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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 . 
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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 
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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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