataset was collected using a script that instructs the
person to follow a dot that jumps to center, left, and
right positions on the screen randomly, and the corre-
sponding eye’s images are collected as corresponding
classes. For blink detection, we assign the class’0’for
completely closed eye and class’1’ for open eye from
previously collected dataset.

IV. METHODOLOGY

The methods used for accomplishment of eye-
controlled virtual keyboard is shown in Fig. 1.

A. Video Capture

First of all, video is captured from the webcam,
which has the actual resolution. From the captured
video, we grab frames. The captured frame is passed
for the grayscale conversion to reduce the computation
power for further processing.

B. Grayscale Conversion

The grayscale conversion has many ways of con-
verting colorful images into gray form. The luminosity
method is used to convert the color image into gray.
It can be carried out by following steps:

Fig. 1. System Overview.

1) Read the color image.
2) For any pixel read the intensity values of Red,

Blue and Green channels as R, G and B respec-
tively.

3) Calculate the gray value
Gr=0.299*R+0.587*G+0.114*B

4) Set,Gr as intensity.
5) Repeat steps from 2 to 4 until all pixels are

scanned.

C. Facial Landmarks Detection

Facial landmarks are used to localize and represent
salient regions of the face. There are two steps while
detecting the facial landmarks:

• Localize the face in the image
• Detect the key facial structures on the face ROI

There are various landmark detection algorithms avail-
able, but for this application, we use Dlib. Dlib is
a cross-platform library written in C++, which uses
histogram-oriented gradient (HOG) and support vector
machine to detect the face and dlib pre-trained model
for detecting 68 landmarks points of the face. The 68
landmarks point detected by Dlib is shown in figure
2.
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Fig. 2. Visualization of the 68 facial landmark points from [11].

D. Eye cropping and resizing

The left eye is cropped from the face using the
landmarks points: 37,38,39,40, 41,and 42 and the right
eye is cropped from the face using the landmarks
points: 43,44,45,46,47,and 48 as shown in Fig. 3. Now
obtained cropped left and right eyes are resized into
size 64x56 and 34x26 to feed gaze detection network
and blink detection network, respectively.

Fig. 3. Eye cropping using 37,38,39,40,41,42 and 43,44,45,46,47,48
facial landmark points.

E. Neural Network Architectures

1) Blink Detection Architecture : In the beginning,
the blink detection architecture consists of a convolu-
tion layer that applies 32 filters, each of size 3×3 on
the input image. Max pooling is then used to reduce
the spatial dimensions of the feature map. Convolution
and max-pooling operations are repeated twice with
64 and 128 filters, each of size 3×3. A single fully
connected layer with 512 nodes is appended to the
convolution layer. The flatten layer transforms a two-
dimensional matrix of features into a vector fed into
a fully connected neural network classifier between
the convolutional and fully connected layers. Here,

Dropout is applied to the fully connected layer to
randomly drop out nodes during training, reducing
overfitting and improving generalization error. Next,
we have a single Dense layer to generate the classifi-
cation. Each of the Convolution layer and dense layer
uses ReLU as the activation function but the single
output node uses Sigmoid as activation function.

2) Gaze Detection Architecture : The gaze de-
tection architecture is almost identical to the blink
detection architecture, with only a difference in the
output layer, which consists of three output nodes. The
output nodes uses SoftMax as the activation function.

Fig. 4. Visualization of Blink Detection Architecture.

Fig. 5. Visualization of Gaze Detection Architecture.

F. Data Augmentation and Training

Though both architectures seem identical, both ar-
chitectures are trained on different datasets with dif-
ferent dimensions. The dataset size for both models
was not sufficient, so Image Data Augmentation was
performed on datasets. The image augmentation tech-
nique applies various transformations to the original
images, which results in multiple copies of the same
images. However, each copy is different from the other
in certain aspects, depending on the augmentation
techniques like shifting, rotating, flipping, etc. We
apply random rotation up to 10%, random height and
width shift up to 20% and random zoom up to 10%
to the original images. These image augmentation
techniques expand our dataset’s size and incorporate a
level of variation in the dataset, allowing the model to
predict better on unseen data. Also, the model becomes
more robust when it is trained on new, slightly altered
images. 20% of the dataset was used for validation
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purposes. The remaining dataset was used for training
purposes.The EarlyStopping callback was configured
to stop training once the model performance stops
improving on a hold-out validation dataset. For the
training process, we set the batch size to 16, and
models were trained for a total of 32 iterations, or
epochs.

Fig. 6. Plot of Model Loss on Training and Validation Datasets for
Blink Detection Model.

Fig. 7. Plot of Model Loss on Training and Validation Datasets for
Gaze Detection Model

G. Activation function, Loss function, and the opti-
mizer

For both Architecture, each of the convolution layer
and fully connected layer uses the ReLU activation
function shown in equation 1.

f(x) =

{
0 for x < 0
x for x => 0

(1)

For the blink detection architecture, the last layer
uses Sigmoid as activation function and Binary Cross-
Entropy Loss as loss function as shown in equation 2
and 3.

f (si) =
1

1 + e−si
(2)

BCE = −t1 log (f (s1))− (1− t1) log (1− f (s1))
(3)

where s1 and t1 are the score and the ground-truth
label for the class.

The last layer of gaze detection architecture doesn’t
activate with Sigmoid but with SoftMax instead, which
allows us to generate an accurate multiclass probability
distribution as shown in equation 4. And Categorical

Cross-Entropy loss is used as a loss function as shown
in equation 5.

f(s)i =
esi∑c
j e
sj

(4)

Where si refers to one of the class and sj are the
scores inferred by the network for each class in C.

CE = −
c∑
i

ti log (f(s)i) (5)

Where ti and si are the ground truth and the CNN
score for each class.

Here we use Adam optimizer [9] to modify both
network’s parameters to minimize the cost function on
the training set as shown in equation 6.

θt+1 = θt −
η · m̂t√
v̂t + ε

where
m̂t =

mt

1−βt
1

v̂t =
vt

1−βt
2

and where
mt = (1− β1) gt + β1mt−1

vt = (1− β2) g2t + β2vt−1

(6)

• θ is the parameter to be updated
• η is the learning rate, which is set to η=0.001

as default
• g refers to gradient g = ∇J (θt,i), where ∇ is

the gradient which is taken of J and J refers
to our cost function.

• ∈ (Epsilon), which is a small term preventing
division by zero

• β1 and β2 are two decay terms, also called the
exponential decay rates

• mt is first momentum vector for g.
• m̂t is bias-corrected first momentum.
• vt is second momentum vector for g.
• v̂t is bias-corrected second momentum.

Where:
– First momentum β1 =0.9
– Second momentum β2 =0.999

If we take the value of t and put it in the
exponent,
i.e., if t=5 then, βt=5

1 = 0.95 = 0.59049

H. Keyboard key selection

The keyboard designed for this application contains
all the alphanumeric keys along with the repeatedly
used symbols and backspace. The keys of the keyboard
are grouped into 10 columns, as shown in figure 8.
Each column has 6 keys. For example, column 1 has
’1’, ’q’, ’a’, ’z’, ’+’ and ’%’ keys. Initially, column
1 is selected, which is indicated by highlighting the
column with green color. Another column is selected
according to both eye’s gaze, i.e., if the eyes are
looking left, select the left column. If both eyes are
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looking right, select the right column to the previously
selected column. For example, column 7 is selected
previously, and if the person looks left, then column
6 will be selected, and if the person looks right, then
column 8 will be selected. To select a specific key,
the key containing the column must be selected via
the eye’s gaze . In order to enter into that column a
person has to blink both eyes, as a result each key
on the column is highlighted for a certain period of
time one after another. If the person blink, the key
on the column which is highlighted at the time of
eyes blink is selected as the pressed key. However,
only the voluntary eye blink is used for entering
inside the interested column, and to select the key, and
involuntary eye blinks are rejected. This is done via
tracking the frames. For example, let’s say 1 second
is divided into 16 frames; if a person blink only for
5 frames, it is regarded as an involuntary blink. If a
person blink for more than 12 frames, it is regarded
as a voluntary blink. Now the selected key is captured
and copied to the clipboard.

V. RESULT

The final window of this program is shown in Fig.9
. To check the real-world performance, we ran our
program for several iterations on several devices and
compared all the results. We found that the program
can run effectively in devices with the minimum
specification of 4 GB RAM and a dual-core CPU. Our
approach performed better than the method proposed
by Chakraborthy et al. [1] as the detection of blink by
calculation of ratio of distance between the horizontal
and vertical lines crossing the eye, and detection of
gaze by calculation of ratio of black and white pixels
after thresholding was not efficient as the ratio may al-
ter person to person and initial calibration of ratios are
usually required as per person. The concept of using
Neural Networks for these two tasks was more feasible
as it can incorporate a level of variation in different
eye characteristics and does not require calibration as
per person. Similarly, the keyboard presented by y
Chakraborthy et al. [1] is divided into two parts: left
and right. After the selection of each key, we must
choose either the left key set keyboard or the right key
set keyboard via gaze and wait until the desired key is
active on that set in order to select that key, which is
more time-consuming. And we must remember keys
on the left and right keys set. The proposed keyboard
by us does not consume much time as a person’s gaze
is used to shift the column of the keyboard and blink
to enter into that column where desired key is located.
And keyboard is not divided into left and right key
sets so the person need not remember the keys on
each set. However, the program was not 100% accurate
due to the factors like lighting condition and camera
quality. And also blink detection was more accurate
than the gaze detection model. We were able to type 6

Fig. 8. Overall steps to select ’s’ key.
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characters per minute on average under proper lighting
conditions.

Fig. 9. Final window.

VI. CONCLUSION

People with physical disabilities have limited ca-
pabilities in moving, performing manual tasks and
taking participation in some life activities. Since that
physical impairments can significantly make tedious
using of information technology, it is required to make
adaptations that will be enabling the full communi-
cation with computers by persons with this kind of
disabilities. As information education is fundamental
education in modern society, the special accent should
be given to the communication problems between
physically handicapped persons and computers. This
study addresses deficiencies and reduces disparities to
a certain extent by providing a ’Eye controlled virtual
keyboard’ for physically-challenged people.
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Abstract— This paper is focused on the development 
of a system that could track eye pupils in order to select 
different options within a desktop application for 
children with cerebral palsy, having issues with verbal 
communication. In specific case of cerebral palsy called, 
“Spastic Quadriplegia/Quadriparesis”, which is one of 
the most severe form of cerebral palsy, all four limbs, the 
trunk and the face are affected and the person have no 
control over his/her muscles limiting one’s verbal 
communication. In such cases, they communicate by 
using some regular repetitive signs or gestures only with 
their parents, caretakers, and with persons who are 
regularly around them. In order to provide them the 
ability to communicate with people, this system with eye 
tracking functionality was developed. The system was 
built as a desktop application, using the python platform 
and had used a web-cam, monitor and an audio output of 
the laptop as additional components besides the 
processing unit. In the backend, the system performed 
image processing-based eye tracking algorithm, within 
the video captured from web-cam and generated audio 
output as per the selection made within the app. In the 
front-end part, the desktop app showed the window with 
image buttons that can be triggered with the input from 
the eye-movement and would generate audio output 
accordingly. The system showed the sensitivity of 86%, 
76% and 80% for right movement of pupil, left 
movement of pupil and blink respectively. Likewise, 
specificity of 74%, 74% and 82%. The accuracies were 
obtained as 80%, 75% and 81% for each case 
respectively. The shifting speed was 614millisecond and 
the blink response detection was 1.023 seconds. The 
obtained results can be useful for the development of an 

enhanced voice communication system for people with 
cerebral palsy with verbal communication issues. 

Keywords— CP (Cerebral Palsy), Dlib, Eye Closure 
Ratio, Eye Gaze Ratio, Eye Gesture, Eye Monitoring, Eye 
Tracking, Histogram, OpenCV, Playsound, Pupils, Python, 
Spasticity (stiff muscles), Spastic 
Quadriplegia/Quadriparesis, UI (User Interface), Verbal 
Communication. 

I. INTRODUCTION 

A. Background and Problem Statement 

Cerebral palsy (CP) is a group of disorders that 
affect a person’s ability to move and maintain balance 
and posture caused by abnormal brain development or 
damage to the developing brain [1]. Around, 764,000 
people are currently living with cerebral palsy, with 
500,000 of them being children or teens and each year 
8,000 to 10,000 infants are diagnosed with cerebral 
palsy [2]. According to Cerebral Palsy Alliance, one 
out of four children suffering from this disease is 
unable to talk [3]. 

Spastic cerebral palsy is the most common form, 
affecting up to 80% of people with CP resulting 
muscles to appear stiff and tight [4]. Among its several 
types, spastic quadriplegia/quadriparesis is the most 
severe form of spastic CP. This type affects all four 
limbs and often a person's torso, facial, and oral 
muscles are often affected, too. People with spastic 
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quadriparesis usually cannot walk and often have other 
developmental disabilities such as intellectual 
disability; seizures; or problems with vision, hearing, 
or speech [5]. 

There has been a lot of research to develop systems 
that could aid in communication for people with CP [6] 
[7] [8]. Amongst them, the ones with eye tracking [7] 
can be more useful however all such systems are either 
expensive or with higher complexity. In case of Nepal, 
a very few researches have been made for development 
of high-tech devices targeting disability [9]. As such, 
there is a need to develop a system that could aid in 
verbal communication and at the same time is 
affordable for all. 

B. Objectives 

The major objective of this research paper is to 
develop a system that will have a python-based 
platform with visual front-end with image buttons that 
can be triggered with eye gestures and will 
consequently generate audio output. To achieve this, 
specific objectives are defined as: 

• To develop a front-end with image buttons that 
will be triggered with eye-pupil gestures. 

• To produce voice output based on eye gestures. 

II. RELATED WORKS 

A literature survey was carried on various 
technologies that are available for the people with 
cerebral palsy to analyze and to develop the suitable 
methodology required for the project. There are few 
technologies that contributed in communication with 
people with cerebral palsy. Few of the available 
techniques use Hough circle transformation for 
eye/pupil detection and point of gaze for screen 
coordinates [6] [10] [11]. Likewise various algorithms 
for frontal face detection followed by pupil/iris 
detection [12] and brain-computer-interface techniques 
[7] were also explored. 

On the commercial side SensoMotoric Instruments 
(SMI) [13] and Tobii [14] are the main manufacturers 
of eye-tracking devices. While SMI focuses their 
production on eye tracker analysis systems, Tobii also 
produces some augmentative communication devices 
especially suitable to individuals with cerebral palsy. 
With these devices, people with disabilities can easily 
engage in daily communications via text or symbols, 
with word and phrase prediction to enhance the rate of 
communication. 

III. METHODOLOGY 

The high-level block diagram of the overall system 
is shown in Figure 1. The system consisted of a camera 
unit to capture the real-time video, a processing unit to 
compute the eye gesture tracking algorithm, a monitor 

unit to display the front-end and an audio unit to 
generate the audio as per the eye-gesture and the 
respective selection within the front-end. 

The software section of the system was developed 
in python language platform, version 3.6.4. 

 

Figure 1 High Level Block Diagram of Overall System 

The flowchart of the overall system is shown in 
Figure 2. 

 

Figure 2 Overall Flowchart of the System 
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A. Capturing Real-Time Video 

The camera of the PC was used for capturing real-
time video. For the extraction and processing of images 
in real time, OpenCV library [15] within python 
platform was used. 

B. Image Processing and Eye Monitoring 

In order to detect faces, to extract eye pupils, and to 
define and detect different eye gestures, various levels 
of image processing were done. 

1) Face Detection 

  Within the real-time video input, the face was 

detected using histogram of oriented gradient and 

sliding window detection. In image processing, an 

image histogram is a gray-scale value distribution 

showing the frequency of occurrence of each gray-

level value of an image [16] [17] [18] [19]. A 

sliding window is a rectangular region of fixed 

width and height that slides across an image. On 

analyzing the histogram of the received image, the 

system was able to judge if the tonal distribution of 

a face within a frame of an input video corresponds 

to a face or not [20]. 

2) Eye Feature Extraction 

  Eyes were detected using image enhancement 

technique on the detected face. The input video 

frame containing a face was converted into a gray-

scaled image. In this gray-scaled image, a library 

called dlib [21] portrayed 68 landmarks on the 

various positions of the detected face so as to 

represent the face completely using the coordinates 

of those landmarks. Knowing the numbering of 

each landmark points on the face, the eye patch was 

extracted from the face. This process of extracting 

eyes from the face is called as masking of the eyes. 

The eye pupils were detected with the image 

binarization technique. 

3) Eye Closure Ratio 

  Eye closure ratio is the measure of eye, closed 

at the time of observation. The relevant flowchart 

is shown in figure 3. The eye closure ratio can be 

calculated as: 

𝐸𝑦𝑒 𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑝𝑒𝑛 𝑒𝑦𝑒

𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑝𝑒𝑛 𝑒𝑦𝑒
 

 

 

4) Gaze Ratio 

  Gaze ratio was derived with the help of 

binarized image. It is the ratio of the white pixels 

in the left side of the eye to the white pixels in the 

right side of the eye. The relevant flowchart is 

shown in figure 3. 

𝐺𝑎𝑧𝑒 𝑅𝑎𝑡𝑖𝑜

=
𝑁𝑜. 𝑜𝑓 𝑤ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑙𝑒𝑓𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑦𝑒

𝑁𝑜. 𝑜𝑓 𝑤ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑟𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑦𝑒
 

 

Figure 3 Flowchart of Eye Closure Ratio and Gaze Ratio 

Calculation 

5) Eye Gestures 

  Eye gestures were defined for specific 

purposes to be used within the desktop app. In this 

app, three eye gestures were defined; looking left 

and looking right to navigate through the options 

in the app, and blinking of eyes to select the option. 

The right and left movement of the pupils were 

detected from the eye gaze ratio, according to the 

number of white pixels on either side of the vertical 

half of the eye patch. And the blink was detected 

from the eye closure ratio. In both of the cases, a 

threshold value was set for the detection. 

C. Generating Voice Output 

Following the detected eye gestures, a voice output 
was generated via a speaker when an option was 
selected by blinking. When an option was selected, a 
pre-recorded and stored audio file, with respect to the 
selected option was played. For example, when the user 
selected the ‘banana’ option, the audio file saying “I 
want a banana” was played via the speaker. This 
functionality was done with playsound [22], a python 
library to play the sound. 

                                   

                           

                                     

                                         

     

                                      

           

                                      

Eye Closure  atio     eight of the open eye  

  idth of the open eye 
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D. User Interface for User Interaction 

The desktop app contained a user interface (UI) 
page as shown in Figure 4, with several options for 
selection. In order to navigate through the options, 
users had to move their eyes right or left according to 
the requirement and blink for selection of the option. 

 

Figure 4 User Interface of App 

IV. RESULT AND DISCUSSION 

A. Evaluation Protocol 

To measure the performance of the system outputs, 
parameters like true positive (TP), true negative (TN), 
false positive (FP) and false negative (FN) were 
calculated, based on the number of tests. In order to 
calculate those values, three major tests were 
performed with eye-pupil moved left, right and kept 
still. For all such three cases, 50 observations were 
made and above-mentioned parameters were 
calculated. The evaluation protocol to calculate those 
values were shown in Table 1. 

Table 1 Evaluation Protocol to Calculate TP, FP, TN and FN 

TP Selection moves left and right with the 

corresponding left and right movement of 

the eye-pupil. 

FP Selection moves left and right even when the 

eye-pupil is in still position or, when eye-

pupil is moved in the opposite direction i.e., 

right and left correspondingly. 

TN Selection remains unchanged when the eye-

pupil is in still position. 

FN Selection remains unchanged even when the 

eye-pupil is moved left or right. 

 

Based on the values of the TP, TN, FP and FN, 
various performance parameters were calculated such 
as Specificity (Sp), Sensitivity (Se) [23], Precision or 

Positive predictive value (PPV), Negative predictive 
value (NPV) and Accuracy (Acc). Next, considering a 
group with positive instances and negative instances of 
above conditions, the four outcomes were formulated 
into a 2×2 confusion matrix. 

For the testing purpose, instead of using people with 
cerebral palsy, 3 male healthy persons were chosen of 
age 22. 

B. Performance Evaluation of Eye Movement 

Tracking 

With 50 different observations, the values for TP, 
FP, TN and FN were calculated. The observed values 
and the calculated values for different parameters are 
shown in Table 2. 

Table 2 Summarized Result for Different Eye Gestures 

Gesture Right Left Blink 

TP 43 38 40 

FP 13 13 9 

TN 37 37 10 

FN 7 12 41 

Specificity 0.74 0.74 0.82 

Selectivity 0.86 0.76 0.80 

PPV 0.7678 0.745 0.8136 

NPV 0.8409 0.7551 0.8039 

Accuracy 0.80 0.75 0.81 

 

The confusion matrix for the different cases of  eye-
movement tracking based on 50 different observations 
is shown in Table 3. 

Table 3 Confusion Matrix For Eye Movement 

Actual Class 

 

Detected Class 

Right Left Still 

Right 43 0 8 

Left 0 38 5 

Still 7 12 37 

 

Next, the confusion matrix for different states of 
eye-blink detection based on 50 different observations 
is shown in Table 4. 
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Table 4 Confusion Matrix for Blink Detection 

Actual Class 

 

Detected Class 

Blinked Not Blinked 

Blinked 40 9 

Not Blinked 10 41 

 

From Table 2, it can be seen that the system 
detected right side movement of the pupils with 80% of 
accuracy, left side movement of the pupils with 75% 
accuracy, and the blink with 81% accuracy. The 
average accuracy of the system was calculated as 
78.67%. 

C. Performance Evaluation of Associated Delays 

The time required by the system to shift left or right 
after the detection of gesture was calculated as 614 
milliseconds. Also, the average blink response time 
was obtained as 1.023 seconds. 

D. User’s UI Interaction 

The UI of the app was shown in Figure 5. The app 
UI was designed such that it would be simple to 
understand and easy to use. When the user moved their 
eyes right to navigate to the next option from that of the 
condition in Figure 4, the next consecutive option was 
highlighted as shown in Figure 5. 

 

Figure 5 Next Option Highlighted When Looked Right 

Next, when the user moved their eyes left to 
navigate to the previous option as in the position from 
Figure 4, the respective previous option was 
highlighted as shown in Figure 6. 

That way, users could navigate through any option 
in the desktop app. In order to generate respective audio 
based on the selection made, users have to blink their 
eyes. 

The system provides best performance if both the 
eyes of the user are normal. In case of squint condition 
of eyes, if at least one eye is healthy, the system can be 
modified to perform operations based on only one of 
the healthy eyes. In case if both of the eyes are squint, 
then the system can’t work properly. 

 

Figure 6 Previous Option Highlighted When Looked Left 

Next, studies have shown that the human eye color 
varies from lightest blue to darkest of brown [24] [25]. 
In this model, since the grayscale conversion of the 
image of the eye patch has been done, the effect of the 
color of eye became insignificant. In the grayscale 
image of the eye patch, the intensity levels of the white 
part and iris were distinct. If the iris part of the eye at 
most had one third the intensity of the white part, the 
system could distinguish between the white part and the 
iris part and hence could detect the iris well. 

Despite the fact that all tests were made with 
healthy persons as the main subject, it is believed that 
this experimentation could be the pilot project for the 
upcoming research on this topic and with the person 
with cerebral palsy as main subject for testing. 

V. CONCLUSION AND FUTURE DEVELOPMENT 

This paper discussed the development of an eye 
pupil tracking based system that can identify different 
eye gestures and can generate different audio output 
based on the selections made within the application 
with eye-gesture. The system showed the sensitivity of 
86%, 76% and 80% for right shift, left shift and blink 
respectively. Likewise, specificity of 74%, 74% and 
82%. The accuracies were obtained as 80%, 75% and 
81% respectively. The shifting speed was 614 
millisecond and the blink response detection was 1.023 
seconds. Thus, it can be concluded that the system can 
be a foundation for the enhanced voice communication 
system for people with cerebral palsy with verbal 
communication issues. 

The developed system has limitations esp. with the 
restriction of its usage within the laptop, however can 
easily be ported into a more portable system consisting 
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of raspberry pi. So as future developments, a more 
portable system can be created with smaller processing 
units and the tests within the subjects with cerebral 
palsy with issues with verbal communication. 
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Abstract—Nepali Unicode Converter is the simplest
and easiest way to type in Nepali Unicode. It
automatically converts Roman Nepali text into Nepali
Unicode in any of the desktop applications supporting
Unicode fonts. This Nepali Unicode is widely used in
any media, machine, or browser to support various
languages. This can be used in chatting, emailing,
messaging, and many other applications. Furthermore
with the growth in technologies and the internet,
socializing has become much easier. People around the
world spend more and more time on their electronic
devices like PCs, laptops, mobiles for social networking,
email, banking and a variety of other activities. Due
to fast paced nature of such conversation saving as
much as time possible while typing is necessary. Hence
an application that predicts the next possible words
is necessary. Predicting the most probable word for
immediate selection is useful technique for enhancing
the communication experience. The objective of this
work is to design and implement a word predictor
algorithm that suggests Nepali words that are being
used more in combination with other words of the
users, with a lower load for system and significantly
reduce the amount of keystrokes required by users. The
predictor uses methodology of the Ngrams for text
prediction. This research uses Maximum Likelihood
Estimation method for making prediction table of most
probable words after each Ngram. Stupid backoff
method is used for prediction if Out of Vocabulary
sequences encountered. The training data was scraped
from various news portals and mixed into final training
data by random sampling. About 80% of the total
sentences were used for training and remaining 20%
were used for testing the model. Vocabulary Size was
46,000. Accuracy of the model was about 48% for
4Gram model. Perplexity of the 4Gram model reaches
down to 237.

Index Terms—Roman Nepali, Nepali Unicode, Nepali
Text Predictor, Ngrams, StupidBackoff

I. INTRODUCTION
Unicode is the universally used text encoding sys

tem that provides a unique code to every character
and symbol regardless of the platform, program and
language [1]. On the other hand, ASCII fonts are
machine dependent character encoding standard. Since
ASCII and Unicode play the identical role for English
character encoding system, document and website with
English words using either one of them does not make
different sense. However, for many languages (such
as Nepali) Unicode font is way more beneficial over
ASCII.
People cannot type as fast as they think. As a result,

they have been forced to go through frustration of slow
communication. In the case of text entry people have to
press more keys for less number of letters. Predictive
typing applications have shown some success. Past
approaches to predictive text entry have applied text
compression methods (e.g., [2]), taking advantage of
the high level of repetition in language [3]. Other tech
niques for predicting text includes Artificial Neural
Networks, Long ShortTerm Memory, Support Vector
Machine, Machine Learning, etc. These techniques
appear to be heavy on the computer for training the
model frequently because the requirement is adaptive
model with the growth of user data. So for this research
we have used NGram model which is a statistical
probabilistic model which can be trained fast according
to the need of this research project.
In Natural Language Processing, the major focus is

on understanding and determining how the interaction
between human and a computer can be optimized.
As humans, we tend to use language based upon the
situation we are presented with. Selection of our next
word depends upon a set of previous words. This
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research aims to replicate a similar behavior of human
word selection into a natural language processing
model. Suggestions of new words that might be used
are generated based upon the previous set of words.
To achieve this goal, the Ngrams model is used. We
assign probability to each word and select the next
word with highest probability values. This probability
values are generated based upon the sequence of
previous words. These sequences are known as N
grams where N is the value which may be a unigram,
bigram, trigram and quad gram.

II. LITERATURE REVIEW

Unicode is an information technology standard for
the encoding, representation, and handling of text
and symbol regardless of the platform, program and
language. There are a lot of Nepali Unicode Con
verters easily available on the internet. However, the
systems that converts Nepali Romanized words into
Unicode Nepali are not always accurate and does
not work for every Nepali words. Also, one of the
biggest hindrance is the absence of standardized Nepali
Keyboard Layout. The existing keyboard layouts are
not scientific and statistically optimized. These layouts
do not consider the basic factors like distribution of
frequency load among the keys, hand alternation, and
many other factors due to which they put excessive and
disproportionate stress on the fingers, which on long
term can cause several adverse effects. The paper by
Prajapati, Shrestha and Jha (2008) [4] analyses how the
traditional Nepali Unicode keyboard layout requires a
lot of typing effort and reduces typing speed.
Predicting the next word has been an important
technique for better communication for more than a
decade. One of the first predictive typing assistance
was the Reactive Keyboard [5], which made use of
text compression methods to suggest completions. This
approach used statistical methods. Statistical methods
generally suggest words based on word frequency lists
to complete the words already spelled out by the
user. The benefits of increased accuracy of prediction
precision cannot be confined to keystrokes saved by
the predictions. An efficient word prediction model
can improve the quality of text generated for persons
with language impairments, and those with learning
disabilities . Word prediction techniques can also be
used in order to correct typing errors, separate am
biguous key pad sequences and provide more accurate
scanning interface features forecasts. The prediction
of letter sequences was analyzed by Shannon (1951)
[6]. He discovered that written English has high level
of repetitions. Based upon this research an obvious
question was whether users can be supported by
systems which forecast the next keystrokes, words,
or phrases while writing text. A variety of typing
tools for apraxia persons and dyslexic persons were
developed within natural language by Magnuson and
Hunnicutt [7]. These tools provide a possible list of

words from which the user could select the required
or most approximate word. For these users it is usu
ally more efficient to scan and choose from lists of
proposed words than to type. Scanning and selecting
skilled authors from several displayed options may, in
contrast, slow down (Magnuson and Hunnicutt 2002).
A prediction system can make more suitable word
choices for the user by exploiting the present sen
tence context using statistical techniques. N grams are
Markov models that estimate words from a set of
previous words. N gram probabilities is estimated by
counting in a corpus and calculating maximum like
lihood estimation. The previous N 1 word is used
in predicting the current (Nth) term in the N grams
word prediction methods. In a large corpus, known
as the training text, the N grams data is collected by
counting each single N  word  sequence. In case of
Augmented communications usage N grams techniques
were limited to unigram and bigram word prediction,
but in many other areas related to natural language
processing such as speech recognition and machine
translation trigram and higher N grams orders were
often used. [8].
Gregory W. Lesher (2001) found that the impact of
using higherorder Ngrams and larger database can
decrease the number of keystrokes by 7.5 percentage
points [9].For a training text size containing 3 mil
lion words, he found that keystroke savings increased
steadily with higher ngram orders i.e when moving
from unigram to bigram word prediction keystroke
were decreased by 6.4 percentage points and 7.5
percentage points when moving from unigram to tri
gram, which suggests increased contextsensitivity in
prediction.

III. PROBLEM ON HAND

Typing in Unicode Nepali text should be quick and
easy. It should be effortless and explicit. However,
there are only two methods that can be used to
type in Unicode Nepali. We can either use keyboard
layouts by Madan Puraskar Pustakalaya or use Roman
Nepali to Unicode Nepali converters. But none of these
methods is good enough. People need to remember
one of the keyboard layouts for typing in Nepali
Unicode which is difficult for normal users. Using
Unicode converter solves the problem of remembering
the layouts but currently available converters are not
always accurate and does not work for every Nepali
words. Moreover, none of those methods is capable of
suggesting the next probable words for the user which
can make typing quick and easy. Increase in typing
speed saves time and enhance the communication
experience. So, to solve these issues a better Nepali
Unicode Converter that can also suggest next probable
words is necessary. In this research, we focus on
developing such kind of system that can not only
convert Roman Nepali to Nepali Unicode but also
suggests the next probable words to the user.
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IV. PROPOSED METHOD
The operation of the this research is divided into two

sections, conversion and prediction. The conversion
section deals with conversion of Romanized Nepali
text into Nepali Unicode either using the predefined
map or user defined map. If the text is not found in
any of those models, hardcoded rules are used for con
version. The prediction section deals with suggesting
next word from userdefined or predefined Ngram
model.

A. Conversion
The Roman Nepali to Nepali Unicode conversion

takes place either using the user defined model
or using predefined model. The development and
operation of these models are explained below.

1) User defined Map: For the conversion of words
that a user frequently uses with their own notation, a
user defined map is created. For example: If a user
has a habit of writing ”छ” as cha, xa or 6, a separate
personal user defined map is created for him/her. This
map is used to assist user by increasing the typing
speed and productivity.

2) Predefined Map: Almost 40,000 Nepali words
are collected from Nepali Brihat Sabdakosh 2075
provided by Nepal Academy. Thus collected words
are then converted into English equivalent words
using reverse mapping rules. The mapped words are
then stored in a JSON file. For Example:

नेपाली ‐ nepali
पानी ‐ pani
साथी ‐ sathi

JSON file format: { ”nepali”:”नेपाली”, ”pani”:”पानी”,
”साथी”:”sathi”,.......... }
Also, the reverse dictionary for stopwords like ले,
बाट, द्वारा, etc., and loanwords like कम् ुटर, ई न्जिनयर,

ा ु लेटर, etc., is created and stored in a JSON file.

3) Static Rules: If any of the maps stated above
does not work for a text, the last option for the
Nepali Unicode conversion is hardcoded rules. It uses
predefined static rules to convert Roman Nepali into
Nepali Unicode. The static rules used are:

a : ’ ’
A : ◌ा
aa : ◌ा
i : ि◌
I : ◌ी
ee : ◌ी
u : ◌ु
U : ◌ू
oo : ◌ू
e : ◌े
ai : ◌ै
o : ◌ो

au : ◌ौ
^: ◌ृ
\\: ◌्
* : ◌ं
** : ◌ँ
| : ’ ’
|| : ’ ’
: : ◌ः
. : ।
a : अ
A: आ
aa : आ

i : इ
I : ई
ee : ई
u : उ
U : ऊ
oo : ऊ
e : ए
ai : ऐ
o : ओ
au : औ
c : क
q : क

k : क
kh : ख
g : ग
gh : घ
ng : ङ
ch : च
x : छ
chh : छ
j : ज
z : ज

jh : झ
yn : ञ
t : ट
th : ठ
d : ड
dh : ढ
N : ण
T : त

Th : थ
D : द
Dh : ध
n : न
p : प
f : फ
ph : फ
b : ब

v : भ
bh : भ
m : म
y : य
r : र
l : ल
w : व
sh : श

Sh : ष
s : स
h : ह
ksh : क्ष
jn : ज्ञ
gny : ज्ञ
gy : ज्ञ

Note: ’|’ is zero width joiner and ’||’ is zero width
non joiner.

Letters other than mentioned above (e.g. ., ”,
?, / ,etc.) are inserted as it is.

Fig. 1: Flowchart for Roman Nepali to Nepali Unicode
conversion

B. Prediction
The prediction section deals with suggesting next

word from Ngram model based on previous text
inputs by the user and pretrained map. This section
is further divided into two subsections. Each of those
sections are explained below.

1) Predefined Model: To create a predefined model,
corpus was created using the data scrapped from
Ghumphir, Kinmel, Opinion, Politics, Social and
Sports section of Nepali News portal Setopati.com.
Data collected are cleaned before making the model.
Here are the steps involved to create predefined model:
I. Data Collection.
II. Data Cleaning and Preprocessing.

a) Load the data and remove the unwanted
characters(noise) from the data.

b) Tokenize the data i.e. make tokenized sen
tences.
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c) Split the tokenized sentences into train and
test sets.

d) Replace words with a low frequency by an
unknown marker <unk>.

e) Build a closed vocabulary which consists
of unique words from the training data set.

III. Ngram Model Generation using Maximum
Likelihood Estimation.
a) Compute the count of ngrams from a

training data set.
b) Estimate the conditional probability of a

next word with ksmoothing.
c) Use Maximum Likelihood Estimation

model to suggest next word.
IV. Evaluate the Ngram models by computing the

accuracy and perplexity score.
Data Collection: The data which is a corpus of

Nepali Unicode sentences scraped from Ghumphir,
Kinmel, Opinion, Politics, Social and Sports section
of Nepali News portal Setopati.com using Beautiful
Soup.

File Name File Size Word Count
Predefine 26.5 MB 100307
Sabdakosh 706 KB 35000
Stopwords 5 KB 350
Loanwords 149 KB 560

Data Cleaning and Preprocessing: The data col
lected is cleaned before using it further. The data
cleaning process include following steps:
I. Removing nonNepali text
II. Removing numbers
III. Removing punctuation, marking end of sen

tences
IV. Removing nonfunctional marks
V. Normalizing white space
VI. Removing links
Then the data made into tokenized sentences. Thus

obtained data is split into two separate training and
testing data sets. 80% of the data was allocated for
training the model and remaining 20% data was made
for testing the model. From the training data, vocab
ulary, a list of unique words reaching the threshold
count is made. For example, for the threshold is kept 2,
the words whose count is less than 2 are not included
in the vocabulary. This helps in reducing the number
of ngrams.
Handling ’Out of Vocabulary’ Words: If the model

encounters a word that it never saw during training, it
won’t have an input word to help it determine the next
word to suggest. The model will not be able to predict
the next word for the user because there are no counts
for the current word. This ’new’ word is called an
’unknown word’, or Out Of Vocabulary words(OOV).
To handle unknown words during prediction, we use a
special token ’<unk>’ to represent all unknown words.
Using the vocabulary, the training and testing data

is curated with the <unk> token for each OOV word.

Ngram model Generation: An Ngram is a con
nected string of N items from a sample of text or
speech. The Ngram consists of large blocks of words,
or smaller sets of syllables.

Fig. 2: Example of Ngram Generation

The above example shows how the Ngrams are
formed. The frequency of each Ngram is kept in
their separate frequency table or dictionary. Thus we
get frequency table of unigrams, bigrams, trigrams,
quadgrams and pentagrams.
The probability of nth word depends on the n1

words. For a trigram model (n = 3), for example, the
probability of each words depends on the two words
immediately before it.
Training the ngram model is done by calculating

conditional probabilities from the training data.
The conditional probability for the word at posi

tion ’t’ in the sentence, if the words before it are
wt−1, wt−2...wt−n is:

P (wt|wt−1...wt−n) (1)

We can estimate this probability by counting the
occurrences of these series of words in the training
data.

P̂ (wt|wt−1...wt−n) =
C(wt−1...wt−n, wn)

C(wt−1...wt−n)
(2)

where:
The function C(...) denotes the number of oc

currence of the given sequence and is retrieved from
the previously made frequency tables for the given
sequence(ngram).

P̂ means the estimation of P.
The following example shows the probability calcu

lation of a word in a trigram model: Given sentence:
नेपाल एक सु र देश हो
P( देश / एक सु र ) = C( एक सु र देश ) / C( एक

सु र )
Maximum Likelihood Estimation: MLE is an esti

mation of the parameters of a probability distribution
by maximizing a likelihood function, so that the as
sumed statistical model of the observed data is most
probable.
It estimates the model parameters such that

the probability is maximized. In practice,
we simply count the occurrence of word
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patterns to calculate the maximum likelihood
estimation of P (wt|wt−1, wt−2...wt−n). Here,
wt|wt−1, wt−2...wt−n is the sequence of words and
’t’ is the position of the word in the sentence.

Unigram Model:

P (wt) =
C(wt)∑
w C(w)

(3)

Bigram Model:

P (wt|wt−1) =
C(wt−1, wt)∑
w C(wt−1, w)

(4)

Trigram Model:

P (wt|wt−1, wt−2) =
C(wt−2, wt−1, wt)∑
w C(wt−2, wt−1, w)

(5)

Prediction Table for Suggestions: Using MLE for
mulas, probability tables are created for each of the
unigram, bigram, trigram and quadgram models. They
are used to evaluate the models and to find which word
is most likely to appear next. The suggestions for each
Ngram are sorted in descending order based on their
conditional probability.
Stupid Backoff Algorithm in Use: When the Ngram

is encountered in the model in course of suggestion,
the word with the highest probability for the encoun
tered Ngram is the best next word and hence it is
suggested. But if the Ngram is not found in the current
model then the lower order Ngram model is used for
suggestion. This is called Stupid backoff algorithm.
That is, if the given sequence after which a word is to
be predicted is not present in a higherorder Ngrams,
the first word is removed and we back off to a lower
order Ngram.
The figure above is the block diagram showing

the steps followed to generate prediction tables. N
Grams model is generated using the train corpus.
Using unigrams, bigrams, trigrams and quad grams
in NGram model, prediction tables are generated for
Maximum Likelihood Estimation.
Sample Ngram Model Prediction Tables:

For unigram: ’नम े ’ : [(’के ’, 0.085), (”छ’, 0.046),..]
For bigram: (’नम े ’, ’के ’), : [(‘छ’, 0.051), (’यहाँलाई’),
0.025),..]
For trigram: (’नम े ’, ’के ’, ‘छ’) : [(’खबर’, 0.056),
(’यहाँलाई’, 0.035),..]
For quadgram: (’नम े ’, ’के ’, ‘छ’, ’खबर’) : [(’हजुरको’,
0.021), (’यहाँलाई’, 0.015),..]
Atmost 3 probable next words for each gram are
included in the prediction table.

2) User defined Model: During the period of using
the program, user can manually add the words if not
predicted by the predefined model. Everything the user
types, it is stored in a user’s personalized corpus. This
corpus is used to train another personalized Ngram

Fig. 3: Generating prediction tables by applying
NGrams model

model following the same steps as predefined model
except the data collection step, as the corpus for train
ing this model is readily available from the previously
stored user data. The more user uses the program, the
better it knows about the sequence or patterns of the
users text and hence gives better predictions in long
run.

Fig. 4: Generating prediction tables by applying N
Grams model

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

253



ISBN 978-9937-0-9019-3

V. PERPLEXITY

The equation 2 doesn’t work when a count of
an ngram is zero. Let’s assume that the application
encounters an ngram that did not arise in the training
data. Then, the equation 2 cannot be evaluated (it
becomes zero divided by zero). To handle zero counts
ksmoothing is performed.
Ksmoothing adds a positive constant k to each

numerator and k*|V| in the denominator, where |V| is
the number of words in the vocabulary.

P̂ (wt|wt−1...wt−n) =
C(wt−1...wt−n, wn) + k

C(wt−1...wt−n) + k|V |
(6)

For ngrams that have a zero count, the equation 6
becomes 1

|V | . This shows that any ngram with zero
count has the probability of 1

|V | .
In practice we do not use raw probability as our met

ric for evaluating language models, but a variant called
perplexity, a measurement of how well a probability
distribution or probability model predicts a sample. If
a language model can predict the words that did not
occur in the test set, i.e., the P(a sentence from a test
set) is highest; then such a language model is more
accurate [10]. For a test set wt−1, wt−2...wt−n:

PP (W ) = N

√√√√ N∏
t=n+1

1

P (wt|wt−n...wt−1)
(7)

where; N is the length of the sentence.
n is the number of words in the ngram (e.g. 2 for a
bigram).
The Equation 7 easily creates numerical underflow.

The product of small probabilities quickly rounds off
to zero. This formula below is equivalent to the one
above, and solves the issue.

PP (W ) = exp(−
∑N

t=n+1 log(P (wt|wt−n...wt−1))

N
) (8)

Note that because of the inverse in Equation (3.7),
the higher the conditional probability of the word
sequence, the lower the perplexity. Thus, minimizing
perplexity is means maximizing the test set probability
of the language model.

VI. ACCURACY

Accuracy is the closeness of the measured value to
a standard or true value. Accuracy of NGram model
is measured using following equation.

Accuracy =
NumberOfCorrectPrediction

TotalNumberOfPrediction
(9)

Higher the accuracy, better the model predicts the next
probable word.

VII. RESULT
From 100,000 total words, about 80% (80,000)

words were used as training data where remaining
20% (20,000) sentences were used for evaluating the
models in terms of accuracy and perplexity.

Grams Accuracy
1Gram 0.299
2Gram 0.384
3Gram 0.457
4Gram 0.486

Fig. 5: Plot of accuracy of model

With increase in length of Ngram the accuracy of
the model increases. The accuracy of 1gram, 2gram,
3gram and 4gram model was evaluated to 29.9%,
38.4%, 45.7% and 48.6% respectively. The accuracy
increases with increase in length of Ngram as ex
pected because of the increase in available knowledge
of previous text which helps in predicting next word
which is more probable in the local context.

Fig. 6: Plot of perplexity of model

With increase in length of Ngram the perplexity
of the model decreases as expected. The perplexity
of 1gram, 2gram, 3gram and 4gram model was
evaluated to 573, 602, 397 and 237 respectively.

VIII. CONCLUSION
A quick, simple and flexible Unicode Converter is

very essential and productive. This type of application
is very useful in saving human efforts. It is widely
usable in any media, machine or browser for chatting,
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emailing, messaging, writing documents and many
others.
NGrams being a fairly simple language model turns

out to be pretty straightforward and useful for real
time prediction and model formation. The accuracy of
the model can be seen improving as the value of N
Grams increases. The accuracy of our trained model
reaches upto 48%. Similarly perplexity of the trained
model decreases with the increase of length of N
gram. Building a 5grams model; avoiding pruning
when while training the models; or more powerful
smoothing algorithms than ’stupid backoff’ can be ap
plied for increase the accuracy of the model. However,
with the increase in size of model also increases the
prediction time. Hence the tradeoff between accuracy
and speed needs to be considered while enhancing the
model.

REFERENCES
[1] M. Reading and A.  Wesley, “The unicode consortium. The

unicode standard, version 4.0,” 2003.
[2] Ian H. Witten, A. Moffat, and T. C. Bell, “Compressing and

indexing documents and images,” in Managing Gigabytes,
1999.

[3] T Stocky, A. Faaborg, and H. Lieberman, “A commonsense
approach to predictive text entry,” in MIT Media Laboratory,
2004.

[4] C. Prajapati, J. D. Shrestha, and S. Jha, “Nepali unicode
keyboard layout standarization based on genetic algorithm,”
p. 2, 2008.

[5] I. H. Witten. John J. Darragh, and M. L. James, “The reactive
keyboard: A predictive typing aid.,” pp. 41–49, 1990.

[6] C. Shannon, “Prediction and entropy of printed english,” in In
Bell Systems Technical Journal, pp. 50–64, 1951.

[7] T. Magnuson and S. Hunnicutt, “Measuring the effectiveness
of word prediction: The advantage of long term use,” in
Technical Report TMH QPSR, p. 43, 2002.

[8] J. Dumbali and N. Rao, “Real time word prediction using
n grams model,” in International Journal of Innovative Tech
nology and Exploring Engineering, vol. 8, 2019.

[9] G. Lesher, B. Moulton, and J. Higginbotham, “Effects of
ngram order and training text size on word prediction,” 12
2001.

[10] D. Jurafsky and J. H. Martin, “N gram language models,” in
Speech and Language Processing, 2019.

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

255



SEMANTIC QUESTION PAIR
MATCHING WITH DEEP LEARNING

1st Abhishek Bhattarai
Dept. of Computer and Electronics

Engineering
Kantipur Engineering College

Lalitpur, Nepal
absekbhattarai@gmail.com

4th Megha Shrestha
Dept.of Computer and Electronics

Engineering
Kantipur Engineering College

Lalitpur, Nepal
meghashrestha30@gmail.com

2nd Kristish Dhaubanjar
Dept.Computer and Electronics

Engineering
Kantipur Engineering College

Lalitpur, Nepal
kritish.dhaubanjar@gmail.com

5th Sushil Rana
Dept.of Computer and Electronics

Engineering
Kantipur Engineering College

Lalitpur, Nepal
rana.sushil130@gmail.com

3rd Manish Paudel
Dept. Computer and Electronics

Engineering
Kantipur Engineering College

Lalitpur, Nepal
manish.paudel@hotmail.com

Abstract— Q&A forums like Quora,
Stack-overflow, Reddit, etc are highly susceptible
to question pair duplication. Two questions asking
the same thing could be too different in terms of
vocabulary and syntactic structure, which makes
identifying their semantic equivalence challenging.
In this paper, we’ve explored deep learning
methodology of determining semantic equivalence
between pairs of questions using a dataset released
by Quora of more than 400,000 questions pairs
through Machine Learning with Natural
Language Processing. Even if a model cannot
describe exactly the reality, it could be very helpful
if it is close enough, with our model we have tried
to achieve an accurate prediction of semantic
relatedness between common queries Our machine
learning approach is based upon Levenshtein
distance between two sentences and the
sentence-vector encoding using our own unique
Word2Vec model to experiment with a variety of
distance metrics and predict their semantic
equivalence. We compare the standard supervised
classification methods such as Logistic Regression,
KNN and Random Forest with our artificial
neural network (ANN). Our experimental results
show that the artificial neural network with word
embeddings achieves high performance, achieving

an F1-score of 0.6529 with 0.7236 accuracy on the
test set.

Keywords— semantic analysis, duplicate questions,
natural language processing, machine learning, word
embeddings.

I. INTRODUCTION

Quora has a monthly visitor of approximately 300
million users and more than 38 million questions
have been asked till date[1]. It comes in no surprise
that many users ask semantically equivalent
questions. In this study we define two questions as
semantically equivalent if they can be adequately
answered by the exact same answer. In order to build
a high-quality knowledge base, it is important to
ensure each unique question exists on Q&A forums
only once. For example, we’d consider questions like
“What are the best ways to lose weight?”, “How can
a person reduce weight?” and “What are effective
weight loss plans?” These are duplicate questions
because they all have the same intent and should not
exist separately because the intent behind all is
identical.

Understanding semantic relatedness of questions
would allow understanding of much of the
user-generated content on the Q&A forums. Thus,
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detecting duplicate questions could greatly benefit the
community. Quora, infact realized the severe issue
and hence published its dataset for the first time on 27
Feb, 2017 [2], which could be used for machine
learning for data analysis.

II. RELATED WORKS

In [3], a set of features was proposed that, although
well-known in the NLP literature for solving other
problems, had not been explored for detecting
paraphrase or semantic similarity, on noisy
user-generated short-text data such as Twitter.
Support vector machine (SVM) based learning was
applied and used the benchmark Twitter paraphrase
data, released as a part of SemEval 2015, for
experiments. The system delivered a paraphrase
detection F1-score of 0.717 and semantic similarity
detection F1-score of 0.741, thereby significantly
outperforming the then-existing systems, that deliver
F1-scores of 0.696 and 0.724 for the two problems
respectively.[3]

In [4], the main idea was to first vectorize questions
and extract features, train, and predict using machine
learning techniques based on question vectors and
features previously built. They implemented two
approaches to detect if two questions are duplicates.
Different vectorization and feature extracting
methods were used in the two approaches, one based
on the Word2Vec model and TF-IDF score, the other
one is a Neural Network method based on term
frequency. Different classification methods were also
used, for example, KNN, SVM, and Random Forest.
This reached accuracies of nearly 80% in both two
approaches.

Using a dataset of 400,000 labeled question pairs
provided by Q&A forum Quora, a researcher at the
Department of Computer Science, Stanford
University explored a series of deep learning
methodologies for detecting duplicate question pairs:
convolutional neural networks (CNNs), long
short-term memory networks (LSTMs), and a hybrid
model [5]. Each question was passed into a separate
tower of the network with identical parameters and
weights, producing a siamese network. The raw
questions, represented as single-dimensional vectors
of vocabulary indexes, are then converted into
pre-trained words in 6 embedding layer. The
embedding matrix for each question is then passed
through the encoding layer, which converts the word
matrix into a single-dimensional feature vector. The
feature vectors from each of the two independent
networks are concatenated together. Finally, the
concatenated feature vectors are passed through a
Multi-Layer Perceptron that produces the final
output.

Evaluation for extracting various features carried out
which includes the concept of fuzzy wuzzy and
vector distances of the texts was hugely inspired from
the presentation in Pydata, Berlin, Germany by
Abhishek Thakur, regarding the Deep learning model
[6] used in Question duplication analysis.

Overall, it was found that the three deep learning
models significantly out-performed the baselines
across all metrics, but none of the three deep learning
models stood out as being noticeably more expressive
than the others. The LSTM was notable for having
slightly better overall performance than the CNN, but
being significantly faster to train and perform
inference.

In this paper, we have focused on generating our own
unique word2vec model using CBOW, from the
dataset and integrating it with our neural network. By
doing so, in addition to the selected features along
with the word2vec model, the performance and
accuracy of our model showed a significant
improvement compared to previous related works.

III. METHODOLOGY
● System Architecture and Overview
The overall architecture of our system is shown
below. For each question in the pairs, the system
undergoes a series of data preprocessing, feature
extraction and engineering steps. The features from
the question pairs are fed into a feed forward neural
network for training and testing accuracies. Similarly,
the resulting trained model is used to evaluate a new
pair of questions, following the same set of
procedures of preprocessing, feature extraction and
engineering to test for duplication.

Fig 1. System Architecture

● Data Acquisition and Dataset Description
Quora has given an (almost) real-world dataset [7]
consisting of a total of 404,290 question pairs in a
tab-separated format; 255045 negative samples
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(non-duplicates) and 149306 positive samples
(duplicates) with the label of is duplicate along with
every question pair. Positive samples comprise 40%
of the total question pairs. The training dataset
contains valid question pairs , with labels:
• id: unique identifier for the question pair
• qid1: unique identifier for the first question
• qid2: unique identifier for the second question
• question1: full unicode text of the first question
• question2: full unicode text of the second question
• is duplicate: label 1 if questions are duplicates, 0
otherwise.
As a comparison, the test dataset contains 20% of the
total question pairs, but without any “is duplicate”
label as a dataset for conducting further predictions
on. The dataset was analyzed and the distribution was
visualized in a count plot.

Fig 2. Distribution of the total question pairs

● Data Pre-processing
Insignificant columns; ‘id’, ‘qid1’, ‘qid2’ are dropped
from the dataset since these have no contribution in
the learning the semantics of the questions.

1. Word Tokenization
Word tokenization splits a large sample of text into
words where each word is captured and subjected to
further analysis like classifying and counting them for
a particular sentiment.

2. Stopword Removal
Stopword words (such as the, a, an, in) are removed
as we would not want these words taking up space in
our database, or taking up valuable processing time.

3. Stemming and Lemmatization
For grammatical reasons, documents are going to use

different forms of a word, such as organize,
organizes, and organizing. Both stemming and
lemmatization reduces inflectional forms and
sometimes derivationally related forms of a word to a
common base form

● Feature Extraction
The Machine Learning models as anticipated, is
going to take in a lot of numerical values and vectors.
For example, the number of times a word appears in a
piece of text can be considered a feature. Several

features are derived from the input text, and
aggregated on a per-text basis into feature vectors
through Vector Space Modelling. Vector Space
Modelling is being implemented via following
techniques:

1. Word Embedding: word2vec
Word vectors are positioned in the corresponding
vector space such that words that share common
contexts in the body are located near to one another in
the space. These models are shallow, two-layer neural
networks that are trained to reconstruct linguistic
contexts of words. Word2vec [8] takes input from a
very large corpus of text and produces a vector space,
which consists of several hundred dimensions, with
each unique word in the corpus assigned equivalent
vector in the space.

1.1. Continuous Bag of Word Model
CBOW as our Word Model, is predicting the word by
the context. A context may be a single word or
multiple words for a given target word. For instance,
Hope can set you free. So one approach is to treat
Hope, set, you, free as a context and from these words
be able to predict or generate the center word can.

Fig 3: CBOW model

● Feature Engineering
Feature engineering involves extracting information
from the given dataset. Features are divided into four
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categories. This involves the working of basic NLTK
mathematics, fuzzywuzzy parameters, Word Mover
Distance and Vector distance.

1. NLTK Library Groundworks
The simple features: len q1, len q2, diff len, len char
q1, len char q2, len word q1, len word q2 and
common words are derived from the dataset.

2. Fuzzy wuzzy Features
Fuzzy String Matching, known as approximate string
matching, uses Levenshtein Distance, which is the
number of primitive operations (insertion, deletion
and substitution) necessary to convert the string into
an exact match, to calculate the differences between
sequences.

3. Word Mover Distance
WMD is used to assess the distance between two
texts, even when they have no words in common. It
uses word2vec vector embeddings of words.

4. Vector distances
Various vector distances: Cosine, Cityblock,
Canberra, Euclidean, Minkowski and BrayCurtis
distances are measured for all the question pairs.
These distances are plotted against common words
which give the similar plot.

Cosine Distance:

similarity = =𝑐𝑜𝑠(θ)
𝐴.𝐵
𝐴| | 𝐵| |

Euclidean Distance:

d(p,q) =
𝑖=1

𝑛

∑ (𝑞
𝑛 

−  𝑝
𝑛
) 2

Minkowski Distance:

D(X,Y) = (
𝑖=1

𝑛

∑ 𝑥
𝑖

− 𝑦
𝑖| |𝑝 )

1/𝑝

● Supervised Machine Learning
For the validation of feature-engineered parameters,
different supervised machine learning algorithms are
applied, possible along with the study of their
accuracy and results for a few parameters. The
supervised machine learning algorithms under
considerations via scikit-learn library are:

Fig 5. Supervised Machine Learning

● Neural Network Design
Artificial neural networks (ANN) or connectionist
systems are computing systems vaguely inspired by
the biological neural networks and astrocytes that
constitute animal brains. The neural network itself is
not an algorithm, but rather a framework for many
different machine learning algorithms to work
together and process complex data inputs.

Fig 4. Architecture of Neural Network

● Framework of Artificial Neural Network:

After completion of feature engineering, the
parameters extracted are now tested to evaluate how
these parameters affect the performance of our neural
network. 16 best parameters are chosen through the
analysis of correlation heat-map.

Our Artificial Neural Network is designed consisting
of 5 hidden layers. Input layer consists of 16 nodes
that send information to the hidden layer. The exact
artificial neural network of our model consists of an
input layer with 16 input nodes, 5 hidden layers with
8 nodes each for precise result calculation and a
single output node that results 1 or 0 i.e. duplicate or
not duplicate. The nodes in the input layer and the
hidden layers have ReLU as the activation function,
while the output node has sigmoid function as the
activation function. Mathematically, ReLU is defined
as

y = max(0, x).
Often, sigmoid function refers to the special case of
the logistic function and defined by the formula:

S(X) = 1/ (1 + e-x)

Training
We used 20% of the dataset as testing dataset and
remaining 80% as training dataset. Input parameter
are: diff len, common words, fuzz qratio ,fuzz
WRatio, fuzz partial ratio, fuzz partial token set ratio,
fuzz partial token sort ratio, fuzz token set ratio, fuzz
token sort ratio, wmd, cosine distance, cityblock
distance, canberra distance, euclidean distance,
minkowski distance and braycurtis distance. The
batch size is 10 and 30 epochs are used for training of
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our model. Batch size defines the number of samples
that are going to be propagated each time through the
network.

IV. RESULT AND ANALYSIS

● Confusion Matrix
The matrix (table) shows us the number of correctly
and incorrectly classified examples, compared to the
actual outcomes (target value) in the test data. The
simplest classifiers, called binary classifiers, have
only two classes: positive/negative, yes/no,
male/female. Performance of the binary classifier is
summarized in a confusion matrix, for the duplicate
and non-duplicate questions, as shown:

Predicted Values

Actual
Values

is_duplicate 0 1

0 36462 12792

1 8954 20455

Fig 6. Corresponding Confusion Matrix of ANN
Model

Measure Value Derivations

Sensitivity 0.6955 TPR = TP / (TP + FN)

Specificity 0.7403 SPC = TN / (FP + TN)

Precision 0.6152 PPV = TP / (TP + FP)

Negative Predictive
Value

0.8028 NPV = TN / (TN + FN)

False Positive Rate 0.2597 FPR = FP / (FP + TN)

False Discovery
Rate

0.3848 FDR = FP / (FP + TP)

False Negative
Rate

0.3045 FNR = FN / (FN + TP)

Accuracy 0.7236 ACC = (TP + TN) / (P + N)

F1 Score 0.6529 F1 = 2TP / (2TP + FP + FN)

Fig 7. Summary of Confusion Matrix

Accuracy and Loss
In running our experiments, a sample batch size of 30
was used and trained for a total of 10 epochs. Adam
optimization was used with learning rates as shown in
the table below. Binary cross entropy was chosen for
the loss. Across all three of the models of
experiments studied, a similar pattern of convergence
was found. The model accuracy would sharply

increase over the few training epochs, then quickly
flatline after about 13 to 15 epochs. A similar pattern
in the loss was observed, where it decreases for the
first few epochs, then begins to flatten consistently as
the magnitude of the accuracy increases.

Fig.8,9 .Training Loss and Accuracyof ANN

Conclusion
With prior findings from the related works, we’ve
developed our own machine model to simplify the
semantic machine of question pairs. The main
objective was to develop a module to analyze and
identify the questions having the same semantic
meaning while also verifying the accuracy of the
ANN model with some of the supervised machine
model based upon the same set of features. The
resulting model is designed to prevent the duplication
for Q&A forums like Quora and which would be able
to assist mitigation of redundancy in answers to
support a high-quality knowledge base. Using the
machine learning techniques on the dataset, the main
goal was fulfilled with understanding the challenges
in the collection of relevant features from sentences
and designing a system to decide upon the question of
duplication of question pairs, and the semantic
relatedness of sentences from words. In conclusion,
our project is capable of adding values to Q & A
forums and its users as mentioned in the applications.
We’ve achieved almost near accuracy compared to
the related approaches, whilst taking a simpler, more
understandable and generic approach which can be
applicable for fields other than semantic question pair
matching in the field of NLP.

Future Enhancement
We, in the field of statistics and machine learning
tried to develop theoretical models, aiming to predict
the behaviour of a certain process, the idea of the
quote, “All models are wrong, but some are useful” is
that every single model will be wrong, holds for
every machine model, meaning that it will never
represent the exact real behaviour. Having said that,
even if a model cannot describe exactly the reality, it
could be very helpful if it is close enough, where the
areas of further improvement and enhancements for
us are presented as follows:

• Data from multiple Q&A forums
Our only source of question pairs is Quora.
Collecting data from other sources helps to cover
more of the entirety of questions, as one source
cannot cover all the questions. This helps to get the
complete picture of the situation.
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• Perform Part of Speech Tagging
Part-of-speech tagging is harder yet more accurate
than just having a list of words and their parts of
speech, because some words can represent more than
one part of speech at different times, and because
some parts of speech are complex or unspoken. This
is not rare, in natural languages, a large percentage of
word-forms are ambiguous.

• Perform Named Entity Recognition
Classification of named entities that are present in a
text into predefined categories like individuals,
companies, places, organization, cities, dates, product
terminologies etc. is not implemented in the system,
but if performed, it could add a wealth of semantic
knowledge to the content and helps to promptly
understand the subject of any given text.
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Abstract—Whenever we listen to or meet a new person
we try to predict personality attributes of the person.
Our behavior towards the person is hugely influenced
by the predictions we make. Personality is made up
of the characteristic patterns of thoughts, feelings and
behaviors that make a person unique. Your personality
affects your success in the role. Recognizing about
yourself and reflecting on your personality can help you
to understand how you might shape your future. Various
approaches like personality prediction through speech,
facial expression, video, and text are proposed in lit-
erature to recognize personality. Personality predictions
can be made out of one’s handwriting as well. The aim
of this research project is to examine validity of the
Graphological method to assess personality traits. This
research project outlines the development of a Supervised
Neural Network Model for the personality prediction.
Machine learning techniques have been widely used in
various fields for complex pattern matching and making
decisions. The research based system based on neural
networks was proposed that aims to determine the Big
Five personality traits with handwriting features from
data sets containing both predefined and random texts.
The predefined texts add more value if enforced on
writers in the training stage. Handwriting Analysis or
Graphology is a consistent method for perceiving, survey-
ing and understanding personality through the strokes
and structures revealed by handwriting. Handwriting re-
veals authentic character including excited, fears, validity
and various others. Capable handwriting experts called
graphologist every now and again recognize the writer
with the touch of handwriting. This research project
presents a prediction on a big five personality traits from
handwriting using FFM and Graphological analysis.

Index Terms—Supervised Neural Network Model,
Personality Prediction, Machine Learning, Handwriting
Analysis, Graphology, FFM

I. INTRODUCTION

Handwriting Analysis or Graphology is a scientific
method of identifying, evaluating and understanding
personality through the strokes and patterns revealed
by handwriting which is supposed to be revealing true
personality. Handwriting has been used for centuries as
a way of communication and expression for humans,
but only recently it links to brain activity and the psy-
chological aspects of humans have been studied. The
psychological study of handwriting with the purpose
of determining the personality traits[1], psychological
states, temperament, or the behavior of the writer is

called graphology and is still a debatable domain as it
lacks a standard, most of the handwriting interpreta-
tions being done subjectively by trained graphologists.

Handwriting analysis is not a document examina-
tion, which involves the examination of a sample of
handwriting to determine the author. Handwriting is
often referred to as brain writing. Each personality
trait is represented by a neurological brain pattern[2].
Each neurological brain pattern produces a unique
neuromuscular movement that is the same for every
person who has that particular personality trait. When
writing, these tiny movements occur unconsciously.
Each written movement or stroke reveals a specific
personality trait. Graphology is the science of identi-
fying these strokes as they appear in handwriting and
describe the corresponding personality trait[3]. There-
fore, handwriting is, from this perspective, an accurate
mirror of people’s brain. The Big Five Personality
Traits, also known as five-factor model FFM and the
OCEAN Model, is a taxonomy for personality traits.

Now, let us be enlightened about personality traits
in detail. What makes someone who they are? Each
person has an idea of their own personality type – if
they are bubbly or reserved, sensitive or thick skinned.
Psychologists who try to tease out the science of who
we are define personality as individual differences
in the way people tend to think, feel and behave.
There are many ways to measure personality, but
psychologists have mostly given upon trying to divide
humanity neatly into types. Instead, they focus on
personality traits. The Big Five were developed in the
1970s by two research teams i.e. Paul Costa and Robert
R. McCrae of the National Institutes of Health and
Warren Norman and Lewis Goldberg of the University
of Michigan at Ann Arbor and the University of
Oregon[1]. The most widely accepted of these traits
with the handy OCEAN mnemonic are the Big Five:
i. Openness ii. Conscientiousness iii. Extraversion iv.
Agreeableness v. Neuroticism The Big Five are the
ingredients that make up each individual’s personality.
A person might have a dash of openness, a lot of
conscientiousness, an average amount of extraversion,
plenty of agreeableness and almost no neuroticism at
all. Or someone could be disagreeable, neurotic, in-
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troverted, conscientious and hardly open at all. Here’s
what each traits entails: i. Openness is shorthand for
“openness to experience”. People who are high in
openness enjoy adventure. They’re curious and appre-
ciate art, imagination and new things. The motto of the
open individual might be “Variety is the spice of life.”
People low in openness are just the opposite: They pre-
fer to stick to their habits, avoid new experiences and
probably aren’t the most adventurous eaters. Changing
personality is usually considered a tough process, but
openness is a personality trait that’s been shown to be
subject to change in adulthood. ii. Conscientiousness
is the people who are organized and have a strong
sense of duty. They’re dependable, disciplined and
achievement-focused. You won’t mind conscientious
types jetting off on round-the-world journeys with only
a backpack; they’re planners. People low in consci-
entiousness are more spontaneous and freewheeling.
They may tend toward carelessness. Conscientiousness
is a helpful trait to have, as it has been linked to
achievement in school and on the job. iii. Extraversion
is possibly the most recognizable personality trait of
the Big Five. The more of an extrovert someone is,
the more of a social butterfly they are. Extroverts
are chatty, sociable and draw energy from crowds.
They tend to be assertive and cheerful in their social
interactions. Whereas, introverts are on the other hand,
need plenty of alone time, perhaps because their brains
process social interaction differently. Introversion is
often confused with shyness, but the two aren’t the
same. Shyness implies a fear of social interactions
or an inability to function socially. Introverts can be
perfectly charming at parties – they just prefer solo or
small group activities. iv. Agreeableness measures the
extent of a person’s warmth and kindness. The more
agreeable someone is, the more likely they are to be
trusting, helpful and compassionate. Disagreeable per-
son are cold and suspicious of others, and they’re less
likely to cooperate. Being envious, which can lead to
people being perceived as not agreeable, was found to
be the most common personality type. Envious people
feel threatened when someone else is more successful
than they are. v. Neuroticism is the trait in which
people high in neuroticism worry frequently and easily
slip into anxiety and depression. If all is going well,
neurotic people tend to find things to worry about.
Unsurprisingly, neuroticism is linked with plenty of
bad health outcomes. Neurotic people die younger
than the emotionally stable, possibly because they
turn to tobacco and alcohol to ease their nerves. In
contrast, people who are low in neuroticism tend to
be emotionally stable and even-keeled. This project
aims to build a system that is able to automatically
analyze a set of handwriting features and evaluate
the personality of the writer using the Five-Factor
Model (FFM). To test this system the first dataset
is proposed, that links the FFM personality traits
to handwriting features. Proposed System offers an

attractive alternative to the standard FFM questionnaire
or psychological interviews that are currently used
for evaluating personality, because it is easier to use,
involves less effort and is faster. It aims the highest
accuracy compared to other methods.

II. LITERATURE REVIEW

Handwriting Analysis or Graphology is a scientific
method of identifying, evaluating and understanding
personality through the strokes and patterns revealed
by handwriting. Among the many aspects of handwrit-
ing that can serve as scheme to predict personality
traits are baseline, size of letter, connecting strokes,
spacing between letters, words and lines, starting
strokes, end-strokes, word-slant, speed of handwriting,
width of margins, and others. Writer individuality rests
on the hypothesis that each individual has consistent
handwriting, which is distinct from the handwriting of
another individual. However, this hypothesis has not
been subjected to rigorous scrutiny with the accom-
panying experimentation, testing, and peer review. As
mentioned previously, currently, there is no standard
developed in predicting behavior based on handwrit-
ing, the majority of Graphological analysis being done
by specialized graphologists. However, research was
conducted in the area of computer science which
aimed to create such systems in order to recognize
the behavior from Handwriting in an easier way and
also to standardize the Graphological analysis. In the
next paragraphs, we present the state-of-the-art in this
area as well as several studies which made use of
handwriting to determine the psychological traits or
mental status of individuals.

Mihai Gavrilescu and Nicolae Vizireanu [1] pro-
posed the first non-invasive three-layer architecture
in literature based on neural networks that aimed
to determine the Big Five personality traits of an
individual by analyzing offline handwriting. They also
presented the first database in literature that links the
Big Five personality type with the handwriting features
collected from 128 subjects containing both predefined
and random texts. Testing their novel architecture on
those database, they showed that the predefined texts
add more value if enforced on writers in the training
stage, offering accuracies of 84.4in intra-subject tests
and 80.5% in inter-subject tests when the random
dataset were used for testing purposes, up to 7% higher
than when random datasets were used in the training
phase. They obtained the highest prediction accuracy
for Openness to Experience, Extraversion, and Neu-
roticism (over 84%), while for Conscientiousness and
Agreeableness, the prediction accuracy was around
77%.

Behnam Fallah and Hassan Khotanlou describe in
[2] a research with a similar purpose as the one
conducted in this paper, aiming to determine the per-
sonality of an individual by studying handwriting. The
Minnesota Multiphasic Personality Inventory (MMPI)
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is used for training their system and a Hidden Markov
Model (HMM) is employed for classifying the proper-
ties related to the target writer, while a neural network
(NN) approach is used for classifying the properties
which are not writer-related. The handwriting image
is analyzed by these classifiers and compared with the
patterns from the database, the output being provided
in the form of the personality of the writer on the
MMPI scale. Their system offers over 70 percent
accuracy at this task.

Similarly, in [3], an instrument for behavioral anal-
ysis is described with the task of predicting personal-
ity Traits from handwriting. The approach takes into
account the following handwriting features: letter “t,”
lower loop of the letter “y,” the pen pressure, and the
slant of writing.

Similarly, in [4], it is proposed a way to describe
handwriting based on geometric features which are
combined using random forest algorithms and kernel
discriminant analysis. The system is able to predict
gender with 75.05 percent, age with 55.76 percent,
and nationality with 53.66 percent when all the writers
were asked to write the same text, and 73.59 percent
for gender prediction, 60.62 percent for age prediction,
and 47.98 percent for nationality prediction when each
subject wrote a different text. Since handwriting anal-
ysis is a complex task requiring multiple techniques in
order to analyze the multitude of handwriting features.
One of the most challenging tasks is the one of
segmenting the handwritten image into text lines and
words.

Fig. 1: System Mechanism

III. PROBLEM ON HAND

It is difficult to predict personalities of people with-
out using an effective system. It takes a whole lot
of time and effort to organize FFM questionnaire or
psychological interviews to predict personality. It also
requires a lot of extra personnel such as psychologists
to do the graphological analysis.

IV. METHODOLOGY

A. System Mechanism

Our system targets the every fields where the per-
sonality of person plays an important role. The model
type that we used is Sequential. Sequential is the
easiest way to build a model in Keras that allows us to
build a model layer by layer. Our system predicts the
personality of the people by using their handwriting
and classify their personality among the five different
traits and displays each traits in certain percentage
value, each of them are out of 100%.

We have performed Two Layer Architecture i.e.
Base Layer and Top Layer with Image Augmentation
and using CNN respectively. Image Augmentation is
used to expand our training dataset artificially by
creating the modified versions of images existing in the
dataset. It creates the variations of the image that pro-
vides more images to train on. Then they were passed
to neural network(CNN) that is composed of multiple
building blocks, such as convolution layers, pooling
layers, and fully connected layers, and is designed to
automatically and adaptively learn spatial hierarchies
of features through a backpropagation algorithm. And
then finally the five personality traits were obtained as
output from the neural network.

The mechanism of our system is diagrammatically
shown in the figure below

1) Handwriting Samples: The different types of
handwritten samples were collected that belong to our
different traits as per their features. The clean and
validated dataset were downloaded from the kaggle
website which contained dataset for each traits in

For this, the Vertical Projection Profile (VPP) [5]
method has shown the most promising results and
this is the one that we use in this paper for both
row and word segmentation. Regarding feature clas-
sification, different classifiers are used successfully
for each of the handwriting features. For example,
for lowercase letters “t” and “f,” the most common
method used is template matching, for writing pressure
gray-level thresholding methods are employed, while
for connecting strokes the Stroke Width Transform
(SWT) has shown the best classification accuracy
compared to other state-of-the-art methods. In the
following sections, we present in detail the classifiers
used for each of the handwriting features analyzed in
the current research project. With all these in mind,
the current research proposes a novel non-invasive
neural network-based architecture for predicting the
Big Five personality traits of a subject by only an-
alyzing handwriting. This system would serve as an
attractive alternative to the extensive questionnaire
typically used to assess the FFM personality traits and
which is usually cumbersome and non-practical, as
well as avoid the use of invasive sensors. We focus
our attention on handwriting because it is an activity
familiar to almost everyone and can be acquired fast
and often.
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Fig. 2: Convolutional Neural Network[6]

separate folders. They were insufficent for the training
and testing purpose. So in collaboration with our
supervisor we created additional dataset following
the specified criterias for each traits in the refrence
paper[1]. Then these dataset were used for training
and the testing purpose. It was made sure that approx-
imately 80% of the total dataset were used for the
training and rest of the 20% dataset were used for the
testing. Accuracy and Loss were the major evaluation
criteria for this model.

2) Image Processing: Image processing is a method
to perform some operations on an image, in order
to get an enhanced image or to extract some useful
information from it. Due to the limited number of
dataset we went through image augmentation which
is the part of the image processing. It can be further
explained below:

Image Augmentation: It is the technique that we
used to expand our training dataset artificially by
creating the modified versions of images existing in
the dataset. It creates the variations of the image
that provides more images to train on. By creating
the image generator by calling ImageDataGenerator()
function which provides a quick and easy way to
augment images and provides different augmentation
techniques like rotation, flip, shift, shear, zoom, etc.
by passing different parameters like shear range for
shearing, zoom range for zooming, scale pixels for
rescaling were carried out in this process. This task
comes under the Base Layer.

The dataset was rescaled between 0 and 1 and
then different techniques were applied like horizontal
flipping was made true to flip the pictures horizontally.
Also the shearing range and zoom range was provided
to shear and zoom pictures randomly.

B. Use Neural Network

Convolutional neural network is a class of deep
learning methods which has become dominant in
various computer vision tasks. Convolutional neural
network is composed of multiple building blocks,
such as convolution layers, pooling layers, and fully
connected layers, and is designed to automatically
and adaptively learn spatial hierarchies of features
through a backpropagation algorithm. The first two,
convolution and pooling layers, perform feature ex-
traction, whereas the third, a fully connected layer,
maps the extracted features into final output, such as
classification. We used Convolutional Neural Network

for the further processing. The tasks under the CNN
can be categorized under two categories viz. Feature
Extraction and the Classification. Going into them in
detail:

1) Feature Extraction:
1) Convolutional Layer

a) The input images are initially provided
to the first layer of feature learning i.e
convolutional layer. This layer changes the
input image into the pixels, we can say
a 2D picture is changed to 2D form of
image matrix that contains the different
pixel values. It preserves the relationship
between pixels by learning image features
using small squares of input data. It also
takes the filter as an input. By multiplying
the pixel values contained by image matrix
and the filter matrix this layer produces an
output matrix that contains convolved fea-
tures. This multiplication between image
matrix and filter matrix is known as fea-
ture mapping. This multiplication between
image matrix and filter matrix is known as
feature mapping. Its can be illustrated as:
Let height, width and of input image be

Hc,Wc

and of filter matrix be

Hf ,Wf

respectively; Also let the channel size be
’C’. Then above expressions can be ex-
plained mathematically as:
Size of input image :

(Hc ∗Wc ∗ d) (1)

Size of filter :

(Hf ∗Wf ) (2)

Let size of feature map is :

((Hc−Hf +1)∗ (Wc−Wf +1)∗C) (3)

b) The filter moves to the right with a certain
Stride Value till it parses the complete
width. Moving on, it hops down to the
beginning (left) of the image with the same
Stride Value and repeats the process until
the entire image is traversed. If omitted, the
default is 1: return every character in the
requested range. The default value of stride
is used that parses the complete width by
moving filter to right direction with stride
value 1.

c) The used activation function is ReLU. It
is the widely used activation function that
introduces the non-linearity. It changes all
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the negative values of output matrix given
by convolution layer to 0. The performance
of ReLU is better in compared to other
nonlinear functions like tanh or sigmoid.
Mathematically, it can be shown as:

R(z) = max(0, X) (4)

where X is the initial value before passing
to activation function as input. The max-
imum value between O and X is output
value from this activation function.

ii. Max pooling was used to reduce the spatial
dimensions of the output volume. This layer is
responsible for reducing the parameters of the
images specially when they are very large. It can
be done in many ways like max pooling, average
pooling and sum pooling. Max Pooling returns
the maximum value from the portion of the
image covered by the Kernel. On the other hand,
Average Pooling returns the average of all the
values from the portion of the image covered by
the Kernel. Max pooling was used in our model.
It uses the maximum value out of different
values under the pool size provided. Generally
pool size of 2*2 is used that mostly results in 4
values replaced by one maximum value among
them. In this case, the dimensionality of the 2d
array from convolutional layer is reduced to half.
If we have feature map of size

Hf ∗Wf

then after pooling with pool size P they are
reduced as

(
Hf

P
∗ Wf

P
) (5)

, where
Hf ,Wf

have even value if they have odd value then first
1 is subtracted from them and then they are feed
to above equation (4.4).
This ‘Feature Learning’ process can be repeated
as many times as per requirement until satisfied.
Number of repetations can be analyzed by look-
ing at the size of the picture to be used and
according to it they can be segregated. After
completing all the repetitions now the result is
passed to the ‘classification’ category of the con-
volutional Neural Network thich comes under
Top Layer which is described under algorithm.

V. BACKPROPAGATION ALGORITHM

As the task is a pattern recognition task and also
considering that our architecture is bottom-up with no
feedback loops, we use a feed-forward neural network.
Also, with the same premises in mind, the training
method will be used is backpropagation, which has
proven to be very effective and offers fast learning. The
back- propagation algorithm cycles through a forward

Fig. 3: Neural Network Structure[1]

pass followed by a backward pass through the network.
The algorithm alternates between these passes until it
“learns” to make good classifications. Forward Pass:
In this pass outputs of all neurons in the network are
computed. Neuron outputs are computed for each layer
from the first hidden layer to the subsequent layers.
Outputs of one layer are the inputs of the succeeding
layer. This continues layer by layer until we reach the
output layer and compute the outputs for this layer.
Backward Pass: The error calculated in the forward
pass is propagated backwards from the output layer
to the input layer. Weight modification is done as the
error is propagated.

1) Back Propagation: Detail Algorithm:
i. Initialize the weights and bias to random values.

ii. Consider input values I and target value T .
iii. Do forward pass to calculate hidden layer values

Ij =
∑

(wij ∗Oi) + bj (6)

iv. Take a activation function for input to hidden
layer

R(z) = max(0, x) (7)

v. Calculate input for output layer

Ik =
∑

(wjk ∗Oj) + bk (8)

vi. Take a activation function for hidden to output
layer i.e Sigmoid activation function.

f(x) =
1

1 + e−Ik
(9)

vii. Calculate Errors:
• Error in output layer

Ek = Ok(1 −Ok)(T −Ok) (10)

• Error in hidden layer

Ej = Oj(1 −Oj)
∑

(Ek ∗ wjk) (11)

viii. Updating Weight and bias
• Hidden layer’s weight and bias are updated

using following formula:

∆(wij) = α ∗ Ej ∗Oi (12)

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

266



ISBN 978-9937-0-9019-3

wij(new) = wij(old) + ∆(wjk) (13)

∆(bj) = α ∗ Ej (14)

bj(new) = bj + ∆(bj) (15)

• Output layer’s weight and bias are updated
using following formula:

∆(wjk) = α ∗ Ek ∗Oj (16)

wjk(new) = wjk(old) + ∆(wjk) (17)

∆(bk) = α ∗ Ek (18)

bk(new) = bk(old) + ∆(bk) (19)

ix. Continue from step (ii) to (vi) untill all training
sets values are satisfied.

As the algorithms name implies, the errors (and there-
fore the learning) propagate backwards from the output
nodes to the inner nodes. Therefore, backpropaga-
tion is used to calculate the gradient of the error of
the network with respect to the networks modifiable
weights. This gradient is almost always then used in
simple stochastic gradient descent algorithm to find
weights that minimize the error. Often the term ”back-
propagation” is used in a more general sense, to
refer to the entire procedure encompassing both the
calculation of the gradient and its using stochastic gra-
dient descent. Back-propagation usually allows quick
convergence on satisfactory local minima for error in
the kind of networks to which it is suited.

2) Implementation of Algorithm: In our project we
created a model using a backpropagation algorithm
forming one input layer and one hidden layer with
activation function ’relu’, which is a default activation
function for many types of neural network as it is
easier to train and achieve better performance. This
activation function uses piecewise linear function that
will output the input directly if it is positive, otherwise,
it will output zero. Along with input and hidden layers
we have output layer that is activated by sigmoid
activation function which is mostly preferred in output
layers since it gives multiple true answers in our model
i.e classifying into five traits. We used Flatten as a
connection between the convolution and dense layers.

We compiled our model by taking three parameters
i.e ’adam’ as a optimizer that adjusts the learning rate
throughout training, ’sparse categorical crossentropy’
as our loss function that saves time in memory as well
as computation because it simply uses a single integer
for a class, rather than a whole vector and ’accuracy’ as
our metric to see the accuracy score on the validation
set when we train the model.

VI. RESULT

Our main objective was to build a system that can
predict the personality by using the handwriting of
people under 5 major traits. We collected dataset for
each personality traits which was the most difficult
task while carrying out project. Since we had not
enough dataset we performed image augmentation that
helped us to expand our training dataset by creating
the modified versions of images that we had collected.
The different variations were done in this category like
shearing, zooming which were done randomly, flipping
that was done horizontally. To ensure the size of data
between 0 and 1 rescaling process was carried out.
Then after this task of image processing we build a
sequential model in which we can created our model
layer-by-layer. Under the convolutional neural network
the data or image went through those layers repeatedly.
The process can be described with an example as
shown below:

VII. FEATURE EXTRACTION PHASE

i. Convolutional Layer
In this layer the image is changed to pixel value
in 2D array. For eg, though the dimension of the
images is high for easy understanding, let us say
the image is converted to 6*6 2d array of pixels
as shown below:

0 1 0 0 1 0
1 0 1 0 1 0
0 0 1 0 1 0
0 0 1 0 1 1
0 0 0 1 1 0
0 1 0 1 0 1

TABLE I: Image sample changed to 2D matrix of pixel
value

Also we had used a filters of size 3*3 which is
multiplied by the convolutional matrix to obtain
the feature map. For example, let is consider a
filter matrix be as shown below :

0 1 0
1 0 1
0 0 1

TABLE II: Filter matrix of size 3*3

Then to extract the feature map the above 2d
convolutional matrix was multiplied by the 3*3
filter size matrix . We obtained a matrix as shown
below:

4 0 3 1
2 1 3 1
1 2 3 2
0 3 1 3

TABLE III: Extracted Feature Map
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eg, if the provided image size is (600*600*3)
and the filter size is (3*3) then the feature map
will be,
Feature Map size = ((600-3+1)*(600-3+1)*8)
Feature Map size = 598*598*8

ii. Activation function
The activation function called ReLU was used
which was resposible for changing all negative
values to the zero. It can be described by taking
an valid example as shown below. All the pixel
value of feature set which were negative values
were changed to 0 value as shown below. The
array or matrix obtained in this way were then
sent to next layer, pooling layer for further
processing.

-4 0 3 -1 1 0
6 -4 0 1 -1 3
2 4 -1 0 -2 -4
3 0 -1 2 -1 4
1 3 -2 1 0 2
-1 0 -2 2 1 -3

TABLE IV: Array before applying ReLU function

0 0 3 0 1 0
6 0 0 1 0 3
2 4 0 0 0 0
3 0 0 2 0 4
1 3 0 1 0 2
0 0 0 2 1 0

TABLE V: Array After applying ReLU function

iii. Pooling
Now this matrix undergoes a pooling layer. The
pooling can be done as max pooling, average
pooling or sum polling but here we preferred
max pooling of size 2*2. The dimension of
above matrix decreases after pooling without
distrubing its features. The matrix produced is
tabulated below

6 3 3
4 2 4
3 2 2

TABLE VI: Max pooling using pool size 2*2

If the provided size of feature map to pooling
layer is (598*598*8) and the pool size is (2*2)
then the 2d array after pooling will be of size,
Pooled size = ((598/2)*(598/2)*8)
Pooled size = (299*299*8)
If the size of feature map to pooling layer is
(297*297*16) and the pool size is (2*2) then
the 2d array after pooling will be of size
Pooled size = (((297-1)/2)*((297-1)/2)*16),
since feature map has dimension of odd value,
first 1 is subtracted from feature map and then
calculation is done.

Pooled size = (148*148*16) ,

The above process i.e sequence of going through
convolutional layer, normalization layer and
pooling layer was repeated for five more times.
Since our input images has the size 600*600*3
we went to repeat this cycle for 5 more times.
And finally we got comparatively small sized 2D
array ie matrix that was changed to 1D array
by flattening using flatten() function. Then so
found data were feed into the dense layer of
the classification category of the convolutional
neural network which is an input layer for clas-
sification algorithm. for example the flatten array
of the above matrix looks like:

6
3
3
4
2
4
3
2
2

TABLE VII: Array from pooling layer after flattening

These values are taken as input for the input
layers of the classification algorithm and further
calcuation or process takes places which is de-
scribed below in the classification section.

VIII. CLASSIFICATION PHASE

The classification category was done using the back-
propagation algorithm. Each steps with example is
described as:

For simplicity, Let’s assume that we have input layer
with five input nodes, hidden layer with two hidden
nodes and one output layer with one node .

i. Input Layer: Input layer gets all the values flat-
tened, from ‘feature extracting’ category. In this
layer no mathematical calculations were done.
The values were passed to hidden layers. For
simplicity let’s consider we have five input nodes
with values 6, 3, 4, 2, 4

ii. Hidden Layer: Hidden layers get the certain
values which were calculated using input values
and the random weight along with the random
bias value between 0 and 1.

• The value of two nodes of hidden layer were
calculated as:

H1 = w11 ∗ I1 +w21 ∗ I2 +w31 ∗ I3 +w41 ∗ I4
+w51 ∗ I5 + bias1

H1 = 0.2∗6+0.3∗3+0.3∗4+0.15∗2+0.25∗4+0.15

Th random values of weights and bias were used
as above and we obtained value as H1 = 4.75
Similar calculation was done for H2 and we
obtained H2 = 4.57

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

268



ISBN 978-9937-0-9019-3

• Now the output from the hidden layers were
calculated by using the relu activation function
we obtained as
OH1 = 4.75, OH2 = 4.57
The negative values if found any were changed
to 0 by relu function.

iii. The input to the output layer were also calculated
as

O = OH1 ∗ w21 +OH2 ∗ w22 + bias2

O = 4.75 ∗ 0.1 + 4.56 ∗ 0.15 + 0.2

O = 1.359

iv. The output from the output node was calculated
using its sigmoid activation function as:

Oo =
1

1 + e−O

Oo = 0.7956

v. Error calculation

• Then error at output node was calculated as

EO = Oo(1 −Oo)(T −Oo)

EO = 0.7956(1 − 0.7956)(0 − 0.7956)

EO = −0.1293

• The error at hidden layer was also calculated as

EH1 = O(1 −O)
∑

(Eo ∗ w21)

EH1 = 4.75(1 − 4.75) ∗ (−0.1293) ∗ 0.1

EH1 = 0.2303

also

EH2 = 4.57(1 − 4.57) ∗ (−0.1293) ∗ 0.15

EH2 = 0.3164

vi. After calculating the error the weight and bias
updating process was carried out as

∆w11 = 0.1 ∗ (0.2303) ∗ 6

∆w11 = 0.1398

Hence,
w11new = 0.1398 + 0.2

w11new = 0.33818

Also the bias was updated as

∆(bias1) = 0.1 ∗ (0.1398)

∆(bias1) = 0.01398

bias1new = 0.15 + (0.01398)

bias1new = 0.16398

Similarly other weights w12, w13, w14, w14 and
bias were updated.
Also the weight and bias of the output layer’s
node were updated as

∆w21 = 0.1 ∗ (−0.1293) ∗ 4.75

∆w21 = −0.06142

Hence,

w21new = −0.06142 + 0.2

w21new = 0.1385

Also the bias2 was also updated as

∆(bias2) = 0.1 ∗ (−0.06142)

∆(bias2) = −0.006142

bias2new = 0.15 + (−0.006142)

bias2new = 0.143858

Similarly w22 was also updated along with its
bias.
This process was repeated for other training
dataset and later we continue this for more epoch
(15 in our model) to obtain much accurate solu-
tion and finally the output values were obtained
from five output nodes.
And when the picture was provided to the model
to test the personality traits, picture goes under
all above processes of Convolutional Neural Net-
work and at last the output value of trained data
and this data to be tested were compared and
with respect to value the output was produced.
The sigmoid activation function was used in this
case since our model gives the multiple true
values as output. Sigmoid was best choice since
system displays the each amount of traits that
handwriting consists of each per cent, neither
the total sum of all traits becomes 100 nor it
displays just one trait as maximum and other as
minimum in our system.

IX. MODEL SUMMARY

The CNN model that was developed had six lay-
ers repeating in sequence for feature extraction that
are convolutional layer and max pooling layer. After
completing six cycles then the value obtained as two
dimesional array were flattened to get one dimensional
array. Then the each values were passed to the input
layer of the classification phase where no further
mathematical calculations were carried out and then
further calculations for other layers were carried out as
discussed above. The CNN model can be summarized
as shown in given figure that shows the output shape
along with its respective layer:
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Fig. 4: Summary of CNN Model

Fig. 5: Training accuracy and validation accuracy plot

X. ACCURACY AND LOSS

The figure below shows the accuracy plot of our
system that tabulates the progress on accuracy with
respect to number of epoch. The training accuracy of
system was approximately 85%.The testing accuracy
increased from 64% initially to the 84% at the last
epoch.

Also the testing and validation loss are shown below.
The validation loss was high due to the more number
of outliers in our dataset. We got testing loss less than
validation loss which was positive point for us and
it is decreasing as the number of epochs increases as
shown in graph.

Fig. 6: Training loss and validation loss plot

XI. LIMITATIONS

Despite of some changes in the initial plans the
objectives were fulfilled and output was observed. The
system have few limitations as well, that are:

i. Our system doesn’t give accurate result for the
languages other than English.

ii. It doesn’t displays the accurate result for typed
and printed text pictures.

XII. FUTURE ENHANCEMENT

Despite of some limitations, we were able to achieve
targeted objectives and develop our system which can
be enhanced in future.

i. The system can be used for different languages
by using dataset of different languages.

ii. The model can give specific trait with maximum
value as output.

XIII. CONCLUSION

The training accuracy of system was approximately
85%.The testing accuracy increased from 64% initially
to the 84% at the last epoch. The validation loss was
high due to the more number of outliers in our dataset.
We got testing loss less than validation loss which
was encouraging and it is decreasing as the number
of epochs increases. Our system doesn’t give accurate
result for the languages other than English but this
system can be extended to support different languages
by using dataset of different required languages.
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Abstract—Reinforcement learning is an essential ma-
chine learning paradigm that is used to develop an
AI through interaction with the environment and self-
improvement by learning from their mistakes and per-
ceiving the rewards obtained while doing appropriate
actions. Its implementation in autonomous driving has
not yet been widely applied. But it should be noted
that it is difficult to implement autonomous driving as a
supervised learning problem. As such, our objective here
is to simulate vehicle driving in a virtual environment
using Reinforcement Learning to accomplish one of the
first steps in self-driving car problems i.e., navigating
through a predefined track. The simulated vehicle is
only given distances to the walls of the track as input
and based on the policy it develops, has to navigate
the track without collision. We used a variant of Q-
Learning (a Reinforcement Learning algorithm) called
Deep Q-Network (DQN) to develop the aforementioned
policy. DQN uses neural networks to approximate the
policy function. The environment, as well as the vehicle
simulation, is done in Unreal Engine 4.

Index Terms—Reinforcement Learning, Self-driving,
Simulation

I. INTRODUCTION

Reinforcement learning is a machine learning
paradigm where an agent learns behavior through
trial-and-error interactions with an environment agent
taking an action within an environment (i.e., machines
can learn similar to humans where we learn from our
action and its consequence). The environment returns
two types of information to the agent — reward and
state. The quantitative feedback on the action that the
agent took can be positive or negative termed as a
reward. The agent’s goal is to obtain the maximum
reward possible in an episode. An episode is the
duration between the first state and the last or terminal
state within the environment.

Our objective here was to create a simulated self-
driving car to navigate through a track without col-
liding with the boundary of the track (walls). To
achieve this, we used an RL algorithm called Deep

Q-Network(DQN). For the simulation of the environ-
ment, we used Unreal Engine 4, a game development
engine developed by Epic Games. Unreal Engine gives
a visual representation of our agent’s action with the
environment. The only input the car receives is the val-
ues of distances to the walls of the track as measured
by the sensors present in the car. The DQN comprises
neural networks with multiple hidden layers as action-
value functions and an experience replay mechanism.
The goal of the car (agent) is to interact with the
simulation (environment) in a way that maximizes
future rewards.

II. RELATED WORK

One of the best implementations of reinforcement
learning is The DQN Atari project which involved
training an agent using reinforcement learning to play
7 different games in the Atari 2600 console in an
arcade learning environment using only raw pixels as
input which was able to outperform all the previous
approaches in 6 of the 7 games and was also able to
surpass human experts in 3 of the 7 games. In the
project, the network was trained with a variant of the
Q-learning Algorithm called Deep Q-Network using
Stochastic Gradient Descent for updating the weights.
Experience Replay was implemented to sample data
from previous transitions resulting in smooth training
distribution over several past behaviors [1]

Deep Deterministic Policy Gradient (DDPG) algo-
rithm having the capacity to handle complex state,
action pair in continuous simulations has been used
in a simulation of a fully autonomous vehicle in
environments where action spaces were continuous. In
the DDPG Reinforcement Learning for Autonomous
Driving Car project, The Open Racing Car Simulation
(TORCS) was used which would continuously provide
sensor information to the algorithm and based on
these inputs, a reward function inside TORCS would
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encourage the agent to run fast without hitting the
other cars while driving in the middle of the road. To
fit in the TORCS environment, a network architecture
was designed for both actor and critic used in the
DDPG algorithm [2].

Another example is the Gran Turismo Sport Deep
Reinforcement Learning project that makes use of
the PlayStation 4 game Gran Turismo Sport as the
environment allowing usage of various tracks and cars.
It was not only able to beat the built-in NPCs (Non-
Player Characters) but also was able to obtain the
fastest time in the dataset of best lap time records.
They were able to create an autonomous agent that
was able to match or outperform human experts in time
trials without relying on any forms of path planning,
while also leading to trajectories that are qualitatively
similar to those chosen by the best human players [3].

III. REINFORCEMENT LEARNING

Reinforcement Learning (RL) deals with agents that
observe and act upon their environment to learn the
optimal action to take in any given state. As such,
in our case, the agent interacts with the environment
in the simulation performing a sequence of actions,
observes state, and receives feedback in the form of
rewards. Depending on whether the agent received
positive or negative feedback, the agent is motivated to
learn. This model of learning in essence represents a
Markov Decision Process (MDP). MDP is fundamental
to RL as it provides the basis for agents to make
decisions based on environment, state, action, and
reward. The goal of MDP is to maximize some perfor-
mance criterium [4]. Regarding RL, that performance
criterium is the reward. Thus, we can apply standard
RL methods for MDPs using a complete sequence of
state st (state at time t) [1].

We take into account not only the current reward
obtained but immediate future rewards which need
to be discounted by a factor of γ per timestep. The
discounted return/reward is defined as,

Rt =

T∑
t′=t

γt
′−trt′ (1)

We define an action-value function Q(s, a) that
represents the discounted future reward obtained when
performing action a in a state s. The goal is to learn a
policy π that maps sequences to actions that maximize
the discounted future reward.

π = argmaxaQ(s, a) (2)

The optimal action-value function Q∗(s′, a′) for
next state s′ (state at next timestep), and all possible
actions a′ obeys the Bellman equation [1],

Q∗(s, a) = r + γmaxa′Q
∗(s′, a′) (3)

We use equation 3 to estimate the action-value
function in an iterative way. In RL, it is essential to find

balance between exploration (selecting sub-optimal
action) and exploitation (seleting the best known action
i.e., policy action) [5]. This can be achieved using
ε-greedy strategy i.e., selecting a policy action with
probability 1 − ε and selecting a random action with
probablity ε.

A. Deep Reinforcement Learning

For problems with continuous state-space, the
action-value function can be approximated using neu-
ral networks. Along with this, we can also utilize
the experience replay mechanism where we store the
agent’s experiences at each timestep. An experience
is a tuple of state, action, next state, and reward i.e.,
for each timestep t, experience is given as et =
(st, at, st+1, rt). These experiences are stored in a
memory buffer called replay memory. This is later
used to sample inputs for the neural network [1].
This approach is termed as Deep Q-Learning and the
algorithm is presented in Algorithm 1. We only store
the most recent N experiences and uniformly sample a
random minibatch of experiences. The neural network
inputs states and outputs Q-values for each action. In
RL, the training is unstable because both the input and
the target change constantly during the process [6].
Also, the agent depends on the action-value function
to sample actions but this function changes frequently
as the agent learns about the environment. So we
implement two action-value functions – policy action-
value function (Q) and target action-value function (Q̂)
[7].

IV. EXPERIMENTS

We created a simple 3D world inside Unreal En-
gine 4, which is a game engine developed by Epic
Games. This world is composed of an agent (Car),
and a track. We added 7 sensors to the agent. These
sensors measure distances to the walls of the track.
The measurements were normalized in the range of
0 to 1. These measurements represent a state. At any
given time, the agent is capable of performing one of
three actions — move forward, turn left, turn right. The
reward obtained is determined by the agent’s distance
from the wall as well as whether the agent has collided
with the wall or not. The agent receives a reward of
−200 if it collides with the wall. If it is critically
close to the wall i.e., any one of its sensors outputs
a value less than 0.1, the agent receives a reward
of −20. For the agent to receive a positive reward,
we have added reward gates at various positions of
the track. Essentially, the agent receives an additional
reward of +50 every time it passes one of these
reward gates. We consider the episode to end when
the car collides with the wall. These reward values
were chosen experimentally, we essentially wanted to
give a higher negative reward if the agent collided with
the walls and a relatively lower negative reward if it
got critically close to the walls.
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Algorithm 1: Deep Q-Learning with experience replay [7]
Initialize replay memory D to capacity N
Initialize action-value funtion Q with random weights θ
Initialize target action-value function Q̂ with with weights θ− = θ
for episode = 1, M do

Initialize state s1
for t = 1, T do

With probability ε select a random action at
otherwise select at = argmaxaQ(st, a; θ)
Execute action at and observe reward rt and next state st+1

Store transition (st, at, rt, st+1) in D
Sample random minibatch of transitions (st, at, rt, st+1) from D

Set yj =
{

rj if episode ends at j + 1

rj + γmaxa′Q̂(sj+1, a
′; θ−) otherwise

Perform gradient descent step on (yj −Q(sj , aj , θ))
2 with respect to the network parameters θ

Every C steps reset Q̂ = Q
end

end

We used a neural network with three hidden layers
for both the action-value functions Q and Q̂. The
input layer and the hidden layers use ReLU activation
function and the output layer is a Linear function. We
used Mean Squared Error (MSE) loss function
and Adam optimizer to update the weights using back-
propagation. For the ε−greedy strategy, we decreased
the value of ε exponentially as follows,

ε = εmin + (εmax − εmin) ∗ e−η∗t (4)

A complete list of parameters and hyperparameters
used is given in Table I. They were tuned experimen-
tally through trial and error. The number of hidden
layers in the neural network turned out to drastically
improve the policy. We initially used a neural network
with just one hidden layer but it turned out to be
insufficient to develop a proper policy to effectively
navigate through the track even after long hours of
training. The learning rate turned out to be another
crucial hyperparameter to tune. Training with a very
small learning rate increased the time required for
convergence, while a greater learning rate made the
training unstable. The other hyperparameters like the
batch size didn’t affect the learning all that much.

TABLE I: Parameters and Hyperparameters of DQN

Parameters and Hyperparameters in DQN
State-space size 7

Action-space size 3
Hidden layer 1 size 16
Hidden layer 2 size 16
Hidden layer 3 size 8
Discount factor (γ) 0.95

Learning rate 1× 10−3

Batch size 128
Capacity (N ) 131072

Update Step size (C) 36000
εmax 0.99
εmin 0.01

Decay rate (η) 1× 10−4

The flow of our system is as shown in Figure 1.
The simulation is reset every time the agent collides
with the walls of the track. The agent performs actions
based on the policy action-value – which takes the
current state as input – and as a result, gets a reward
and transitions to a new state. The policy action-value
function is trained by sampling a random minibatch
from the replay memory (as described in the Algorithm
1) and the target action-value function is updated every
‘C’ timesteps.

Fig. 1: System Flow Diagram

V. RESULTS

After training the agent for about 3000 episodes,
it was able to successfully navigate the track without
colliding into the walls. We used a standard computer
with Intel i5-9300H CPU with a clock speed of
2.40GHz, 8GB memory and a GeForce GTX 1050
GPU to run the simulation. This hardware configu-
ration was limiting and we were not able to train the
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(a) Top view of the environment (b) Car showing sensors

Fig. 2: Left: Shows the track, car and positions of the reward gates (the white dots). Right: Green lines represent
sensors of the car.

agent beyond 3000 episodes. Thus, the agent navigated
the track in a rather unconventional motion, using the
combination of ‘turn left’ and ‘turn right’ actions more
often as opposed to the ‘move forward’ action. This
problem can be solved with sufficient training.

We cannot simply use the MSE loss function as the
evaluation metric for RL problems. This is because
the loss function tends to be very unstable during the
training, due to the fact that the target action-value
function has to be updated every certain timestep. As
such, our evaluation metric is the total reward the agent
obtains in an episode averaged over a certain number
of episodes. This metric (the average total reward
metric), tends to be very noisy because small changes
to the weights of the policy action-value function can
cause large changes within the distribution of states
the policy visits [1]. The graph shown in Figure 3
shows total reward obtained by the agent averaged over
every 20 episodes. We can see a gradual increase in
the average reward obtained from the 1000th episode.
The rewards are dominant on the negative side because
of the reward function we designed (there is a higher
magnitude of negative rewards).

We evaluated the agent in the same track that it was
trained in. During the evaluation, the agent could finish
a lap around the track with a total reward of 380.

VI. CONCLUSION

In this paper, we present an approach to simulate
training of a car to drive without colliding into the
walls in the environment. The results show that with
enough training the car was at least able to navigate
though the track without colliding with the wall.
However, due to hardware limitations, we weren’t able
to train the agent for long hours and thus, the agent
wasn’t able to develop a proper policy to navigate the
track in a smooth manner (i.e., using ‘move forward’
action more often as opposed to using a combination of
‘turn left’ and ‘turn right’ actions). Still, this shows us
that with enough training it is possible to have it fully
go through the track in a much smoother manner. We

Fig. 3: Graph showing average reward per 20 episodes
(during training)

focused on training the model with different parame-
ters and hyperparameters. This allowed us to fine-tune
and see which ones would produce better results faster.
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Abstract—Distribution of electric power is the final 

stage to deliver electric power to end users. It carries 

required voltage level of electric power from the 

distribution substation to individual consumers. Baidam 

feeder from Kudhar substation, Pokhara Nepal, is 11 

kV domestic and commercial feeders which is of 

straight run length of 9.07 km consisting of 77 

distribution transformers. Load flow analysis of this 

feeder is performed in Electric Transient Analyzer 

Program (ETAP) software. After replacement of 

overhead line by underground cable beyond Jarebar in 

Lakeside area active power loss, reactive power loss and 

voltage drop is reduced by 71.6 kW, 68.5 kvar and 

2.79% respectively.  Reliability assessment of 

underground system shows decrease in System Average 

Interruption Frequency Index (SAIFI) and increase in 

System Average Interruption Duration Index (SAIDI). 

The peak load of the feeder is forecasted to be double in 

fiscal year 2088/89.     

Keywords— Distribution system, Feeder, Load flow, 

Reliability indices, Load Forecast 

I. INTRODUCTION  

Distribution is the electrical system between the 
distribution substation and the consumer’s meters. It is 
the part of the power system which distributes electric 
power for end use. In Nepal almost all the feeder are 
radial type feeder. Alternatively distribution system 
can be categorized in two ways: Overhead and 
Underground distribution system. The underground 
cables have several advantages over overhead line. 
Underground cable have smaller voltage drop and  are 
less affected or damaged though lightning, requires 
less maintenance cost and have less chance of fault. 
Underground cables provide better general appearance 
& most reliable system. In a modern power system for 
power distribution, generally underground cables are 
used. Recent improvement in design and 

manufacturing made it possible to employ 
underground cables even for high voltage 
transmission of electric power for short or moderate 
distance. [1] 

Reliability of a power distribution system can be 
defined as the ability to deliver uninterrupted service 
to customer. In order to reflect the reliability of 
individual customers, feeders and system oriented 
indices related to substation, distribution system 
reliability indices can be presented in many ways.[2] 
Load forecasting technique is used by energy 
providing companies to predict the energy needed to 
meet the demand and supply equilibrium. Load 
forecasting helps an electric utility in many aspects. It 
helps to make important decisions including decisions 
on purchasing and generating electric power, load 
switching, and infrastructure development. Load 
forecasting can be generally done by trend analysis, 
End use model and Economic model. [3] 

Among the different tourist destination of Pokhara, 
Nepal, Lakeside is one of the important destination. 
Baidam feeder from Kudhar Substation, Pokhara, runs 
to Lakeside. Baidam feeder is choosed for the 
underground analysis regarding improvement of its 
aesthetic beauty. Baidam feeder is domestic and 
commercial feeder which is of straight run length of 
9.07 Km. Considering the total branches of the feeder, 
the length is 21.29 Km. Number of transformer used is 
77. Otter conductor is used for length up to 4.06km 
from Kudhar substation. For all other main line run 
and branches, Rabbit conductor is used i.e. the length 
of rabbit conductor is 17.23 Km.  

The main objective of this paper is to analyses the 
load flow of existing overhead distribution system of 
Baidam feeder and to perform the feasibility analysis 
of underground cable system of Lakeside area in same 
distribution system using ETAP software. This paper 
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also analyses the reliability indices of distribution 
system. 

II. METHODOLOGY 

A. Data Collection and field survey 

Among 77 distribution transformer of Baidam 
feeder, there are 35 private transformers and 42 utility 
transformers. Peak load data of Baidam feeder for last 
eight years is tabulated in table I. 

 

 

TABLE I.  ANNUAL PEAK LOAD DATA 

FY 
Maximum current 

(A) 

Peak Load 

(MW) 

Load 

Shedding 

66-67 325 5.263 Yes  

67-68 333 5.393 Yes  

68-69 339 5.493 Yes  

69-70 347 5.62 Yes  

70-71 379 6.138 Yes  

71-72 430 6.964 Yes  

72-73 433 7.012 Yes  

73-74 395 6.397 No 

 

Popular GPS app, OSMTracker for Android (v0.6 

11) is used for obtaining the exact GPS coordinate of 

distribution transformer following the distribution 

line route. Figure 1 show the Google earth view of 

distribution line and transformers. 

. 

Fig. 1. Google earth view with transformer location. 

B.  Simulation 

ETAP software (v12.6.0) is used for load flow the 

simulation of existing distribution system of Baidam 

feeder with data of FY 2073/74. Similarly another 

load flow simulation is done with replacement of 

overhead line by underground cable beyond Jarebar 

using data of FY 2073/74.  A sectionalized view of 

the ETAP simulation is shown in figure 2. 

 

. 

Fig. 2. Sectionalized view of single line diagram of Baidam 

feeder. 

C.  Load Forecasting 

Trend analysis is adopted for long term load 

forecasting. Variation of peak load during load 

shedding and without load shedding period is 

considered to forecast the load for upcoming 15 years 

with a method, giving rise to least mean absolute 

percentage error (MAPE).[4][5] 

III. RESULT AND ANALYSIS  

The load flow simulation result of the 

existing system for FY 2073/74 shows the total active 

power loss of 860 kW which is 13.45%, reactive 

power loss of 1073.9 kvar and voltage drop of 

20.75%.  

Similarly load flow simulation using 

underground cable beyond Jarebar shows the total 

active power loss of 788.6 kW which is 12.32%, total 

reactive power loss of 1005.4kvar and voltage drop of 

17.96%. 

The analysis of result shows the reduction in 

active power loss by 71.6 i.e 1.13%. For an 

equivalent power transmission, underground cable 

offers lower resistance which in turn reduces active 

power losses. Average reduction on power loss is 

found to be 19.18 kW for load factor of 0.441 [6] and 

loss of load factor of 0.268. The average annual 

energy saving is found to be 168094 kWhr. 

 

On account of less spacing between the 

conductors the cables have much capacitance, so 

draw higher charging current. Thus the line 

capacitance compensates the reactive power demand 

and hence reactive power demand decreases. Figure 3 

and figure 4 shows the comparison of active power 

loss, reactive power loss and voltage drop of existing 

and underground cable system respectively. 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering & Technology” 

Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

278

KEC Conference 2021



ISBN 978-9937-0-9019-3

 

. 

Fig. 3. Comaparision of losses 

. 

Fig. 4. Comparision of Voltage drop. 

The liner model of load forecasting give rise to 

equation (1) with the MAPE of 6.54%. 

Y=4.022+0.2803x 

Where y=Forecasted peak load without load shedding 

and x=number of years after the base FY 2066/67. 

The exponential method give rise to equation (2) with 

the MAPE of 3.31%. 

Y=4.136exp(0.0526x) 

Forecasted load upto FY 2089-90 using 

exponential model is shown in figure 5. Thus if peak 

load continues to increases in this similar trend, 

present system can’t handle its load reliably after 

2079/80. 

 

Fig. 5. Forecasted load  

Reliability assessment of existing overhead 

system shows the System Average Interruption 

Frequency Index (SAIFI) of 4.90 f/Customer, year 

and System Average Interruption Duration Index 

(SAIDI)  of 320.83 hr/Customer, year.  Similarly the 

reliability assessment of after underground cable 

system beyond Jarebar shows the SAIFI of 4.45 

f/Customer, year and SAIDI  of 322.30 hr/Customer, 

year.  After analyzing these values we found SAIFI is 

less for underground system than for overhead 

system. This is because in underground system all the 

equipment’s and cables are buried under ground and 

provided with proper protection and insulation, hence 

less chance of fault and failure. So, the rate of 

interruption of supply in underground system is less. 

But SAIDI is greater for underground system because 

if any fault occurs, it is difficult to locate and hence 

takes more time to repair. 

IV. CONCLUSION 

In compare with overhead system, in underground 

system peak active power loss is reduced by 71.6 kW, 

with an annual average energy saving of 168094 

kWh. Reactive power loss is also reduced by 68.5 

kVar. Similarly the voltage drop is reduced by 2.21%.  

Load forecasting shows the peak load will double at 

2088/89.  The research shows that, current 11 kV 

system is capable to carry power economically up to 

the forecasted load of 2079/80. Reliability assessment 

shows the decrease in rate of interruption per 

consumer per year but increase in interruption 

duration due to difficulty in fault location in 

underground cable system. 
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Abstract—IR based 3D (Three Dimensional) Scanner
with printer is the low cost, product based research
that focuses on three dimensional printing of scanned
structure. Printing generally refers to making copies of
text and images on any surface. When this printing
procedure is slightly changed and made to develop a
replica structure of any real world material then it is
known as three dimensional printing (3D Printing). To
develop a replica structure of any real world object it
is necessary to have dimensional information of that
object, therefore the machine we have developed extracts
this information through scanning. Scanning is done in
all three dimensions i.e. length, breadth and height of
the object by using 3D Scanner. Scanner uses Infra-red
sensor for measuring the dimension. The round trip time
of IR signal helps to measure the distance which later
gets converted into the dimensional quantity of the object.
Three dimensional information obtained from scanner is
plotted as point cloud which is reconstructed in the form
of 3D image using MATLAB software. The constructed
3D image is exported from software in STL file format.
STL file describes the surface geometry of three dimen-
sional objects which is considered to be the input for
3D printer. Printing is based on additive manufacturing
that means addition of material in layers to develop the
replica of input STL file. The objective of the design is to
construct a cost reduced three dimensional scanner with
printer therefore, printed material may not be exact in
all physical aspects but structure wise it recreates the
scanned material.

Index Terms—3D scanner, 3D printer, real world
object, Infra-red sensor, Round trip time, STl file.

I. INTRODUCTION

3D printing is exactly what it sounds like, printing
something that can be picked up, held in our hands,
and played with. Its printing because the 3D object
doesn’t just magically appear, it must be printed by
a special device called a 3D printer. 3D printing,
also known as additive manufacturing (AM), refers
to processes used to create a three-dimensional
object in which material is joined or solidified under
computer control to create an object, with material
being added together (such as liquid molecules or
powder grains being fused together). In an additive

process an object is created by laying down successive
layers of material. Each of these layers can be seen
as a thinly sliced horizontal cross-section of the
eventual object. 3D printers have different printing
mechanisms, Fused Deposition Modeling(FDM) is
one them. In FDM, [1] thermoplastic material is
being heated and extruded through extrusion head that
deposits the molten plastic in X and Y coordinates,
while the extrusion head is raised layer by layer
in Z direction. Effectively the object is being built
from bottom to up. 3D printing technology is mostly
applicable for rapid prototyping purpose. Nowadays,
rapid prototyping has a wide range of application in
various fields of human activities such as research,
engineering, medical industry, military, construction,
architecture, fashion, education, the computer industry
and many others [2]. 3D printing starts with the
creation of a 3D model in our computer. A 3D model
is either created from the ground up with 3D modeling
software or based on data generated with a 3D scanner.

A 3D scanner is a device that analyses a real-world
object or environment to collect data on its shape
and possibly its appearance. The collected data can
then be used to construct digital three- dimensional
models. The purpose of a 3D scanner is usually
to create point cloud of geometric samples on the
surface of the subject. These points can then be used
to extrapolate the shape of the subject (a process
called reconstruction) [6]. If color information is
collected at each point, then the colors on the surface
of the subject can also be determined. This allows
the three dimensional position of each point in the
picture to be identified. The picture produced by a
3D scanner describes the distance to a surface at each
point in the picture [7]. Many different approaches
can be used to build these 3D scanning devices.
A non-contact based active 3D sensing is the most
popular approach adopted in 3D data acquirement.
Non contact active scanning approach seems to be
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commonly used approach because imaging system
with an additional controlled light source seems more
reliable [7]. 3D scanners share several traits with
cameras. A camera collects color information about
surfaces within its field of view, while a 3D scanner
collects distance information about surfaces within its
field of view [8].

3D scanning is much younger in the field of
technology. Several approaches have been developed
for improvement on 3D scanning technique. In this
project the scanning process is based on time of
flight active scanning approach. Here the object gets
scanned simply by using infrared rays. IR rays acts
as the probe to the surface of the subject in order to
measure the distance, timing the round trip time of
pulse of IR ray. The distance from the subject to the
sensor gets converted into the co-ordinates along the
entire axis. Multiple scans, even hundreds, from many
different directions are usually required to obtain
information about all sides of the subject. These scans
have to be brought into a common reference system
called alignment or registration, and then merged to
create a complete model.

The project is a complete description of construction
of low cost IR based 3D scanner and 3D printer
along with its application. PLA filament has been
used in this FDM based 3D Printer for printing.
The printer has been constructed using stepper
motors, extruders, timing belt and gears controlled
by ATmega328p micro-controller along with some
supporting materials. Printer requires digital 3D image
which is obtained from the scanner. The scanner has
also been constructed using motors and IR sensor
that scans the object in all direction by rotating the
object to be scanned using a special turn table. The
scanned three dimensional information of the object
is processed, converted into co-ordinate form and then
presented on the screen where the complete image
of the object is visualized from all directions. This
digital data is obtained in the form of STL (Standard
Triangle Language)file format from scanner. STL file
is utilized by the rendering software to generate a
special machine readable code called G-code. G-Code
sent to the processor of the printer controls all the
peripheral devices to operate in desired manner and
finally the three Dimensional objects get synthesized.
The printing device can print an object of 215mm X
215mm X 200mm dimension.

II. LITERATURE REVIEW

A. General History

The history of computer printers started in 1938
when Chester Carlson invented a dry printing process
called electrophotography commonly called a Xerox.
The original laser printer called EARS was developed

at the Xerox Palo Alto Research Center beginning in
1969 and completed in November 1971. After then
additive manufacturing equipment and materials were
developed in the 1980s. In 1981, Hideo Kodama
of Nagoya Municipal Industrial Research Institute
[2] invented two additive methods for fabricating
three-dimensional plastic models. In 1984, Chuck
Hull [3] of 3D Systems Corporation filed his own
patent for a stereolithography fabrication system.
Hulls contribution was the STL file format and
the digital slicing and infill strategies. The first 3D
scanning technology was created in the 1960s. The
early scanners used lights, cameras and projectors
to perform this task. After 1985, they were replaced
with scanners that could use white light, lasers and
shadowing to capture a given surface. [8]

B. 3D Scanner

Three dimensional scanning has major two
approaches contact and non contact scanning. Contact
scanners are generally calibrated to operate on a
fixed platform, often contain a probe located at
the end of an articulated mechanical arm. The arm
may be robotic or manually manipulated over the
part’s surface. As the probe contacts the object’s
surface the scanner records the X,Y,Z position of
the probe by taking positional measurements of the
armature. Non contact scanners do not make physical
contact with object surface instead scanners rely
on some active or passive techniques to scan an
object. Active scanners emit some kind of radiation
or light and detect its reflection in order to probe
an object or environment. Passive scanners do not
emit any kind of radiation themselves, but instead
rely on detecting reflected ambient radiation [7]. The
designed scanner in this project is based on Non-
Contact active scanning approach. Infrared sensor
has been used with time of flight scanning mechanism.

Laser scanning is one of the common non-contact
active scanning procedure. It uses triangulation and
phase shift mechanism for distance measurement.
Laser scanners provide accurate and dense range data
even for long ranges during scanning [7]. However,
laser scanners are typically expensive and bulky. In-
frared (IR) sensors have many practical merits for the
external sensing. It provide a simple way to obtain
information about the geometry of an object. The
sharp contrast of IR rays and the IR proximity sensors
contribute the 3D sensing easier and faster. Infrared
sensors are well known for the distance/range mea-
surement [9]. In 2013 SitiAsmah Daud [9] proposed an
infrared sensor based scanning system which consisted
five IR sensor rig arranged in pentagonal structure. The
subject is placed at the center of Pentagonal sensor rig
for measurement. Measured data was processed using
MATLAB software for reconstruction of image. 3D

281

KEC Conference 2021

KEC Conference 2021, April 18, 2021
"3rd International Conference on Engineering & Technology"
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal



ISBN 978-9937-0-9019-3

geometry reconstruction has been made using large
infrared proximity array proposed by Akos Tar in 2009
[10]. The system used IR sensors and IR emitters to
measure the distance and creates 3D mono-graphic
geometry of the sensed objects in this system the
LEDs and photo- transistors are used . The resolution
of the objects heights, orientation and distance has
been made very low but have a large sensing area of
about 1m and it can be increased depending on the
application. Another related example is 3D scanning
system based on time of flight ranging sensor by
Gutierrez-Villalobos Jose M [11] where the author has
designed a scanning system using TOF ranging sensor
to detect the surface shape and capture it in raw data.
In the system, object that is to be digitized is placed on
a spinning plate shaft-connected to the stepper motor
shaft, such plate can is lifted from figure bottom to top.
The plate is moved in a ratio of 200 steps per turn and
each step represents 1.8 degree. TOF sensor measured
the distance on each point of the object surface. Later,
raw data are processed by a Matlab reconstruction
algorithm, finally this reconstructed matrix is exported
to a 3D image processor.

C. 3D Printer

3D printing is a manufacturing process. Basically
manufacturing can be done using two mechanisms:
additive manufacturing and subtractive manufacturing.
For the understanding milling is the form of
subtractive manufacturing method. Rather than take
away from a model, a 3D printer adds mass to form a
model which is additive manufacturing . 3D printers
can be categorized into industrial 3D printers and
desktop 3D printers. Desktop 3D printers are basically
a small scale 3D printing technology which works in
replicating rapid prototyping (Rep-Rap) mechanism.
With regard to the RepRap project, in September 2006
an initial prototype of a RepRap printer printed a
printer part for the first time. This part was then used
to replace an already existing part of the prototype
machine. In February 2008 the first RepRap V. 1.0
was ready and was named Darwin. In October 2009
RepRap V.2 was released and named Mendel. Mendel
works by melting plastic filament via a heated extruder
head, which is then used to build up 3-D objects. The
plastic is deposited in layer by layer onto the printer
bed until the 3-D component has been built (FDM) [4].

A modified version of Mendel, designed as 2nd
generation Mendel (SDU Mendel) by Jakob Kentzer
mentioned the operation of Rep-Rap 3D printer using
polymer base (ABS filament). The system consists of
extruder with heating element at its nozzle, motors,
printer bed, and arduino for building the firmware
with triangular mechanical design. The extruder
is the most problematic part of the 3-D printer.
Selection of polymer is another important part while
designing Mendel [4]. The work has been extended

to metal printing as well. In 2013, GERALD C.
ANZALONE designed A Low-Cost Open-Source
Metal 3-D Printer where low-cost commercial gas
metal arc welder (GMAW) [5]. The system design
was similar to Mendel but it was designed for metal
printing, therefore instead of extruder and polymer
filaments it used gas metal arc welder and steel. It
used open source rendering software’s and arduino
for processing.

III. METHODOLOGY

A. Operation of 3D scanner

3D scanner consist of two stepper motors, high
precision Sharp GP2Y0A51SK0F IR sensor, threaded
and plane steel rods, memory card module and the At-
mega328P microcontroller. The system is designed in
such a way that scanning is carried from bottom to top
therefore infrared sensor is made to slide from bottom
to top with the help of threaded rod and stepper motor.
Similarly for measuring distance value at each point of
the object surface (object to be scanned), rotating table
is designed. There is the prcised separation between
sensor and the center of rotating table. The stepper
motor rotates the table at a fixed angle of 1.8 degree
with time delay of 250 milliseconds. During this time
IR sensor collects multiple numbers of data for each
angle for high precision.After complete rotation of turn
table by 360 degrees, the IR sensor slides vertically
by 1 millimeter. The process continues till it reaches
the top. Collected data from IR sensor is in millivolts
which is converted into distance in centimeter using
the function:

d = 5.40274∗(analogvalue)2+28.4823∗(analogvalue)2

− 49.7115 ∗ analogvalue+ 31.3444incmlabeleq

Distance value is then stored in SD card.

Fig. 1. Block diagram of scanner.
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Fig. 2. 3D scanner.

B. Reconstruction of 3D image

The distance data are serially stored in the SD
card in text format. As the scanning is made layer
by layer, each layer data is separated by a code
value 9999 indicating completion of data of a layer.
This TXT file is loaded in MATLAB. The required
initialization is made for indicating maximum height,
threshold radius, window size etc. The serial distance
data is then converted into radius matrix named r
matrix with each row indicating distance data of single
layer. The turn table is rotated at an angle 1.8 degree
therefore each layer consists of 200 distance data.
The distance data is then converted into distance from
the center of the object by using distance = distance
from center of table to sensor − distance measured.
A row matrix of angle is constructed named as theta
matrix whose value ranges from 0 to 360 degree at
an increment of 1.8 degree. The matrix is repeated to
make dimension equal to r matrix. Similarly a column
matrix of height named Z matrix is constructed whose
value ranges from 0 to maximum height of object
scanned with increment of 0.1. Same repetition process
is carried for equalizing the dimension. The matrices
of radius, angle and height indicates the cylindrical co-
ordinate system which is then converted to Cartesian
co-ordinate system. Matrices now gets converted to
matrices of X, Y and Z. Gaussian filter is used for
smoothing of the data. The erroneous data is replaced
by the data closer to it. Since top layer scanning is
not possible in this system, the mean value of X and
Y co-ordinate is taken to cover the top layer. The
obtained matrices of X, Y and Z co-ordinates are then
transferred to the function that generates STL file. The
obtained STL file is visualized in the monitor.

C. Operation of 3D Printer

STL file is processed by the software named slicer
that converts it into G-Code. G-code is a language
in which computerized machine tools are instructed
to operate in desired manner. The code specifies the
motors where to move, how fast to move, and what
path to follow. This code is then sent to print hosting
software where it is processed in such a way that it

Fig. 3. Flow chart of matlab processing.

instructs the processor of printer to operate accurately
by maintaining the sequential execution of instruction.

Fig. 4. Constructed 3D printer.

The printer has been constructed using stepper mo-
tors, Extruder, Heating element, limit switch, heat bed
and polymer filament (PLA material). Three dimen-
sional motion for printing is maintained using nema-17
stepper motors. X directional movement is maintained
by sliding heat bed/print plate in horizontal direction.
Similarly Y direction is maintained by sliding nozzle
and Z direction maintained by vertical displacement
of nozzle using stepper motors. Extruders are used for
pulling up the PLA filament, melting it and liberating
it through nozzle. Timing belts and steel rods with
linear ball bearings has been used for mechanical slid-
ing. Temperature maintenance, limit switch tripping
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and controlling of motors has been maintained using
Arduino mega. Heating element has been maintained
at temperature of 180 to 205 degree Celsius for melting
PLA filament. Mosfet switching is used for controlling
the heating element.

Fig. 5. 3D printer block diagram.

IV. EXPERIMENTAL OUTPUT

The system comprises of IR based 3D scanner
along with a 3D printer. Both the products are low
cost designs using simple electronics. It is capable of
acquiring digital 3D image of the subject that has been
scanned and print it in three dimension. 3D scanner
delivers the 3D image in the form of STL file that can
be visualized on the screen using 3D image viewing
tool. The scanned data after processing through MAT-
LAB, can also be displayed in the form of point cloud
before converting it into STL format. The scanning
and printing process has not been made simultaneous
due to the processing complexity therefore, scanning
has to be completed in order to receive STL file of the
subject before printing.

Fig. 6. Point cloud of scanned object.

Printing process is carried out after passing the STL
file into a slicer software where the G-code for the
given 3D image is received and the G-code is then
fed to print hosting software for initiating printing.
The resolution of print can be adjusted from the print
hosting software for the desired print output. The final
output is the actual model of the scanned subject made
from the PLA polymer.

Fig. 7. STL format 3D image after scanning.

Fig. 8. Printed components.

V. LIMITATIONS

• Low precision while scanning transparent, mirror
objects.

• Scanner is unable to scan top and bottom surface.
• Distance of the subject from IR sensor must not

be greater than 15 cm.
• During object printing, the free space inclined

printing must not be greater than 45 degrees.

VI. DISCUSSION

The 3D technology is one of the recent and
growing developments of the present world. This
technology is being more popular in industrial,
medical and entertainment fields. The system that
we have designed is a low cost scanner that has
the capability to scan the real world object using
IR rays based on round its round trip time. The
three dimensional information which is in form of
STL file is printed using the melted PLA filament.
The system is designed for a low cost scanning
and printing purpose which can be further enhanced
using different other printing material and advanced
electronics. The system is constructed using simple
electronics and mechanical parts which has reduced
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the cost of product by almost 50 percent to that
of the products available in the market these days.
Simultaneous scanning and printing could be the
improvement to this system that reduces operating
time, Wireless 3D data transferring using Bluetooth,
WI-FI or any other means to the printer so that
printing can be carried out from different locations,
Multiple Filament discharge from multiple nozzles in
order to manufacture the object with color variation
and Making the printer to closed loop system so that
the system can operate autonomously could be the
possible enhancement to this system.

VII. CONCLUSION

The project is about the development of an low
cost embedded system named IR based 3D scanner
with Printer. The system has great applications in
rapid prototyping, educations, medicines and industrial
manufacturing. Varities of scanners and printers are
available in market these days and are costly too.
The system that we have designed has focused on the
construction of similar type of scanner and printer but
reducing the exorbitant cost. The system consists of
major two components scanner and the printer. The 3D
output of scanner becomes the input for printer. Sharp
GP2Y0A51SK0F infrared high prcised sensor has been
used for distance measurement with high accuracy in
scanner design. The scanning process is quite time
consuming but will produce the data with greater
accuracy and desktop 3D printing is done in FDM
approach. The system is developed by utilizing basic
electronic and mechanical components by enhancing
these system components and adding some features it
can be developed as the product for industrial use as
well.
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Abstract—This paper aims to propose the concept of a
“Server-Based Vending Machine” in the context of Nepal.
In this approach, we put forward the design of server-
based (remote) monitoring of system and product’s
data. The server and vending machine are connected
via NodeMCU and duplex communication is established
between them. All the data of ordered items are sent
to the server while updated data of product price by
owner are sent to a vending machine. According to
product data, the product’s cost, quantity, and quality
are maintained. When items in the vending machine are
going to be out of stock i.e. less than 2 in quantity in the
vending machine, it alerts the owner through the server
so that owner can restock before time. A customer has
the availability of both cash or card as payment methods.
As for cash payment, the system uses an IR sensor to
detect cash so that cash is pulled inside, and once cash
is completely pulled inside Raspberry PI and PI camera
performs image processing to detect and validate the
amount of cash. If cash is not sufficient system asks
to insert more cash. The system showed an confidence
level of about 95% to 98% for cash detection while the
fps of Raspberry PI was approximate 0.8. And for card
payment, an RFID card is used. The system verifies the
card tag id and balance in it and deducts the amount
from it. Once the whole transaction is completed items
are dropped in a container via controlled motorized
action. The ultimate goal is to produce a user-friendly
vending machine to enhance the customer purchasing
experience as well as easily manageable by an owner.

Index Terms—Server-based Monitoring, Cash Pay-
ment, Card Payment, Image Processing, Serial Commu-
nication, Non-Maximum Suppression(NMS).

I. INTRODUCTION

A. Background and Problem Statement
A vending machine is an automated machine that

provides items such as snacks, beverages, and lottery

tickets to consumers after money, a credit card, or a
specially designed card is inserted into the machine.
The traditional vending machine works as when suf-
ficient coin is inserted then customer selects an item
by using keypads or buttons and the item is dropped
down to a receiving window.

Vending machines exist in many countries, and in
more recent times, specialized vending machines that
provide less common products compared to traditional
vending machine items have been created. Today’s
vending machines are evolving to be more than just
vending machines [1]. With high-definition displays
running rich graphics, the ability to interact with the
customer, and more, enables continuing innovation
to benefit both the customer and virtually everyone
in the vending industry. Along with the coming of
the Internet of Things (IoT) age and its increasing
prevalence in our daily lives [2].

As in Nepal, vending machines are just available
in recent years and also there are only a few in
numbers as all are mostly traditional types of a vending
machines. Currently, the world is becoming more and
more digital and development of smart technologies
traditional vending machine is becoming less and
less usable or efficient. To improve and reinforce the
services of traditional vending machines, this system
provides an intelligent solution to facilitate their func-
tions. Lalitpur city unveils Nepal’s first seed vending
machine in Dec 2019. Through the vending machine,
farmers can get 36 different varieties of seeds of veg-
etables and flowers. There are other vending machines
for a sanitary pad, beverages, tea, coffee, and so on in
Nepal.
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As for the common or traditional vending machine,
running out of products is bound to happen in vend-
ing machines, especially if you have an infrequent
restocking schedule. There is the difficulty of changing
product prices if needed by the owner. The traditional
vending machine uses only cash or coin payment
system.

B. Objectives

The main objective is to produce a system that will
have server-based monitoring of the system and a user-
friendly environment. The following targets must be
fulfilled to reach this goal:

• To develop server end.
• To detect and validate cash amount.
• To send and receive data from the server.
• To alert when item quantity is less.
• To scan and verify the card.
• To order multiple items at a time.

II. ABBREVIATIONS AND ACRONYMS

Notation Description

fps frame per second
IDE Integrated Development Environment
IoT Internet of Things
LCD Liquid Crystal Display
MS COCO Microsoft Common Objects in

Context
NMS Non-Maximum Suppression
PWM Pulse Width Modulation
RFID Radio Frequency Identification
SSD Single Shot Detector

III. RELATED WORKS

These days numerous research and literature survey
has been carried out on vending machine and its
advancement. A vending machine that operates in
response to a coin or card inserted by a user is de-
signed [3], [4]. Likewise, the electronic chip, capable
of identifying the fingerprints of each user of the
automatic vending machine was utilized to memorize
them in memory cells and subsequently comparing
certain electronic scanning points of their memorized
image for electronic identification, when checking the
residual credit and/or selection of the desired product
[5]. In the field of IoT, a system is designed to
monitor the health where data gathered is stored in
the cloud and can be viewed in LCD in real-time
data [6]. There are technologies that have been used
previously for object detection using SSD: Single Shot
multibox Detector [7], convolution neural networks
for mobile vision applications [8] and recognition and
classification of the objects in the images, as well as
locating of the objects within it, drawing a bounding
box around the appropriate way [9].

IV. METHODOLOGY

Fig. 1 is the block diagram of a complete system
flow during one transaction. The overall block diagram
of the system configuration is shown in Fig.2. The
system is divided into three major parts i.e Vend-
ing Machine, Cash Recognition, and Server. Vending
Machine part consists of Arduino Due as the central
microprocessor that is connected to various devices
i.e. LCD display to display available items as well
as ordered items list, Keypad as an input source for
a user, RFID module to detect the card, and L298N
motor driver to control DC motor so to drop items.
DC motor is operated only for certain interval which is
controlled by motor driver using PWM signal. Arduino
Due has 12 PWM pins. And L298N controls one DC
motor using three pins i.e. input 1 and input 2 to
control the direction of the motor and enable the pin
to control speed. PWM is provided to enable the pin.
PWM allows adjusting the average value of the voltage
that is going to the DC motor by turning on and off
the power at a fast rate. The average voltage depends
on the duty cycle, so when analog output is 0 then
the duty cycle is 0% means no power is supplied and
when analog output is 255 then the duty cycle is 100%
means full voltage is supplied.

Fig. 1. Block Diagram of A Complete Transaction.

Cash Recognition part includes Raspberry PI as
the central processor that takes IR sensor’s signal as
input to control DC motor via L298N motor driver
in order to pull cash inside, and PI camera as to
take images of cash to detect, locate and validate
its amount. The IR sensor here used is active type
and detects the distance of 2-30cm, detection angle of
35°.The distance between cash tray and the IR sensor
is approximate 3cm. On the server-side, NodeMCU
acts as a bridge between the vending machine and
the server. Bidirectional data communication occurs
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Fig. 2. Block Diagram of System Configuration.

between the vending machine and the server through
NodeMCU.There is serial duplex communication be-
tween Raspberry PI and Arduino Due at 9600 baud
rate along with NodeMCU and Arduino Due at 115200
baud rate.

The system comprises various software. Arduino
Due’s controlling program was developed in Arduino
IDE, version 1.8.9. In Raspberry PI, python 3.6.8,
TensorFlow 1.14, openCV 3.4.2, and NumPy 1.16.4
were used for cash detection. The backend of the
server was developed using Django 2.1.5, MySQL
client 1.4.6, and XAMPP 3.2.4, whereas the frontend
using Html, CSS, and Javascript.

A. Displaying and Ordering Items

Fig. 3. Flowchart of Ordering System.

Flowchart 3, shows the process for ordering items.
On the LCD, items list with the latest updated price
and quantity are displayed. A customer orders by
selecting an item using a keypad and inputs the item
amount. There are choices to add, view, or cancel
orders. If the customer cancels the order then the whole
transaction is terminated and LCD, as well as saved
data, is reset. In case the customer wants to view the
record of the reserved product, he/she can select the
view button which displays every item’s name and
total price. When they confirm their order, the details
of ordered items are saved within Arduino Due and
moves towards the billing process.

B. Billing Process

Flowchart 4, shows the billing process after the
order is confirmed. Once an order is confirmed, the
system displays the total amount to be paid and
provides options for payment i.e. cash or card.

Fig. 4. Flowchart of Payment System.

1) Cash Payment

If cash is selected for payment then the system
asks to enter cash in the cash slot. The vending
machine checks presence of the cash implementing
IR sensor. Once cash is inserted, Raspberry PI
operates the motor to pull the cash inside. The
Raspberry PI camera captures real-time images of
cash for detection and validation. It checks whether
the amount is enough or not. If it isn’t enough then
the system asks to insert more cash until provided
cash is sufficient.

2) Card Payment

In the case of a card, specially designed card for
this vending machine is used which is RFID card
in this case. The RFID module reads the card
and verifies its authenticity and amount in it [10].
Provided that there isn’t enough balance, the entire
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transaction is exited and the system is reinitialized.
However, if there is a sufficient amount on the card
then the system deducts the total bill amount from
it.

C. Dropping Items

Once payment is done either by cash or card, the
system drops ordered items by motorized action into
the outlet window so that the customer can collect
products.

D. Server

Once the whole ordering and billing process is
completed, then item’s data stored in Arduino Due
is sent to NodeMCU via serial communication and
then into the server. The owner can monitor the
whole transaction remotely and update the price of
items remotely through the server [11]. In the vending
machine, NodeMCU continuously provides data from
the server to be displayed on the home screen of
LCD. Also, NodeMCU checks the number of items
in a vending machine non stop, if the number is less
than 2 it alerts the owner via server. Once the item
is restocked and the owner updates quantity in server
alert message vanishes.

E. Cash Detection

1) Preparing the Training Data

Fig. 5. Flowchart of Custom Trained Model.

Flowchart 5, shows the process of custom trained
models. Out of the total 819 images, 273 of each
cash (i.e. Rs.5, Rs.10, and Rs.20), 655 were used
as training images and 164 as test images. After
images are labeled, it will have a respective .xml
file for each image. The .xml format is not suitable
directly for training our model in Tensorflow, we
have to convert the .xml files into .csv and then
convert the .csv files into TFRecords.

• convert the .xml files into .csv files.
• convert the .csv files into TFRecords.
• generate the label map file for the training.

2) Choosing our Pre-Trained Model and Training

Here we choose “SSD MobileNetv2 quantized”
which was previously trained in the MS COCO
dataset . The data pool is initially divided into
training and testing groups (ratio of 8:2). Then for
training, the model individually studies all training
data, extracts their correspondingly unique features
like color of cash, and uses them as a reference to
classify the test images. Here MobileNetV2 does
all the feature extracting .

3) Evaluation of the Trained Model

The evaluation of the trained model is done using
loss value during its training [i.e. loss is a number
indicating how bad the model’s prediction was on
a single example]. The loss graph model is shown
in Fig.6. If the model’s prediction is perfect, the
loss is zero, otherwise, the loss is greater. The goal
of training a model is to find a set of weights
and biases that have low loss, on average, across
all examples. Hence comparing the loss value for
every step of the training phase, training the model
is stopped at a step value 34981 and satisfactory
loss value of 0.7. An epoch indicates the number
of passes of the entire training dataset the machine
learning algorithm has completed. 120 epoch is
used as a save point during the training phase.

Fig. 6. Loss Graph of Trained Model.

4) Implementation

The trained model is exported to be applied to a raw
image for classification. The model then examines,
forms bounding boxes, and predicts its labels along
with a certainty level. Flowchart 7, shows cash
recognition operation of the system.
The cash detection process is initiated with the help
of an IR sensor indicating the presence of money.
Then the Pi camera is turned ON and the live
camera video is connected using the OpenCV li-
brary, the live video is converted to images(frames)
with conversion speed as per Raspberry Pi’s pro-
cessing power i.e. approximate 0.8 fps. These
captured images are then fed into a customized
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Fig. 7. Flowchart of Cash Recognition.

trained model(SSD MobileNet V2) after being re-
sized into 300x300 pixels. Then the trained model
starts to predict and identify the class ID for any
bounding box created in those images. If class ID is
identified with a confidence level less than 50%(i.e.
0.5) then the bounding box is discarded else the
identified class ID is stored in memory. The ”class-
label” corresponding to identified ”class-ID” with
a confidence level greater than 0.5(i.e. 50%) is then
displayed in a graphical window.
As the bounding box starts to form as per the
model’s prediction, there may appear multiple
bounding boxes in a single image. This can create
confusion in further processes, so applying the
Non-Maximum Suppression algorithm to identify
and select a single bounding box using many
overlapping bounding boxes [12]. The criteria for
discarding any boxes are usually their overlap mea-
sure along with their probability (i.e. confidence
score). And finally, a well-filtered and relatively
accurate class is identified. Here the identified class
is among Rs 5 , Rs 10, or RS 20. Then this
identified class is used for further processing.

V. RESULT AND DISCUSSION

In this vending machine, an updated list of items
with the price is displayed on the LCD, and ordered is
placed by using the keypad. By pressing a button on
the keypad as that of the item number shown on the
screen, the item was selected and the screen to supply
quantity was displayed. Once quantity was selected,

the user was able to press a predefined key for further
process i.e. view, cancel, add or confirm. At the time
of pressing a cancel button, the initial home screen
was shown. While add button was clicked, the home
screen was shown to input the order. When a view
key was pressed after an item is ordered or a further
item was added, all the ordered items with their total
price were presented on the LCD. But pressing a
view button following the cancellation showed a blank
screen. After pressing confirm button, the total amount,
as well as the payment option, was shown.

Two options were provided for payment i.e. cash
and card. When key 2 was pressed, the “Enter Card”
message was shown on display. After inserting an
RFID card in the card slot, the RFID module detected
the card and Arduino Due checked the card id as
well as its balance. After validation was true, the
bill amount was deducted and items was dropped by
motorized action controlled by Arduino Due. Also,
for the second transaction process cash payment was
used. By pressing key 1 after confirming the order,
the “Enter Cash” message was displayed. At first, Rs.5
was inserted. As Rs.5 was inserted IR sensor detected
cash and Raspberry Pi operated the motor to pull
cash inside, motorized action was performed till the
IR sensor couldn’t detect cash means the whole cash
was pulled inside. Once the whole cash was inserted
motor stopped and the PI camera opened for cash
detection and validation. The fps of the Raspberry
Pi was approximately 0.8 so it took some time to
detect cash. A bounding box was formed around cash
showing its confidence level and amount. The cash
was only validated if it was detected 10 times. After
validating cash, the amount was deducted from the
total bill and cash was again pulled further inside by
motor for 10 seconds. It asked to enter more cash so
we inserted Rs.10 and Rs.20 one after another to pay
the total bill. Once a sufficient amount was inserted
Raspberry PI sent a signal to Arduino Due which
dropped ordered items by running motor.

TABLE I
CONFIDENCE LEVEL FOR RS.5

Cash Visible Portion
Camera Height 50% 75% 100%

5 cm 0 0 0
8 cm 0% 90% 94%
10 cm 87% 92% 99%
12 cm 0% 0% 96%
15 cm 0 0 0

The confidence level of cash was varying due to
camera height and lighting condition. The different
confidence level for different amount is shown is
listed in tables. Table I, Table II, and Table III show
confidence levels of Rs.5, Rs.10, and Rs.20 corre-
spondingly. From comparing values of these tables,
the Pi camera’s height was selected to be 10cm and
mounted 10cm above the cash tray. Figure 8 shows
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TABLE II
CONFIDENCE LEVEL FOR RS.10

Cash Visible Portion
Camera Height 50% 75% 100%

5 cm 0 0 0
8 cm 87% 90% 96%

10 cm 92% 96% 99%
12 cm 90% 92% 98%
15 cm 0 0 0

TABLE III
CONFIDENCE LEVEL FOR RS.20

Cash Visible Portion
Camera Height 50% 75% 100%

5 cm 0 0 0
8 cm 90% 92% 96%

10 cm 94% 96% 99%
12 cm 91% 94% 97%
15 cm 0 0 0

confidence levels of all cash at 10cm height. The
confidence level 0 means no bounding box was formed
resulting no cash detected. Also, cash was not detected
when there was poor lighting, in such a case flashlight
was used.

Fig. 8. Confidence Level of cash at Camera’s height of 10cm.

Fig. 9. Item Lists and Charts in Server.

After completion of the whole transaction, ordered
data was sent to the server via NodeMCU. On the
home screen of the server, tables of a list of items of
a vending machine and various charts of present items
as well as sold items are displayed as in Figure 9. And
sold items with time-stamps were listed in the sales
section of the server as in Figure 10. When an item’s
quantity was less than 2, an alert notification popped
up in the server and remained until the quantity’s
value was updated. Figure 11 shows popped up alert

notification in the server. Figure 12 is the designed
prototype vending machine.

Fig. 10. Sales Data in Server.

Fig. 11. Alert Notification.

Fig. 12. Vending Machine Prototype.

VI. CONCLUSION AND FUTURE ENHANCEMENT

This paper put forth the key to prodigious exposure
to the customer and make them have a completely
different outlook towards vending machines back in
the days. This Smart Vending Machine can transact
both cash and cashless. Cash of Rs.5, Rs.10, and
Rs.20 are only recognized by this vending machine so
the customer has to enter only one of this cash. The
confidence level was about 99%. Sometimes cash was
not detected due to lack of light so we have to use a
flashlight as a light source. When the number of items
is less than 2, vending machine alerts the owner via
server to restock it. Once quantity was updated alert
message disappeared. A customer can buy more than
one item at one transaction. Also, an owner can view
the sales data of items. The fps of Raspberry Pi was
low that is approximate 0.8 fps so cash detection takes
some time. DC motor used for dropping items ran for
1400 milliseconds and stopped to drop one item. Since
NodeMCU operates on a high baud rate, the serial
communication was established at a 115200 baud rate
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with Arduino Due. Both server and NodeMCU must
be connected on the same network for communication.

As this system is limited to only three types of cash,
more types of cash can be used by creating a trained
model of them. The system doesn’t know itself when
items are restocked, quantity must be updated manu-
ally to inform the system that it has been restocked.
This can be solved using an IR sensor or image
processing to detect items in a tray and when an item is
restocked it can update data automatically. So as for
further more advancement, the system can be made
more user-friendly, completely IoT-based cloud server
and recommendation systems can be incorporated.
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Abstract—The project discussed in this paper was
targeted at developing secured and automated systems
for home. Smart home service is an emerging technology
in IoT and has marked changes within house equipment
from being dull into being more intelligent, remote
controllable and interconnected [1]. However, with this
development, the system’s complexity in usage as well
as the cost has also increased and likewise the security
issues. The major objectives of this project, Smart Home
using the Internet of Things (IoT), are to remotely
connect and monitor devices through the Internet, to
automate the system during offline mode and to provide
access inside the home via face-recognition. The part
of the system was designed to unlock the door using
face detection and recognition using raspberry pi and
pi camera. For face detection and recognition, the Haar
cascade algorithm was implemented within the raspberry
pi. Raspberry pi and NodeMCU esp8266 were linked
with cloud based mobile app, Blynk, an IoT platform,
designed for IoT based applications. NodeMCU acted
as a gateway to internet and Raspberry pi. A number
of NodeMCUs were connected to sensors and devices for
real-time supervision of the sensor outputs. These outputs
were then sent to Blynk cloud using the internet and were
made accessible to users to view, using Blynk mobile app
and thus enabled the user to make decisions accordingly,
to control the electrical appliances. When the user was of-
fline, the system was designed to switch to an automated
state and control the appliances automatically as per the
sensor reading. The calibration of the sensor units was
done to ensure better performance of the overall system.
The tests performed showed around 100% accuracy in
device controls and sensor readings. The latency was in
the range of 2 seconds, depending highly on the internet
speed. The system showed an accuracy of approximately
77% for face recognition. The results of this paper can
be used to develop enhanced IoT based smart systems
with more functionality for homes.

Index Terms—IoT, Face detection, Internet, Raspberry
PI, NodeMCU esp8266, sensors, Blynk app

I. INTRODUCTION

A. Background and Problem Statement

According to the IEEE Internet of Things journal
[2], an IoT system is a network of networks where,
typically, a massive number of objects, sensors and
devices are connected through communication and
information infrastructure to provide value added ser-
vices via intelligent data processing and management

of different applications. IoT allows people to stay
connected with the virtual world and real world from
anywhere and anytime and allows things or objects to
be operated and monitored remotely using the internet.
Similarly, it also provides a platform for communica-
tion between objects where objects can organize and
manage themselves. IoT based systems are gaining
popularity and consequently a lot of researches are
being conducted on this [3]. Smart home system is
also one of the applications of IoT which has very
high demand [4]. A smart home is a living environ-
ment having technology which will allow all home
appliances and household devices to be controlled
and monitored remotely. Smart home users can easily
monitor and control all home devices/home appliances
through the internet. Smart home systems can be
made with the use of RF modules, Zigbee technology,
GSM/GPRS module, Microcontrollers etc [5]. The
drawback, however, is that systems are regularly being
installed incrementally without a central control point.
This can lead to home automation problems. Without
an understanding of how smart devices communicate,
homeowners regularly install units which can only
be controlled by the manufacturer’s app. The main
problems that a home automation system faces are
the high cost of the system, strenuous configuration
and set up process and security of the system. It is
essential to build smart home systems at an affordable
cost and should be able to control commonly used
home appliances in a house using much simpler IoT
platforms like Blynk [6]. Also such systems should be
made controllable using mobile apps with simpler user
interfaces.

B. Objectives

The major objective of this paper is to develop Smart
home system using IoT:

• that can unlock the door upon face recognition
• that can control IoT devices using Blynk app

remotely using internet
• that can monitor different sensors and provide its

information to the users
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• that can automate the devices based on the sensor
outputs when the user is offline

II. RELATED WORKS

A lot of papers have been published related to
IoT based system. A paper on Smart Home using
Blynk Framework [7] was targeted at solving sundry
problems faced by Nepalese people in their daily life.
It was designed to control and monitor appliances via
smartphone using Wi-Fi as communication protocol
and raspberry pi as private server. The core system of
this project was adopted from the Blynk framework.

Internet of things (IoT): Blynk framework for smart
home [8] discussed the design to control and monitor
devices at home via a smartphone. The purpose of this
study was to make control and monitoring of electrical
devices with the concept of IoT using Raspberry pi
and NodeMCU based on the Blynk framework. The
method used in this study was to build a prototype con-
sisting of sensors, actuators, Raspberry pi, NodeMCU,
and Smartphones.

A smart home automation technique with raspberry
pi using IoT [9] had proposed a system for Smart
Home Automation technique with Raspberry Pi using
IoT and it was done by integrating cameras and motion
sensors into a web application. To design this sys-
tem,they used a Raspberry Pi module with Computer
Vision techniques. Using this, can control home appli-
ances connected through a monitor based internet. For
instance, it captured intruder’s identity and detected
its presence using simple Computer Vision Technique
(CVT).

Door Unlock by Face Recognition (DUFR) [10]
had proposed a solution and mechanism which was
grounded and focused on the security parameter. This
paper has proposed and developed a solution concern-
ing the security aspects which was Door Unlock by
Using Face Recognition (DUFR) that assists in the
accomplishment of security facets within the territory
of homes, educational institutions, offices, health care
units, and various different areas.

Face detection and recognition using Raspberry Pi
[11]aimed at taking face recognition to a level in
which the system can replace the use of passwords
and RF I-Cards for access to high security systems
and buildings. With the use of the Raspberry Pi kit,
they aimed at making the system cost effective and
easy to use, with high performance.

The study of these papers has helped us to develop
a similar system.

III. METHODOLOGY

The overall block diagram of the system is shown in
figure 1. Blynk app is used to interface the hardware
devices.

Fig. 1. Block Diagram of System

A. Sensor Unit:

There were three sensor units in total with three
different sensors in each, PIR for motion detection,
LM35 for temperature detection and LDR for detecting
the intensity of light. All the data read from the sensor
was sent to the Blynk cloud server through NodeMCU.

B. Device Control Unit:

As the data was read from respective sensors, a com-
parison was made in the cloud server and a command
was given through Blynk app and to the NodeMCU
connected to the appliances/devices.

C. Face Recognition and Door Unlock:

The face detection algorithm could detect the face
within the video captured from Pi-camera using Haar
Cascade algorithm for frontal face.Haar Cascade is
a machine learning based approach where a cascade
function is trained from a lot of positive and neg-
ative images of non-faces,similar to other machine
learning models. It is then used to detect objects in
other images. OpenCV offers pre-trained Haar cascade
algorithms, organized into categories(faces, eyes and
so forth), depending on the images they have been
trained on. The algorithm includes four stages. They
are: Calculating Haar Features, Creating Integral Im-
ages, Using Adaboost and Implementing Cascading
Classifiers. First, a database of face-images (around
200 samples of data), of known faces was created
which was used to train the system. Next, for every
new face detected, the trained module was used within
the face recognition algorithm to recognize the face.
On recognition of the known face, the system would
unlock the door. If unknown faces were detected,
the raspberry pi would send the notification into the
Blynk cloud server and then finally to the owner’s
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mobile within the Blynk app. Also, the door would
remain locked. The relevant flowchart showing the
face-recognition and unlocking of doors is shown in
Figure 2.

Fig. 2. Flowchart of Face Recognition Door Control

D. Blynk App:

It was an application created in android OS which
was used to control the devices and was also able to
display the data read from the sensors. Blynk consisted
of a unique identifier, that was used to connect the
Blynk program running on the mobile device with the
devices like Raspberry pi and NodeMCU, connected
to the Blynk cloud server.

E. Blynk cloud server:

As for the cloud server to do different processing,
a free version of an inbuilt cloud server, called Blynk,
was used. Here, all necessary calculations, compar-
isons of data etc were made as well data were also
stored for future need. The server informed the Blynk
app that it is connected and creates the connection.
Basically, Blynk cloud server is responsible for all the
communication between the smartphone and hardware.

Figure 3 showed the overall flowchart related to
the appliance control. lm35 was used to detect the
temperature inside the home. If the sensed temperature
value is greater than 25 degree and there is detection
of motion then the fan will turn on. Next, LDR was
used to measure the brightness of the light source. If its
resistance is high and there is detection of motion, the
light will turn on otherwise it will remain OFF. All
the appliances can also be turned ON or OFF using
Blynk App by the user. Also, all the sensed sensor
data could be visualized by him from the Blynk app.
As the system was powered up, it would search for
the preset SSID (Service Set Identifier) and connect
automatically to the Internet otherwise would remain
offline and would perform the automated-controlling
job that doesn’t require commands from the owner.

Fig. 3. Flowchart of Appliances Control

IV. RESULT AND DISCUSSION

Different tests were performed within the proposed
system that was explained in previous sections in order
to measure its performance.

A. Face detection and Recognition

The performance of the face detection algorithm
was tested first with five different persons and for
each, the face was detected well and thus showed
100% accuracy. Next for testing the accuracy of face
recognition, faces of the same five persons were used.
The average value of the 5 tests against differing
numbers of samples is shown in figure 4. The graph
showed that the optimum number of samples was 200
since the graph remained almost consistent after 200.
With that sample number, the accuracy was obtained
as 77%.

Fig. 4. Graph of different samples
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Fig. 5. Snapshot of face recognition door unlock

Fig. 6. Snapshot of unkown face door locked

Fig. 7. Snapshot of no face found door locked

B. Calibration of LM35

While undergoing tests for LM35, the actual sur-
rounding temperature was measured as 14 degree.
However, there were slight variations in the observed
value from LM3. The fluctuated values obtained from
LM35 was shown in table I. The average calculated
percentage error was 16.71%.

Table I:Calibration of LM35

Fig. 8. Snapshot of fan controlled by temp in Blynk

C. Calibration of LDR

The variation in the resistance of LDR for daytime
and night time was shown in Table II. Based on this
and based on the observation of the resistance during
the evening hours, the threshold value for the reading
of LDR’s resistance to trigger the turning ON and OFF
of the light was taken as 900 ohm. When the resistance
of LDR was above 900 ohm then light would turn on.

Table II: Calibration of LDR

D. Testing of PIR sensor

PIR sensor normally detects in the range between
5m to 10m. For testing the PIR sensor, we created
motion by waving our hand (5-7)m away from the
sensor and we observed that the motion was sensed
well by the PIR sensor. This sensing of the motion was
sent to the Blynk cloud and from there to the Blynk
app well. During the testing it was found that beyond
9m, PIR sensor was unable to detect the motion.

Fig. 9. Snapshot of led controlled by PIR and LDR in Blynk

In overall, based on the trained image data, the
system was able to detect faces with 100% accuracy
and recognize the known face with 77% accuracy.
The door was unlocked or stayed locked based on
the recognized face and then the notification was also
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sent accordingly to the Blynk mobile app. Different
sensors also updated the data into the Blynk cloud
and was visualized well in the Blynk mobile app in
real time. The appliance control was performed well
via the mobile Blynk app and also automated based on
the sensor data in the absence of inputs from the user.
The latency between the inputted control commands
from the mobile Blynk app and the operation of the
appliances was in the range of 2 seconds. The latency
between the inputted control commands from the mo-
bile Blynk app and the operation of the appliances
was in the range of 2 seconds depending highly in the
internet speed.

V. CONCLUSION AND FUTURE ENHANCEMENT

In this paper, we have introduced a Smart Home
system using IoT. The system had an automated door
control system based on face recognition, the monitor-
ing system of the home-environment using different
sensors and the control system for different home
appliances. The monitoring and control system was
based on the IoT based framework, Blynk. The system
had shown good accuracy of 100% for face detection
and 77% for face recognition. All the data monitoring
and controlling using Blynk cloud server and Blynk
app performed well with the latency in the range of
2 seconds, thus showing its applicability in real world
scenario.

The developed system has limitations due to the
usage of low processing powered devices like Rasp-
berry pi 3 and the usage of the free version of Blynk.
Thus with the much high-end processing units like
Raspberry pi 4, the processing of images captured from
pi-camera can be done much faster thus enhancing
the overall speed. Next, with the paid version of the
Blynk, much more functionalities can be added into
the system.
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Abstract— Smart Wheelchair with SMS Alert and Safety 

Features is an electronic wheelchair, which has been 

designed to provide mobile independence with security to 

the differently abled people who suffer from various 

difficulties on movement in daily life even on using a 

manual wheelchair. To update it from manual to smart, 

RC remote has been used so that the wheelchair user can 

move on any direction just moving the stick of RC remote 

with one hand, reducing the need of manual force for 

moving the wheels. To control the system, ATmega328p 

microcontroller has been used with the added security 

features. The buzzer directly helps the user to be able to 

learn about any problem with the surrounding and 

provide instant aids. Similarly, accelerometer and 

ultrasonic sensors have been used for making the system 

safe and trustworthy. GSM module has been used to alert 

caretaker/family of wheelchair user. The system was well 

designed with SMS alert and safety features under low-

cost. 

KEYWORDS: Smart, Differently Abled, Wheelchair, Mobile 

Independence, Accelerometer 

 

I. INTRODUCTION 

  Every human has right to independent 

movement. It is a simple statement, but has a great 

impact on the confidence and self-esteem of a 

differently abled person. Manual wheelchairs though 

provide independence in some cases of disability, not 

all the disabled are able to have movement manually 

driving the wheels. Thus, there is a strong requirement 

of electric wheelchairs. Smart Wheelchair with SMS  

Alert and Safety Features is an electronic wheelchair. 

The wheelchair consists of motors attached to wheels 

that can be controlled by a RC Remote thus providing 

automated movement without manual force. Once the 

system is switched on, a patient just needs to use 

his/her hands to move wherever they want. The 

wheelchair has some safety features such as obstacle 

detection by which a user gains the sense of self 

mobility with security. Similarly, the message alert 

feature helps a patient to alert his/her family. 

To ensure the independence in mobility of locomotive 

disabled, this project is applicable. It reduces the effort 

for manual pushing of wheels as well as provides 

safety. It is seen effective for day-to-day movement of 

the disabled. This makes it more effective than the 

using of manual wheelchairs. For a developing nation 

like Nepal where more than 36 % of disabled have lost 

their mobility, this system is very essential [1]. To 

provide the disabled a sense of independence and 

movement as well as to ensure their safety by helping 

them alert their families when in need, this system is 

very much suitable.  

 

II. LITERATURE REVIEW 

Smart Wheelchair with SMS Alert and Safety 

Features is an electric wheelchair. The wheelchair 

consists of motors attached to wheelchair that can be 

controlled by a RC Remote thus providing movement 

without manual force. It reduces the effort for manual 

pushing of wheels as well as provides safety. The 

wheelchair has some safety features by which a user 
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gains the sense of self mobility with security. To 

provide the disabled a sense of independence and 

movement as well as to ensure their safety by helping 

them alert their families when in need, this system is 

very much suitable.   

The first electric wheelchair was the Klein Drive Chair 

which was invented by Canadian inventor George 

Klein and his team in 1953. His team developed a 

unique package of technologies while working for the 

National Research Council of Canada that are still 

current features of electric wheelchairs today. The 

electric wheelchair was propelled by batteries, which 

allowed automatic movements that were controlled by 

the user. [3]  

At present day, there are number of small as well as 

large scale commercial enterprises working on smart 

wheelchairs, most of all in the developed nations. 

China Synergy Group is a Chinese professional 

manufacturing company in Shanghai which has 

developed smart electric wheelchairs. Another 

producing giant of wheelchairs is Ottobuck which 

produces customized wheelchairs for suiting the 

disability [4].  

One of the greatest scientists in the world, Stephen 

Hawking has used a special designed wheelchair with 

voice systems. Professor Hawking controlled all the 

functions of his Windows tablet PC using just a single 

switch. Hawking’s PC used a special interface called 

EZ Keys, which scanned across each letter of the on-

screen keyboard, one at a time. When Hawking moved 

his cheek, a sensor detects the movement and the 

computer halts the scanner and picked that letter. All 

these devices were attached to his wheelchair [5]. 

Similarly, Navchair designed by Levine was 

developed for people who suffered from different sort 

of impairments such as bad vision. Its shared control 

decisions such as obstacle avoidance, safe approach to 

objects and maintenance of a given path with the user 

[6]. There are very few commercialized wheelchairs 

with the smart technology available. One reason is 

because the robustness and safety of the technology is 

not 100% guaranteed yet in many researches. Using 

high-tech smart wheel chairs depends on the severity 

of the disability, the individual’s overall morale and 

attitude towards his or her condition and the most 

important is the price of the technology [7]. According 

to a paper published on the topic “Advances in smart 

wheelchair technology”, a considerable amount of 

work has been done in the field of smart wheelchairs 

but small amount of attention has been given to user 

centric wheelchair design. Thus, the direction should 

aim at building user centered smart wheelchair 

considering several disabilities without negotiating 

user comfort [8]. 

In the context of Nepal, it has been found through 

several researches that there are no any commercial 

electric wheelchair manufacturers till present. In 2002, 

an electric wheelchair was imported by SOS Children 

Village, Jorpati for a patient of cerebral palsy. 

According to the patient, it was comfortable to use in 

terms of back movement. The director of SOS children 

village, Mr. Rabin Nepali confirms that despite the 

comfort of the wheelchair, the battery lasted for a 

limited period of time. Similarly, the cost was very 

high [9].  

The team of Infinity Lab successfully tested an 

electronic wheelchair from Shantinagar in Baneshwor 

to Patan Dhoka powered by a rechargeable battery. 

This wheelchair was the first of its kind that has been 

designed and produced using mostly locally available 

materials called the ‘Leopard’, the wheelchair allows 

its users to travel at a top speed of 10 kilometers per 

hour and can cover up to 25 kilometers, after being 

fully charged for three hours [10]. The feasibility of 

wheelchairs imported from abroad is very less. They 

are not made considering the physical infrastructures 

of Nepal, especially the rough roads. The foreign 

designs are failure in Nepal’s roads [11]. 

While the needs of many individuals with disabilities 

can be satisfied with power wheelchairs, some 

members of the disabled community find it difficult or 

impossible to operate a standard power wheelchair. To 

accommodate this population, several researchers 

have used technologies originally developed for 

mobile robots to create “smart wheelchairs” that 

reduce the physical, perceptual, and cognitive skills 

necessary to operate a power wheelchair [12]. A 

Smart Wheelchair Component System (SWCS) is the 

wheelchair with minimal modification of variety of 

commercial power wheelchairs.  

Scottish designer Phoenix Instinct has developed a 

lightweight wheelchair with a movable axle position 

that automatically adjusts the chair's centre of gravity 

to stop overbalancing. The Phoenix i wheelchair uses 

smart technology to improve its basic functionality. 

Made of lightweight carbon-fibre, the wheelchair's 

wheels are mounted on an adjustable axle that can 

move forward or backwards depending on the user's 

position [13]. 

To ensure the independency in mobility and security 

of the disabled, smart wheelchair would be a key 

solution. The system uses ATmega328p 

microcontroller. In this project, we are adding alarm, 

message alert as well as obstacle detection features 

which will provide safety to the disabled people. 

Similarly, the person accessing the system will be able 

to control and move anywhere without any human help 

with ease and security. 

 

III. METHODOLOGY 

A. Block diagram of movement of the System 

The system consists of 4 DC motor, RC 

remote transmitter and receiver, ESC and battery. The 

movement of all the four motors is controlled by the 

movement of RC remote. The motors are connected 

with ESC and LiPo battery provides the required 

power. When remote which acts as transmitter sends 

signals on receiving input from wheelchair user, 
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receiver receives signal and directs ESC to enable 

motor. ESC controls the s motor movement or speed 

by activating the appropriate MOSFETs to create the 

rotating magnetic field so that the motor rotates. The 

higher the frequency or the quicker the ESC goes 

through the 6 intervals, the higher the speed of the 

motor will be. In this way the components in upper 

section work. 

 

 
 

Fig. 1.  Block Diagram of movement of the System 

 
 

B.  Block diagram of SMS alert and safety features 

The system consists of Atmega328p microcontroller 

as the main controlling device. Similarly, two 

ultrasonic sensors are present on the front and back of 

the wheelchair and accelerometer is present on the 

middle for detecting change in orientation. For the 

SMS alert feature, GPS/GSM SIM 808 module is used. 

Ultrasonic sensors measure the distance to or the 

presence of a target object by sending a sound pulse, 

above the range of any obstacle, toward the target and 

then measuring the time it takes the sound echo to 

return. Thus, buzzer beeps on receiving a high from the 

microcontroller. Accelerometer gives value of three 

axis X, Y and Z from which we calculate the change 

in normal orientation of wheelchair. 

 

 

Fig. 2.  Block diagram of SMS alert & safety features 

       

C.  Software Requirements 

Our system uses Arduino IDE. It is an 

official Arduino software, making code compilation 

too easy that even a common person with no prior 

technical knowledge can easily understand. Similarly, 

Proteus has been used for simulation of the system. 

It has been used to test the system virtually before its 

real implementation. 

D.  Flowchart for the movement of the System 

When the system is initialized, RC remote is checked 

for the direction. If the RC remote handle is moved to 

left, the right motor is enabled and left motor is 

disabled. If the RC remote handle is moved to right, 

the left motor is enabled and right motor is disabled. If 

the RC remote handle is moved forward, then both 

motors are enabled. For backward movement, both 

motors are enabled. The proposed system goes on 

moving and keeps on checking RC remote handle for 

the change in the direction of movement. 

 

 
 

Fig. 3.  Flowchart of movement of the System 
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E. Flowchart for SMS Alert and Safety Feature of the 

System 

When the system is initialized, the microcontroller 

keeps checking whether the detected value of 

accelerometer and ultrasonic sensor are in the 

predefined range or not. If the values are not in the 

range, first of all the value of accelerometer sensor is 

checked. If the values are not in the range, the buzzer 

beeps. It represents that there is change in orientation  

of wheelchair. Hence, SMS is sent through GSM/GPS. 

If the values of accelerometer are in the range, value 

of both ultrasonic sensors are checked. If any of one 

sensors value is less than the threshold, the buzzer is 

beeps. Thus, the wheelchair user is alerted to take 

suitable action. If no input is applied, the 

microcontroller keeps checking till the system is on. 

 

 
 

Fig. 4.  Block diagram of SMS Alert & Safety Features 

 

IV. RESULTS AND DISCUSSION 

A. Implementation of The System 

 

 
 

Fig. 5.  Complete view of control system 
 

  The smart wheelchair is an implementation of a RC 

remote controlled robot. The two Ultrasonic Sensors 

i.e. US1 and US2 are used for the obstacle detection. 

Therefore, when US1 detects a value below threshold, 

the buzzer beeps and alerts the wheelchair user that he 

should stop the wheelchair from moving forward. 

Similarly, when US2 detects a value below threshold, 

the buzzer beeps and alerts the wheelchair user that he 

should stop the wheelchair from moving backward.  

Similarly, when GY-45 detects a value not in threshold 

range, the buzzer beeps thereby alerting the people 

nearby that the wheelchair has incurred some 

abnormal position, which may cause serious harm to 

user. 

  The response of smart wheelchair in different cases: 

 
TABLE I. OPERATION OF THE SYSTEM 

  

B. GPS/GSM SIM 808 module based SMS Alert  

TABLE II. SMS ALERT OF THE SYSTEM 
 

Case RC 

Remote 

Signal 

Sensors 

Indication 

Wheelchair 

Response 

Abnormal 
Orientation  

Neutral GY-45 not in 
threshold 

range 

SIM 808 
module 

send alert 

SMS 

 

 

   
 Fig. 6. SMS Alert via SIM 808 Module 

 

RC 

Remote 

DC Motors Wheelchair 

Direction 

 M1 & M3 M2 & M4  
Back Anticlockwise Anticlockwise Backward 

Front Clockwise Clockwise Forward 

Right Clockwise Turn Right 

Left Anticlockwise Turn Left 
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Fig.7. Output of crash detection on serial monitor 

C. Obstacle Detection of Smart Wheelchair 

 
TABLE III. OBSTACLE DETECTION OF THE SYSTEM 

Case RC 

Remote 

Signal 

Sensors 

Indication 

Wheelchair 

Response 

Obstacle in front 

of chair 

Speed 

signal 

above 
neutral 

(forward 

movement 

Ultrasonic 

sensor 1  

value less 
than 

threshold 

distance 

Buzzer 

beeps to 

alert user to 
avoid 

forward 

movement 

Obstacle in back 

of chair 

Speed 

signal 

below 
neutral 

(backward 

movement 

Ultrasonic 

sensor 2  

value less 
than 

threshold 

distance 

Buzzer 

beeps to 

alert user to 
avoid 

backward 

movement 

 
 

 

Fig. 8. Output of obstacle detection on serial monitor 
 

 

Fig. 9. Plot of obstacle on front and back on serial plotter 
 

D.  Implementation of Control System  

 

The designed control system can be implemented into 

a real wheelchair as follows: 

 

 
Fig. 10. Top view of wheelchair 

         [Available:www.firstinarchitecture.co.uk] 

 

 
Fig. 11.  Side view of wheelchair 

         [Available:www.firstinarchitecture.co.uk] 

 

The motors will be connected to wheels of the 

wheelchair on both sides. Similarly, on the top right, 

joystick will be placed at a comfortable position for 

user to handle. Accelerometer will be placed at the 

center of the sitting considering the center of gravity. 

The GSM/GPS module will be placed on the lower 

section of sitting and the microcontroller will be placed 

in suitable position. Atmega328p will be replaced by 

Raspberry-Pi for better performance. Buzzer will be 

placed considering the comfortable and sound 

audibility of the beep. In this way, our control system 

can be implemented into real wheelchair. 
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E.  Discussion 

During the research of a smart wheelchair for real time, 

different methodologies were studied and best feasible 

method was chosen. In the course of our research, we 

found that the advance systems used raspberry pi as the 

microcontroller for better speed and faster processing. 

We used ATmega328p as microcontroller as our main 

goal was to achieve the functionality rather than speed 

being a key factor. Our system consists of SMS alert 

which is beneficial for the safety of wheelchair user 

and describes problem in wheelchair orientation. We 

used wireless communication for the alerting to the 

caretaker/family of the user. Overall, our research 

suggests a low-cost control system design which can 

give independent movement to a wheelchair user. 

 

F. Result Analysis 

Based on our research, analysis and the result we got 

during implementation of the project, overall we 

achieved a significant level of accuracy. Compared to 

Leopard, the first smart wheelchair in Nepal, our 

system can provide more efficiency at a low cost. 

The accuracy obtained for ultrasonic sensor is 

presented below: 

 
TABLE IV. ACCURACY OF ULTRASONIC SENSOR 

 
Fig. 12.  Performance of Ultrasonic Sensor 

 

 

 
 

 

 
 

 

 
 

 

 
 

 TABLE V. ACCURACY OF ACCELEROMETER SENSOR 

 

 
Fig. 13.  Performance of Accelerometer Sensor 

 

 

Motor speed range calculation  

 
The normal speed of the system should be 8 cm/sec but 

the weighted wheel chair has some more power 

requirement. There is some loss of power while 

moving with load.  For unloaded condition the vehicle 

top speed is 8.51 cm/sec, which can be considered 

good for normal home uses. 

 

V. CONCLUSION 

Smart Wheelchair with SMS alert and safety features 

was successfully tested. Also, the specific objective to 

design and develop a system that helps people with 

locomotive disability to have independent movement 

was fulfilled. The designed wheelchair provides SMS 

alert on emergency situations. Thus, the low-cost 

microcontroller and advances in wireless 

communication inspired us to design and develop the 

low-cost system. By using this prototype containing 

microcontroller (ATmega328p), GSM/GPS module 

(SIM 808) and other components, smart wheelchair 
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can be successfully built to offer independence in 

movement and security to locomotive disabled. 
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Abstract—In this paper, we discuss about the approx-
imation of any continuous function by the sigmoid func-
tions on a unit cuboid and simplify the approximation
by choosing some appropriate linear transformation Bh.

Index Terms—Function Approximation, Linear Trans-
formation

Mathematics Subject Class [2020]{46N99, 68T07}

I. INTRODUCTION

Let Ω be a set in Rn. The space C(Ω) is the space
of all uniformly continuous functions on Ω, with norm

||f ||C(Ω) := sup
x∈Ω
|f(x)| <∞.

For an arbitrary function from C(Ω) we have

lim
h→0
||f(x+ h)− f(x)||C(Ωh) = 0;

where h ∈ Rn and Ωh := Ω ∩ (Ω − h), (Ω − h) is
the translation of Ω by the vector −h. The property
follows from the definition of uniform continuity. The
property is also known as continuity with respect to
translation.

In 1989, Bajracharya and Burenkov [1] obtained the
necessary and sufficient conditions for the continuity
with respect to a non-linear translation, Bh : Ω→ Rn.

Theorem 1.1 (Bajracharya & Burenkov):
Let Ω ⊂ Rn be an open set , δ > 0, and for all

h ∈ Rn, |h| < δ, let a transformation Bh : Ω → Rn.
For all f ∈ C(Ω)

lim
h→0
||f(Bh)− f ||C(Ωh) = 0

it is necessary and sufficient that

lim
h→0
|||Bh(x)− x|||C(Ωh) = 0

where Ω{h} = {x ∈ Ω : Bh(x) ∈ Ω}
Definition 1.1: A sigmoid function is a continu-

ous monotone function with limt→−∞ σ(t) = 0 and
limt→∞ σ(t) = 1

In 1989, Cybenko [2] showed that any continuous
function on a compact subset of [0, 1]n can be approxi-
mated by a feed forward neural network with only one

single hidden layer and a finite number of neurons, i.e.
by superpositions of sigmoid functions.

The functions of form
∑N

σ(Wx+ b) approximate
a continuous function on a cuboid.

Theorem 1.2 (Cybenko): Let σ be a continuous
monotone function with limt→−∞ σ(t) = 0 and
limt→∞ σ(t) = 1. Then, the set of functions of the
form

∑
αjσ(WT

j x+ bj) is dense in C([0, 1]n).
Definition 1.2: Let V and W be vector spaces over

the same field K. A function f : V →W is said to be
a linear transformation if for any two vectors u, v ∈ V
and any scalar c ∈ K the following two conditions are
satisfied:

Additivity: f(u+ v) = f(u) + f(v)

Homogenity: f(cu) = cf(u).

Then our main result is the following.
Theorem 1.3: Let f be a continuous function on

[0, 1]n, h ∈ Rn, Bh : Rn → Rn a linear transformation
and σ a uniformly continuous sigmoid function. If

lim
||h||→0

||Bh(x)− x|| = 0

then, for every h ∈ Rn, for some N ∈ N,

lim
||h||→0

|f(x)−
N∑
αjσ(Bh(x)| = 0.

II. APPROXIMATION WITH RESPECT TO LINEAR
TRANSFOMATION

Let Bh be a linear transformation Bh : Rn → Rn.
By Theorem 1.1

lim
||h||→0

||Bh(x)− x|| = 0

iff
lim
||h||→0

||σ(Bh(x))− σ(x)|| = 0.

By theorem 1.2, for any function f ∈ C[0, 1]n we
have for ε > 0, some N ∈ N such that

||f(x)−
N∑
αjσ(W (x) + bj)|| < ε.
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Now,

lim
||h||→0

||σ(Bh(x))− σ(x)|| = 0

=⇒

lim
||h||→0

||
N∑
αjσ(Bh(x))−

N∑
αjσ(x)|| = 0

Thus, for every function f and ε > 0, there is some
N such that

||f(x)−
N∑
αjσ(Bh(x)|| < ε.

Moreover,

lim
||h→0||

||f(x)−
N∑
αjσ(Bh(x)|| = ||f(x)−

N∑
αjσ(x)|| < ε.

Example 2.1: Consider Bh(x) = (I−|h|W )x+|h|b)
where W is a matrix of order n; h, b ∈ Rn and I is an
identity matrix, then

lim
||h||→0

||Bh(x)− I(x)|| = 0

Problem 2.1: Let Bh be a square matrix of order n
and x, h ∈ Rn, we look for general conditions for Bh

such that

lim
||h||→0

||Bh(x)− I(x)|| = 0

Problem 2.2: What additional assumptions are re-
quired to approximate discontinuous functions?

III. CONCLUSION

In this paper, we simplified the approximation of
continuous function by uniform continuous sigmoid
functions with respect to some appropriate linear trans-
formations.
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