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First of all, I would like to commend the ongoing research and development efforts made
by Kantipur Engineering college. Conferences like these are designed to create networking
opportunities; they also provide access to the newest ideas and concepts.

It gives me a great pleasure to contribute a few words to this momentous occasion, the 4th
lnternational Conference on Engineering and Technology.

Engineering involves applying scientific and mathematical knowledge to design and
operate objects, systems and processes to help us solve problems or reach goals.
Engineering and the development of technologies are closely tied to science.

Creativity and innovation are main sources of development leading to both: job creation
and good living. While innovation is concerned with knowledge- utilization that is
transforming knowledge into value, creativity is associated with knowledge-generation
that is contributing to the human intellectual scope.

The practice of engineering has an unavoidable impact on society; engineering is based
upon that relationship with society, as the practice does not exist outside the domain of
societal interests. Engineering play vital role in the development of society by offering
assistance in various fields like research, medicine, technology etc.

Every educational institution should offer innovative curricula, teaching methods and
training/retraining programs which include broader research-related skills along with more
discipline specific skills.

Again, I thank Kantipur Engineering college for making me a part of this wonderful and
stimulating conference and thank you for your generosity in organizing it. ltake this
opportunity to convey my best wishes for an effective, successful and productive
conference. thank you .

q, PEng(Nepal)

{Chairperson)

Nepal Engineering Council
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Foreword

Tribhuvan University (TtI) is a Pioneer and leading research university of Nepal with
extensive graduate programs dedicated to outstanding undergraduate, postgraduate and
professional education. The University encourages intellectual curiosity, critical thinking,
free inquiry, and respect for the views and values of an increasingly divirse population. TU
faculty are committed to students' intellectual, cultural, and ethical developrnent as citizens,
scholars, and professionals. TU graduates are prepared to contribute to a regional, global and
diverse society that requires leaders with creativity, integrity, and a dedication to service.

Kantipur Engineering College (KEC) is going to organize KEC Conference 2022,an event
with the motto to develop young researchers in engineering. It is an innovative and creative
attempt. The inclusion of various types of articles from engineering backgrounds will boost
the readers'perspective to address and accommodate the fuiure 

"hallergeJin 
this area. Such

research activities will motivate the new generation to do something creative in the area of
interest utilizing the local resources to step globally, leading towards "think globally, act
locally."

Submission of any research paper in the conference means undergoing lots of tenacious
academic exercises with immense patience, dedication, and focused discussion, which is
why the KEC Conference has been playing a leading role in energizing the young minds
with massive enthusiasm for rigorous academic activities.

We have learned to co-exist with the changed dynamics after the Covid-l9 pandemic, as
seen through a virtual medium's successful completion of the previous edition of the KEC
Conference. I wish for the best to materialize the conference's goal by drawing a significant
number of participation from the researchers and well-wishers in the KEC Conference2022.
I hope this conference will be an instrumental platform to enhance the research culture in the
field of engineering and Technology.

Prof. Dr. Dharma Kanta Baskota
Vice-Chancellor

Phone: 433U3A4330434, Fax:977-143319&1, E-mail: vcoffice@tribhuvan-university.edu.np, P.O.Box No.8212
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Foreword

,,Research is to see what everybody else has seen, and to think what nobody else has thought'"

Albert Szent-GYorgYi

onfirence on Engineering and Technology'

The Institute of Engineering (IoE) is responsible for administering all forms of academic as well

as research activities and has always bee., srpporting and promoting innovations' The IOE is very

much committed to achieve the goals to wtrictr it has committed in the field of Engineering and

Research. The Deanship of reseaich is also responsible for the publications of scientific journals

and scholarly books. Furthermore, it is also responsible for linking the scientific research to its

application for the betterment of the society und ttt" nation as a whole' The protection of the

intellectual properties and the technology transfer also falls under the deanship ofthe research'

KEC has become one of the pioneer institutions in the field of research which incorporates global

community of scholars with iemarkable research works. IOE has always supported and promoted

past KEC conferences and is delighted to support the forthcoming one' The research experts of

IOE have been in constant coordination with KEC for reviewing the papers and are keen to

establishing collaboration with various other institutions in order to lead or assist in development

of cutting edge technology and application of these new technologies obtained through research'

I would like to congratulate Kantipur Engineering college and the entire organizing committee

and editorial boarolf the KEC conference 2022 for their'tireless effort and achievement of the

event. I am assertive that the commitment shown by KECians towards enhancing the research

application and its incorporation in the field of education will foster new forms of innovations to

endless heights.

At last, I would like to wish the entire team a great success of the event associated in promoting

academic and professional research activities'

42- cr5L--J)

Shashidhar Ram Joshi, Ph.D

Professor
Dean
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FOREWORD

Kantipur Engineering College, one of the premier engineering colleges in Nepal has organized

two international conferences: SKIMA 2008 and SKIMA 2015 inNepal. From 2018 the college

has started to organize KEC Conference annually. The main objective behind organizing

conference is to motivate students and teachers in research. Research opens doors for new

innovation and leads the nation towards development and prosperity.

Research produces data and findings, which are shared in a systematic way among the

researchers and students from the same or different fields through different platforms; conference

is one of them. Conference helps to build up ties between institutions, researchers, students and

teachers to share their knowledge, innovations and expertise. The systematic sharing of data and

knowledge aids future researchers as a foundation for their research career and help them lead in

innovation. Country having strong research community is leading the world in all round

development.

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 thankful and like to congratulate the organizing committee; students, teachers and staff of
the college; and participants throughout the globe for making the previous three conferences a

Dr. (eshar pradailfjjj'

Princip allAs so c i ate Profe ssor

grand success and wish tlgq fo. huge success for the 4th KEC Conference.
. ..{ . ,.r., 1-;i ",i ,^\ \-it \
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On behalf of KEC Conference Organizing itorial Board, it is my immense
pleasure to announce the publication of the KEC Proceedings (Volume IV) of the 4s
International Conference on Engineering and Technology, KEC Conference 2022. "Dedicated to
Enhance Research Ability" is the motto of this Conference. I believe that this type of conference
motivates students and professionals who work in engineering/engineering-related fields to do
research and know the importance of research activities in the professional fields for the ease of
society. KEC Conference mainly focuses on the engineering and IT streams; Civil, Computer
and IT, Electronics, Electrical, and Mechanical. This conference volume includes more than 40

research papers. I am very thankful to all the undergraduate and graduate students as well as

researchers from all over the globe for the submission of their valuable research works at this
conference despite the continuation of COVID pandemic situation.

All papers published in this volume are reviewed by national and international professionals and

academicians who have expertise in their respective fields and work in the national and

intemational arena. I am especially thankful to all those reviewers whose active cooperation and

participation in the conference made it possible to maintain the high quality of the conference
papers and helped to gain international recognition.

We have been organizing KEC Conference every year since 2018, except in2020 due to COVID
Pandemic. This year, within this conference, we have included two symposiums on "Safe &
Sustainable Transportation" and 'oUrban Water Resources and Management" which is
organized by I(EC in collaboration with our symposium partners SSTN (Safe Sustainable Travel
Nepal) and S4W-Nepal (Smartphones For Water Nepal), respectively. With the valuable advices
from the Advisory Board Members and constant support and cooperation from Authors,
Reviewers, Conference Organizing Committee Members, Editorial Board Members, and

Research Partners; SSTN, S4W-Nepal, and Center of Research for Energy, Environment and

Water (CREEW), Training Partners; Broadway Infosys-Nepal, Dursikshya Education Pvt. Ltd.,
TechAxis and Coding Technology, this conference and publication of this proceeding was

possible. I am thankful to all of them and look forward to 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 organizing this conference and publishing the proceedings.

Surendra Bahadur Geotech. Engg.)

(Assoc. Prof./Chi g and Consulting Division)

Chairperson and

4ft International C Technology "KEC Conference 2022"

Dhapakhei-2, Lalitpur, Phone No.: 5229204, 5229005, Fax '.977-1-5229274

E-mail :admin@kec.edu. npWeb Site: www.kec.edu.np P.O. Box No.:8849, Kathmandu, Nepal
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I. INTRODUCTION

Digital images have a huge impact on modern civi-
lization, and image processing is now an important part
of research and technology. With the aid of computer
technology, it is possible to create multidimensional
digital images of physiological structures which are
then processed and modified to aid in the discovery
of hidden diagnostic information traits that would be
difficult or impossible to recognize otherwise. The
most widely used medical imaging technique is MRI
and Computed Tomography(CT) Scan which creates
a visual representation of the interior of the body

and is useful to diagnose tumors with noninvasive
possibilities.

A great variety of extensive studies like classifica-
tion [1], clustering [2] techniques are done for brain
tumor detection using MRI dataset. Image segmen-
tation is one of the most often used approaches for
correctly identifying the pixels of an image in decision-
oriented applications. It separates an image into dis-
crete regions with the high similarity between pixels
in each zone and high contrast between regions [3].
Some of these image segmentation methods include
the k-means clustering method, Fuzzy c-means clus-
tering, etc., and other classifier algorithms including
Support Vector Machine(SVM), Logistic Regression,
Multilayer Perception(MLP), Naive Bayes, K-Nearest
Neighbor(KNN) and Random Forest. The comparative
analysis of the Computer Aided Diagnosis (CAD)
system using the mentioned techniques is shown by
the authors in [4].

On a real-time dataset including tumors of varying
sizes, locations, varied picture intensities, and forms,
the implementation of Convolutional Neural Network
(CNN) results in higher accuracy in the detection of
tumors than a traditional classifier, clustering, and seg-
mentation methods. Hence, Keras [5] and Tensorflow
[6] are used to implement CNN because they perform
better than standard classifier [7].

In this study, we propose the implementation of a
sequential model in CNN, with multiple layers built on
top of each other for feature extraction. The architec-
ture has three basic layers: convolution layer, pooling
layer, and fully connected layer. The fully connected

Abstract—Brain tumor is a potentially fatal neuro-
logical condition caused by the uncontrollable growth
of cells. Manually analyzing magnetic resonance images
(MRIs) is insufficient for fast and accurate identification
of a brain tumor. In support of advanced brain imaging
technology and deep learning, the detection of tumors is
more accurate. In recent years, numerous experiments
have been carried out in order to reach 100% accuracy
in computer-aided cancer diagnosis and therapy. As
brain tumors have a wide range of appearances and
share similarities with normal tissues, extracting tumor
regions from images becomes difficult. To solve this, we
present a Deep Learning approach for extracting deep
characteristics to enhance total tumor detection accuracy.
Trained on the BR35H::Brain Tumor Detection 2020,
3000 MRI images were augmented to 18000, the proposed
model achieved 99.89% model accuracy, with 99.39% test
accuracy and 99.89% cross-validation accuracy.

Keywords— Magnetic Resonance Imaging(MRI),
Brain Tumor, Deep Learning, Convolutional Neural Net-
work(CNN)
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layer classifies the characteristics extracted by the
convolution layer, which pools layers down sample
together with the spatial domain. A Rectified Linear
Unit(ReLU) layer is introduced after each convolution
layer as an element-wise activation function to prevent
vanishing gradient difficulties. Layers like the dropout
layer and the network in network layer [8] [9] are
enforced to bypass overfitting and underfitting.

With advances in technology and medical equip-
ment, technology as CT scans, CAT scans, and MRI,
the probability of detection of brain tumors has signif-
icantly increased. An estimated 308,102 people were
diagnosed with the brain tumor in 2020 and are
considered 10th leading cause of death [10]. There is
a hope that early detection and timely treatment can
significantly decrease the mortality rate due to brain
tumors. The CT or MRI imaging technique is used for
the detection process. When a CT scan or an MRI is
aimed into the cerebral cavity, it creates a full picture
of the brain, which is then visually checked for any
abnormalities.

The contributions in this study are summarised in
what follows:

1) We have used the MRI images using the deep
learning method for the identification of brain
tumors.

2) We have achieved high accuracy of 99.89% in
the identification of tumors using MRI imaging
of the brain compared to other state-of-the-art
methods.

II. RELATED WORKS

Brain tumor is a growth of abnormal cells in the
brain that has grown. Some brain tumors are malignant
(cancerous), while others are benign (non-malignant).
Tumors in the brain or central nervous system can
impact the brain’s capacity to function in either case.
Appropriate brain imaging and histology are required
for the diagnosis of a suspected brain tumor. Because
of its resolution and contrast agent augmentation en-
hanced MRI is the favored modality. If an MRI is
not possible (for example, in patients with metallic
implants, implanted equipment, or claustrophobia), the
head and spine CT scan can be used instead [11]. Early
detection of tumors has the potential to save lives.
However, manual identification of brain tumors with
dissection/ surgery on basis of MRI is time-consuming
and a risky task [12]. As a result, to aid doctors and
radiologists, a deep learning based model is proposed
to detect tumor from MRI.

Automated Deep Learning techniques for tumor
identification and classification have gained increasing
popularity over traditional approaches in the past
few years as they need less guidance and actually
perform much better [13]. For many medical image

segmentation applications, CNN and a Deep Learning
approach are commonly utilized. It has recently been
applied in the segmentation and identification of
liver, and breast tumor detection [7]. Neural networks
have recently been shown to be a powerful technique
for image enhancement and segmentation. They are
widely used in image enhancement because they
outperform other techniques for image segmentation
and feature extraction [4].

Authors in [7] proposed a CNN-based algorithm
to classify brain tumors automatically into tumorous
or tumor-free. The input layer, convolution layer,
pooling layer, Rectified Linear Unit (ReLU) layer,
and fully-connected layer make up the suggested
approach. The pre-trained model-based data set
(Image Net) is used and only the final layer is
realized to classify the tumors with an accuracy of
97.5%. However, the paper does not address the
problem of overfitting and underfitting while training
the model and uses a pre-trained model-based dataset
to increase computation time and accuracy.

In [1], authors concluded the approach to classify
the brain tumor using CNN and softmax classifier
to successfully detect and classify the T1-weighted
contrast-enhanced magnetic resonance images. The av-
erage accuracy of the proposed model is 92.72% which
is verified using two 10-fold cross-validation tech-
niques. The descriptive architecture of CNN shows 22
layers with an input layer, convolution layer, dropout
layer to prevent overfitting, max pooling, and ReLu as
an activation function. The softmax classifier is used
after the fully connected layer to classify the dataset
into 3 different types of tumor.

In [14], authors have used CNN to train a model to
detect a tumor using the BRATS and Kaggle dataset.
The number of images is low with only 86 positive
images and 85 negative images, however, a data aug-
mentation technique is used to expand the sample size
by changing the size, shape, and location of the tumor
and thus preventing underfitting. The dataset is then
split into 70:15:15 ratio i.e 70% data for training,
15% for validation, and 15% for testing purposes. The
batch normalization layer is used to stabilize the model
and reduce generalization error. The proposed method-
ology in this paper showed the validation accuracy
between 0.92 to 0.94 with a validation loss of 0.5 to
0.6.

Authors in [15] showed the significant difference
in acquired result by the traditional classifier and the
CNN based classifier. Among all traditional classifiers
like KNN, SVM, MLP, Random Forest, Logistic Re-
gression, and Naive Bayes, SVM showed the highest
accuracy of 92.42%. The authors proposed a five-layer
CNN for tumor detection using binary loss entropy and
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Fig. 1. The proposed deep learning model for prediction of brain tumor status using MRI image data : 3000 MRI images are pre-processed
and augmented to 18000 and divided into training, validation and test sets

adam optimizer to achieve an accuracy of 97.87%.
For this study, We worked with a larger number of

MRI Images than mentioned in [14] with the standard
train, test and, validation ratio i.e 8:1:1. The dataset
is further expanded using the data augmentation
technique hence highly decreasing the chance of
underfitting or overfitting. The study proposed by [15]
is not validated and we cannot conclude that the model
performs with the same accuracy for a completely
new data set. However, In our study, the optimal
model with the highest loss improvement was chosen
using the K fold cross-validation technique and then
evaluated with a completely new dataset for detection
with similar accuracy to our validation and model
accuracy. Hence our data are validated and the output
is accurate with 99.89% model accuracy, 99.39%
test accuracy, and 99.89% cross-validation accuracy
which is much greater than that achieved by Paper [1].

TABLE I
SAMPLES FROM DATASET

Tumor No Tumor

III. METHODOLOGY

A. Datasets

In this study, we used the publicly available
’BR35H::Brain Tumor Detection 2020’ [16]. The
dataset is annotated into two categories of tumors: No
Tumour(1500 images) and Tumor(1500 images).

1) Data Pre-processing: All 512x512x3 images are
resized to 64x64x3. The images are rearranged for
faster convergence and prevent the CNN model from
learning the training order. Table I shows a single

instance among different categories of tumors from the
dataset. Due to the contrast medium given to patients
during the MRI process, there is clear visibility of
inflammation, tumors, blood vessels with nearby or-
gans, and blood supply in MRI, hence creating a clear
picture. In the sample images, if there is high contrast
unusual area in the brain then it can be categorized as
a tumor, otherwise, the brain is tumor-free.

The recommended algorithm for detection is divided
into three-step. Initially, the study proposes image pre-
processing like resizing and extracting only jpg image
from the dataset is done. Secondly, data augmentation
techniques are used to increase the sample size of the
training and test data to prevent the underfitting of
the model. The original dataset is first rotated (by 90
degrees and 270 degrees) and then reflected (in the x-
axis, y-axis, and finally both axes) to create images
in multiple orientations. The final dataset contains
18000 images which are then split into train, test,
and validation sets in an 8:1:1 ratio. And finally, the
sequential model in CNN is used with multiple layers
built on top of each other for feature extraction and
detection of tumors.

B. Proposed Framework

The overall architecture of the developed model
shown in Fig 1 is composed of feature extraction,
CNN model, statistical performance measures, and
explanation extraction frameworks.

IV. EXPERIMENTAL ANALYSIS

Iterated for 10 epochs, the model achieved the
training accuracy of 99.62% and average validation
accuracy of 99.17%, shown in Table II. Further with
an overall test accuracy of 99.39%, the model attained
a training loss of 0.0212 and validation loss of 0.0039
as shown in Fig 2.
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TABLE II
TRAINING RESULTS

A. Training and Validation Accuracy B. Training and Validation Loss

Fig. 2. Confusion Matrix

Following the classification process, the perfor-
mance of CNN models is evaluated based on the
confusion matrix (Fig. 2) and K-fold cross-validation
(Table III). Out of 1800 test images, 883 images were
normal and 902 images were tumorous. 8 normal
images and 7 tumor images were predicted wrong.

The proposed model was validated using a 10-fold
cross-validation technique. Each fold was validated for
10 epochs with some epochs gaining 100% accuracy.
The model was saved at the 3rd epoch of the 10th fold
as the loss of the model was improved and lowest
among all. All of the folds presented an average
accuracy above 99% with the highest accuracy of
99.97% with 0.00086 loss, and the lowest accuracy of
99.68% with the loss of 0.00363. The average accuracy
of prediction on test accuracy and validation accuracy
is considered model accuracy (99.89%).
One can find the experimental implementation of the
model here on request.

TABLE III
K-FOLD CROSS-VALIDATION RESULTS (K=10)

Fold Loss Accuracy(%)
1 0.00924 99.69
2 0.00363 99.86
3 0.00656 99.86
4 0.00634 99.83
5 0.00574 99.93
6 0.00323 99.93
7 0.00064 99.97
8 0.00105 99.97
9 0.00086 99.97
10 0.00263 99.89

TABLE IV
BINARY HISTOGRAM RESULT FOR TEST AND PREDICTED SET

V. CONCLUSION

Using a deep learning model for finding if a par-
ticular MRI image is subjected to a tumor or not, the
proposed study achieved an accuracy of 99.89%. The
proposed model was trained, tested, and validated on
BR35H::Brain Tumor Detection 2020. To implement
the deep features, the dataset was augmented.

In the future, classification algorithms with higher
accuracy and better optimizer can be used. For better
clinical issues, the research may be replicated and
applied to other explainable AI algorithms. Further,
like most recent advances in computing capacity, neu-
roimaging technologies and digital phenotyping tools
[17], algorithms to imitate natural occurrences can
be done on heterogeneous datasets for medical imag-
ing modalities, multi-omics studies, electronic health
records engines, and real-time monitoring.
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Abstract—Deep Neural Networks (DNN), nowadays,
are introduced with vulnerability to adversarial attacks,
inputs that are nearly identical to actual data but are
labeled falsely by the network. Indeed, some recent
discoveries show that the existence of adversarial at-
tacks may be a deep learning model’s intrinsic flaw.
The goal of this research is to use the Fast Gradient
Sign Method(FGSM) to countermeasure the misuse of a
deep generative model by using adversarial attacks to
generate subtle alarms that lead the foundation for DNN
algorithms to generate fake images.

Index Terms— Generative Adversarial Network (GAN),
Adversarial Attacks, Image Translation, Deep fakes, DCNN

I. INTRODUCTION

Deepfakes, or photos and films with facial modi-
fications, can be offensively used to propagate mis-
information or discredit someone. Deepfakes are cir-
culating on mainstream and social media platforms,
and these platforms are scrambling to keep potentially
misleading content off their platforms [1]. As a re-
sult, identifying Deepfakes is crucial for enhancing
the credibility of social media platforms and other
media sharing websites. Deepfake detection methods
currently in use rely on Neural Network (NN) based
classification approaches that have been shown to be
ineffective in the face of adversarial instances [2].
Deep learning is at the core of artificial intelligence’s
present ascent. It has become the backbone of the field
of computer vision [3], with recent improvement in
machine vision [4, 5] and processing natural language
[6]. Together, they are putting trained classifiers in the
center of mission-critical security systems. Self-driving
cars, surveillance, and security are all examples of po-
tential applications. As a result of these advancements,
machine learning security is becoming increasingly

important. Resistance to adversarial inputs, in partic-
ular, is becoming an important design goal. While
trained models are typically quite good at categorizing
innocuous inputs, new research indicates that this is
not always the case. [7, 8, 9] demonstrates how an
enemy might change input often, causing the model to
produce erroneous results. Minor changes to the input
image can easily fool state-of-the-art methods, making
computer vision a particularly intriguing problem [10].
DNN’s are effective for solving many complex real-
world problems, but are susceptible to adversarial
attacks, posing a confidence threat to the algorithm
due to the potentially severe outcomes. Before deep
learning models are implemented, adversarial attacks
are used as a proxy to assess their resilience. Most
adversarial attacks, on the other hand, can only deceive
a black-box model with a low success rate [11]. This
is true even if the benign case was correctly classified
and the change is imperceptible to humans. Apart from
security concerns, this information explains why our
current models aren’t constantly learning critical con-
cepts. Adversarial attacks are algorithms that search
for images that are extremely similar in order to fool
a classifier. Training classifiers under adversarial attack
has become one of the most effective methods for
improving classifier sturdiness [12], whereas GAN is a
generative model where the generator acquires to alter
white noise into images that appear accurate to the
discriminator [13, 14].
In recent years, intentionally generated responses that
deceive trained ML models, has piqued the academic
community’s interest, particularly when limited to
minor changes to a correctly interpreted input. Im-
age classifiers also perform poorly on images that
are randomly distorted, such as images with additive
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Gaussian noise [15]. Many advanced algorithms for
penalizing perturbations based on the Lp distance have
been developed to generate adversarial cases. To look
after such adversarial attacks, researchers investigated
a number of defense mechanisms. The use of Lp
distance as a measure of perceptual quality is still
being researched [16].
It is difficult to identify the ways in which machine
learning models may misbehave or be misused when
deployed due to their complexity. Recent research on
adversarial instances, or inputs with minor differences
that result in dramatically different model predictions,
has proven useful in evaluating the robustness of
these models by highlighting the adversarial situations
in which they fail. These deliberate disruptions, on
the other hand, are typically artificial, lack semantic
significance, and are inapplicable to complex domains
such as languages [17].
The study focuses on testing the accuracy of the CNN
model on the basis of epsilon and how the values of
epsilon reduces the prediction of the model.

II. RELATED WORKS

In [18] the authors proposed and deployed the
model as an illustration of state-of-the-art in med-
ical images. All of the baseline models performed
reasonably well in comparison to the consequences
in the inventive natural images, with ROCs of 0.910
for diabetic retinopathy, 0.936 for pneumothorax, and
0.86 for melanoma. Projected gradient descent attacks,
which always targeted the wrong answer, produced
nominal ROCs of 100 and accuracy of 100% for all
non-adversarial attacks. Black box attacks resulted in
ROCs of less than 0.10, with accuracy in the range
between 0.01% on fundoscopy to 37.9 percent on der-
moscopy. All attacks were qualitatively indiscernible
to humans. For all non-adversarial attacks, adversarial
patch attained ROCs of 100 and accuracy of 100%.
For each single task, black box adversarial attack
achieved ROCs less than 0.005 and accuracy less than
10%. Controls of ”natural patch” created by combining
patches from the strongly categorized image from
preferred class, yielded ROCs ranging from 0.48 to
0.83 and accuracies ranging from 67.5 to 92.1 percent.
In [19], the authors presented Defense-GAN, a new
framework for defending DNN against such attacks
that makes use of generative models’ expressive ca-
pabilities. It’s been set up to simulate the distribution
of unaltered images. It discovers a similar output to a
given image that is free of adversarial modifications.
The output is generated after feeding it to the classifier.
The model proposed by the author satisfies the entire
classification model and does not modify the training
structure. The performance of Defense-GAN-Rec and
Defense-GAN-Orig were near, and Defense-GAN out-

performed MagNet.
In [20], the discriminator and generator from GAN
were used to defend against adversarial attack on the
same dataset by proposing the Cowboy method. In
a cross variety of attacks, the discriminator reliably
ranks the adversarial samples lower than the true sam-
ples. To every data in the dataset, the author proposed
a method by using a discriminator and generator. The
procedure was not exaggerated by the classifier so that
they can be used in prevailing systems. In [21], the
authors supply MalGAN as a generative adversarial
network (GAN)-based approach for creating hostile
malware instances that are resistant to detection by
black-box machine learning algorithms. MalGAN em-
ploys a substitute detector, for fitting the malware
recognition system. To reduce the malicious prediction
by the detector, GAN was trained. MalGAN outper-
forms traditional gradient-based adversarial example
generation approaches by lowering detection rates to
near zero and making retraining-based adversarial ex-
ample defense strategies more difficult to implement.
The developed adversarial samples, according to ex-
perimental data, are capable of efficiently evading the
black-box detector. As black-box detector is updated,
malwares can approximately exploit the detection.
In [22], to develop adversarial perturbations, the au-
thors used the FGSM, Carlini and Wagner L2 norms.
On unperturbed deepfakes, detectors obtained greater
than 95% accuracy, but on perturbed images, the
accuracy dropped by 27% accuracy. Authors revealed
that the DIP defense uses G-CNNs in an unsupervised
routine to minimise interruptions. In the blackbox
scenario, regularization improved the identification of
disturbed deepfakes by 10%. On a 100-picture subsam-
ple, the defense attained 95% accuracy to deceive the
original detector, while maintaining 98% accuracy in
supplementary situations. In [23], Lui and Hsieh pro-
posed the Rob-GAN framework to enhance the gen-
erator and discriminator for adversarial attacks—the
generator produces fake images to deceive the dis-
criminators. According to the findings, the developed
classifier outperforms SN-GAN on ImageNet-143 and
is more resilient than the state-of-the-art adversarial
training technique.
Authors in [24] proposed a computationally efficient
picture enhancement method with a robust defense
mechanism for successfully limiting the influence of
hostile disturbances. Deep image refurbishment net-
works may learn mapping functions that allow adver-
sarial samples to be transferred from off-the-manifold
onto original datasets to restore proper taxonomy.
The method is unusual in that it improves image
quality while maintaining model performance on clean
images while also providing assault resistance. Further,
the suggested approach does not employ the separate
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Fig. 1. Proposed Methodology

system for detecting adversarial images or any changes
to the classifier. Extensive testing has demonstrated the
scheme’s efficiency in gray-box conditions.
In [25] Song et al suggested using the Lossy Saak
transform as a preprocessing tool to protect against
adversarial attacks on adversarial perturbed images.
They discovered that the outputs of the Saak transform
are quite good at differentiating between adversarial
and clean samples. After processing, the image appears
to be resistant to hostile perturbations. On both the
CIFAR10 and ImageNet datasets, their model beats
state-of-the-art adversarial defensive approaches with-
out sacrificing judgment performance on clean images.
Importantly, our findings imply that employing state-
of-the-art frequency analysis; adversarial perturbations
may be effectively and efficiently withstood.

III. METHODOLOGY

With regard to the data, FGSM includes introducing
noise (not random noise) that has the same direction
as the cost function’s gradient. The noise is controlled
by epsilon, which is generally bound to be a small
integer by the max norm and shown in Fig. 2[26]. A
chunk of training data has been slightly manipulated
for algorithms, to misclassify adversarial examples.
Fig. 1 depicts the overall methodology.

A. Dataset Collection

In this study publicly available MNIST[27] was
used, containing 60,000 training images and 10,000

testing images. NIST’s training dataset provided half
of the training set and half of the test set, while NIST’s
testing dataset provided the other half of the training
set and half of the test set.

B. Data Pre-processing

MNIST images are 28 × 28 pixels, are zero-padded
to 32 × 32 pixels and which are normalized before
feeding to the system. The remaining network does
not utilize any padding, which results in the size as the
image grows through the network. In our experiment
we have the input as the original image F(X) and
output as the adversarial image F(X’) in between is
the neural network process in which the algorithm, at
first, collects the element-wise sign of the data gradient
from F(X) then creates the perturbed image F(X’) by
adjusting each pixel of the input image after which it
adds clipping to maintain [0,1] range, this goes on till
the algorithm ‘correctly’ misclassifies the image only
then it returns to the perturbed image. If the algorithm
fails to misclassify the image, the algorithm repeats the
stages, with the neural network adjusting the weights
each time until the system is able to produce the
adversarial image. A hidden layer stands between the
algorithm’s input and output, giving weights to the
inputs and guiding them via an activation function
as the output when it comes to the neural network’s
function. The hidden layers have a nonlinear effect on
the network’s inputs.
To determine the hidden layer, the function of the
neural network is used and the layers themselves get
updated with their associated weight. Hidden layers
are a set of mathematical functions, each of which is
meant to provide a result that is specific to the goal.
Squashing functions, for example, are an example of
a hidden layer. Because they receive an input and give
an output value between 0 and 1, the range for defining
probability, these functions are especially useful when
the algorithm’s desired result is a probability. Hidden

Fig. 2. Noise added to normal image to increase confidence

layers can be used to break down the operation of
a neural network into individual data modifications.
Every function in the hidden layer is programmed to
achieve a specific result.
Overall breakdown of the process includes:

1) Calculate the loss after forward propagation
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2) Calculate the gradient with regard to the image’s
pixels

3) Nudge the image’s pixels ever so slightly in the
direction of the estimated gradients to maximize
the loss stated above.

To determine the true class of our prediction model,
while calculating the loss after the propagation, a neg-
ative likelihood loss function was used. To improve the
loss value, the alignment of the gradients in the input
picture pixels was altered. Back-propagate gradients
from the start (output section) to the weight is the
most common way of deciding the direction in which
to alter a particular weight deep in the network (that
is, the gradient of the loss function with reference to
that particular weight) while training neural networks.
We utilize this basic equation in machine learning to
tweak the weights to reduce the loss value 1.

newWeights = oldWeights–alpha∗gradients (1)

To nudge the pixel values of the image according to
the equation 2.

newPixels = oldPpixels+epsilon∗gradients (2)

In Fig. 2, the utilized image as an input that we want
the model to anticipate incorrectly is represented by
x. In the second part of the figure, the gradients of
the loss function with respect to the input image are
shown. We compound the gradients with a very small
value, epsilon, to enforce the nudging effect (0.007
in the image). The result is then applied to the input
image.

C. Result and Discussion

The convolution neural network used is
architectured as:
(conv1): Conv2d(1, 10, kernelSize=(5, 5), stride=(1,
1))
(conv2): Conv2d(10, 20, kernelSize=(5, 5), stride=(1,
1))
(conv2 drop): Dropout2d(p=0.5, inplace=False)
(fc1): Linear(in features=320, out features=50,
bias=True)
(fc2): Linear(in features=50, out features=10,
bias=True)
On MNIST images, we focus on the difficulties of
adversarial attack. The least maximum perturbation
required for most (e.g. ¿ 99 percent) attacks to
succeed is used to determine attack difficulty. We
change the maximum perturbation size in the range
[0,.05,.1,.15,.2,.25,.3] and check how the model
accuracy drops on adversarial cases in Fig. 3.

D. Result analysis

The fast gradient sign technique uses the gradients
of the neural network to create an adversarial example.

Fig. 3. Accuracy Vs Epsilon

The approach creates a new image that optimizes the
loss given an input image by using the gradients of the
loss with respect to the input image.
For unique features, gradients are calculated in relation
to the input image because the purpose is to reduce the
loss by creating an image. For each pixel in the image,
the contribution of the image is figured out to calculate
the loss value and perturbation is applied. This is
quick because using the chain rule and determining
the right gradients makes determining how each input
pixel contributes to the loss simple. As a result, the
gradients are calculated as a percentage of the image.
Furthermore, gradient descent is no longer calculated
in accordance with trainable values as the network is
no longer trained. As a result, the model parameters
remain constant. The only purpose is to deceive a
model that has already been trained.
We experimented with various epsilon values and
studied the resulting image, noticing that as epsilon
increases, it becomes simpler to deceive the network.
However, as a result of this trade-off, the perturbations
become more detectable. We can experiment that the
greater the value of epsilon, the model learning is
degraded and starts to classify the digits wrong. At
the end, we plotted several examples of adversarial
samples at each epsilon.

IV. CONCLUSION

The goal of this research is to detect and prevent
the exploitation of a deep generative model by using
adversarial attacks to generate minor warnings that
cause deep generative algorithms to fail in the first
place. Misclassification is one of the main goals of

KEC Conference 2022

10

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal



Fig. 4. Adversarial Attack Result

Adversarial Attacks on Neural Networks, without car-
ing the actual label of the likelihood; the model cares
about the driving images. In our experiment, we can
see that when the epsilon value is 0 (e=0), training
is normal, but as the value of epsilon (e) increases,
the model learning degrades and eventually starts to
misclassify the digits.
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Abstract—A major issue that writers have to face is the 
problem of royalty theft. This research is done primarily 
to overcome this issue and give writers what they deserve. 
Decentralized book publishing platform provides authors 
with a place to publish and sell their work without 
worrying about royalty theft. The application is built 
above the Ethereum blockchain, making it secure and 
completely transparent. During the publishing process, 
a unique token is created for each new book. After 
successfully publishing the book, the author can list it for 
sale. The minted(published) books are treated as Non- 
Fungible Tokens (NFTs) and can be sold digitally at the 
owner’s will, thereby transferring the ownership. The 
NFT can then be sold time and again, and the author 
receives a royalty on every sale. 

Index Terms—blockchain, Non-Fungible Token, 
Ethereum, royalty 

 

I. INTRODUCTION 

Royalty Theft is one of the major issues that writers 

have to face on a daily basis. An author dedicates years 

of their life while writing a book. Finally, when the 

time comes for publication, they have to go through the 

hassle of negotiating and even after that, they end up 

with a tiny percentage of royalty. Both the larger and 

smaller publishing houses in Nepal have been accused 

of this offence. The main victim of this issue are the 

emerging writers who don’t have the access to a large 

network of publishers in the market. Although the 

young authors are victimized the most, the experienced 

authors are also not safe from this problem. 

The alternative to the conventional publishing 

houses is the online medium of selling books as e- 

books. But the authors are even more distressed due 

to e-books as they don’t pay much. So, the options are 

either to use the conventional publishing media with 

the threat of royalty theft or make very little money 

by going online. The solution to this problem is a 

decentralized publishing media where every 

transaction is secure and transparent. 

The proposed system is a user-friendly decentralized 

marketplace for minting and selling books in the form 

of NFTs so that the authors get the rightful price 

and royalty in each sale for their book. The system 

is built on blockchain, and the content is stored in 

IPFS. A blockchain is an electronically distributed 

ledger system that is shared among the nodes of a 

computer network, and IPFS is a protocol and peer- 

to-peer network for storing and sharing data in a 

distributed file system. Non-fungible tokens or NFTs 

are cryptographic entities on a blockchain having 

unique point of identification such that each one is 

different from the another. The use of IPFS and 

blockchain ensures transparency and security in the 

system, and the final product is user-friendly which 

ensures that no prior technical knowledge is required 

to use the platform. 

II. LITERATURE REVIEW 

With the rise of internet connectivity, the publication 

of books has shifted to the online publishing mediums. 

It became recognizable with sites like Amazon, Apple 

Books and Ebrary. One thing common in all these 

sites as well as in physical platform is the issue of 

royalty and the presence of a centralized entity. 

Centralized systems are criticized for their 

vulnerability, due to the single-point-of-failure 

(SPOF) issue [1]. 
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This problem can be addressed by using blockchain. 

The blockchain technology offers to eliminate the need 

for a central platform altogether, giving individuals the 

ultimate power of sending and receiving information 

without oversight or central control [2]. Blockchain 

technologies also help to protect the ownership and/or 

author because the data remains untampered by being 

stored and passed through a blockchain [3] [4]. This 

allows the authors to get their fair share of profit 

for their original content without any risk of data 

tampering. Thus, this system comes to the picture, 

which is blockchain based publishing medium which 

will benefit the authors directly from their works with 

the concept of royalty in each transaction. 

The concept of blockchain powered publishing 

medium is not new with examples such as Steemit, 

Mirror and Sigle. Executed properly, they have huge 

potential in the modern days as proven by Steemit, 

with its market capital estimated over 266 million 

USD in 09/30/2018 [5]. However, they have some 

drawbacks. Steemit is a broad social media platform, 

and not targeted to the writers. Mirror is a well-built 

decentralized publishing platform but it is not open 

to everyone and requires crypto-wallet just to view 

the contents. All the existing decentralized platforms 

requires the knowledge blockchain and wallet and 

thus are not user-friendly. We aim to combine the 

decentralized nature and the user-friendliness to create 

a platform that benefits writers directly. 

III. WORKFLOW 

A. System Workflow 

 
 

 
Fig. 1. System Workflow 

 

The system workflow involves six major steps. 

1) The author logs in and uploads their contents 

which is then stored in InterPlanetary File 

System (IPFS). 

2) The content is requested by the marketplace for 

displaying in the user interface. 

3) IPFS responds with an encrypted hash and 

metadata. The metadata has the NFT 

information. The hash is encrypted in order to 

ensure security and is only decrypted for the 

owner of the content. 

4) The user can buy a content from the marketplace. 

The user has direct access to the marketplace for 

viewing, but has to sign up for buying or listing 

their own content. 

5) After successfully buying a content, the IPFS 

hash is decrypted and the ownership is 

transferred. 

6) The user is now the owner, and the author 

receives the listed price. 

B. Financial Workflow 

 
 

 
Fig. 2. Financial Workflow 

 

The financial workflow can be categorized into two 

sections. 

1) Primary Market 

Primary Market comprises of transactions 

between the author and the reader. In this 

market, the author gets 80% of the listed price 

and the platform receives 20% of the price. This 

serves as main source of income necessary to 

sustain the platform. 

2) Secondary Market 

Secondary Market comprises of transactions 

between two readers. In this market, the buyer 

gets 90% of the listed price whereas the author 

gets 8% of the price as royalty and the platform 

gets 2%. 
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All the percentage cut is mentioned in the smart 

contract such that every time transaction occurs, the 

respected parties automatically get their percent cut. 

IV. IMPLEMENTATION 

A. Smart Contract Development 

Smart contracts are simply programs stored on a 

blockchain that run automatically when predetermined 

conditions are met. 

Development of Smart Contract for this system is a 

combination of book minting contract and market- 

place contract. 

Minting contract provides the facility to mint (create) 

certain number of copies for a book and takes minting 

fee for every books minted which is used to sustain 

this platform. Every minted book falls under any one 

of the following label: 

• Gold 

• Silver 

• Bronze 

The minting price for each category is different and 

are set by owner of the contract. Further the minting 

contract also has a maximum limit for minting books. 

After the successful minting of book, the overall 

metadata of the books are provided by the same 

contract and the digital book is ready to get sold. 

NFTs evolved from the ERC-721 standard. So, this 

contract inherits ERC-721 which defines the minimum 

interface – ownership details, security, and metadata 

required for exchange and distribution of tokens. ERC- 

721 tokens and NFTs generally represent ownership 

of virtually anything from physical and digital assets, 

making them dynamic and diverse. 

Marketplace Contract is a supporting contract that 

helps to list the book for sale and eventually transfer 

the listed books from author to user or from one user 

to another user if anyone wishes to buy that book 

(i.e., if sale is successful). Marketplace contract also 

contains the list of all unsold books and helps to keep 

track of all the book. Marketplace contract also makes 

transaction between the author, developer, seller and 

buyer based on the business model explained above. 

For writing the Smart Contract code, the most popular 

Ethereum Virtual Machine (EVM) targeted language 

Solidity is used. 

For development of this system, Hardhat is used as 

Ethereum development environment which provides: 

• Local solidity compiler for any solidity version. 

• Integration with ethers.js to deploy contracts. 

• Integration with Chai.js which is an assertion 

library for testing and validating smart contract 

functions. 

• Code coverage plugins for adding necessary 

functions and removing unnecessary functions. 

• Gas-reporter plugins to help minimize gas cost. 

B. Frontend Development 

The terms Blockchain and Non-Fungible Tokens 

(NFTs) can be unfamiliar to the writers who are not 

acquainted with the latest technologies. To ensure that 

these technicalities don’t come in the way of their 

writing, The proposed system has a very simple and 

intuitive user interface, enabling abstraction to the 

users. React.js, a popular JavaScript framework, is 

used for building the frontend of the application due 

to its simplicity and easy integration with the smart 

contract. 

C. Storage: InterPlanetary File System 

IPFS (InterPlanetary File System) is a distributed 

system for storing and accessing files, websites, 

applications, and data. The contents to be published 

are stored in the IPFS. IPFS provides each file 

with a unique fingerprint called a cryptographic hash. 

The centralized database finds any data using its 

location whereas IPFS finds data by its content. 

Instead of demanding a centralized server for data, 

it asks all the computers using IPFS to look for data, 

and hence can get the data from anywhere thus 

resulting with following benefits: 

• Easy for authors to publish content without any 

restrictions as it is fully decentralized, anonymity- 

enabled storage system. 

• Provides a resilient internet. 

• Speeding up the web when users are far away. 

But before publishing (or uploading the book), it must 

get encrypted since anyone with the cryptographic 

hash can access it. 

D. Base64 Encoding 

Base64 is a binary-to-text encoding scheme that 

represents binary data in a printable ASCII string 

format. It is generally used to store binary data through 

a textual channel. The steps that are followed for 

encoding a binary represented PDF to Base64 are: 

• Organize the input into 24-bit groups (having four 

6-bit groups each). Pad with zero bits at the end 

to form an integral no of 6-bit groups. 

• Convert the 6-bit sequences to Base64 index by 

prepending the prefix ”00” to the sequence and 

finding its corresponding decimal value. 

• Convert the indices to Base64 alphabets through 

Base64 alphabet table. 

• Append a single pad (=) character to the output. 

E. Secure Hashing Algorithm 

SHA 256 is one of the most widely used hash 

algorithms and has been at the forefront of real- 

world applications. It is a part of the SHA 2 family of 

algorithms & was a joint effort between the NSA and 

NIST to introduce a successor to the SHA 1 family, 
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which was slowly losing strength against brute force 

attacks. 

The significance of the 256 in the name stands for 

the final hash digest value, i.e., irrespective of the size 

of plaintext/cleartext, the hash value will always be 

256 bits. 

Following steps are followed to obtain hash value 

from a cleartext: 

1) Pre-Processing 

• Convert the string to binary. 

• Append a single 1. 

• Pad with 0’s until data is exactly 64 bits 

short of multiple of 512. 

• Append 64 bits to the end to make the final 

plaintext a multiple of 512. The last 64 bits 

represent the length of the original input, 

obtained by applying the modulus to the 

original text without padding. 

2) Initialising the Buffers 

• Initializing the Hash Values(h) that represent 

the first 32 bits of the fractional parts of the 

square roots of the first 8 primes. 

• Initializing Round Constants(k) that 

represent the first 32 bits of the fractional 

parts of the cube roots of the first 64 

primes. 

3) Chunk Loop 

Steps 4, 5 and 6 will be carried out for each 512-

bit “chunk” of data from the input. At each 

iteration of the loop, the hash values h0-h7 will 

be mutated, which will be the final output. 

4) Creating Message Schedule(w) 

• Divide the data from step 1 into a new array 

where each entry is a 32-bit word. 

• Add 48 more words initialized to zero, such 

that we have an array w[0. .. 63]. 

• Modify the zero-ed indexes at the end of the 

array using following algorithm. 

For i from w[16.   63]: 

– s0 = (w[i-15] rightrotate 7) XOR (w[i-15] 

rightrotate 18) XOR (w[i-15] rightshift 3) 

– s1 = (w[i- 2] rightrotate 17) XOR (w[i- 

2] rightrotate 19) XOR (w[i- 2] rightshift 

10) 

– w[i] = w[i-16] + s0 + w[i-7] + s1 

5) Compression 

• Initialize variables a, b, c, d, e, f, g, h and 

set them equal to the current hash values 

respectively. h0, h1, h2, h3, h4, h5, h6, h7 

• Run the compression loop. The compression 

loop will mutate the values of a. h. 

For i from 0 to 63 

– S1 = (e rightrotate 6) XOR (e rightrotate 

11) XOR (e rightrotate 25) 

– ch = (e and f) XOR ((not e) and g) 

– temp1 = h + S1 + ch + k[i] + w[i] 

– S0 = (a rightrotate 2) XOR (a rightrotate 

13) XOR (a rightrotate 22) 

– maj = (a and b) XOR (a and c) XOR (b 

and c) 

– temp2 = S0 + maj 

– h = g 

– g = f 

– f = e 

– e = d + temp1 

– d = c 

– c = b 

– b = a 

– a = temp1 + temp2 

6) Modify Final Values 

We modify the hash values h0-h7, by adding 

their respective variables a-h. All addition is 

calculated as modulo 232. 
7) Concatenate Final Hash 

We perform simple string concatenation of all 

hash values to obtain the final hash of 256 bits. 

F. Advanced Encryption Standard 

Advanced Encryption Standard (AES), also known 

as Rijndael algorithm, is a symmetric block cipher 

algorithm that operates on block size of 128 bits by 

using cryptographic keys of 128-, 192- or 256-bits. It 

was created by the National Institute of Standards and 

Technology (NIST) and became effective as a U.S. 

federal government standard on May 26, 2002. 

It uses Substitution and Permutations, also called SP 

Networks. It has a series of linked operations as shown 

in diagram below: 

 

 
 

Fig. 3. AES Encryption and Decryption Processes 

 

The encryption sub-processes are: 

KEC Conference 2022

15

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal



 

• Add Round Key: XOR operation is performed 

on each byte with a byte of the round key. 

• Substitute Bytes: Substitution step where each 

byte is replaced with another according to a 

lookup table. 

• Shift Rows: A transposition step where the last 

three rows of the state are shifted left cyclically 

a certain number of steps. 

• Mix Columns: A linear mixing operation which 

operates on the columns of the state, combining 

the four bytes in each column. 

For decryption, we follow the sub-processes from 

bottom to top, undoing each step by applying its 

inverse transformation. 

• Add Round Key: States in each column operate 

XOR with roundkey of corresponding round. 

• Inverse Sub Bytes: Substitution step according 

to lookup table which is different with that in 

encryption. 

• Inverse Shift Rows: A transposition step where 

the last three rows of the state are shifted right 

cyclically by same number of steps as in 

encryption. 

• Inverse Mix Columns: The multiplication matrix 

is different with that in encryption. 

G. Security 

Security is a key concern in any decentralized app 

as IPFS is a public database and the content can be 

viewed by anyone who has the IPFS hash. Since all 

the books are stored in IPFS, it must be encrypted to 

prevent from unwanted access. The system encrypts 

the book (in .pdf) using AES encryption. When an 

author uploads the book, the PDF is encoded in base64 

format. Then, the encoded PDF is encrypted using 

AES 256 encryption through byte32 encryption key. 

The byte32 encryption key is generated using SHA 

algorithm which takes randomly shuffled string value 

of description as an input to generate key. Encryption 

key is then stored in blockchain which helps 

application to decrypt the pdf for in-app reading. 
 

 
Fig. 4. Encryption in the Proposed System 

H. Integration: Ethers.js 

Using an Ethereum Blockchain is complicated but 

ethers.js, a decentralized library of node.js, comes 

as a saviour to integrate the frontend and the smart 

contract with the help of Infura without having to 

spin-up and maintain our own infrastructure. After the 

complete development of frontend and smart contract, 

the integration part includes a call to the functions of 

smart contract through web app. That is provided by 

ethers.js through JSON RPC protocol. 

V. RESULT AND ANALYSIS 

In the system, every time a transaction occurs, it is 

carried through smart contract. Smart contract consists 

of rules which include the terms of agreement between 

authors and buyers in the system. Smart contract 

allows trusted transactions to take place among buyer 

and seller without the need of central authority or 

middleman. Hence, the issue of royalty theft is easily 

solved by specifying the terms as an executable code 

in smart contract while conducting book sale. This was 

verified through around 50 transactions during testing 

phase where the book author was granted 8% of listed 

price after every successful transaction. 

Before storing PDF in IPFS, it is encrypted using 

AES-256 and the encryption key is stored in 

blockchain. The time required for encrypting files of 

sizes 217KB, 2.9MB, 4.93MB, 10MB, 14.2MB & 

17.4MB are 0.17s, 0.20s, 0.35s, 0.69s, 0.99s & 1.21s 

respectively. Similarly, the time required for decrypting 

those files are 0.17s, 0.19s, 0.33s, 0.63s, 0.87s & 1.13s. 

The time are shown in figure below: 

 
 

 
Fig. 5. Encryption vs Decryption Time 

 

For displaying a book, PDF is first fetched from 

IPFS and then decryption key is requested from 

blockchain. After acquiring PDF and decryption key, 

the system then decrypts the PDF and displays the 

content to the user. All these processes require minute 

time period which becomes significant when combined. 

The time taken for fetching a book of 1.57 MB having 

488 pages from IPFS and decrypting it is measured 

to be 2.88 seconds in total. 
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To reduce this period, where a user selects a 

book and is waiting for the book to load, we can 

fetch PDF from IPFS in blocks and decrypting 

those rather than fetching and decrypting at a 

whole. Moreover, we can change the encryption 

algorithm to a faster one. 

In this way, we can solve the issue of Royalty 

Theft   through blockchain, IPFS and NFT. 

VI. CONCLUSION 

An NFT-based decentralized book publishing 

platform is presented in this paper. The main focus 

of this research is to address the issue of royalty 

theft which has been bothering both emerging and 

experienced authors. The system enables the 

author to reach users without need of any 

middleman or publication. Every newly minted 

book is treated as a Non-Fungible Token (NFT) 

which can be bought and sold in the marketplace. 

The author gets 80% royalty on every first sale of 

the book whereas 20% goes to sustain the platform 

and on every secondary sale 8% royalty is given to 

author, 2% is used to sustain the platform and 90% 

goes to the seller.  

The system is built using solidity for smart 

contracts, Hardhat for compiling and testing, 

React.js for frontend and ethers.js for integration. 

InterPlanetary File System(IPFS) is used for the 

storage purpose and encryption is done using 

Advanced Encryption Standard(AES) which uses a 

secret key generated using Secured Hash 

Algorithm(SHA). With its user-friendly interface 

design and transparent nature, it provides a means 

for authors to get a good value for their books 

and be safe from royalty theft. 
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Smart Health Monitoring Device

Abstract—A Smart Health Monitoring device
(SHMD) is a sophisticated technology and an alter-
native to the traditional health monitoring system
for people with health issues. With the rise in the
demand for portable, health monitoring devices,
it has been equally important to have intelligence
and automaticity within such systems. This paper
presented the device with different health moni-
toring units. It consisted of a device with sensors
that are paired with a computer program for a
doctor to access medical information. The device
can be divided into three major sections, firstly
the general health monitoring system with general
measurement units like pulse, SPO2, and body
temperature. The device consists of temperature
and SPO2 sensor which sense the parameter and
give results in the display. Secondly, the ECG unit
continuously monitors the ECG, HBR, and HBV as
well as storing ECG for 24 hours. The ECG unit
consists ECG sensor which senses the heart rhythm
the data of heart rhythm can be interpreted in
real-time with help of a PC program also the data
can be stored on an SD card like a Holter ECG
device. Thirdly a smart stethoscope analyzes the
sound of lungs for abnormality of the sound and
consequently the ease of inefficient virtual analysis.
A smart stethoscope consists of a microphone that
is connected to the chest piece of the stethoscope the
audio coming from the microphone is recorded first
after that the audio signal is filtered and the ANN
model predicts the audio signal whether the sound
is normal or abnormal. The overall device was
developed using the python platform for embedded
software development and made use of different

hardware units and specific sensors to monitor
different health parameters. The result was tested
using the visual outputs in laptops and different
results.

Keywords: Holter ECG, Smart Stethoscope,
Health monitoring, Artificial Neural Network, Dig-
ital Signal Processing, Audio Processing

I. INTRODUCTION

A.Background and problem statement

Health monitoring devices have drawn a
lot of attention from the research commu-
nity during the last decade as pointed out
by numerous and yearly increasing corre-
sponding development efforts. [1] The health
monitoring devices measure the vital health
parameters through different sensors and dis-
play those properly in different display units
[2]. As the demand for health monitoring
devices is getting higher, there is a need for
cheap, portable, embedded biomedical equip-
ment that can monitor health parameters with
greater accuracy. The devices should be intel-
ligent enough to perform the monitoring au-
tomatically through sensors and in real-time,
with different alert mechanisms [3]. Mostly
in-home applications basic Health monitoring
system is used to measure general criteria of
people which are body temperature, Pulse,
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saturation level which became very useful for
people who have conditions that affect oxy-
gen saturation or body temperature. Some-
times patients have inconclusive electrocar-
diograms and thus can’t provide clear results.
As such, there will be a need for a Holter
ECG that can monitor and store ECG for 24
hours. Patients will wear it for a full day or
two, giving it more chances to spot unusual
activity [4]. Holter ECG can be strapped
within the body and will store the ECG in
memory like an sd card. However the Holter
ECG lack real-time analysis also patient need
to go Hospital for the proper information
obtain from recorded data, hence Holter ECG
devices should work in the real-time analysis
as well as should develop a program that can
analyze the recorded data so that patient can
get the ECG information in home [5]. Since
the world become the victim of COVID-19.
Covid positive people who are isolated in the
home also need proper guidance, and virtual
consultation was prioritized even but it was
not effective as a doctor only diagnosis on
the patient statement [6]. If a doctor could
listen to the respiratory sound like normal res-
piration or respiration with crackles (rales),
wheezes (rhonchi), stridor, etc, the Doctor can
detect the level of severity virtually too. So,
to make virtual diagnosis more effective, the
smart stethoscope is proposed. One of the
basic practices of diagnosis by a physician
is using a stethoscope. Doctors use a stetho-
scope by pressing the chest piece against the
patient’s front and back to carefully listen to
his/her lungs. This is only possible physically
i.e. patients have to attend physically for this
diagnosis. Smart stethoscopes are proposed
which empower doctors via telemedicine to
treat more people virtually. Also, some de-
vices record the lung sound and the users
send it to a doctor and a doctor can listen
to the sound where virtual consultation will
be much more effective [4].

B.Objectives
This paper’s major objective is to develop a

smart health monitoring device that can mon-
itor different health parameters with higher
accuracy and store those for offline analysis.
As such the specific objectives are:

• To measure the general health criteria of
people

• To analyze real-time as well as offline
ECG data

• To record and analyze the lung sound.

II. LITERATURE REVIEW

For the proper monitoring of severe pa-
tients, the medical institution mostly needs to
measure oxygen level, temperature, heartbeat,
and heart condition so that the diagnosis can
be done properly. Niloofar has designed a
wearable band that measures the respected
health criteria through sensors and will also
notify if there is a critical condition [7]. In
2019, Carter has designed the health monitor-
ing system that measures SPO2 and pulse and
analyses and makes estimates regarding the
shift to telemedicine [8]. In 2020, Turkey lab-
oratory made a stethoscope that can be paired
with a smartphone app and tells the user
where to properly position the stethoscope
and then collects audio from the procedure
[9].
Hu-Chang group developed a method for
recognizing wheeze. Most studies have used
the spectral features of lung sounds to detect
wheezes however, they have not achieved suf-
ficiently high performance owing to the poor
discrimination of spectral features. Several
studies have attempted to extract wheezing
features from lung sound spectrograms [10].
KE Forkheim analyzed the use of neural
networks to process lung sounds and identify
the presence of wheezes. Both raw signal
data and Fourier transform data were used
to train and test a series of neural networks.
The purpose of this study was to compare
the performance of the neural networks and
their ability to detect wheezes in isolated lung
sound segments [11]. Hanne-Paparo proposed
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the Holter ECG to detect the frequency and
quality of rhythm disturbances in athletes
during the late recovery period following a
training session. Thirty-two athletes volun-
teered to participate. The ECG tracing was
recorded by the use of a one-channel 12-h
portable electrocardiograph cassette recorder
[12]. All subjects were instructed to keep
a diary of symptoms and activities and to
record the onset of sleep and waking time. In
2014 TC Lu group designed a portable ECG
monitor based on mobile phones. Using the
single lead heart rate monitor analog front-
end of the AD8232 chip, the monitor can
measure human ECG signal and heart rate
with only two electrode pads placed on the
chest and displays the ECG signal on the
mobile phone via Bluetooth [13].

III. THEORY

A. ECG noise and Filters

The frequency range of a clean ECG signal
is between 0.05 Hertz to 100 Hertz but during
the transmission and acquisition of the sig-
nal via the ECG monitoring device, different
noises interfere while ECG data acquisition.
Mainly there are two types of noises are
present in a raw ECG signal

• High-Frequency Noise: Power line
Noise, White Gaussian Noise,
Eletcromyogram/Motion Noise

• Low-Frequency Noise: Baseline drift,
Electrode contact loss

To eliminate both of these types of artifacts:
low frequency and high-frequency noises, one
could use two types of filters while cleaning
the data:

• IIR Notch Filters:A Notch Filter is a
bandstop filter with a very narrow stop-
band and two passbands, it highly atten-
uates/eliminates a particular frequency
component from the input signal while
leaving the amplitude of the other fre-
quencies more or less unchanged.

Fig. 1: Frequency response of IIR notch filters

• band pass filters:It is a filter where high
cut-off and low cut-off frequencies are
specified and then everything else be-
yond the specified “band” is attenuated.
The Butterworth filters are very stable
and work in the range of 1 Hertz to
100 Hertz which make them fit for the
application on ECG data.

Fig. 2: Frequency response of 5th order Butter-worth
Band Pass filter

B. ECG terminologies

Electrocardiogram (ECG) is one of the
most common biological signals which play
a significant role in the diagnosis of heart
diseases. One of the most important parts
of ECG signal processing is an interpreta-
tion of the QRS complex and obtaining its
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characteristics. R wave is one of the most
important sections of this complex, which has
an essential role in the diagnosis of heart
rhythm irregularities and also in determining
heart rate variability (HRV).

Fig. 3: A standard ECG report

C. Mel Spectrogram and Mel-frequency Cep-
stral Coefficient(MFCC)

A Mel Spectrogram (MS) represents an
acoustic time-frequency representation of a
sound. It is the result of transforming a
spectrogram’s values into the mel scale. In
sound processing, the Mel-frequency cep-
strum (MFC) is a representation of the short-
term power spectrum of a sound, based on a
linear cosine transform of a log power spec-
trum on a nonlinear Mel scale of frequency.
MFCCs also take into account human percep-
tion for sensitivity at appropriate frequencies
by converting the conventional frequency to
mel scale.

D. Crackles and Wheeze

Crackles are explosive and discontinuous
adventitious sounds generally appear during
inspiration. They are characterized by their
specific waveform, duration, and location in
the respiratory cycle. It is generally accepted
that the duration of a crackle is lower than
20 ms and the frequency range is between
100 and 200 Hz. Wheeze is a continuous
adventitious musical sound. Acoustically, it is
characterized by a periodic waveform with a
dominant frequency usually over 100 Hz and
lasting over 100ms, thus always including at

least 10 successive vibrations. A wheeze can
be located at the site of an anatomic obstruc-
tion or can be diffused in cases of asthma.
The frequency of wheezes lies between 100
and 2500 Hz. [14]

Fig. 4: Mel spectrogram of Crackles vs Wheeze vs
Normal lung sound
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IV. METHODOLOGY

Since the device is designed into three
different parts the methodology for designing
each part is given below:

A. General Health monitoring system
MAX30100 sensor and Lm-35 temperature

sensor, Arduino as microcontroller have been
used where the output is shown in Oled dis-
play. With the help of the menu button in the
circuit, the user can select whether to check
pulse, body temperature or oxygen saturation
level. As per the need of the functions, delays
are inserted for measuring heartbeat or body
temperature or SPO2 level.

Fig. 5: Block diagram for General Health monitoring
system

B. Holter ECG
AD8232 three lead ECG sensor have been

used with Arduino as a microcontroller, An
AD8232 sense the heart rhythm and send the
analog signal to Arduino, Arduino converts
the analog signal to digital data and transfer
it to PC through Bluetooth in real-time mode.
HC-06 Bluetooth model is used for data
transfer between Arduino and PC program.
In Holter mode, The digital data is stored
on an SD card in the timestamp. The RTC
model is used for timestamp recording. The
model consists of 4 push buttons to choose
the device in Real-Time mode or Holter ECG
mode. In the program section, the digital data
obtained from Arduino is being processed.
First, the data is being filtrated with the help
of Bandpass Butter-worth filter of fifth-order

Fig. 6: Block diagram for taking the ECG data

with cutoff frequency(0.5-100)Hz after that
again that data is being filtered with IIR
notch filter with 50 Hz cutoff frequency to
eliminate the AC noise. After the R peak
has been detected, After detection of the
R peak interval between each R-interval is
being calculated, with help of the RR-interval
Heartbeat, Heartbeat variability is being cal-
culated. If the process is in real time the plot
is shown in real-time with help of py-serial
within the program.

Fig. 7: Block diagram for processing the ECG data in
PC program

C. Smart Stethoscope
The microphone is inserted inside the tube

of the stethoscope and connected to the com-
puter. The sound is being recorded after the
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user enables it to record it. The recording
is done with 16bit PCM with a 44.1kHz
sampling rate as a wave file. The recorded
audio is filtered using twelfth order But-
terworth filter after that the filtered audio
is automatically called by the program and
converted the analog data to normalize digital
data. MFCC is extracted from the normalized
audio data. The MFCC features of audio are
passed to the classifier model which predicts
and specify lung sound as crackles or wheeze
or Normal. The Artificial Neural Network
(ANN) model is created using Tensorflow,
The sequential model is being used with three
dense layers where the first and third layers
have 100 neurons, and the second layer has
200 neurons. The relu activation is applied
in each model with a dropout of 0.5 at the
final output layer; there are 3 dense areas
where label[0] represents crackles, label[1]
represents normal and label [3] represents
Wheeze. The activation Softmax is used in
the final layer.

Fig. 8: Block diagram for recording and analysing the
Breathe sound

FlowChart

Fig. 9: Flow chart for General Health monitoring
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Fig. 10: Flow chart for ECG

Fig. 11: Flow chart for Smart stethoscope

V. RESULT AND DISCUSSION

The project was implemented using the
Python programming language . The mod-
ule that was used to load and downsample
the audio files was the Librosa module. The
Scipy module was used to filter the audio files
and ECG data with a Butterworth bandpass
filter. The Tensorflow library was used as the
calculation method for MFCCs of an audio
signal the Keras library was used to imple-
ment the various neural network models, train
the models and test them.

The output from the general health mon-
itoring system was successfully displayed
as the result. All the connection was done
properly in their respective pins. MAX30100
sensor didn’t work due to the connection of
the pullup resistor toward the 1.8 voltage reg-
ulator. A, our microcontroller is 3.3 V bases
so pullup resister failed to make SDL/SCL
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data line neither pullup nor pull down as
a result data is being corrupted which lead
to error. To solve this problem the pull-up
resistor is connected to 3.3V.

Fig. 12: General Health monitoring output

MAX30100, LM-35 accuracy was tested
with a standard device. MAX30100 is be-
ing bench-marked with a JPD-500D oximeter
sensor and LM35 is being benchmarked with
an electronic thermometer. 25 different hosts
were taken for testing the accuracy of the
sensors. The accuracy of sensors is found to
be about 96% for MAX30100 and 92% for
LM35.

Sensors Parameter Absolute Percent=
TV ∗ 100
TV + FV

True Value(TV) 24
MAX30100 96%

False Value(FV) 1
True Value(TV) 23

LM35 92%
False Value(FV) 2

TABLE I: General Health monitoring Bench marking

In holter ECG the Heart beat array, prob-
able heart rate and Heart beat variability is
shown successfully also the data is stored.
The ECG noises were successfully removed
through digital signal processing and output
is displayed successfully.

Fig. 13: Holter ECG design

Fig. 14: Stored Raw ecg data processing

the program have graphical user interface,
When user click to start real time plot will
start,

Fig. 15: Output in PC after user click start
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if user click stop then the respective result
of mentioned parameter is shown.

Fig. 16: Output in PC after user click stop

In Stethoscope the audio data used for
training is collected from youtube audio and
ICBHI data set challenge. We contact the
medical expert for annotation and design the
ANN model to make predictions for recorded
sound. The validation accuracy of the model
is found to be about 80%.

Fig. 17: Prediction output of different audio sound
used for testing

30 audio data have been taken for testing
accuracy of the ANN model. The audio data
have been annotated by medical expert which

consist of 15 Normal, 10 Wheeze, and 5
crackles sound. After annotation, the audio
data was predicted by the ANN model. The
accuracy of the model was found to be 90%
The prediction result is given below.

Breathing Parameter Absolute Percentage
Detection

Positive 9 30%
Wheeze

Negative 1 3.33%
Positive 13 40.33%

Normal
Negative 2 6.67%
Positive 5 16.67%

Crackels
Negative 1 0%

Accuracy=total positive percent 90%

TABLE II: Breathing Sound Bench Marking

VI. CONCLUSION

As stated by the heading the research is
focused on the health monitoring device. The
devices were successfully able to interpret
the health parameters. The general health
monitoring device was able to Increase the
health consciousness of people was the main
motive for this creation. These gadgets help
to keep track of almost all fundamentals.
Likewise, the device decreases the hardware
requirement and different processes are done
on a digital signal processing basis.
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Abstract—Shunt Active Power Filters are widely used
for the reduction of harmonics in the power system
caused by nonlinear loads. This paper presents the design
and simulation of Shunt Active Power Filter (SAPF)
MATLAB/Simulink . The SAPF designed operates on
the principle of the instantaneous power strategy or the
p-q strategy and also serves to provide reactive power
compensation and eliminate the neutral current.

Index Terms—Voltage control, Voltage Support, opti-
mal control, microgrid

I. INTRODUCTION

Today, power electronics devices are used in al-
most every equipment. Electrical drives, computer,
furnaces, electronic ballast, power converters, etc are
some examples. However, they show highly nonlinear
characteristics to the input current. So, even if voltage
is purely sinusoidal, current drawn by them is not
sinusoidal. In other words, current drawn by them
consists of harmonics. Harmonics are the component
that has frequency which is integral multiple of fun-
damental one. Harmonics increases source or line
impedance of the system. It also increases iron loss on
machines/transformers due to higher frequency com-
ponents which results in overheating and insulation
failure. These losses are further compounded by the
skin effect. Harmonics current does not contribute to
the flow of active power flow in steady state (assuming
there is no harmonics in voltage). Harmonics increases
loss in the transmission and thus reduces efficiency
of the system. Also, thermal-magnetic type circuit
breaker utilizes bimetallic trip mechanism which re-
sponds to RMS value of current. Current with har-
monics has higher value of RMS current than the
current with no harmonics. So, circuit breaker trips
prematurely unless trip level is adjusted accordingly.
If power cable and telephone cable are run paral-
lelly, then it introduces electromagnetic interference
in telephone cable. Conventional meter are designed to
read sinusoidal based quantities. Harmonics introduces
error in measurement. In order to enhance power
quality, harmonics need to be eliminated. Traditionally,
passive RLC filters were used to reduce the harmonics

Fig. 1. Single line diagram of the system

and improve power factor but they have the major
disadvantage of being bulky, inflexibilityand thereby
costly. As the Active Filters provide superior filtering,
flexibility in control, they are becoming more popular.
The scheme is convenient for suppressing harmonic
current and improving power factor of the system as
seen from the source terminal. Hence,the overall power
quality of the grid is improved, and the reliability is
enhanced.

II. PROPOSED SYSTEM

Three phase four wire Shunt Active Power Filter
acts as the current source injecting harmonic compo-
nent of load. It compels the source to supply only
fundamental components of load current under both
balanced as well as unbalanced case while the har-
monic part is provide by SAPF. According to our
scheme in Figure 2, the load current in each phase is
sensed by current transformer which gives an output
voltage which is proportional to the input current. The
voltage sensors sense the voltages at PCC as va, vb and
vc and produce an output voltage which is the replica
of the sinusoidal ac voltage at PCC with certain offset
added. The outputs from current sensor and voltage
sensor are fed to the controller. The controller is the
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main component of control block. The instantaneous
values of load current and voltage which are fed into
controller are used to calculate the variables in αβ0
axis which are further used to calculate instantaneous
zero sequence, real and imaginary power. Filtering
is done to separate the oscillating real power using
a digital low pass filter designed within controller.
The reference currents are generated using inverse
Clarkes transformation. The reference current signals
and the current injected by the inverter are compared
to generate the gate pulses for the driving circuit of the
inverter. The possible harmonics from inverter output
is filtered through coupling inductors and connected to
PCC.

A. Control Scheme

Under this scheme, the load current and voltage are
measured from each phase abc. They are converted
into αβ0 frame using Clarke’s transformation. The
transformation of iL,abc and vabc are shown below:

Fig. 2. Proposed Scheme
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From these values of voltage and current in αβ0 frame,
instantaneous power are calculated from given formula
citeb1
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where p0, p and q represents instantaneous zero-
power, real power and imaginary power. The real

power p can be written as p̄ + p̃. Here, p̄ and p̃
represents DC and AC component of real power. The
DC component of real power p̄ represents active power
which must be supplied by the source. Current cor-
responding to this power contains fundamental only.
Thus, SAPF should supply all the components of
power except p̄ so that harmonics, reactive power
and zero-sequence power are compensated by SAPF.
Separation of p into AC and DC part is achieved by
low pass filter (LPF).[2][3]

DC supply to the inverter is provided by capaci-
tor known as DC-link capacitor. Closed-loop control
should be employed to maintain the DC link voltage.
It must draw some active power to compensate for the
loss. Lets call it ploss. The SAPF should supply p0 as
zero-power, p̃− ploss as real power and q as reactive
power. Then from that instantaneous power, reference
current is calculated in αβ0 frame as:i∗0i∗α
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The calculated reference current in αβ0 frame can
be transformed into abc frame using inverse Clarke’s
transformation[4] as:iaib
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This calculated reference current in abc frame is
supplied by hysteresis band current controller (HBCC).

III. SIMULATION SETUP

The simulation study was carried out in MAT-
LAB/Simulink. The simulation setup is shown in Fig-
ure 2. The system under study is 50 V, 50 Hz system.
The load current is sensed which is converted to αβ0
frame as mentioned in the section II. Full wave rectifier
with RL circuit on DC side is used as non-linear load.
The SAPF unit is connected at PCC via a coupling
inductor of 0.0003 H. The DC link capacitor has
capacitance of 4700 µF.

IV. SIMULATION RESULTS

The scheme consist of grid modelled as an ac
voltage source of 50V, 50Hz supplying a non-linear
load. Table I shows simulation parameters.

TABLE I
PARAMETERS OF SIMULATED SYSTEM

Phase Load
System Voltage 50V

System Frequency 50Hz
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A. Without SAPF

Entire system is simulated to observe the nature of
the current, active and reactive power drawn by the
non- linear unbalanced load without connecting SAPF.

TABLE II
PARAMETERS OF SIMULATED SYSTEM

Phase THD%
A 47.74%
B 47.76%
C 48%

The Fig. 3 represents the instantaneous power drawn
by load. Oscillation in p is splitted into AC and DC
part. Figure 4 shows current drawn by load, current
supplied by SAPF and current drawn from source
respectively in abc frame. From this plot, we can
see that SAPF supplies exactly negative of harmonics
component of current drawn by load and thus, forcing
the source to supply only the fundamental component.
That means source is relieved of supplying harmonic
component of current.

Fig. 3. Instantaneous power of load

V. CONCLUSIONS

Simulation model for instantaneous power based
shunt active power filter for harmonic mitigation has
been developed. The proposed scheme was able to
reduce total harmonic distortion form 48% to 3.75%
in simulation.This result shows the supression of
harmonic components of current. In conclusion, SAPF
could be the measure to solve power quality issues.
The system could be checked for the improved power
factor as well.

Fig. 4. Plot of load current, SAPF current and source current

Fig. 5. Capacitor voltage
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Fig. 6. Neutral current at load side and source side

Fig. 7. FFT analysis of load side and source side current
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Abstract—Farmers detect plant diseases by observ-
ing spots on leaves, and yellowing of leaves, and all
these happen based on their past experience. However,
we believe that there should be a technology that can
assist the farmers in this process. So we have devel-
oped this system where farmers can simply upload the
image of a leaf and get insights about it like whether
it is healthy or if not then the possible solutions. For
this project, we have used CNN which is a class of
Artificial Neural Networks. We have trained our CNN
model with about 4,500 leaf images of 4 different
classes. The PlantVillage dataset, are single leaved
with homogenous background and without extra noise
like mud,stones etc as shown in figure 6. But, the
images in the real scenario may not be the same. So,
to improve the result in the real world situation as
well we used the YOLO algorithm to find out ROI
and pass the ROI to the CNN model to predict our
result.We proposed our CNN model which has a total
of 10 layers; 2 sequential layers(for data preprocessing
and augmentation), 3 convolutional layers, 3 pooling
layers, 1 fully connected layer and 1 output layer
with a Softmax activation function. We divided our
dataset, where 60% is allocated for training, 20% for
validation and 20% for testing the model. We trained
our model for 60 epochs. After proposing, building
and training our model, we found out that our model
has an validation accuracy of 96% and test accuracy
of 93%.

Index Terms—Plant disease detection, Deep learn-
ing, ROI Detection

I. INTRODUCTION

A. Background

The automated identification and detection of
plant disease based on its leaves is a major land-
mark in the field of agriculture. From the early
identification of the plant disease, the quality of our
agricultural products and our production increases
for sure and similarly detecting and curing these
diseases helps to save a lot of time and money.Plant
diseases can be categorized as Fungal diseases, Vi-
ral diseases, and Bacterial Diseases. Fungal diseases
are generally caused by Fungi infections. Fungal
diseases can easily be observed and are easily
visible. These Fungal diseases can be recognized
by symptoms like spots on plant leaves, yellowing
of leaves, spots on fruits, etc.Viral diseases are
generally caused by Virus infections. Viral diseases
do not show any signs, since viruses themselves are
so tiny that they cannot be detected by a light mi-
croscope. However, there are symptoms that trained
eyes can observe. A mosaic leaf pattern, yellowed
or crinkled leaves, etc are all characteristics of
viral diseases. Bacteria are everywhere and many
can be beneficial, but some can cause diseases in
both animals and plants. The plant diseases that are
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caused by such harmful Bacteria are called Bacterial
diseases.As a solution to these problems, we have
devised a system that uses deep learning to analyze,
detect and classify any disease that might have
affected a plant by taking an image of the leaf which
is generally caused by infectious agents like fungi,
bacteria, viruses, etc.

B. Objectives

• To detect Tomato plant diseases.

C. Applications

This project can be used in the place where
people are engaged in agriculture for a living. This
project can help to detect the cause of crop disease
as soon as possible so it can be treated quickly and
help farmers from a major loss.

D. Features

• Detects Tomato plant diseases.
• Provides possible solutions to Tomato plant

diseases.

II. LITERATURE REVIEW

With the advancement of technology and in-
troduction of Artificial neural networks different
aspects around us are trying to take advantage of
them. Many revolutions have been already done in
education, entertainment, health, etc fields. So these
concepts should also be applied to the agriculture
field. Having the power of technology in the hands
of every farmer is a great contribution to our society
and mankind.

A. Related Works

Plant disease detection project falls under the
supervised image classification problem. So con-
sidering the broad picture of our project we can
say it is not a new topic. Looking back at history
many researchers have proposed different methods
for image classification. We can talk about that
considering two eras i.e Machine learning era and
the Deep Learning era.

In the Machine learning era Computer Vision,
and other Machine learning algorithms were used.
DETECTION OF PLANT LEAF DISEASE US-
ING MACHINE LEARNING used the machine

learning approach to detect. The preprocessing was
color transformation i.e RGB to grayscale. And
for the segmentation, they again used the color
segmentation process i.e. masking the pixels. And
the manual feature extraction was done considering
different features such as shape, texture, color, etc.
For the classification it has used Gradient Boosting
which is a machine learning algorithm and they
were able to gain accuracy up to 80%. [1]

Pooja Agarwal, Aravindhan Venkataramanan and
Deepak Kumar P Honakeri describes the methodol-
ogy and purpose similar to this project, aiming to
detect plant diseases through the images of leaves.
Here, an input image is initially taken where one
or more than one leaves may be present. Then, You
Only Look Once(YOLOv3) is run over the input
image to obtain the coordinates of the bounding
boxes around all the leaves present in the given
input image, if any. The detector divides each
obtained bounding box into the grid and analyzes
every cell in the grids to identify the features that
are useful to detect the object(leaf in this case). The
cells that contain the features with high confidence
are put together to classify the leaves from the given
input image. The leaves are then cropped out using
the OpenCV using the given coordinates of the
bounding boxes and the extracted images of leaves
are fed into the proposed CNN model that classifies
the images according to the 8 classes of plant dis-
eases from the dataset. Here, various CNN models
are tested. Firstly, the Simple Classifier Approach is
implemented which gives the accuracy of 50% to
50.5%. Secondly, the VGGNet structure is imple-
mented which gives an accuracy of 50.26%. After
that, Transfer Learning with ResNet is implemented
which gives an accuracy of 78%. Finally, to achieve
better accuracy further improvisation is done. The
input cropped image is rotated around in increments
of 15° which gives 24 different rotations. Each of
these rotations is fed into the classifier to obtain
predictions. This helped to increase the accuracy of
the system to 96%. [2]

Mohit Agarwal, Suneet Kr. Gupta and K.K.
Biswas describes about developing the efficient
CNN model for Tomato crop disease identification.
Here, a simplified CNN model is proposed com-
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prising of 8 hidden layers. Then, the performance of
the proposed CNN model is comparatively analyzed
with the various Machine Learning models and
pre-trained CNN models. After the comparative
analysis, it is found that using the publicly avail-
able PlantVillage dataset and proposed lightweight
model performs better than any traditional ML mod-
els and any pre-trained CNN models and achieves
an accuracy of 98.4%. While traditional ML models
give the best accuracy of 94.9% with k-NN and
best accuracy among the pre-trained CNN model
is 93.5% of VGG16. To increase the performance
of the proposed CNN model, image pre-processing
has been used by changing image brightness by a
random value after image augmentation. [3]

Similarly, Mohit Agarwal, Abhishek Singh, Sid-
dhartha Arjaria, Amit Sinha and Suneet Gupta
proposed a simplified CNN based model for plant
diseases detection and classification. In the simpli-
fied proposed model, 3 Convolutional layers, 3 Max
Pooling layers followed by 2 Fully-connected layers
are implemented. The experimental results show
that the proposed CNN model is more efficient than
other pre-trained models(VGG16, InceptionV3 and
MobileNet). The average accuracy of the proposed
CNN model is 91.2% for 10 classes(9 diseases
classes and 1 healthy class). [4]

Also, another paper A Deep CNN Approach for
Plant Disease Detection by Fatma MARZOUGUI,
Mohamed ELLEUCH, and Monji KHERALLAH
used CNN based approach to determine plant
disease. They have tried various different ap-
proaches in CNN and compared the accuracy. Ini-
tially, they tried pre-trained models like AlexNet,
GoogleNet.And they concluded that the custom-
built CNN model was more accurate than others.
Their custom CNN model gave about 97% accuracy
while AlexNet and GoogleNet gave about 89%
and 97% respectively but with GoogleNet test time
was a bit more than the custom model. So they
concluded that even though they started working
with a pre-trained model the promising result was
obtained with a custom model. [5]

III. RELATED THEORY

A. Convolution Neural Network(CNN)

CNN is used for computer vision applications. A
CNN contains an algorithm (that acts as a parent for
a child) to show millions of pictures to the computer
before it will be able to recognize and generalize
the input and make predictions for the images that
it has never seen before.

A CNN usually has three types of layers:

i. Convolutional layer:
A Convolutional layer is the first layer in
a CNN. It gets a input matrix of the di-
mensions [h1*w1*d1]. Then, we have ker-
nels(filters). A kernel is a matrix with dimen-
sions [h2*w2*d1]. For each convolutional
layer, we will have multiple kernels stacked
on top of each other forming a 3-Dimensional
matrix which is of dimensions [h2*w2*d2],
where d2 is the number of kernels. For each
kernel, we have its respective bias, which
is a scalar quantity. Then, finally, we have
an output matrix for the Convolutional layer
which has dimensions [h3*w3*d2].

Let’s put on the light on the obvious things that
can be understood from the above explanation:

1. The depth(d1) of the input matrix(or a number
of channels for the input matrix) and depth of
one kernel is the same.

2. The depth(d2) of the output matrix and the
depth of the 3-Dimensional matrix formed by
stacking the kernels on top of each other is
the same.

ii. Pooling layer:
The main purpose of the Pooling layer is
to reduce the number of parameters of the
input tensor and thus; helps reduce overfitting,
extracting the representative features from the
input tensor, reducing computations, and thus
increasing the efficiency.
In the case of Max Pooling, a kernel of size
n*n is moved across the input matrix, and for
each position, the max value is taken and put
in the corresponding position of the output
matrix.
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The process of Pooling is repeated for each
channel in the input tensor and then we get
the corresponding output tensor. So, a thing to
be noted is, Pooling downsamples an image
in its height and width but the depth(number
of channels) remains the same.

iii. Fully Connected Layer:
Fully Connected layers form the last few lay-
ers in the network which are used to classify
the images. It is simply a feed-forward neural
network The input to the Fully Connected
layer is the output from the final Pooling or
Convolutional layer, which is flattened and
fed into the few Fully Connected layers.

B. YOLO Algorithm

YOLO algorithm. It stands for You Only Look
Once. This algorithm uses an entirely new con-
cept in object detection than the previous and had
great performance and accuracy. So this is the
preferred object detection algorithm in computer
vision projects. It is considered A State of the Art
Algorithm for Real-Time Object Detection systems.
With the help of the YOLO algorithm single CNN
will predict multiple bounding boxes in the image
in a single look.

• Training YOLO Algorithm:
YOLO divides the image into N*N grid ini-
tially and each box is responsible to detect
the object or predict multiple bounding boxes.
There is a specific format on which YOLO
gives output. The format varies on each version
of YOLO since we are using YOLOv5 the
format is as below:

Fig. 1. YOLO Matrix.

So for each grid, this kind of matrix is gener-
ated. For eg, if our image is divided into 4*4
parts then for each part the matrix is created
and at the end, the matrix is combined so for
the 4*4 image the result matrix will be 4*4*6.
Here 6 is the depth which is the matrix depth.
This is illustrated in figure 2.

Fig. 2. YOLO Matrix labeling in the Image.

We can see in the top right part of the image
the matrix is generated since it doesn’t cover
any part of the image all the values are ne-
glected. But for another grid has covered some
parts of the image and contains its positional
values. So for each grid, this matrix is cre-
ated.Now, this matrix is flattened and passed
through the neural network to train.

• Testing YOLO Algorithm:
When the image is passed to the YOLO model.
It generates the matrix for each grid. If divided
into a 4*4 grid it will appear as 3.

Fig. 3. Yolo target matrix generation.
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During the first pass, YOLO determines the
probability that the cell contains any class.
If multiple class is found the class with the
highest probability is taken and that particular
grid is assigned to that class.
After the first forward pass, the model can
detect multiple bounding boxes for each object.
This is the issue we can get and we expect a
single bounding box for each object.

• Non-Max Separation:
1. The first step is to get rid of all the

bounding boxes with low probability than
the threshold setup.

2. To determine the actual bounding box
it uses the concept of Intersection Over
Union (IOU). It calculates IOU with the
one box having the highest number of
probability.

Fig. 4. Intersection Over Union (IOU).

The Max value of IOU can be 1 which indi-
cates that both bounding boxes are overlapped
with each other. If the IOU value is less then
we can assume that they are less overlapped.
After calculation of IOU of the class with
high probability with other, it rejects the box
having IOU greater than the certain threshold
as it indicates redundant bounding box i.e.
both the box has covered the same object but
the probability of one is higher so there is
no point on making multiple bounding boxes.
This way the multiple bounding box issue can
be solved. This technique is also called Non-
Max Suppression.
So unlike other object detection algorithms,

YOLO detects the object in a single pass with
the additional step of Non-Max separation.

IV. METHODOLOGY

A. Working Mechanism

Fig. 5. Flowchart for the Proposed System.

In our proposed system, we will have a dataset
consisting of various labeled images of leaves, that
will be helpful to detect plant diseases. This dataset
will be divided into two parts; one for training
the model which is called the training dataset and
another for testing the trained model which is called
the testing dataset.

Data pre-processing is crucially important to a
model’s performance. To make our model ready
to predict in any input it should be trained with
large amounts of data. But the limitation of the
image in the dataset should not be a barrier to us in
this step so we perform image augmentation here
which duplicated images but in different forms, like
zoomed in or out, cropped, etc. Also preprocessing
includes image resizing since the image should be
of uniform size while testing so all the images must
be resized to a certain size. The size of each image
in the PlantVillage dataset is found to be 256x256
pixels.
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And the model is trained using CNN which is
explained further on the upcoming page.

Now the test image is first passed through the
ROI detector to extract ROI and the extracted part
is passed through the trained model to get the result.

B. Dataset

For any supervised learning, the dataset plays
the first major role. Before deciding which deep
learning or machine learning model to use one
should give sufficient time to create or aggregate the
dataset. In our project, we used two ways or sources
to create a dataset based on our requirements.

• Plant Village Dataset:
We extracted our dataset from the well-known
Plantvillage dataset, which contains more than
25,000 images of 14 crop species and 26 dis-
eases. We choose to work with 9,000 images
of Tomato leaves, our dataset contains samples
for 5 types of Tomato diseases in addition
to healthy leaves, with 4 classes in total as
follows:
Class (0): Bacterial Spot.
Class (1): Early Blight.
Class (3): Healthy.
Class (4): Yellow Leaf Curl
Virus.

Fig. 6. Sample Photo form PlantVillageDataset

C. Algorithm

• CNN Model:
After doing research, we decided to build the
custom model on our own from scratch, which
is shown below

Fig. 7. Architecture of proposed CNN model.

We had about 4500 images in our dataset, from
which we allocate 60% for training, 20% for
validation, and 20% for testing. After training
the proposed model for 60 epochs, we found
the training accuracy of 97% validation accu-
racy of 96% and testing accuracy of 94%.
The model summary of our proposed model is
shown 8:
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Fig. 8. Model Summary of our System.

TABLE I
HYPER-PARAMETERS USED IN THE PROPOSED CNN MODEL

Hyper-parameters Description
No. of Convolutional layers 3
No. of Max Pooling layers 3

Learning Rate 0.001
Activation Function ReLU

Epochs 60
Batch Size 32

V. RESULTS AND DISCUSSION

A. Validation

To validate our model we used
Train/Validate/Test split method. The dataset
was splitted by 60-20-20. By training for 60
epochs training accuracy was obtained 97% and
validation accuracy was obtained 96%. Using the
remaining 20% of dataset i.e test dataset we 94%
accuracy was obtained.

Fig. 9. Training vs Validation Accuracy and Loss.

Also for detail validation analysis confusion ma-
trix was also created.

Fig. 10. Confusion Matrix
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B. Result

Fig. 11. Disease Detection.

VI. CONCLUSION

With the wide access of mobile phones and
internet able to use them to improve crop is the huge
benefits. Current project can be further improved to
cover more plant and more disease. So this project
was initiation on that with the help from PlantVil-
lage for dataset. YOLO algorithm has played a huge
role to improve the model performance as it will
remove all the unwanted area from image and crop
the leave region only. This is the advantage over
passing the while unfiltered image to model which
can cause misprediction for the real-world use case.

• Future Enhancements:
1) More disease and plants can be added.
2) Dataset can be improved considering real

field scenarios.
3) More dimensions to detect diseases like

fruit or stem etc can be considered.
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Abstract—Uncertain nature of the stock market makes
it too hard to predict the future market trends and
where to invest. Hence, there is a need for a cross model
backed by an ultra-modern architecture to know where
to invest. Recently, several investigations for stock trading
using machine learning algorithm have been trying to
develop efficient trading systems. But these systems
have a limitation in that they are mainly based on the
supervised learning which is not so sufficient for learning
problems with long-term goals and delayed rewards.
This paper presents an innovative approach based on
Deep Reinforcement Learning suitable for modeling and
learning various kinds of interactions, to the problem of
stock trading. With the latest advancement, successive
practical problems can be modeled and solved with
great accuracy in Deep Reinforcement Learning. The
stock trading problem is expressed as Markov process
which can be optimized by reinforcement learning based
algorithm. The problem of trading stock prices is solved
using three DRL models: DQN, A2C and PPO to find
out the corresponding portfolio value and compare these
model to find out the robust model during trading
process.

Index Terms—Stock market, Stock trading, Deep Re-
inforcement Learning (DRL), Deep Q-learning (DQN),
Advantage Actor Critic (A2C), Proximal Policy Opti-
mization (PPO)

I. INTRODUCTION

A. Background

Stock Market is an important part of the economy
for any country and it plays a vital role in the growth of
industry and commerce of the country that eventually
affects the economy of the country. Both investor and
industry are involved in stock market and wants to
know whether the stock will rise or fall over certain
period of time. The stock market is the primary source
for an individual to expand the investment with more

profit and company to raise funds for business expan-
sion.

Previously machine-learning techniques were popu-
lar that can perform the task by learning from given
data without exploring domain knowledge. Machine
learning has changed drastically over the period.The
introduction of Artificial Neural Networks attracted
many of the researchers because of its tremendous ca-
pabilities like image recognition, natural language pro-
cessing and also time series prediction which is most
important for today’s applications. These Machine
Learning algorithms are known as Deep Learning
(DL). DL can perform complicated tasks by exploring
domain knowledge. Use of ML and DL techniques
were so popular among researchers and organizations
to perform complex tasks like automating stock market
trading. However, because of the dynamic nature of
the stock market these algorithms weren’t able to
perform trading with higher accuracy in the real world.
Therefore, we are applying Reinforcement Learning
(RL) techniques in stock market trading.

Reinforcement Learning algorithms [1] explore an
unknown environment and make an optimal decision
by trial and error method. By this self-learning, it can
achieve human-level accuracy for doing a given task.
RL agents always try to maximize the future reward
by applying some action on the given environment.
Considering this, DRL algorithms are used in stock
market trading problems that will show remarkable
success of profit in that domain. The learning task for
stock trading is challenging.

B. Stock Exchange Nepal

The only stock exchange in Nepal is Nepal stock
exchange indexed as “Nepal Stock Exchange Limited”.
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NEPSE function on NEPSE Automated Trading Sys-
tem (NATS), a total screen based trading that adopts
the basics of an order driven demand. Buying and sell-
ing of physical and dematerialized securities is done
through NATS. NEPSE was founded in 13th January,
1993 A.D under the company Act, operating under
Securities Exchange Act. NEPSE list various sub-
indexes including Commercial Bank, Hydropower’s,
Insurance, Hotels and Manufacturing Companies. The
popular public companies listed in NEPSE are Nepal
Bank Limited, Arun Hydropower, Nabil Bank Lim-
ited, Nepal life insurance, Bottlers Nepal Limited etc.
NEPSE stock exchange has listed 285 companies up
to now.

II. LITERATURE REVIEW

In the last few decades, many important changes
have taken place in the environment of stock mar-
ket.The development of powerful communication and
trading facilities has enlarged the scope of selection
for investors.

Forecasting stock return is an important financial
subject that has attracted researchers attention for
many years. As the stock market is increasing, several
researchers have focused on technical analysis and
using advanced math and science. Extensive attention
has been dedicated to the field of artificial intelligence
and data mining techniques.

A. Related Research Paper

A strongly related work with this is in the research
paper: Stock Trading Bot Using Deep Reinforce-
ment Learning [2]. Although Deep Reinforcement
Learning algorithms perform well in stock trading but
in real world application it is better to make a decision
based on trending stock. The paper says that this
can be done by analyzing the news articles and then
applying the DRL algorithm to trade. In this paper
the authors propose an automated trading bot using
a DRL algorithm that can choose an action to buy,
sell or hold the stocks to maximize the accumulated
return. They have chosen a Deep Deterministic Policy
Gradient (DDPG) algorithm to train their agent, along
with a system that can predict the trend in stock value
using news articles. The sentiment analysis on the
news article is performed using RCNN. The proposed
architecture works only for a single stock. There is a
need for a state-of-the-art architecture that can train
and trade on multiple stocks by choosing the best out
of n models.

Another research paper: Stock Market Predic-
tion and Investment using Deep Reinforcement
Learning- a Continuous Training Pipeline [1]. In
this paper, an agent-based Deep Deterministic Policy
Gradient system is proposed to imitate professional

trading strategies which is a state-of-the-art framework
that can predict and make investment of customers
money with high return. In addition to this, dealing
with inter-day trading strategy, the proposed archi-
tecture is designed as a continuous training pipeline
so that the model saved is up-to-date with the recent
market trends by giving higher accuracy in prediction.
The framework outperforms the base reinforcement
learning algorithms and maximizes portfolio return.
The experimental result shows how natural language
processing and statistical prediction can help us to
choose the trending stock based on news headlines
and historical data so that model invests money only
in the market which gives higher return. To evaluate
the performance of the proposed method, comparison
of our portfolio results was done with various other
reinforcement learning algorithms by keeping the same
configuration.

Another related research paper: Practical Deep Re-
inforcement Learning Approach for Stock Trading
[3]. In this paper, the authors have explored a different
DRL algorithm to cope with the complex and dynamic
nature of the stock market i.e., Deep Deterministic Pol-
icy Gradient algorithm. They have used the historical
stock market data to train their agent and also designed
a min variance portfolio allocation strategy to trade
using the DDPG algorithm that suggests when to hold,
buy or sell the stock. The experimental results show
that DDPG archives higher return than the traditional
min-variance portfolio allocation method. The only
drawback of using DDPG is world exploration, it is
observed that DDPG doesn’t explore all the possibili-
ties.

Next related research paper: Stock price predic-
tion using reinforcement learning [4]. In this paper,
the author explained how the limitations of Machine
Learning techniques are holding industries to trade
using ML algorithms. Author suggests that ML algo-
rithms are not adequate for learning complex problems
such as stock market trading and investment. As a
result, a very basic method of applying Reinforcement
Learning in the domain of stock market trading was
proposed. The paper proposes TD(0) algorithm which
learns from experience and performs well compared to
traditional ML algorithms.

B. Well-known Trading Bots

1) Pionex: Pionex is a massive crypto trading plat-
form that offers 18 unique bots and free registration
along with the greatest variety of strategies and results.
Each bot takes a different approach to your investment,
allowing you to plan for the future, hold over a shorter
period of time or turn a quick profit.

2) Coinrule: Coinrule offers the widest range of
preset trading strategies, and the crypto trading bot cur-
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rently allows users to customize investing with more
than 150 trading templates automatically executed
when market conditions meet predefined parameters.

3) Trality: Trality is a platform for anybody who
wants to create highly intricate, super-creative algo-
rithms within an educational, community-driven in-
frastructure that promotes learning and development
as a trader.

III. METHODOLOGY

A. Working Mechanism

Workflow:

Fig. 1. Flowchart

Step 1: Start
Step 2: Get the stock input i.e. data
Step 3: The data is pre-processed (filtered and
merged)
Step 4: Choose the DRL algorithms among DQN,
A2C and PPO
Step 5: The data is fed into selected model (training
the model)
Step 6: Evaluate the model
Step 7: Calculate the portfolio value of the given
stock
Step 8: Display the result

Fig. 2. Pre-processing of data

B. System Architecture

Figure 2 is an architecture of data pre-processing.
The raw dataset of NEPSE are first filtered then
merged into Bank and Financial Institutions (BFIs)
stock only and separated into necessary requirements.
Then the resultant data is converted into a csv format.

Fig. 3. Overall Architecture

Figure 3 is an overall architecture of the deployment
which is explained below.

1) Data Collection and Pre-processing: To verify
the feasibility of deep reinforcement learning in stock
market investment decisions, stocks in the ’Nepali
Stock Market Dataset’ are selected by randomization
for experiments.

As data is one of the most important and vital aspect,
the dataset is collected from the targeted website i.e.
www.nepsealpha.com, which provides the full histor-
ical daily prices (Opening, High, Low, Closing) and
other indicators is calculated using these data of Bank
and Financial Institutions (BFIs) for NEPSE listed
stocks.

As shown in Figure 3, when the raw data comes
in, the data analysis phase is performed first to ensure
that data is not extreme. After analyzing the data, data
is passed into the data pre-processing phase as shown
in figure 2. The pre-processed data in csv format is
an input for DRL model. The indicators like Low
price, volume and financial technical analysis indi-
cators like Simple Moving Average (SMA), Relative
Strength Index (RSI) and On-Balance Volume (OBV)
are considered to measure current conditions as well
as to forecast stock trends.

2) DRL Algorithms: This paper uses three DRL
models to train and test the dataset. Each stock is
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splitted into a training set and testing set and then fed
into three DRL models: DQN, A2C and PPO.

DQN is a kind of network that uses a neural network
to predict Q value and continuously updates the neural
network to learn the max Q value. The DQN is selected
for computational analysis. There are two neural net-
works in DQN: one is Target-Network with relatively
fixed parameters, which is used to obtain the target
value; the other is called Current Q-Network, which is
used to evaluate the Current Q value. The training data
is extracted randomly from Replay Memory, which
records the actions(a), rewards(r), and results of the
next state(s’/st+1 ) - (s, a, r, s’). As the environment
changes, networks will update its parameters regularly
and Replay Memory will change accordingly. The
Loss function is the result of subtracting the value of
Q in Target-Network from the value of Q in Current
Q-network. The values between modules are changed
iteratively until the optimal value of Q is achieved an
output operation is carried out.

A2C algorithm combines two types of RL algo-
rithms Policy Based and Value Based together. Policy
Based agents directly learn a policy (a probability
distribution of actions) mapping input states to output
actions. Value Based algorithms learn to select actions
based on the predicted value of the input state or
action. The advantage of the Actor-Critic algorithm
is that it can solve a broader range of problems than
DQN. In A2C, Q value can be learned by parameter-
izing the Q function with a neural network. This leads
us to Actor-Critic Methods, where ”Critic” estimates
the value function. This could be the action-value
(the Q value) or state-value (the V value). We update
both the Critic network and the Value network at
each update step. The advantage value is given by
A(st,at)=Q(st,at)-V(at).

PPO algorithm was introduced by the OpenAI team
and quickly became one of the most popular RL
methods taking over the Deep-Q learning method.
It involves collecting a small batch of experiences
interacting with the environment and using that batch
to update its decision-making policy. PPO attempts
to simplify the optimization process while retaining
the advantages of Trust Region Policy Optimization
(TRPO)

After the stock is fed into DRL model, the model
is trained and then the testing data is evaluated. After
evaluation, the portfolio value of given stock is calcu-
lated.

3) Output: The effect of the model is visually ex-
amined by simulating trading. The training results and
test results are compared and analyzed simultaneously.
The results are then visualized via graphs.

IV. RESULT AND DISCUSSION

A. Result

The paper uses provided data and trained model to
simulate trades in stock market. Based on past 5 years
of data(1157 days, years 2015-2019), trading of stocks
of banks was done for 173 trading days (year 2020).
Multiple algorithms are used and respective portfolio
values calculated to determine the effectiveness of said
algorithms.

The three algorithms DQN, A2C and PPO algorithm
is used to find out the trading performance from each
algorithm and compared the results of each algorithm.

Screenshots of plots and results of trading
simulation are as follows:
Following plots show the portfolio values using
different DRLs. Variation of the graph can help infer
the capabilities of respective algorithms.

NIC Asia Capital Ltd.

Fig. 4. NICA using A2C,DQN and PPO algorithm

Nepal Bank Ltd.

Fig. 5. NBL using A2C, DQN and PPO algorithm
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Nabil Bank Ltd.

Fig. 6. NABIL using A2C, DQN and PPO algorithm

TABLE I
TRADING PERFORMANCE

Trading Performance (average of 100 times)
Bank & Fi-
nancial Insti-
tutions

DQN
timesteps=
400k

A2C
timesteps =
10k

PPO
timesteps =
10k

NICA portfolio
value=1.50

portfolio
value=1.59

portfolio
value=1.40

NBL portfolio
value=1.20

portfolio
value=1.17

portfolio
value=1.12

NABIL portfolio
value=1.26

portfolio
value=1.23

portfolio
value=1.25

From the above figures and table , the following
interference are made.

1) DQN gives better results but takes much longer
to converge.

2) PPO and A2C converge faster but can be unsta-
ble. A2C is the most unstable among the three.

3) For same time-steps of training, PPO is fastest
and DQN is slowest.

4) Results in stock trading depends not just on
algorithm used but also on the quality of stock
itself.

B. Analysis

TABLE II
PARAMETRIC SUMMARY

Parameter Value
number of inputs 5
learning rate 0.0001
window size 12
timestep 10k(400k for DQN)
batch size 32
train:test ratio 7:1(approx)

The input signals used are [Low Volume SMA RSI
OBV]. A minimal learning rate is essential for stable
and converging model.

A window size of 12 evaluates data of 12 days ,
which is slightly more than two weeks. This time-
frame aims to cover market fluctuations due to circum-
stantial conditions, patterns due to market closing and

opening in a week, and tries to use appropriate amount
of past data along with the present to predict the future.
The timestep of 10k is enough for PPO and A2C
algorithms to create a model minimal loss, whereas
DQN requires much higher timesteps for training.
Chosen timestep attempts to obtain standard results.

It has been observed in practice that when using a
larger batch there is a significant degradation in the
quality of the model, as measured by its ability to
generalize. A batch size of 32 is adequate. Similarly,
a higher test proportion will inevitably give greater
profits compromising the integrity to compare and
generate profit in short term.

C. Conclusion

This paper is focused with the implementation of
three different models of Deep Reinforcement Learn-
ing to trade stock of different Bank and Financial
Institutions enlisted in NEPSE. Despite the availability
of different methods to accomplish such trading tasks,
advances in deep learning has enabled Q-learning
to be effective networks for this task. Results show
that our DQN and PPO trained agent is more robust
and outperforms in accumulated return than the other
model. This paper proves that by using the most recent
approach of applying deep reinforcement learning we
can get human-level control over the stock market
trading and investment.

Based on the experience of working on this paper,
the following enhancements could be made to the
system:

• Further tune the model to push the accuracy more
by increasing the dataset

• Provision to train monthly or quarterly with latest
data

• To focus on reducing the computation time and
to make a production grade application

• To deploy in real market
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Abstract— For better state estimation of power 

system, phasor measurement unit (PMU) are superior 

than supervisory and data acquisition (SCADA) system. 

The economic burden of PMU restricts its placement in 

every bus to ensure power system observability. A 

modified simulated annealing (SA) with reference to 

radial bus has been proposed on this paper for solving 

optimal PMU placement (OPP) problem. To rank the 

different optimal placement set generated by meta-

heuristic algorithm, system observability redundancy 

index (SORI) has been calculated. The proposed 

modified SA has been implemented on IEEE test bus 

system and existing 90 bus Integrated Nepal Power 

System (INPS). Simulation of algorithm on MATLAB 

results out 28 PMU locations to ensure the observability 

of INPS with SORI of 115. Proposed strategy on 

modified SA is found to be effective than modified SA in 

term of optimal number of PMU, probability of finding 

optimal number, simulation time and SORI. 

Keywords— Bus Observability Index, Measurement 

redundancy, Phasor Measurement Unit, Simulated 

Annealing Algorithm, System Observability Redundancy 

Index 

I. INTRODUCTION  

Conventional power grids are in the transitional 
process to end up as smart grid. Although the SCADA 
system is widely used to control and monitor the 
status of the power system network, measurement 
provided by SCADA are unsynchronized, low 
resolution and hence results inaccurate state 
estimations of the power system [1]. 2003 US 
blackout had cleared out electricity supply over 50 
million people in eight U.S. states and portion of 
Canada with the loss of 7 to 10 million USD [2].  A 
study team advised to use synchrophasor to prevent 
such cascaded faults in near future [3]. Power grid 
cooperation of India has also started to deploy 
synchrophasors after the 2012 blackout. PMU is a 
synchrophasor measurement device that can 
accurately measure time synchronized magnitude and 
phase of bus voltage and branch current. PMU 
measures the bus voltage phasor at the bus it is 
installed and the branch current phasor that is adjacent 
to it [4]. The emergence of the time synchronized 

phasor measurement technology opens new 
perspectives to design advanced power system 
monitoring schemes [5]. Figure 1 is a block diagram 
to show the major components of PMU. Although 
PMUs are quite superior to SCADA, due to its high 
cost they cannot be deployed at all buses. Thus, in 
order to ensure complete power system observability, 
optimization on number of PMU placement is 
necessary which will hence minimize their installation 
costs [6]. 

 

Fig. 1. Block diagram of PMU 

Complexity of INPS has been increased due to 
injection of renewable energy, cross boarder 
transmission and electric vehicle charging station. 
Higher penetration of intermittent renewable energy is 
expected to introduce additional technical challenges 
not foreseen at initial stage [7]. INPS is also facing 
frequent system collapse due to inaccurate state 
estimation. Nepal Electricity Authority is also 
planning to install PMU on the cross boarder 
connected high voltage substation as a pilot. This 
paper considers the INPS bus with bus voltages from 
66 kV and above. 

Strategies for solving OPP problem have become a 
topic of research interest. Among variety of 
algorithms, many authors have selected their best 
performing algorithms. Reference [8] has categorized 
optimization solving techniques under mathematical 
programming methods and Heuristic algorithms. 
Some popular meta-heuristic algorithms for OPP are 
genetic algorithm [9], particle swarm optimization 
[10], SA [11], exhaustive search [12], differential 
evolution [6] and integer linear programming [13]. 
Implementation of meta-heuristic algorithm generates 
number of possible PMU placement solution set. In 
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order to evaluate the effectiveness of each PMU 
placements set, measurement redundancy concept of 
bus observability index (BOI) and SORI has been 
introduced in [14]. BOI for a bus can be defined as the 
number of times that bus is observed by the PMUs 
placement set while SORI of a system can be referred 
as the summation of value of BOI for all buses of the 
system. For the same number of PMU, the placement 
set with the highest number of SORI indicates more 
effective solution and ensures better reliability for 
possible contingencies compared to other PMUs 
placement set with lower value of SORI [15]. 

The following statement describes the 
observability rules that are used to describe the 
network observability of a power system [4]. 

Rule A: PMU installed bus can measure its bus 
voltage and branch current so can be considered as 
directly observable bus. 

Rule B: Neighbor buses of PMU installed bus are 
also indirectly observable with the application of 
Ohm’s law and Krichoff’s law.  

Thus, figure 2 can be explained as, if PMU is 
place at bus 1, bus 1 is directly observable and all its 
neighbor buses: bus 2, bus 3 and bus 4 are indirectly 
observable. Radial buses are the buses that are 
connected to only one bus. According to rules of 
observability, placement of PMU on radial bus 
ensures the observability of two buses only.  

For OPP problem, modification on SA was 
originally proposed on [16]. Reference [17] has also 
used same modified SA proposed by [16] for 
enhancement of state estimation. Reference  [16] and 
[17] use the optimal solution of graph theory 
procedure as the initial placement set while 
implementing modified SA. This paper intends to 
make modified SA independent to any other algorithm 
there by restricting PMU placement on radial buses. 

II. METHODOLOGY 

Objective function for OPP has been formulated as 
(1) in order to minimize the number of PMUs required 
to ensure power system observability. 

 Minimize  

(1) 

 Subjected to:  

Here, xi is PMU placement variable and can be 
represented as (2). 

  
  

 
(2) 

And, X is a vector composed of xi and F(X) is a 
vector function that represents the observability 
constraint functions to make n bus system fully 

observable. Here I   is a vector with n entries and 
whose all elements are 1.  

 

Fig. 2. Demonstration of rules of observability 

Constraint function vector F(X) can be expressed 
as, 

 F(X )=AX  (3) 

 Where, A is a binary connectivity matrix. 
Often the same matrixes are known as adjacency 
matrix. Binary connectivity matrix indicates 
interconnection between different buses in a power 
system. The connectivity matrix can be defined as (4). 

 

 

(4) 

   

According to the PMU topological rules of 
observability, the corresponding ith constraint 
function fi can be represented as (5).  

 

 

(5) 

The proposed modified SA with reference to radial 
bus has been implemented on MATLAB for IEEE 14, 
IEEE 30, IEEE 57, IEEE 118 bus system and existing 
INPS 90 bus system. Energy function of the modified 
SA algorithm is defined to minimize the number of 
unobservable bus to zero. During implementation of 
modified SA [16] and [17] has determined random 
placement set by two strategies: (1) randomly moving 
a PMU to a bus without PMU, and (2) randomly 
adding or removing PMU from that placement set. In 
addition to these strategies, this paper proposes a 
strategy to restrict PMU placement on radial bus. The 
flow chart for generation of random PMU placement 
is shown in figure 3. 
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Fig. 3. Flow chart for generation of random neighbourhood 

placement set 

III. RESULT AND DISCUSSION 

The simulation was carried out on MATLAB 2017a 
for each bus system. The specification of the computer 
used was Intel i5, 2.13GHz and 8GB RAM. Table I 
tabulates the best result out of ten simulations for 
optimal location of PMU along with its SORI and 
simulation time. Result shows that 4 PMUs are 

essential for IEEE 14 bus system at bus 2, bus 4, bus 7 
and bus 9. This placement set will have SORI of 19. 
Similarly for IEEE 30, IEEE 57 and IEEE 118 bus, 
the required number of PMU is found to be 10, 17 and 
34 respectively. In order to ensure power system 
observability with maximum measurement 
redundancy, for existing INPS 90 bus system, the 
PMUs is required to be placed on buses of Amarpur, 
Damak, Rupri, Mirchiya, Dhalkebar, Dhalkeba200, 
Parwanipur, Heutauda, Heutauda66, Marsyangdi, 
Lekhnath, Kushma, Dana220, Samundratar, 
Suijatar66, Trishuli, Lainchaur, Chapali, Bhaktapur66, 
Lamoshangu, Panchkhal, Bardaghat, Butwal, Lamahi, 
Kusum, Bhuragaun, Aatariya and Sayule. The result 
of the proposed modified SA is compared with 
modified SA with same initial placement in term of 
optimal number (N), probability of generating optimal 
number (P), average time of simulation (Tavg) and 
SORI for optimal solution set in table II. The result is 
also compared with stochastic SA in term of number 
of PMU. The result of proposed method to find out the 
optimal number of PMU is less than the finding of 
modified SA for higher number of bus system. In 
lower number bus system, although the result in term 
of number of PMU seems to be equal, the probability 
of finding the optimal number is more. Also the 
measurement redundancy of placement set has been 
significantly increased. Simulation time for the 
proposed method has been reduced for higher bus 
system. Proposed modified SA yields better solution 
than stochastic SA as well. Number of PMU required 
for power system is found to be in the range of 28-
33% of total number of buses. 

TABLE I.  SIMULATION RESULT OF PROPOSED MODIFIED SA FOR OPP 

S.N Bus system Optimal Number Optimal PMU Location Time (sec) SORI 

1 IEEE 14 bus 4 [2, 6, 7, 9] 0.029 19 

2 IEEE  30 bus 10 
[2, 4, 6, 9, 10, 12, 15, 20, 25, 30] 0.14 

50 
[2, 4, 6, 9, 10, 12, 15, 20, 25, 29] 0.21 

3 IEEE 57 bus 17 
[1, 4, 9, 20, 24, 27, 29, 30, 32, 36, 38, 39, 

41, 45, 46, 50, 54] 
0.55 73 

4 IEEE 118 bus 34 

[3, 6, 9, 11, 12, 17, 20, 23, 28, 30, 36, 37, 

41, 43, 48, 49, 52, 56, 59, 61, 67, 68, 71, 
75, 77, 80, 85, 86, 90, 94, 102, 105, 110, 

114] 

2.385 164 

5 
INPS 90 bus 

system 
28 

[2, 6, 9, 11, 13, 14, 19, 24, 28, 30, 34, 38, 
40, 43, 46, 52, 57, 58, 60, 62, 67, 72, 74, 

78, 81, 84, 87, 89] 

1.71 115 

TABLE II.  SIMULATION RESULT OF PROPOSED MODIFIED SA FOR OPP 

S.N Bus system 
Proposed Modified SA Modified SA Stochastic SA [18] 

N
a 

P
b 

Tavg
c 

SORI
d 

N
a 

P
b 

Tavg
c 

SORI
d 

N
a 

1 IEEE 14 bus 4 0.5 0.032 19 4 0.5 0.036 17 4 

2 IEEE 30 bus 10 0.9 0.125 50 10 0.6 0.128 44 10 

3 IEEE 57 bus 17 0.3 0.511 73 17 0.1 0.519 67 19 

4 IEEE 118 bus 34 0.1 3.196 164 35 0.1 3.69 154 34 

5 INPS 90 bus 28 0.5 1.058 115 32 0.5 1.749 119 - 

 

 

 

 

 

 

a. Minimum optimal number of PMU 

b.  Probability of finding the optimal number of PMU 

c. Average simulation time in second 

d. Maximum value of SORI for optimal PMU placement set 
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IV. CONCLUSION 

The placement of PMU on radial bus ensures 
observability of itself and its neighbor bus only. In 
order to achieve greater measurement redundancy, 
restricting PMU on radial bus can be concluded as 
better strategy. Thus, proposed modified SA is 
superior in comparison to modified SA in term of 
optimal number of PMU, simulation time, probability 
of finding optimal number of solution and 
measurement redundancy. 
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Abstract—Charity and donations are the important
humanitarian services that one can do at the times
of unfortunate events like Natural disasters, conflict,
famine, and poverty. In the present context, we witness
a lack of accountability and clarity, as well as labour-
intensive administrative tasks and a lack of infrastructure
in the majority of relief related works. While the people
in need should be at the centre of the humanitarian
response, we often see it the other way around. There
is a genuine need for a platform where a donor can
assist those in need without having to worry about
the process’s transparency or accountability. Here, we
present a blockchain-based approach that could help
to address these problems. We suggest a method that
eliminates the use of physical cash and vouchers in relief
operations and instead emphasises on the use of tokens to
provide immediate assistance, while also maintaining and
monitoring transparency regarding relief and donations
made during relief.

I. INTRODUCTION

We basically live in a data-driven world. In today’s
world, many fundamental changes are taking place.
All societal systems, including health, government,
business, and management, are undergoing significant
changes. Our aims and demands are for a more trans-
parent, secure, and responsible system, rather than a
quantitative and efficient system. While dealing with
the humanitarian situation, we lack a robust framework
that can account for transparency and work account-

ability. The relief collection process might be made
even more systematic if records were kept properly
and security measures were taken. Many of the aid
operations now lack these. Getting relief is simple
when a disaster strikes, but getting aid to those who
need it must be a top priority. Nepal is a country that
experiences many natural disasters each year, primarily
floods and landslides, and it is also earthquake-prone.
It is critical at times like these that the affected parties
receive the relief that has been assigned to them
without it being misused by other parties involved in
the process. In addition, the assigned reliefs must reach
the victims within the specified time frame. This is
where Sahayogi comes in. With the goal of giving
immediate and transparent assistance to those in need,
Sahayogi helps to prevent relief leakages. The project’s
goal is to help victims by providing them with tokens
that they may use to acquire basic commodities for
the time being. With transparency at its foundation,
aid would be delivered directly to the parties in need.

II. BLOCKCHAIN TECHNOLOGY

Blockchain technology is the new-age, disruptive
digital technology that is bringing paradigm shift in
business models across sectors in world. It is an
append-only distributed ledger of cryptographically
secured transactions among the peer-to-peer connected
network participants (peers). Blockchain makes the
base of a decentralized, collaborative, secured and

Keywords—Relief, Transparency, Cash, Blockchain,
Token
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immutable technology that can be used to transact
any tangible or intangible form of value. It is formed
of blocks which are linked together by the chain of
cryptographic hash which is formed by the merkle tree
of transactions hash present in the block.

A. Ethereum
Ethereum is an open-source, public, blockchain-

based distributed computing platform and operating
system featuring smart contract functionality. It sup-
ports modified version of Nakamoto consensus via
transaction-based state transitions. In the Ethereum
blockchain, instead of mining for bitcoin, miners work
to earn Ether, a type of crypto token that fuels the
network. Beyond a tradeable cryptocurrency, Ether
is also used by application developers to pay for
transaction fees and services on the Ethereum network.
[7]

B. Smart Contract
Smart contracts are the reusable snippets of code

which a developer publishes into Ethereum Virtual
Machine(EVM) memory. Anyone can request that the
smart contract code be executed by making a trans-
action request. Because developers can write arbitrary
executable applications into the EVM by publishing
smart contracts, these are often also called Distributed
Apllications(DAPPs). So, smart contracts not only
define the rules and penalties around an agreement in
the same way that a traditional contract does, but also
automatically enforce those obligations.

C. Ethereum Virtual Machine
The Ethereum Virtual Machine focuses on providing

security and executing untrusted code by computers
all over the world. To be more specific, this project
focuses on preventing Denial-of-service attacks, which
have become somewhat common in the cryptocurrency
world. The EVM is designed to serve as a runtime
environment for smart contracts based on Ethereum.
As most cryptocurrency enthusiasts are well aware
of, smart contracts are very popular these days. This
technology can be used to automatically conduct trans-
actions or perform specific actions on the Ethereum
blockchain.

D. Consensus Models
Blockchains are distributed systems that share a

common state, the network must agree on the content
of the distributed ledger. Therefore, a consensus model
is needed in each blockchain. It ensures that the next
block in the chain is the one and only version of
the truth. Using a consensus mechanism allows the
blockchain to avoid a central authority that keeps track
of all accounts. There are some key features consen-
sus models must deliver to be usable in blockchain
implementations:

1) Proof of Work: This is the most popular algo-
rithm being used by currencies such as Bitcoin and
Ethereum, each one with its own differences. The actor
who will solve the aforementioned problem first the
majority of the time is the one who has access to the
most computing power. These actors are also called
miners.Due to the limited supply of computational
power, miners are also incentivized not to cheat. At-
tacking the network would cost a lot because of the
high cost of hardware, energy, and potential mining
profits missed. [6]

2) Proof of Stake: Proof of Stake(Pos) takes away
the energy and computational power requirement of
Proof of Work and replaces it with stake. Stake is
referred to as an amount of currency that an actor is
willing to lock up for a certain amount of time. In
return, they get a chance proportional to their stake
to be the next leader and select the next block. The
main issue with Pos is the so-called nothing-at-stake
problem.

3) Proof of Authority: Proof of Authority (PoA) is
an alternative consensus mechanism, which does not
depend on the nodes solving arbitrarily difficult math-
ematical problems, but instead uses a set of authorities
- nodes that are explicitly allowed to create new blocks
and secure the blockchain.

E. Merkle tree

Merkle trees are a fundamental part of blockchain
technology. A merkle tree is a structure that allows for
efficient and secure verification of content in a large
body of data. This structure helps to verify the consis-
tency and content of the data. The Merkletree is useful
because it allows users to verify a specific transaction
without downloading the whole blockchain.

Fig. 1. Merkle tree(adapted from [8])

F. Ether

Ether is a fundamental cryptocurrency for opera-
tion of Ethereum, which thereby provides a public
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distributed ledger for transactions. It is used to pay
for gas, a unit of computation used in transactions and
other state transitions.

G. Wallet

An account is not a wallet. A wallet is the keypair
associated with a user-owned account, which allows
users to make transactions from or manage the ac-
count. It is a gateway to decentralized applications on
the Ethereum blockchain.

H. Ethereum Client

Ethereum network is composed of Ethereum nodes
that are connected to each other. Ethereum nodes
send or receive blocks of data to their peers and
they perform validation and mining process. DAPPs
connect to Ethereum nodes to send transactions either
for transferring ethers or for deploying contracts. There
are 3rd party implementations available for Ethereum
client.

I. ERC-20

ERC-20 is an official protocol for proposing im-
provements to the Ethereum (ETH) network . ERC-20
has emerged as the technical standard; it is used for all
smart contracts on the Ethereum blockchain for token
implementation and provides a list of rules that all
Ethereum-based tokens must follow. ERC-20 tokens
are blockchain-based assets that have value and can
be sent and received. The primary difference is that
instead of running on their own blockchain, ERC-20
tokens are issued on the Ethereum network.

III. RELATED PAPER

In China, charity organisations lack transparency,
and oversight of them is difficult to achieve, which has
a negative impact on people’s willingness to donate.
To ensure donation transparency, Wang Jian and Xu
Yuchao created an ASP.NET-based charity donation
information management system. Later, Jia Hongwei
and Deng Xiuquan advocated that blockchain tech-
nology be used to tackle social emergency problems.
Rizal Mohd Nor proposed that the disaster relief funds
be managed using blockchain technology and that
the entire platform be built on Ethereum. Danushka
Jayasinghe and coworkers created a Bitcoin charity
platform based on blockchain to enable online and
offline bitcoin transactions, which provides a secure
and convenient way to donate to remote locations
without access to the Internet via the GSM network.
The system was developed as a way to remove the
risks associated with internet crowdsourcing. The goal
of the paper was to boost charity’s credibility. [1]

Hurricane Harvey in Texas led IBM to investigate
the use of Blockchain to handle emergency calls
in the case of a natural disaster. IBM has stepped

forward to help the cause and the places that have
been devastated by extreme weather. IBM recognized
blockchain as a suitable solution for addressing issues
that arise during disaster assistance calls. While it is
impossible to predict what future natural disasters will
bring, IBM believes that blockchain’s inherent trust
and transparency can help us collectively prepare for
and respond to these difficult events. [2]

A 7.0 earthquake in Haiti led Robert J. Bowman
to conduct this study, in which he proposes using
blockchain to contribute relief in the form of food,
medicine, shelter, and other essentials. Aid did not
always arrive in a timely manner where it was most
needed. Relief organizations were unable to match re-
sources to demand, resulting in a typical supply-chain
dillema. As a result, the military has expressed interest
in using blockchain technology, which promises to
create a shared, distributed ledger of transactions to
which all relevant parties have rapid access, as they
do not want human suffering or lives wasted.(Such
a capability would be just as useful on the battle-
field as it would be in an emergency relief situation,
which may explain why the military is interested.)
In addition, the US Department of Defence’s combat-
support arm examined blockchain closely. Blockchain
has the potential to be the primary system that controls
all operations. It allows for tracing and tracking of
pharmaceuticals, medical supplies, and food, as well
as verifying their authenticity. [3]

A. Blockchain Technology for Transparency

As shown in Fig: 2, our proposed system architec-
ture consists of three layers. The top layer is made
up of HTML CSS and ReactJs which is a single page
application that facilitates users to view and interact
with the application. Web3.Js integrates frontend with
smart contracts. The middle layers consist of providers
which allow connection to ethereum network, provid-
ing concise, consistent interface to standard ethereum
node functionality. ExpressJs is the web framework
for javascript which allows for web implementation
for Node.js. The last layer consists of smart contracts
that will be later deployed to the blockchain network.
So the backend resides in a peer to peer network
that everyone can contribute by matching certain cri-
teria. smart contracts which are programs stored on
blockchain that run when certain conditions are met.

IV. SAHAYOGI APPLICATION MODEL
IMPLEMENTATION

Every node on the network is constantly sharing
information on the ledger, which creates a permanent
record which is public and accessible for rest of
the nodes. So this way transparency is maintained in
Blockchain Technology. [11]
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The Smart contracts are written in solidity language
which is object oriented programming language for
writing smart contracts on various blockchain plat-
forms, mostly for ethereum. MongoDb handles all the
related data for different users.

Fig. 2. Proposed System Architecture

A. Proposed System

Fig. 3. Block Diagram

Sahayogi is a blockchain-based project that pro-
vides cash and voucher help. Its purpose is to lower
transaction costs, administrative costs, audit costs, and
time. It allows for faster and more immediate fund
transfers to beneficiaries, as well as visibility over
the flow of funds to the agency. Relief agencies,
government humanitarian agencies, orphanages, and
old age homes can use Sahayogi to simply set up,
begin, and track relief programs and donations. With
high end transparency, Sahayogi monitors and analyses
the flow of transactions in cash distribution projects.
Our platform consists of mainly six participants Ad-
min, Aidagency, Beneficiary, Vendor, Bank and Donor.
Sahayogi includes admin dashboard and client side.

An admin dashboard is accessible by aid agencies and
admin requiring their credentials. The client side is
accessible by beneficiary, vendor, bank and donor. An
Admin can add an aid agency into the database and
add their wallet address to blockchain. The verified
aid agency creates a project along with emails of ben-
eficiaries aimed to provide relief. Admin can initiate
raise funds for the particular project using the id of the
project along with start date, end date and target goal.
Donors can get sahayogi tokens by transferring cash
using payment gateways into their metamask wallet.
Within the start and end time, donors can donate
tokens to specific projects. After the end of project
time, an aid agency can claim for the project they
created. Beneficiaries related to the project can then
claim tokens which use a merkle distributor under the
hood. The beneficiary can choose to purchase goods
with vendors or collect cash from banks. Vendor can
exchange the token for cash with the bank. Bank
finally sends tokens to the admin in exchange for cash.
[4] [5]

B. Working of Ethereum

Fig. 4. Working of Ethereum(adapted from [9])

When we construct a DApp, we must pay a charge
in ether to use the Ethereum blockchain, as well as
a gas fee for each contact with the blockchain. This
is the motivation for miners to strike an agreement.
Miners verify transactions depending on the cost of
gas and choose transactions with a high cost. If the
gas fee is less than the gas limit, normal execution
occurs; however, if the gas fee exceeds the gas limit,
execution is reverted, but the gas fee must still be paid.
Miners pool all transactions into a block and compete
to get their block included to the blockchain, where
it is validated. When a miner successfully adds their
block to the blockchain, the miner is rewarded.

V. RESULT AND DISCUSSION

We can see how blockchain can provide instant
relief while maintaining transparency. The different
participants have different roles defined in smart con-
tracts allowing certain activities to be done only by
those with the assigned roles. We had created a stable
token known as Sahayogi Token which is an ERC-20
token. The worth of Sahayogi Token, for 1SYT token
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= 1 Rs. The total supply is 1000000 SYT. We also
created a smart contract for admin that includes fund
raising and functionality to add wallet addresses of
aid agencies into the blockchain. And after the fund
raising operation has been started by admin then only
donors can donate to the particular fund raising of a
particular project. Lastly we created a smart contract
for aid agencies that includes a merkle distributor
which distributes the balance of tokens according to
the merkle root to beneficiaries. Transferring the token
to the destination wallet address would be too expen-
sive in terms of gas. However, including all of the
wallet addresses to be issued in the token distribution
contract and verifying the wallet addresses would be
prohibitively expensive. As a result, the Merkle Proof
technique was employed to ensure that the wallet
address to be distributed is the correct one. These
routines deal with Merkle tree verification (hash trees).

After compiling and deploying our contract, con-
tracts are verified on the etherscan where all the
transactions and interaction that are made with contract
are stored and visible transparentley to all the people.
The transactions stored in etherscan are immutable.
There is no single point of failure while blockchain for
the relief process. The transaction logs which can be
publicly viewed ensure increased trust and motivation
for involvement in donation activities. The contract
deployement of smart contract is as shown below:

Fig. 5. Contract deployment of ERC-20

Fig. 6. Contract deployment of Funding raising

VI. CONCLUSION

This paper describes how our proposed platform
uses blockchain technology in the relief process. The
paper also describes what and how different tools and
technologies are used to achieve this. Through this,
more systematic and transparency can be achieved in
the relief process using blockchain technologies. The
use of tokens ensures relief reaches the right person
at the right time. The logs of transactions in public
blockchain ensures its transparency which could lead
to increased motivation to be involved in donation
activities. The beneficiaries can redeem cash or goods
since cash is not always the main priority in the event
of disaster.

ACKNOWLEDGMENT

We would like to express our sincere gratitude
to the Kantipur Engineering College, specially the
Department of Computer and Electronics Engineering
for their continual support throughout the course of
this project. Their constant inspiration and timely feed-
back in making this project a success was immensely
helpful. We are grateful for providing us with an
opportunity and environment for completing this paper.

REFERENCES

[11] A. Akram and P. Bross,“Trust, Privacy and Transparency
with Block-chain technology”,2018. Available:
https://research.chalmers.se/publication/507357

[10] G. Coppi and L.Fast, “Blockchain and distributed ledger tech-
nologies in the humanitarian sector”, 2019. [Online]. Avail-
able:http://hdl.handle.net/10419/193658

[9] “Ethereum in a nutshell.” [Online]. Available:
https://www.slideshare.net/DanielChan57/ethereum-in-a-
nutshell

[1] B. Hu and H. Li, “Research on charity system based on
blockchain,” IOP Conference Series: Materials Science and
Engineering, vol. 768, p. 072020, mar 2020. [Online]. Avail-
able: https://doi.org/10.1088/1757-899x/768/7/072020

[2] C. Delaney, “Bonds of trust: Blockchain and
disaster relief,” jan 2020. [Online]. Available:
https://www.ibm.com/blogs/blockchain/2020/01/ bonds-
of-trust-blockchain-and-disaster-relief/

[3] R. J. Bowman, “Emergency response to natural disasters:
Blockchain to the rescue,” mar 2019. [Online]. Available:
https://www.supplychainbrain.com/articles/ 29495-emergency-
response-to-natural-disasters-blockchain-to-the-rescue

[4] “Blockchain crypto assistance at wfp,” 2017. [Online].
Available: https: //innovation.wfp.org/blog/blockchain-crypto-
assistance-wfp

[5] “Dca actalliance.” [Online]. Available: danchur-
chaid.org/articles/ hello-money-the-impact-of-technology-
and-e-money-in-the-nepal-earthquake-response

[6] “Bitcoinwhitepaper.” [Online]. Available:
https://www.miamigov.com/ Government/City-
Officials/Mayor-Francis-Suarez/Bitcoin-White-Paper

[7] “Ethereum.” [Online]. Available:
https://ethereum.org/en/dapps/

[8] “Transaction Hashed in Merkel Tree.” [Online]. Available:
https://computersciencewiki.org/index.php/Merkle-tree

KEC Conference 2022

54

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal



Leveraging Transliteration, Spelling Detection
and Correction, Parts of Speech Tagging and
Next Word Prediction for Effective Nepali

Typing
Rajan Ghimire

Department of Computer and Electronics Engineering
Kantipur Engineering College

Dhapakhel, Lalitpur
rjnghimire@outlook.com

Rikesh Basnet
Department of Computer and Electronics Engineering

Kantipur Engineering College
Dhapakhel, Lalitpur

rikesbasnet@outlook.com

Raul Shahi
Department of Computer and Electronics Engineering

Kantipur Engineering College
Dhapakhel, Lalitpur

rahulfromnepal2013@gmail.com

Sarina Joshi
Department of Computer and Electronics Engineering

Kantipur Engineering College
Dhapakhel, Lalitpur

josheesarina@gmail.com

Abstract—Leveraging Transliteration, Spelling Detec
tion and Correction, Parts of Speech Tagging and Next
Word Prediction for Effective Nepali Typing is a research
based on Natural Language Processing built with an idea
to assist people in faster, accurate and efficient Nepali
language typing. There has been only a handful of
researches based on Nepali Language Processing. Only
a countable number of researches have been done in
this arena so, we brought up this idea with an intent
of improving the efficiency of typing in our native
language in today’s digital platform. In today’s world,
the newspapers have turned into an online news por
tal, the official documents, administrative paper works,
application letters everything has been transformed into
digitized form. This brings essence to such an application
where people can type in their native language in a
hasslefree manner. They are important for the flow
of correct information in form of text. Nepali is the
only understandable means of communication for the
majority of the population in Nepal. A lot of text in
the form of newspapers, books, novels, magazines, web
pages, and other documents is typed in Nepali. We,
in this study, have attempted to build such a versatile
application that integrates Devanagari transliteration,
Next Word Prediction, Spell Correction and Parts of
speech Recognition all in a single application. Next
Word Prediction and Parts of speech Recognition is
performed using custom Bidirectional Encoder Repre
sentations from Transformers (BERT) model trained
using Nepali dataset.

Index Terms—effective Nepali typing, Devanagari
Transliteration, Spell Correction, Parts of Speech Recog
nition, Next Word Prediction, BERT

With the modernization of browsers, the font com
patibility issues have no longer been much of a prob
lem. However, Nepali typing is not as easy as it
seems. We can either opt for a Nepali keyboard to
type in Nepali or extract Nepali words from various
transliteration tools available online. Since we are
much used to typing in English language, most of
the people find it difficult to type in Nepali using a
Nepali keyboard and the prevalent online conversion
tools are not error free. It becomes hectic to find
the appropriate words with correct grammatical syntax
in online platforms. Accurate Nepali script writing
has become a common challenge of Nepalese people.
From the language we use for daily communication to
professional and administrative field, Nepali language
is used extensively. It is not promising to see that for
such an extensively used language, even the official
documents, administrative paper works contain script
errors. Technological surge has brought the people
closer than ever. In such case, thus made script errors
are spread across the globe within split seconds and in
the worst case those minor overlooked errors change
the entire context of the intended subject matter. The
thing that motivated us to do this study was that there
was no such platform which rendered errorfree and
convenient Devanagari transliteration. Consequently,
aspiring to solve these problems, we intend to perform
this study which integrates different features in order
to assist people in faster, accurate and efficient Nepali

I. Introduction
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language typing. While using Devanagari Translitera
tion, we cannot assure complete error free translation.
Hence, we also intend to incorporate features such
as error detection and correction. Since newspapers
have turned into online news portals, official docu
ments, administrative paper works, application letters
everything has been transformed into digitized form,
it is absolutely necessary that the errors are reduced
as much as possible. In addition to that, we will also
incorporate the feature such as next word prediction
which will help to type sentences faster. Next word
prediction will help to predict the words that are
contextual and relevant to the precedent words. The
Parts of speech recognition feature will recognize
part of speech entities which will be useful to get
acquainted to grammatical syntax and semantics of
Nepali language in an organized way. Our approach is
to bring up such a versatile system which will assist in
faster, accurate and efficient Nepali language typing.

There are several preexisting applications which
render services to type in Nepali language using
Devanagari Transliteration. We are passionate about
solving this issue by bringing out such a system which
not only allows users to type in our native language
but that too with an optimum accuracy and faster
performance. This research aims to combine multiple
functionalities like Devanagari Transliteration, Auto
correction, Next Word Prediction, Part of Speech
Recognition in a single application.
J. Nair and A. Sadasivan [1] describe different types

of transliteration strategies and give the algorithm to
transliterate into hindi using the phonetic strategies and
HarvardKyoto convention of Devanagari translitera
tion. R. Kumar et al.[2] presents an algorithm for iden
tifying and correcting any spelling mistakes in a text
in a particular language. By describing about the types
of spell errors and using dictionary lookup technique
the algorithm detects the spelling errors in the input
sentence or paragraph and also corrects these errors by
replacing them with words that are present in the look
up dictionary that have longest common subsequence.
A. Pal and A. Mustafi [3] describes about the accuracy
of Indic languages such as Hindi generated from Opti
cal Character Recognition and uses automatic spelling
error detection and contextsensitive error correction.
For contextsensitive error correction, this research has
used a transformer BERT in conjunction with Lev
enshtein distance commonly known as Edit distance.
This research has also used lookup dictionary and
contextbased named entity recognition for detection
of possible spelling errors in the text. A. ’Sharma’
and P. ’Jain’[4] uses dictionary lookup technique along
with edit distance for possible correction of erroneous

words. Along with that, this research uses N gram
technique to deal with real word errors. T. Wolf and V.
Sanh [5] describes how transformer architectures have
facilitated building higher capacity models and pre
training has made it possible to effectively utilize this
capacity for a wide variety of tasks. A. Vaswani et al.
[6] proposes a Transformer which is based solely on
attention mechanisms, dispensing with recurrence and
convolutions entirely. J. Devlin et al. [7] introduces
a new language representation model called BERT,
which stands for Bidirectional Encoder Representa
tions from Transformers. It explains that BERT is
designed to pretrain deep bidirectional representations
from unlabeled text by jointly conditioning on both left
and right context in all layers. POS tagging of Nepali
Text was carried out using simple RNN, LSTM, GRU
and Bidirectional LSTM in a Nepali tagged corpus of
tag size 40 in Sayami et al.[8]

Transliteration refers to a process by which written
text (alphabetic letters and symbols) of one language
is used to express the closest corresponding sound
of another language. Devanagari transliteration is
to enable user to type in English alphabet which is
converted to the corresponding Devanagari. There
exist four methods of transliteration like: phoneme
based transliteration, grapheme based transliteration
and correspondence based transliteration and hybrid
transliteration [1]. In our research we use phoneme
based transliteration method because in this approach
transliteration key is pronunciation or the source
phoneme rather than spelling so it make easier while
typing. There are different schemes available to rep
resent the Devanagari consonant and vowels in equiv
alent phonetic representation. They are: IAST, ISO
15919, MonierWilliams72, HarvardKyoto, ITRANS,
Velthuis, SLP1 and WX which is represented in figure
1, figure 2 and figure 3.

II. Related Works
III. Methodology

A. Devanagari Transliteration
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Figure 1. Different Phonetic schemes for Devanagari vowels [10]

Figure 2. Different Phonetic schemes for Devanagari conso
nants[10]

We used following phonetic schemes:
ka: "क", ca: "क", kha: "ख", ga: "ग", gha: "घ", Ga: "ङ",
cha: "च", chha: "छ", xa: "छ", ja: "ज", jha: "झ", Ya:
"ञ", Ta: "ट", Tha: "ठ", Da: "ड", Na: "ण", ta: "त", tha:
"थ", da: "द", dha: "ध", na: "न", pa: "प", pha: "फ", fa:

Figure 3. Different Phonetic schemes for irregular consonant
clusters[10]

"फ", ba: "ब", bha: "भ", ma: "म", ya: "य", ra: "र", la:
"ल", wa: "व", va: "व", sha: "श", sa: "स", Sa: "ष", ha:
"ह", ksha: "क्ष", tra: "त्र", gya: "ज्ञ", a: "अ", aa: "आ", i:
"इ", ii: "ई", u: "उ", uu: "ऊ", e: "ए", ai: "ऐ", ri: "ऋ", o:
"ओ", au: "औ", am: "अ"ं
Steps for Transliteration:

Step 1: START
Step 2: Get word as input
Step 3: Initialization,
mapping_table, i=0,matras,direct_mapping_table,output=””
Step 4: IF word in the direct_mapping_table THEN
output=direct_mapping_table[word]
GOTO Step 8
Step 5: IF len_of_wordi>=3 THEN
token=3 characters of word from ith index
ELSE
token=all characters of word from ith index
Step 6: IF token in the mapping_table THEN
output=output+mapping_table[token]
i=i+length_of_token
IF matras exist THEN
append on output
IF token not in the mapping_table THEN
token=all characters of token except ith index
Step 7: Repeat Step 4 and Step 6 Untill we get token
and i>length_of_word
Step 8: END

B. Error Detection and Correction

For error detection, when each word is typed, it is
compared with all the tokens in the look up dictionary
using counting bloom filter. If the input word is
present in the lookup dictionary, the same word (i.e.
the correct word) is returned. If the word is not
present,the error is detected.

1) Dictionary Lookup: A dictionary is a source
that contains list of correct words of a particular
language. The nonword errors can be easily detected
by checking each word against a dictionary. These
resources are used for preparing, processing and man
aging linguistic information and knowledge needed for
the computational processing of natural language. In
this system, either we gather collection of Nepali word
from Nepali Dictionary or use Nepali WordNet.
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Figure 4. Error Detection and Correction

2) Counting Bloom Filter: Counting Bloom Filters
are a special type of a data structure that can tell
us whether an item is present in the given set or
not. This data structure has an excellent constant
time complexity as O(k) where ’k’ is the number of
hash functions. They are also very memory efficient
since only minimal data is stored. The reason we use
counting bloom filters is to see if each of the words
that is inputted is in the initialized dictionary. In other
words, we are checking if the word has been correctly
spelled. If the word is correctly spelled, no more steps
needs to be taken and we can simply return the word
without any modifications. In our implementation, it
will return True. But, if the word is not found, this
guarantees that the word is misspelled because false
negatives are not seen in counting bloom filters. So,
we return False and further processing occurs. In this
study, the hash functions that we will be using for
Counting Bloom Filter are mentioned below:

• MD5 Hash
This hash function accepts sequence of bytes and
returns 128 bit hash value, usually to check data
integrity but has security issues.

• SHA 1 Hash
In cryptography, SHA1 (Secure Hash Algorithm
1) is a cryptographic hash function which takes an
input and produces a 160bit (20byte) hash value
known as a message digest – typically rendered
as a hexadecimal number, 40 digits long. It was
designed by the United States National Security
Agency, and is a U.S. Federal Information Pro
cessing Standard.

• SHA 224 Hash
SHA224 is a oneway hash function that pro
vides 112 bits of security, which is the generally
accepted strength of TripleDES [3DES]. This
document makes the SHA224 oneway hash
function specification available to the Internet
community, and it publishes the object identifiers
for use in ASN.

• SHA256 Hash
SHA256 is one of the successor hash functions
to SHA1 (collectively referred to as SHA2), and
is one of the strongest hash functions available.
The 256bit key makes it a good partnerfunction
for AES. It is defined in the NIST (National
Institute of Standards and Technology) standard
‘FIPS 1804’. NIST also provide a number of test
vectors to verify correctness of implementation
If the word is not present in the lookup dictionary,
then Levenshtein distance with each word in the
lookup dictionary is calculated. To find the possi
ble correct word, a list of words with Levenshtein
distance greater than 0.75 is created. From that
list, longest common subsequence between the
input token and the created list is found.After this,
the word with longest common subsequence is
returned as the correct word.

3) Levenshtein Distance: Levenshtein distance be
tween two words is the minimum number of single
character edits (insertions, deletions or substitutions)
required to change one word into the other. Suppose
if str1=”RAM” and str2=”ROM” then levenshtein dis
tance between str1 and str2 is 1.

C. Bidirectional Encoder Representations from Trans
formers(BERT)
BERT stands for Bidirectional Encoder Representa

tion from Transformer.
• Encoder Representations: Language modelling
system, pretrained with unlabeled data. Then
Fine Tuning.

• From Transformers: based on powerful NLP
Algorithm. Defines the architecture of BERT.

• Bidirectional: uses with left and right context
when dealing with a word. Defines the training
process.

It is the stateoftheart embedding model published
by Google. It has created a major breakthrough in the
field of NLP by providing greater results in many NLP
tasks, such as question answering, text generation,
sentence classification, and many more. BERT is a
language model which is first trained to produce word
features/word embeddings. These features are rich,
context aware and bidirectional. After pretraining, we
may use these features and finetune the model on our
actual task (downstream task). BERT is completely
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based on Transformer Architecture. It removes the
transformer decoder and formed by multi layers of
the transformer encoder.Though there is huge pile of
text data available online, if we want to split the
data to perform a specific task, then we are only
left with fraction of human labelled dataset. But for
the deep learning NLP models to perform well, we
need hundreds and thousands of data. To overcome
this problem, the concept of training general purpose
language representation models on huge amount of
unlabeled text data from internet was introduced. Then
we can finetune this general purpose pretrained Bert
model on specific task. This approach results in
better accuracy compared to training on small task
specific dataset from scratch. Bert is one of the latest
advancements in the field of NLP pretraining.The
core idea behind BERT is nondirectional approach.
The language models before BERT process a text
sequence during training either from lefttoright or
combined lefttoright and righttoleft. However,
BERT looks in both direction and uses the full context
of the sentence, both left and right at the “same
time”. This “sametime part” makes the BERT non
directional. But why this nondirectional approach is
powerful? Pretrained language models are of 2 types:
Context Free and Contextbased. For context free
models like Word2vec, they always generate single
word embedding for each word in a vocabulary. For
example: the word साँचो in two sentences "सधै साँचो
बोल्नु पछर् " and “घरको साँचो कहाँ छ?” have different
meaning however they will have same embedding
vector. On the other hand, contextbased models
generate embedding representation of each word based
on other word in a sentence. The word साँचो in
sentence “सधै साँचो बोल्नु पछर्” refers to Truth and in
the sentence “घरको साँचो कहाँ छ?” it refers to key. As
BERT represents the word साँचो using both previous
and next context “सधै --- बोल्नु पछर्”, it will have
different representation in different sentence. This
makes BERT deeply bidirectional.
BERT is trained using two tasks:

1) Masked Language Modelling (MLM): MLM ob
jectives: Bidirectionality and context awareness
Before feeding input sequences into BERT, 15% of the
words in each sequence are replaced with a [MASK]
token. The model then attempts to predict the masked
words, based on the context provided by the other non
masked words in the sequence. Then loss function
calculates loss by considering only the prediction of
the masked values and ignores the prediction for the
nonmasked words.

D. Next Sentence Prediction (NSP)

NSP objectives: To model relationships between
sentences

Figure 5. Masked Language Modelling.

To model relation between two sentences, BERT uses
NSP at the training process. At training process BERT
gets a pair of sentences and it learns whether the
second sentence is next sentence or not. At training
process model is fed with two input sequences where:

• 50 % of the time the next sentence is second
sentence

• 50 % of the time next sentence is a random
sentence form the corpus

Now BERT is required to predict whether the second
sentence is random or not. To help the model distin
guish between two sentences in training, the input is
processed following way before entering the model.

1) Token Embeddings: A [CLS] token is added to
beginning of each sentence and [SEP] token is
added to end of each sentence.

2) Segment Embeddings: To distinguish between
sentences, a marker indicating Sentence A or
Sentence B is added to each token.

3) Positional Embeddings: A positional embedding
is added to each sentence indicating its position
in sentence.

Figure 6. Processing of Input Sentence [7]

We take output of the [CLS] token which encodes the
whole sequence, and add a feedforward layer with a
single output neuron (since we only have two classes:
1 and 0). This objective is usually trained by Binary
Cross Entropy Loss.
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E. Training of language model
The first and foremost step to train any language

model is to collect a huge dataset. For the collection
of a large volume of datasets, we used Nepali news
sites. News scraping was performed on various Nepali
news sites like Online Khabar, Setopati, Ratopati,
etc. for the purpose of data collection. After the
collection of the dataset, preprocessing was performed.
Preprocessing of the dataset includes omission of
special characters, symbols, etc. After the prepro
cessing was done, each line contains a single Nepali
sentence. The second step for Bert Model Training is
to select a suitable tokenizer. The available tokeniz
ers are BertWordPieceTokenizer, ByteLevelBPETok
enizer, CharBPETokenizer. Among the various avail
able tokenizers, we selected BertWordPieceTokenizer.
BertWordPieceTokenizer breaks words into subwords
to optimize vocabulary and cover most, if not all,
possible textual occurrences of a word from outside the
training text. And in BertWordPieceTokenizer, we set
the parameter strip_accents=False if not, the tokenizer
will remove the diacritics. For training, we used the
training API of Hugging Face in which we set masked
language modeling to 15% meaning, 15% of the input
text corpus was randomly masked and the model tries
to predict the masked words. In this way, around 70
lakhs of lines were used for the training of one epoch.
The Bert model consists of 6 hidden layers and 12
attention heads.

IV. Next Word Prediction Using BERT
As we know that BERT is trained using masked

language modelling (MLM), we can use this feature
of BERT for task of next word prediction (NWP).
After completing training of the BERT, it will be
able to predict masked token effectively. So, for next
word prediction, after each word prediction we will
transfer the [MASK] token to end of the sentence. For
example:
घरको [MASK]
घरको साँचो [MASK]
घरको साँचो कहाँ [MASK]
घरको साँचो कहाँ छ [MASK] …………

A. Part of Speech Tagging
Part of speech tagging is defined as process of

categorizing words in a sentence corresponding with
a particular part of speech based on word’s definition
and context. Parts of speech tags are properties of
words that define its main context, function and usage
in sentence. Example of part of speech tags are: Noun,
Pronoun, Verb, Adverb, Adjectives, Conjunction and
Preposition etc. Each word in a sentence will have
a part of speech associated to it and it describes its

Figure 7. Next Word Prediction

function. It also describes relation of one word with
other words in the sentence. Part of speech can also
be used for making assumptions about semantics as
the part of speech describes characteristics structure
of lexical terms within a sentence. For part of speech
tagging of Nepali language, we are using total 25 tags.
Some of the major tags with their category definition
is shown below: For the task of tags classification,

Figure 8. POS Tagging

we are fine tuning the BERT model which is trained
on huge unlabeled Nepali text data. We are using the
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Figure 9. POS Classification Report

Figure 10. POS Loss Function

BERT model for this task because of its bidirectional
context awareness characteristics which is useful while
understanding the part of speech tag of each token and
our labelled data for tags identification wont be that
huge. BertForTokenClassification provides class for
tokenlevel predictions. BertForTokenClassification is
a fine tuning model that wraps our pretrained Bert
Model and adds tokenlevel classifier on top of our
pretrained BertModel. The output of last hidden layer
of sequence is passed to tokenlevel classifier which
is a linear layer.

For transliteration, input is taken from user in
Roman script and then Devanagari transliteration is
performed i.e. when user types ”mero” we get
मेरो as transliteration output.The transliterated word is
checked for any error. If error is not detected, the
word remains as it is. If error is detected, it corrects
the errors.After transliteration when we get एकपलट as
output it is detected as misspelled word. So for error
correction words: "एकपल्ट", "एकपल", "एकपट", "एकैप-
ल्ट", "एकपटक", "एकैपल", "एकपेट", "एपल", "पलट", "कपट"
is suggested. After error detection and correction,
next word is predicted according to the context.When
काठमाडौं नेपालको is passed for next word prediction, we
get words: "राजधानी", "सरकार", "छ", "राजनी त", "नाम" as
output. Part of Speech recognition was performed after
the completion of each sentence. When मेरो घर दोलखा
हो । is passed for POS tagging we get "घर": ”Noun”,
"दोलखा": ”Noun”,"मेरो": ”Pronoun”, "हो": ”Auxiliary
Verb” as output. For the dataset for Part of Speech
Tagging, we retrieved the dataset from [9] and the
given dataset format was converted into CSV format.
We performed fine tuning on pretrained BERT model
for the classification of POS. POS tagging of Nepali
Text was carried out in a Nepali tagged corpus of
tag size 25. Thus obtained validation accuracy was
94.45% and f1 score was 0.933. The POS tagging
training loss function plot and classification report is
shown in figure 9 and figure 10.

For transliteration, we use direct mapping approach
by using the direct mapping table which has around
40,000 mapping in addition to the existing Harvard
Kyoto Convention by J. Nair and A. Sadasivan [1]
If the input word is not present in direct mapping
table we proceed for algorithmic approach where we
combine different Devanagari vowels and consonants
mapping schemes which makes it easier to type for a
user having zero knowledge of the mapping table.For
example, if the user wants to type श, the user will type
”sha” if he/she has no knowledge of mapping instead
of ”za”.
For error detection, our approach is better than

approaches by A. Sharma and P. Jain [4] because A.
Sharma and P. Jain uses sequential search, BigO no
tation of a sequential search is O(n).where, n refers to
the number of the items. we use the Counting Bloom
filter(CBF) to check whether the word is present in the
lookup dictionary or not. The benefit of using CBF is
that it has the constant time complexity O(k) where k
is the no of the hash function used and it is memory
efficient.
For a particular word there can a number of suffixes

appended to it, for instance घर तर, घरमा थ, घरको, घर-

V. RESULT

VI. CONCLUSION
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भत्र, etc. Therefore, it will be impractical to add each
word along with its suffixes in the lookup dictionary.
Impractical in the sense that the size of the lookup
dictionary becomes very large which in turn increases
the searching time in the dictionary. Keeping this into
mind, we separated suffix from the main word and
the spelling checking was performed only for the main
word. This approach reduces the number of words on
the lookup dictionary.
For next word prediction and POS tagging we use

BERT. We used a pretrained BERT model which is
trained using a limited dataset for a single epoch which
implies that if we have a better model trained using a
large volume of dataset, the accuracy of POS tagging
can be further increased.
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Abstract— The research aims to study the seismic
response of vertical irregular buildings, particularly
stiffness irregularity where infilled RC frames have
been used. The non-uniform distribution of stiffness
throughout the height of a 3,5 and 7 story RC frame
building is explored in the context of random analysis
using SAP 2000 v22. Stiffness irregularity was
introduced by eliminating the infill masonry strut of
that particular story. A total of 21 regular models with
height 3,5 and 7 story height variations were used. The
equivalent static method and response spectrum method
were used to evaluate how a building's seismic
properties alter when its elevation changes (NBC 105:
2020). The study compared story displacement, story
drift, and the fundamental time between regular and
irregular structures. It was also discovered that the
position stiffness irregularity in lower elevations,
especially in the first and second stories, was sensitive to
the structures' overall seismic response. According to
the findings, the masonry infill considerably enhanced
the RC building's overall strength and stiffness.

Keywords: - Vertical Irregularity, Stiffness
Irregularity, Masonry infill, Strut, SAP 2000 V22,
NBC:105,2020.

I. INTRODUCTION

The latest Gorkha earthquake that devastated
Nepal on April 25, 2015, was a terrible experience not
just for Kathmandu Valley but for the entire country.
After thorough study and research, it was discovered
that the Gorkha Earthquake-2015 caused serious
damage to vertical irregular structures, particularly
open ground RC buildings. The soft-story,
hammering, shear failure, and other construction
failures, as well as structural defects such as building
symmetry, detailing, and others, were recognized as
prevalent forms of failures in RC construction.
(Gautam, Rodrigues, Bhetwal, Neupane, & Sanada,
2016), a lack of adequate understanding and measures
in building methods and a lack of proper disaster
mitigation strategies are to blame for the deaths. Still,
at present, it can be found that the construction of
these irregular buildings is made haphazardly.
Although most of the seismic design codes have
quantified the structural irregularity, these approaches
are based on the magnitude of irregularity only
ignoring the location of the irregularity.

Fig. 1. Buildings subjected to soft-story
collapse during the Gorkha earthquake [2]

Fig. 2. (a) Shear failure of ground story (b) second story
without infill

(Source: World Housing Encyclopedia, EERI, and AIEE)
A story in a structure is considered to have

stiffness irregularity if the lateral stiffness is less than
70% of that of the preceding story or less than 80% of
the average lateral stiffness of the three preceding
stories (NBC:105,2020.)

Masonry promotes the stiffness and strength of
the frames in the long run before they crack, but it
can also damage the structure by changing the
stiffness and strength if it is not redistributed properly
along with the buildings. After visible observation
during the Jabalpur earthquake (1997), the
performance of RC buildings with brick infill that had
no rapid change in stiffness was quite excellent,
indicating that unreinforced masonry contributed
favorably, however RC frames with an open ground
story performed poorly.

Brick infills have been discovered to help the
structure's strength by reducing the lateral movement
of frames subjected to horizontal forces. The
contribution was especially evident during earthquake

Study On The Seismic Response 
Of Stiffness Irregular Building 

On Infill RC Frame
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events when most infilled framed structures were less
damaged than bare frames.

According to the history of earthquake records,
irregular buildings have poor seismic performance,
indicating the inadequacy of the seismic design
guidelines employed to construct these structures.
The structural imperfections determine the building's
overall seismic reaction. Some study has been done to
quantify the influence of structural irregularity to
some level, but not enough research has been done to
reflect the entire building scenario (i.e., RC frame
with an unreinforced masonry wall and Soil-Structure
Interaction). Although most seismic design standards
have measured structural irregularity, these
techniques are focused only on the degree of the
irregularity, neglecting its location.

II. BUILDING DESCRIPTION AND GEOMETRY

Beam, column and strut were represented as
prismatic frame elements with defined concrete,
steel, and masonry material properties. The
foundation level was considered fixed, and the shell
elements, primarily the slab and shear wall, were
manually meshed. Concrete grade M20 and steel
grade Fe500 were used for the beam, column, slab,
and shear wall. The slab and shear wall was planned
as shell elements, with a rigid diaphragm on each
story level's slab. The slab and shear wall of each
level have meshed into four-by-fours. For regular
model designing, each narrative diaphragm was
overridden eccentricity as per (NBC 105:2020). The
regular model, also known as the base model, was
developed in accordance with load combinations for
linear static and response spectrum methods with
moderate soil type and earthquake zone V. By
eliminating the infill wall stiffness of the specific
story, the stiffness of the models was made uneven.
The design foundation shear was used to calculate
the basic natural period of the unique moment-
resistant frame structures.

The variation in the effect of the soft story was
visualized by considering models with the height
variation of 3,5 and 7 stories. The random analysis
framework is used to analyze the non-uniform
distribution of stiffness along with the height of a 3,
5 and 7 story RC frame building.

TABLE I. MATERIAL AND GEOMETRIC
PROPERTIES USED IN MODELLING

Infill Modelling

In this work, the infill is modeled employing macro
modeling with a single strut equivalent. The infill
panel is reduced to a single equivalent strut. A pin-
jointed diagonal strut substitutes the brick infill and
is built and drawn as a frame member. The diagonal
strut is the same thickness as the infill wall and the
same length as the diagonal between the two
compression corners. The strut width is calculated
using the (FEMA:356, 2000) criteria. The thickness
and elastic modulus of the corresponding strut must
be the same as those of the infill panels. The elastic
in-plane 21 stiffness of an unreinforced masonry
infill panel before cracking must be represented by
an equivalent diagonal compression strut of width,
w, as supplied by the equation.

w=0.175dinf (λ hc)
-0.4

-----------------------(1)

Where, λ1=
-------------------------------------------(2)

where, Em, Ec, and Ic are the masonry young's
modulus, concrete young's modulus, and column
moment of inertia, respectively. The diagonal length
of infill, the thickness of infill, the height of infill,
and the height of column are dinf, tinf, hinf, and hc,
respectively, the strut's angle with the horizontal is,
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and w is the strut width without considering the
opening.
The reduction factor [7] is used to consider the
external wall opening., as

Rf = 0.6 [ ]2 -1.6[ ] +1--------------------(3)

Rf, Ao, and Ap denote reduction factors, open
area, and infill panel area, respectively.

w'=Rfw---------------------------------(4)

The final strut width (w') is derived using
equation (4). According to IS 1893:2000, 6th
version, the strength of concrete of a masonry
prism can be measured as

fm =0.433fb
0.64 fmo

0.36
--------------------------(5)

Model Description

The building models evaluated in this analytical
study include three bays with bay widths of 4m in
both the X and Y directions and story heights of 3m.

Fig. 3. Plan of 3,5 and 7th story stiffness irregular model

Fig. 4. SAP model (a), 3, (b) 5, (c) 7 story elevation and (d) and
(e) Plan and elevation Stiffness Irregularity

Fig. 4. SAP model (a), 3, (b) 5, (c) 7 story elevation and (d) and
(e) Plan and elevation Stiffness Irregularity

Fig. 5. Typical infill modeling

TABLE II. DETAILED DESIGNATION AND LOCATION OF
STIFFNESS IRREGULARITY

Where,
3SI1 stands for 3 story model with stiffness
irregularity on the ground floor

III. ANALYSIS RESULT AND DISCUSSION

The main seismic features of each irregular
frame, such as story displacement, inter-story drift,
and fundamental period, are compared to regular
and bare frames. In total, 21 numbers of the model
were examined, including 5-numbers of 3 stories, 7-
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numbers of 5-story, and 9-numbers of 7-story RC
infilled frames, with soft stories incorporated at
each story level. All models had the same story
height, bay width, and regular distribution stiffness
ratio of 0.7; one regular frame, one bare frame, and
one soft-story frame were evaluated, and the results
are as follows:

a. Story displacement comparison

A story's displacement is plotted as a function of
stiffness irregularity. A story displacement is an
essential parameter for calculating seismic lateral
force; in this instance, the story displacement is
greatest in the bare frame and lowest in the standard
frame with full infill. In the building model, the
story displacement for the 3rd and 5th stories was
the largest among all irregularities when the 1st story
is irregular, and for the 7th story, it emerged at the
2nd story.

For a 3- story model, the full infilled model has the
least displacement (3.97mm), while the bare frame
variant has the most displacement (30.68 mm).
When the irregularity is in the first story, the
maximum displacement occurs (10.03 mm). For 5
story model, the bare frame model has the maximum
displacement (47.98 mm), while the completely
infilled model has the minimum
displacement (11.92mm). The irregularity in the first
story causes the maximum displacement (17.91
mm). Similarly, for the 7-story model, the bare
frame model has the highest displacement of 67.8
mm, while the fully infilled model has the least
displacement of 22.4 mm When the irregularity is in
the second story, the maximum displacement occurs
i.e., 29.5 mm.

Fig. 6. 3- Story Displacement, SI, X-direction

Fig. 7. 5- Story Displacement, SI, X -direction

Fig. 8. 7-Story Displacement, SI, X- direction

a. Story drift comparison

In the building model, the story drift for the 3rd

and 5th stories was the largest among all
irregularities when the 1st story is irregular, and for
the 7th story, it emerged at the 2nd story. For a 3-
story model, the full infilled model has the least
story drift (0.0005), while the bare frame variant has
the maximum drift (0.0042). When the irregularity is
in the first story, the maximum drift occurs (0.0020).
For 5 story model, the bare frame model has the
maximum drift (0.0042), while the completely
infilled model has the least drift (0.0011). The
irregularity in the first story causes the maximum
drift (0.0025). Similarly, for the 7-story model, the
bare frame model has the highest drift of 0.0045,
while the fully infilled model has the least story drift
of 0. 0015. When the irregularity is in the second
story, the maximum drift occurs i.e., 0.0030.

Fig. 9. 3- Story Drift, SI, X-direction

Fig. 10. 5- Story Drift, SI, X -direction
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Fig. 11. 7- Story Drift, SI, RSX direction

b. Fundamental period comparison

In the stiffness irregular scenario, the irregularity in
the lower section produces a significant changes in
seismic parameters, but the irregularity in the top
does not.. For a 3- story model, the full infilled
model has the least period of (0.338 sec), while the
bare frame variant has the maximum period (0.7946
sec). When the irregularity is in the first story, the
maximum period occurs (0.496 sec). For 5 story
model, the bare frame model has the maximum
period (1.027 sec), while the completely infilled
model has the least period (0.521sec). The
irregularity in the first story causes the maximum
period (0.654 sec). Similarly, for 7 story model, the
bare frame model has the highest period of 1.219
sec, while the fully infilled model has the least
period of 0.708 sec. When the irregularity is in the
second story, the maximum period occurs i.e., 0.828
sec.

Fig. 12. 3-story first mode period comparison

Fig. 13. 5-story first mode period comparison

Fig. 14. 7-story first mode period comparison

IV. CONCLUSIONS

To determine the effect location of infill in
special moment-resisting frames, the response
spectrum approach was utilized to compare the
basic seismic parameters of regular, bare, and
irregular frames (each with one separate soft story).
The investigation could lead to the following
conclusion:-

 The effect of stiffness irregularity was found
to be different for different height variations
i.e., for 3 and 5 stories the maximum change
in the seismic characteristics was found
when the irregularity was placed in 1st story
whereas for 7 story model it occurred when
placed at the second story.

 In terms of stiffness, lower part irregularity
has a far greater influence than top part
irregularity.

 Variable variations in seismic characteristics
are caused by the location of stiffness
irregularity in a building. Therefore, it
should not be designed only based on its
size.

 As a result, it can be stated that including
infill improves the lateral stiffness and
strength of building systems.
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1. INTRODUCTION 

The study of structural systems through extensive 
laboratory experiments has led researchers to 
understand the behavior of each structural system and 
finally ensure the safety and reliability against load 
actions. However, conducting a structural load test 
requires extensive time and budget, especially for full-
scale testing. Hence, despite performing the full-scale 
testing, studying the behavior of structures via 
analytical models can be a better option to understand 
the behavior of such structures through parametric 
studies, to investigate the behavior for project-related 
applications, and to develop the design equations; this 
includes the precise numerical modeling approaches 
for the structural sections [1]. To achieve realistic 
simulation results and predict the non-linear response 
of concrete structures subjected to monotonic and 
reversed cyclic loading, research on material 
modelling has increased these days. The material 
model should capture the tension, compression, and 
transient behavior of the concrete and steel subjected 

 to monotonic and cyclic loading. Structural 
engineering has been adopting nonlinear static 
procedures for analysis of structures as inelastic 
behavior is inherent in most of the structures subjected 
to several forms of loading. Development of several 
advance modelling tools for numerical analysis of 
structures has helped researcher to predict the complex 
non-linear behavior of R.C structural system 
numerically. Generally, lumped plasticity models, 
distributed plasticity models and continuum 
mechanics-based models are implemented in 
modelling of the structures [2].  

This study calibrates concrete and reinforcement 
material parameters for non-linear analysis of 
reinforced concrete structures under several loading 
scenarios for two numerical modelling techniques: 
lumped plasticity-based modelling and continuum-
based modelling to evaluate the performance of 
reinforced concrete structures. From this study, the 
concrete and reinforcement material parameters for 
the lumped plasticity-based model in SAP2000 and 
continuum mechanics-based approach in LS-DYNA 
modelling tool were developed. To do so, concrete 
cubes were cast and tested to determine compressive 
strength of the concrete. The material parameters for 
concrete were developed based on the compressive 
strength of the concrete. Moreover, reinforcement bars 
were also tested under direct tensile strength test. A 
brief review of some constitutive laws of concrete and 
steel for monotonic and cyclic loadings is presented in 
following sections. 

1.1 CONCRETE MATERIAL MODEL  

To model the behavior of concrete several 
unconfined and confined material models are 
developed [3], [4], [5], [6], [7], [8], [9], etc. The early 
and most popular stress-strain relationship of concrete 
proposed by [3] is shown in Fig. 1.  
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Abstract - This  study  calibrates  concrete  and 
reinforcement  material  parameters  for  non-linear 
analysis  of  reinforced  concrete  structures  for  two 
numerical modelling techniques: lumped plasticity-based
 modelling  and  continuum-based  modelling.  The 
formulated material  parameters  can be adopted to 
evaluate  the  performance  of  reinforced  concrete 
structures.  The  material  parameters  were  generated 
based  on  test  results  of  concrete  cubes  and 
reinforcement  bars.  Detail  material  parameters  of 
concrete  and  reinforcement  bars  were  provided  which 
can  be  adopted  to  study  the  non- linear  behavior  of 
reinforced concrete structures. The study is significant 
to  researchers  and  design  engineers  in  the  field  of 
structural engineering to accurately evaluate seismic 
performance  and  to  perform  a  proper  design  of 
reinforced concrete structures. 

Non-linear Material Model Of Reinforced
 Concrete Structures For Finite Element 

Analysis 
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Fig. 1. Stress-strain behavior of concrete [3] 

The curve consists of a second-order parabola up 
to the maximum stress level 𝑓𝑐′′ followed by a linear 
falling branch. The early study on the development of 
the stress-strain relationship of unconfined and 
confined concrete was performed by [6] and modified 
Kent and Park model [10], respectively. Generally, 
unconfined and confined material models are available 
in literatures to model the concrete material. Concrete 
specimen for low level of stress behaves as unconfined 
concrete with no role of the transverse rebar. With 
increasing stress beyond uniaxial strength the stirrups 
plays role, so they are usually named as passive 
confinement [11]. As the stress increases beyond the 
strength of specimen, internal progressive cracking 
occurs with increase in transverse strain. Now, stirrups 
starts to hold the concrete as a confining reaction 
preventing brittle damage of concrete. Hence, until 
concrete reaches maximum stress level, confinement 
by stirrups have less or no effect on the stress-strain 
curve. For high strain stress-strain curve of confined 
concrete depends on the volumetric ratio, strength of 
concrete and rebar, diameter and spacing of the 
stirrups etc. Usually, stress-strain curve in 

compression of the concrete material has an parabolic 
ascending initial portion up to strain of 0.002 and then 
linearly descending portion [12] which is sometimes 
even idealized as a straight line until the ultimate strain 
of 0.0035 [13]. Numerical modelling for non-linear 
analysis includes the non-linear material behavior of 
the members as moment curvature relationship and 
interaction curves [14], . Mander et. al , (1988) [15] 
formulated a theoretical concrete material model 
based on extensive testing of column under uniaxial 
compression and proposed a single equation to 
develop stress-strain curve of confined concrete based 

on 𝑓𝑐𝑐
′
, 𝜀𝑐𝑐 and 𝐸𝑐 (ref [15]). These parameters 

depends on concrete unconfined cylinder strength and 
configuration of lateral ties (shear reinforcement). 
This model also includes unloading and reloading 
behavior for cyclic response of structure and has 
widespread popularity and used in CSI software as 
default material model. Some of the mostly adopted 
confined material models and their basis for selection 
is illustrated in Table 1. 

 

 

 

 

 

 

 

Table 1. Confinement Parameters on Stress-strain curve of concrete 

Confinement 

Model 
Parameters 

Parameters Affecting Confinement 

Dia of 

Ties 

Spacing of 

Ties 

Yield strength 

of Ties 

Dia of Main 

Bars 

Spacing of 

Main Bars 

Yield strength of 

Main Bars 

Hong Hang 

Model 

[9] 

Peak Stress √ √ √ √ √ √ 

Peak Strain √ √ √ √ √ √ 

Ultimate 

Strain 
√ √ √ √ √ √ 

Mander Model 

[15] 

Peak Stress √ √ √ √ √ √ 

Peak Strain √ √ √ √ √ √ 

Ultimate 

Strain 
√ √ √ √ √ √ 

Cusson Paultre 

Model 

[8] 

Peak Stress √ √ √ √ √ √ 

Peak Strain √ √ √ √ √ √ 

Ultimate 

Strain 
√ √ √ √ √ √ 

Kent Park Model 

[10] 

Peak Stress x x x x x x 

Peak Strain x x x x x x 

Ultimate 

Strain 
√ √ x √ x x 
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At present, several numerical tools like ANSYS, 
ABAQUS, NASTRAN, DIANA, LS-DYNA, etc are 
available for simulating various structural systems. 
Among them, LS-DYNA, an FE code that provides a 
wide range of solvers with a broad spectrum of 
material models was adopted in this study to calibrate 
the concrete and reinforcement material model. LS—
DYNA, finite element (FE program) is well-known for 
its availability of several contact algorithms, broad 
spectrum of material models, solvers (implicit, 
explicit, thermal, ALE, ICFD), accuracy in responses 
of simulation, etc. and is preferred among other similar 
FEA code available. A wide database of material 
properties is available inbuilt with LS-DYNA for 
various loading and material behavior for various 
levels of strain.  

For modelling in LS-DYNA the material model 
continuous surface cap model (CSCM) was calibrated 
for concrete because of the simple formulation and 
previous validation study performed [1], [16]. 
Another, special feature of CSCM is the auto-
generation of the material parameters based on 
uniaxial compressive strength and mass density of the 
concrete for normal strength concrete [17]. CSCM 
also has the inbuilt erosion option which deletes the 
failed material based on maximum principal strain and 

damage variable.  

1.2 REINFORCEMENT BAR MATERIAL 
MODEL  

The material model used to simulate steel 
reinforcement for monotonic loading should capture 
the initial elastic slope, yield plateau (when present), 
strain hardening of steel, and finally softening 
behavior, as shown in Fig. 2. 

Hardening

𝜀𝑠  𝜀𝑠𝑢  𝜀𝑠ℎ  𝜀𝑠𝑦  

𝜎𝑠𝑦  

𝜎𝑠𝑢  

𝜎𝑠  

𝐸𝑠  

𝐸𝑠ℎ  

Yield plateau

Softening 

(localization)

Unloading

Upper yield point

Lower yield point

 
Fig. 2. Typical stress-strain curve of reinforcement material 

model 

Generally, the stress strain curve of reinforcement 
steel consists of elastic until 𝜀

𝑦, yield plateau (plastic), 
followed by curvilinear strain hardening until tensile 
stress reaches its maximum value and finally 
descending curve in strain softening until necking and 
fracture [18]. Readers are requested to see codal 
provision [19] for details. A simple rebar formulation 
as available in modelling tool was adopted for the 
rebar material modelling.  

For modelling reinforcement in LS-DYNA 
numerical tool, material model which is suitable for 
the simulation of both isotropic and kinematic 
hardening plasticity namely Plastic Kinematic Model 
(MAT_003) was calibrated [17]. This model is 
suitable to Hughes-Liu beam element and requires 
only input of properties like Young’s and tangent 
modulus, Poisson’s ratio, yield stress and hardening 
parameter (𝛽) of the steel. Value of beta=1 and 0 
results in the material model with behavior of elastic 
plastic with kinematic and isotropic hardening 
respectively. 

2. EXPERIMENTAL PROGRAM AND TEST 
RESULTS 

2.1 COMPRESSIVE STRENGTH TEST OF 
CONCRETE CUBES 

Three cylindrical specimens following the 
requirement of ASTM C39 [20] were prepared and 
tested at 28 days under compression. The cross-section 
and overall height of each tested cube was 150mm x 
150mm and 150mm. The test setup and test results 
from the compressive strength test of concrete cube is 
shown in Fig. 3.  

 

 

(a)Test setup (b)Test results 

Fig. 3 Compressive strength test results showing failure of 
cube specimens 

Based on the test results the concrete strength of 
NSC 30 were designated since the tested cube samples 
showed the corresponding strength values. It should be 
mentioned herein that the value of compressive 
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strength was derived from the average of three 
samples. The average compressive strength of the test 
specimen was 30MPa.  

2.2 TENSILE STRENGTH TEST 

The direct tension test was conducted for deformed 
bar of diameter 20mm as shown in Fig. 4. The average 
value of yield and ultimate strengths of deformed bar 
(DB20) reinforcement bars were 562MPa and 
637MPa, respectively from the direct tensile strength 
test. It should be mentioned herein that the value of 
yield and ultimate strengths was derived from the 
average of three samples. Also, the average elongation 
percentage of the tested rebar was obtained to be equal 
to 24%. Even though, the tested rebar was TMT bar of 
yield strength equal to 500MPa, the test result showed 
higher value. Moreover, in the numerical modelling 
tool like SAP 2000 the expected tensile strength is 
calculated to be equal to 1.2 times the yield strength of 
the rebar i.e., 1.2*500=600MPa. The test result 
showed higher value of tensile strength as compared 
to automatic calculation performed by SAP2000. 
Moreover, the elongation percentage was obtained to 
be higher. This illustrates that the behavior of the FE 
model with default material parameters can lead to 
erroneous results.  

Upper clamp

Lower clamp

4
1
0

 

Rebar fracture

 

(a)Test setup (b)Test results 

 

(c)Stress-strain curve of reinforcement bar 

Fig. 4 Tensile strength test  

The stress-strain curve of the tested reinforcement 
bar is shown in Fig. 4 (c). 

3. CALIBRATION OF MATERIAL 
PARAMETERS 

Various material models for the modelling of the 
confined and unconfined concrete has been proposed 
[21], [22] including Mander et. al., 1988 [15] , Kent 
and Park, (1971) [23], Cusson-Paultre, 1995 [24] and 
Hong-Hang Model [25].etc., and these four confined 
concrete material models are considered in present 
study (Fig. 5). These material models can be adopted 
to model and study the behavior of structural 
components like beams, columns etc.  

 

Fig. 5. Stress-strain curve of concrete unconfined and confined 
material models 

The typical input material parameters for M30 
concrete for Mander material model is tabulated in 
Table 2. These material parameters can be adopted 
while modelling reinforced concrete structures for the 
lumped plasticity-based model in SAP2000. 

Table 2. Material properties of concrete material model 

Compressive strength of 
concrete (MPa) 

30 

Density(kg/m3) 2400 

Poison’s ratio 0.2 

Young’s modulus (MPa) 27386.128 

Strain at unconfined 
compressive strength 

2.191E-03 

Ultimate unconfined strain 
capacity 

5.000E-03 

Moreover, the concrete material parameters for 
CSCM material model were generated based on 
compressive strength of concrete and aggregate size 
for continuum mechanics-based approach in LS-
DYNA modelling tool. The typical input parameters 
for the CSCM material model of concrete with 
compressive strength equal to 30 MPa, calculated 
based on [26] are tabulated in Table 3. The tabulated 
values in Table 3 were calculated for the tested 
concrete cube based on a formulation which is 
presented in the Appendix. The material parameters 
which can be adopted as input in Plastic Kinematic 
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Model (MAT_003) for DB 20 reinforcement bar is 
shown in Table 4. 

Table 3. Input material properties for cast in place core 
concrete (𝑓𝑐

; = 30 Mpa) 

Control factors Shear surface hardening 

Density (𝜌) 
2400 

kg/𝑚3 
𝑁𝐻 0 

NPLOT - 𝐶𝐻 0 

INCRE  Cap geometry and hardening 

IRATE 1 R 5 

ERODE 1.05 𝑋𝑂 9.3E+07 Pa 

RECOV 0.85 W 0.05 

IRETRC 1 𝐷1 2.500E-10 

PRED 0 𝐷2 3.492E-19 

Stiffness Damage 

𝐺0 
1.206E+10 
Pa 

b 100 

𝐾0 
1.321E+10 
Pa 

d 0.1 

Yield surface 𝐺𝑓𝑐 
7.703E+03 
Pa 

𝛼 
1.511E+07 
Pa 

𝐺𝑓𝑡 
7.703E+01 
Pa 

𝜃 3.126E-01  𝐺𝑓𝑠 
7.703E+01 
Pa 

𝜆 
1.051E+07 
Pa 

pwrc 5 

𝛽 

1.929E-08 
𝑃𝑎−1 

pwrt 1 

𝛼1 7.473E-01 pmod 0 

𝜃1 
1.011E-09 
𝑃𝑎−1 

Rate effects 

𝜆1 
1.700E-01 
Pa 

𝜂𝑜𝑐 1.107E-04 

𝛽1 
6.521E-08 
𝑃𝑎−1 

𝑁𝑐 7.800E-01 

𝛼2 
6.60E-01 
Pa 

𝜂𝑜𝑡 6.65E-05 

𝜃2 1.22E-09 𝑁𝑡 4.800E-01 

𝜆2 
1.60E-01 
Pa 

overc, overt 
2.374E+07 
Pa 

𝛽2 
6.521E-08 
𝑃𝑎−1 

srate,repow 1 

Table 4. Material properties of DB20 reinforcement bar 

Reinforcement diameter 
(mm) 

20 

Density(kg/m3) 7850 

Poison’s ratio 0.3 

Young’s modulus (GPa) 268.18 

Yield stress (MPa) 562 

Tangent modulus (MPa) 8823.529 

The actual stress-strain curve of reinforcement bar 
should be converted to bilinear graph including salient 
points since few data can only be provided as input in 
the modelling tool. The procedure of obtaining 
bilinear curve includes trial and error approach as 
making equal area below and above theactual curve 
with initial line passing through 60 % of idealized 
yield moment curve as shown in Fig. 6.  

Stress

Strain

E

Etan
Yield

 

 

(a)Bilinear curve 

(b)Procedure for bilinearization 
of actual stress-strain curve of 
reinforcement bar 

Fig. 6. Stress-strain curve of reinforcement bars 

The elastic region of the stress versus strain has a 
slope equal to the modulus of elasticity, and the plastic 
region of the stress versus strain has a slope equal to 
the strain hardening modulus/ tangent modulus. From 
Fig. 6.(b) the modulus of elasticity and tangent 
modulus was calculated to be equal to 268181.8 MPa 
and 8823.529 MPa, respectively. 

4. CONCLUSIONS 

Numerical simulation is one of the potential 
approaches to design and assess the behavior of 
reinforced concrete structures or other complex 
configurations of composite structures under several 
loading scenarios. Even though, nonlinear FE analysis 
is a common approach for solving complex structural 
problems; however, significantly few documented 
research works provide the related parameters to 
represent high non-linearity in concrete in both tension 
and compression. The developed material parameters 
in this study can be applied to investigate the 
mechanisms and behavior of the reinforced concrete 
structures in more details and will be extended to the 
analysis and design of various methods to improve the 
performance of the reinforced concrete structures. In 
current study, material parameters were recommended 
for future research and in engineering practice from 
the numerical study. The recommendations provided 
by this research are expected to provide insight into 
the verified modeling approaches of reinforced 
concrete structures for practicing engineers and other 
researchers 

A detailed input parameter of the concrete and 
reinforcement material models was provided with the 
equations adopted to calibrate them in current research 
which can be a starting point for several new 
researchers who wants to understand the basics of non-
linear analysis and modelling concept for composite 
structures. The study is significant to researchers and 
design engineers in the field of structural engineering 
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to accurately evaluate seismic performance and to 
perform a proper design of reinforced concrete 
structures. 
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APPENDIX 

The material parameters adopted for this study are given 
below which are reproduced from CEB FIP [27] and Murray 
[28]. 
a) Elastic mechanical properties 

Elastic modulus of concrete, 𝐸𝑐 = 2.15 ×  104  ×

 [
𝑓𝑐

′

10
]

0.7

(MPa) 

Poisson’s ratio,  𝜈 = 0.2  

Shear modulus of concrete, 𝐺0 =
𝐸𝑐

2(1+𝜈)
 

Bulk modulus of concrete, 𝐾𝑜 =
𝐸𝑐

3(1−2𝜈)
 

Shear surface 
Tri-axial compression 

Constant term,𝛼 = −3 ×  10−3 (𝑓𝑐
′)2 +  0.317𝑓𝑐

′ +
7.705 (MPa) 

Non-linear term, 𝜆 = 10.5 (MPa)  
Exponential term, 𝛽 = 1.929 ×  10−2 (𝑀𝑃𝑎)−1  

Linear term, 𝜃 = 1.322 ×  10−5 (𝑓𝑐
′)2 +  2.355 ×

 10−3𝑓𝑐
′

+ 0.214  
i. Torsion 

Constant term ,𝛼1 = 0.7474  
Non-linear term,𝜆1 = 0.17  

Exponential term ,𝛽1 = −1.997 ×  10−5 (𝑓𝑐
′)2 +

 2.265 ×  10−4𝑓𝑐
′

+ 8.175 × 10−2  (𝑀𝑃𝑎)−1  

Linear term ,𝜃1 = −3.886 ×  10−7 (𝑓𝑐
′)2 −

 3.9317 × 10−6𝑓𝑐
′

+ 1.582 × 10−3(𝑀𝑃𝑎)−1  
ii. Tri-axial extension 

Constant term ,𝛼2 = 0.66  
Non-linear term, 𝜆2 = 0.16  

Exponential term, 𝛽2 = −1.997 ×  10−5 (𝑓𝑐
′)2 +

 2.265 ×  10−4𝑓𝑐
′

+ 8.175 × 10−2  (𝑀𝑃𝑎)−1  

Linear term, 𝜃2 = −4.869 ×  10−7 (𝑓𝑐
′)2 −

 1.888 ×  10−6𝑓𝑐
′

+ 1.882 × 10−3(𝑀𝑃𝑎)−1  
b) Strain Hardening 
Initiation of hardening,𝑁𝐻 = 0 
Rate of hardening, 𝐶𝐻 = 0 
c) Cap surface 
Cap aspect ratio, R=5 

Cap initial location, 𝑋𝑂 = 8.769 ×  10−3 (𝑓𝑐
′)2 −

 7.33 ×  10−2𝑓𝑐
′

+ 84.85 (MPa) 
Maximum plastic volume change (W)= 0.05 
Linear hardening, 𝐷1 =  2.5 × 10−4 (MPa) 
Quadratic hardening, 𝐷2 =  3.49 × 10−7 (𝑀𝑃𝑎)2 

d) Strain softening 
Ductile shape softening parameter, (B)=100 
Brittle shape softening parameter, (D)=0.1 
Mesh size coefficient, 𝐶𝑚𝑠 = 0.04212 𝑙𝑒 +

0.02638, 𝑙𝑒 is the mesh size [29] 

Base value of fracture energy, 𝐺𝐹𝑜 = 5.208 ×
 10−8 𝑑𝑚𝑎𝑥 +  7.5 × 10−4𝑑𝑚𝑎𝑥 + 1.9344 × 10−2 
(MPa) 

Fracture energy at pure shear, 𝐺𝑓𝑡 = 𝐶𝑚𝑠𝐺𝐹𝑜 [
𝑓𝑐

′

10
]

0.7

 

Fracture energy at uniaxial tension, 𝐺𝑓𝑠 = 𝐺𝑓𝑡  

Fracture energy at uniaxial compression, 𝐺𝑓𝑐 =
100𝐺𝑓𝑡 

Shear to compression transition parameter, pwrc=5 
Shear to tension transition parameter, pwrt=1 
Modified moderate pressure softening parameter, 

pmod= 0 
e) Strain rate parameters 

Rate effect parameter for uniaxial compression, 

𝜂𝑜𝑐=1.227 ×  10−11 (𝑓𝑐
′)2 −  1.0613 ×  10−10𝑓𝑐

′
+

3.2035 × 10−4 (Stress in pound per square inch) 
Rate effect power for uniaxial compression,𝑁𝑐= 

0.78 
Rate effect parameter for uniaxial tension, 𝜂𝑜𝑡 

=8.061 ×  10−13 (𝑓𝑐
′)2 −  9.777 ×  10−10𝑓𝑐

′
+

5.075 ×  10−5 ( Stress in pound per square inch) 
Rate effect power for uniaxial tension, 𝑁𝑡= 0.48 
Maximum overstress allowed in compression and 

tension, overc and overt= 1.309 ×  10−2 (𝑓𝑐
′)2 −

 0.393𝑓𝑐
′ + 21.45 (MPa) 

Ratio of effective shear stress to tensile stress 
fluidity parameter, Srate=1 

Power that increases fracture energy with rate 
effects, repow=1 
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Abstract—Building Information Modeling (BIM) has 

drastically transformed the design and documentation 

processes in the architectural, engineering and 

construction (AEC) industry. It provides a holistic 

process for creating and managing a built asset using a 

digital representation across the project lifecycle. BIM 

integrated with 3D laser scanning (LIDAR) and 

photogrammetry technologies have revolutionized the 

documentation and restoration of heritage sites, 

implementing Heritage Building Information Modeling 

(HBIM). This paper presents a framework for HBIM 

application in Nepalese Heritage. The framework 

considers 3D laser scanning using smartphones and 

photogrammetry to document heritage site. The point 

cloud data and photogrammetry data were overlapped 

and BIM models were created for heritage asset 

documentation purposes which may be used for 

restoration and replication projects later. The case of 

Kwahiti, a stone spout in Kathmandu, Nepal is presented 

in this paper to illustrate the practical aspects of the 

proposed framework. This site was chosen due to its 

valuable cultural heritage and functionality. This paper 

aims to show how effective HBIM can be in the accurate 

spatial documentation of small-scale heritage sites. 

 

Keywords— HBIM; BIM; 3D Model; Terrestrial laser 

scanning; Smartphone LiDAR; Hiti; LOD; Kwahiti; SDA; 

Photogrammetry; Heritage 

A. ABOUT HBIM 

 

B. STONE SPOUT AS A HERITAGE 

A hiti (Newari) or dhunge dhara literally translates 
as stone spouts but some spouts can be made of gold, 

 

I. INTRODUCTION 

Heritage BIM(HBIM) For Documenting

 Kwahiti’ - A Stone Spout In 

Kathmandu

Heritage documentation is the basic step of any 
restoration project [5]. Many organizations in Nepal 
are interested in the documentation of the heritage 
sites, especially those registered as monuments by the 
Department of Archaeology. The loss of heritages 
after the 2015 earthquake and the inability to restore 
some of them exactly showed a lack of documentation 
and improper method implementation while 
documenting. Geometric information documentation 
of heritage sites or monuments is considered the most 
adequate documentation method [5]. In Nepal, the 
traditional method of documentation depends on 
manual site measurements and digital photographs to 
create 2D projections. Often these methods are time 
and labor-consuming, and it is difficult capture the fine 
details of artworks and artefacts. By using HBIM 
applications, the process can be made more reliable 
and efficient.  

photogrammetric survey data. The final product of 
HBIM is obtaining 3D information models, hence 
obtaining full engineering drawings which include 3D 
objects, orthographic projections, sections, details, and 
quantity with schedules. HBIM allows us to document 
all the distinguishing features and information of the 
heritage site into one organized data set [4]. This 
workflow has the capability to conserve information 
for any restoration works in the future when required.  

Building Information Modeling (BIM) gives 
physical and functional information about the 
characteristics of a facility but in a digital form which 
gives us a reliable basis for decision making during its 
life-cycle [1].  Using BIM gives you greater visibility, 
better decision-making, more sustainable options, and 
cost-savings on AEC projects [2]. To maintain the life 
cycle of different facilities BIM technology is being 
used [3]. The main idea of Heritage Building 
Information Modeling (HBIM) is for the conservation 
and preservation of historic buildings and facilities 
through reverse engineering where all the architectural 
elements are mapped into laser scan or 

brass, copper or wood. These spouts are basically 
made for the supply of drinking water for a community 
by Mediaeval and Ancient rulers of Nepal. This 
architectural manuscript was documented in the 16th 
century (Fig.1), while the legend believes the existence 
of stone spouts was from 464 A.D.The manuscript 
discusses the techniques of constructing water spouts. 
It is in the Newari language and written with the 
Pracalit Newari script [6]. 
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Fig. 2: Stone spouts of Kwahiti, Kathmandu                               

C.  STONE SPOUT IN KWAHITI 

The overall stone spout landscape is divided into 
three storeys going below the street level with number 
of stairs linking each storey. The middle storey has 4 
‘Shivalings’ and various sculptures of various deities 
like ‘Ganesh’, ‘Laxmi Narayan’, Lokeshowr, and one 
shila patra (stone inscription). Our focus of research is 
the lowest storey where the two stone spouts (‘Hiti 1’ 
and ‘Hiti 2’), a reservoir and a ‘Chaitya’/‘Chiva Dya’ 
were located.  

 Hiti 1 still supplies water is the makara-shaped 
outlet. The upper part of Hiti 1 has Nag Nagin 
sculpture literally means male and female snakes. 
Unlike other stone spouts, the lower part of the spout 
has a stone engraved with Yaksha Yakshini, who are 
the demi-gods and are often referred to as guards of the 
area and it represents them holding the outlet. 

Hiti 2 has completely dried although it was in 
working condition a few years ago. It has a differently 
shaped fountain that looks like a bull. It is a solo 
structure and does not have any sculptures neither 
above nor below it. But a stone large enough to take 
and distribute the load of the stone spout equally, 
though the wall can be seen with no carvings in it. 

 

Fig 3: East elevation of Kwahiti stone spout 

The reservoir tank is usually used and refilled by 

entities that organise events as per the demand at that 

particular time/day. A reservoir tank is also used so 

that any individual wanting to use a stone spout for 

Ancient city of Kathmandu is divided into two 
parts, North and South. The north part is considered as 
the upper portion of the city which means ‘Thahne’ in 
Nepal bhasa and this part of the city has its own hiti 
now known as ‘Thahiti’. The south part is considered 
as the lower portion of the city which means ‘Kvay’ in 
Nepal bhasa and its hiti is now called ‘Kwahiti’ [10]. 
Though this doesn’t mean there are no other ‘Hitis’ in 
between these two ‘Hitis’ but it simply means these 
two are at two ends of the city. Back then there was no 
water supply system directly to the houses and any 
kind of facilities were shared amongst the community. 
Kwahiti is a sample stone spout of the research which 
is located in Kwahiti Marg in Ward number 20, 
Kathmandu, Nepal. Kwahiti has supplied water 
continuously to the community for ages and is still 
being used to date. 

Fig. 1: 16th-century manuscript describing 
techniques of constructing spouts [6].  

Usually a stone spout outlet has the sculpture of a 
mythical creature called “Makara”in Nepali or” 
Hitimanga” in Nepalbhasa but some spout outlets 
might have a sculpture of other creatures. Makara 
visually has a snout of a crocodile, trunk of elephant, 
tusk and ears of a wild boar and a tail of 
peacock(Fig.2). These spouts honour a specific deity 
and its shrine of stone is sculptured just above the 
spout. Just beneath the spout usually has a stone 
engraved with the statue of ‘bhagirath’ or Yaksha 
Yakshini in some cases. There could also be other 
sculptures declared to some deity depending upon 
space and the kind of community. Stone spouts in 
cities are usually located below the street level [7] 
[8].The basin sides are made of brick and stones and 
the flooring is either made of flagstones or telia tiles. 

The water supply system in stone spouts is 
supported by various ponds, canals (rajkulo) and 
aquifers. In the dry season, this system maintains water 
demand and in the monsoon season, it releases the 
water pressure caused by heavy rainfall. After the 
modern pipeline system was introduced in the 19th 
century, these traditional water spouts have become of 
lesser interest and there negligence has caused many 
spouts to be dysfunctional at present. In 2019 a survey 
by the Kathmandu Valley Water Supply Management 
Board (KVWSMB) found a total of 573 dhunge dharas 
on record in the ten municipalities of the Kathmandu 
Valley. 479 of these were recovered, 52 turned out to 
be destroyed and 42 could not be found. More than half 
of the dhunge dharas were dry [9].  
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their household can use it without any hassle. The 

reservoir tank has three outlets, two have lower 

discharge and one has higher discharge. These outlets 

have a special push valve system where inserting a 

pipe would open the valve. As of now, this reservoir 

tank is no longer in use but a community tap has been 

installed by ‘Kathmandu Upatyaka Khanepani 

Limited’ (KUKL) (Fig.4). 

 

Fig 4: Reservoir Tank 

 

Fig 5: Chaitya (west elevation) 

II. METHODOLOGY 

A. Methodology Description 

The HBIM approach for our research contains mainly 
three stages: Site Data Acquisition (SDA), Data 
preparation with processing and creation of the HBIM 
model as seen in the workflow, Fig. 7. The case study 
used for our research is a historical stone spout. The 

first stage consisted of photogrammetry and point 
cloud data extraction along with some manual 
measurements. The device used for performing the 
SDA in our research was a smartphone equipped with 
built-in LIDAR, which is gaining popularity and is 
now a cost-effective alternative in geo-scientific areas, 
specifically, remote sensing. Data preparation and 
processing stage is where the photogrammetry and 
lidar data are registered, merged and analysed to 
acquire the architectural visualization and information 
model of the case study. Finally, the processed data is 
used as a guide for creating the HBIM model in the 
BIM software. Also, our methodology comprises of a 
semi-structured interview with an expert and the local 
community, done for gathering crucial information or 
data related to historic spouts of Nepal in general, and 
for some guidance related to our case study. 

 

A.1 Case Study of Kwahiti- An ancient Water 

Spout in Kathmandu 

This was conducted in three stages as explained 

below: 

 

i. Site data Acquisition Stage:  

 

The ancient water spout is located in 27°42'02.3"N 

 

ii. Data Preparation and Processing Stage:  

 

During the preparation and processing stage, firstly, 

the point cloud data was extracted via smartphone to 

Autodesk Recap. The origin was user defined as the 

coordinate data from the smartphone wasn't reliable 

enough due to multipath and use of GPS coordinates 

Chaitya(Fig.5) is also known as Chiva Dya in Nepal 
bhasa.  It is a small monastery found almost all over 
the Kathmandu valley. Chaitya is an offering to God 
usually in memory of departed ancestors for them to 
gain peace in their afterlife. But these can be also made 
for living loved ones and for themself as they also 
symbolize connection with oneself [11]. As almost all 
chaitya are in public or semi-public spaces instead of 
being limited to private devotion as funerary 
monuments, these have become the focus of public 
worship for members of the community [12]. Kwahiti 
is a newar community mostly inhabited by ‘Newar 
Buddhists’ so its presence is inevitable. It has four 
faces, each with a Buddha's print representing the 
teachings. 

85°18'15.7"E - Kwahiti Marg, Kathmandu, Nepal. 

This is the main water source for the area. The water 

runs continuously but discharge may vary according to 

the season. The materials used for its construction are 

mainly stone and brick. The brick used is known as 

‘daachi appa’ with the dimension (200*55*42 cu.mm). 

Also, the curved faced brick which are known as  

‘Nagol’ (140*52*120 cu.mm) have been used along 

with the flower brick or ‘Kassimo’ (230*55*115 

cu.mm) for wall design. Flagstone is used for flooring 

purposes.  Besides, various artefacts can be seen in 

various elevations that are carved by the sculptors. Site 

data acquisition was performed using a smart phone 

with a built-in LIDAR for photogrammetry and point 

cloud collection. The absolute accuracy of this built in 

LIDAR is claimed to be ±1𝑐𝑚 for objects with a side 

length of >10cm and for large scale applications where 

an object with  (130x15x10)cu.m, the accuracy is 

believed to be ±10𝑐𝑚 [13]. The main outlet Fig. 3 is 

similar to the one mentioned in the article by Joshi 

[14]. To capture the overall architecture along with the 

outlets and the ‘Chaitya’ (‘Chiba’) we have used laser 

scanning and photogrammetry techniques. The raw 

data we gathered is in *.ply format for point cloud data 

(Fig. 11) and *.usdz for photogrammetry data (Fig. 9). 
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were not of concern in this particular research. After, 

the result was exported to Cloud Compare for 

processing and analysis. A total of nine scans that were 

obtained got aligned and merged using the algorithm 

of Cloud Compare. As seen in Fig. 11, point cloud data 

had approx. 35.06 million points and was later reduced 

by subsampling to 16.49 million points in order to 

decrease software lag and faster data processing 

speeds. The point cloud quality check and analysis, 

mesh creation, ground points and off-ground points 

separation, relative height of the scanned area were the 

primary focus of point cloud analysis phase.  

 

As for the photogrammetric data that was also taken 

during the SDA was imported to Blender. Here, the 3D 

orthomosaics were visualized and proper textures with 

details were captured by the aid of 12 mega pixel 

camera and lidar of the smartphone. In Blender, we 

imported the 3D orthomosaics and texture related files 

(Fig. 9) in *.usd format. And then, the orthomosaic 

with textures were exported to Sketchup in *.dae 

format for rendering.   

 

iii. HBIM Model Creation and Rendering Stage: 

 

The point cloud and photogrammetry data were used 

as reference for HBIM model creation by importing 

the processed data into the BIM software. For this 

research, Autodesk Revit was used as the BIM 

modeling software.  Wall details, flooring, stairs and 

reservoir were modelled in (Fig. 8) Revit. For 

verification the dimensions acquired were compared 

with manual measurements.   Whereas, the complex 

detail modelling such as the 'Kassimo' bricks with 

flower mouldings were modelled using the AutoCAD 

and Sketchup for a quicker approach as seen in Fig. 6. 

The HBIM model contains the modeled elements' 

dimensions, volume, surface area, naming 

conventions, material type, physical properties, 

classifications, quantity estimates and so on, which 

provide a basis for Asset Information Management 

(AIM) and Architectural, Engineering and 

Construction (AEC) practices related to the heritage. 

This HBIM model was exported in Industry 

Fountation Class (IFC) and imported to SketchUp. 

Here, the model was merged with the 'Kassimo' bricks 

and orthomosaics as seen in Fig. 10. Thus, the merging 

and rendering was done in Sketchup for better 

visualization purpose. The final merged file can be 

exported to Revit from SketchUp or vice versa, 

according to the requirements. Although, importing 

the final rendered model of Sketchup to Revit can 

cause loss of texture related data of the orthomosaics. 

These orthomosacis each will be represented in Revit 

as blocks with triangulated points, i.e. a mesh. Finally, 

the HBIM model is concluded which has potential in 

AIM and BIM uses or applications.   

 

Fig. 6: Kassimo Bricks 2D CAD drawing (left) and 

SketchUp model acquired by using the CAD drawing 

(right). 

 

 

Fig 7: Workflow Diagram 

 
Fig 8: HBIM model from point cloud data in Revit  

 
Fig 9: Hiti architecture photogrammetry data. 
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Fig. 10(a): Hiti and Chiba rendered from 
photogrammetry data in Blender and overall hiti 
architecture visualized in SketchUp. Finalized  

 

Fig 10(b): Hiti rendered from photogrammetry data in 
Blender and wall details visualized in SketchUp. 

 

 
Fig 10(c): Small Hiti rendered from photogrammetry 
datain Blender and wall details visualized in 
SketchUp. 

 
Fig 10(d): Chiba rendered from photogrammetry data 
in Blender and other architectural elements visualised 
in SketchUp. 

 

 
Fig 10(e): Stairs and reservoir tank visualized in 
SketchUp. 

A.2 Interview with the experts and community: 

Semi-structured interview. Our research 

methodology includes semi-structured interview 

sessions with Heritage Experts/community. The 

answers and replies received from the interview will 

be the basis for our research. The queries that were 

asked are written in the paragraph below with 

numberings and the answers/replies are placed in the 

III D. Findings section. 

 

Almost all of our queries in the semi-structured 

interview were based upon finding out intangible 

aspects of each unit present inside the basin and stone 

spout itself.  

[i]Our first query in the interview session was related 

to the outlets that were used in the Historical Spouts. 

Specifically, about the ‘Makara’ outlets and myths 

behind the use of various creatures carved in the 

outlets.  

[ii] Our second query was about the chaitya, to know 

what chaitya really is and the presence of Chiba Dya 

in the premises of stone spouts, and its meanings were 

also understood from the interview.  
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[iii] The debriefing on the intangible aspects such as 

language, tradition, culture, art, music, fairs, etc of our 

case study ‘Kwahiti’ was also done. 

[iv] Moreover, debriefings on the types of materials 

used in the stone spouts were made.  

[v] Photos of engraved stones above and below the hiti-

1 outlet were shown to confirm the names of the deities 

and their importance was asked. 

 [vi] To locals: regarding the flow of water daily and 

annually.  

[vii] We also visited the site with the expert with some 

hope to find and learn about our matter of research. 

 

III. FINDINGS 

A. Point Cloud Processing and Analysis 

A total of nine scans that represent various corners 

of the case study were taken and processed in 

CloudCompare. These scans were aligned/merged 

together and the point cloud data of our case study, Fig. 

11, had approx 35.06 million and was later reduced by 

subsampling to 16.49 million points. The origin of the 

point cloud is fixed in Autodesk Recap and a total of 

nine scans were aligned in Cloud Compare during the 

pre-processing stage. Once registration was complete, 

this data was used for analysis and HBIM model 

creation.  

 

 

Fig. 11: Processed Point Cloud data.  

 
Fig. 12: 3D Mesh of the case study.  

 

 
Fig. 13: Relative Height of the scanned area in SI 

units.  

 

B. Subsampled point cloud quality identification 

The acquired point cloud data quality can be seen in 

Fig. 14. The gradient evaluation, smoothing, statistics, 

etc. are powerful algorithms present in Cloud Compare 

which help us to understand the point cloud density 

and quality of the scans. The areas with the colour blue 

and green have lowest and  low density of points and 

the areas with yellow and orange have high and highest 

point density respectively.  

The CSF filter in Cloud Compare was used for 

separating the ground points and off-ground points. 

[16]. After this, the data was analysed for checking the 

possibility of 3D printing by creating a mesh out of it. 

The mesh in Fig. 12  would produce a 3D printed 

model with a fair structure/shape of the stone spout but 

would lack architectural details. The point cloud data 

was also used for computing the relative height using 

the algorithm of Cloud Compare as seen in Fig. 13. 

The achieved height is 1.5m from the base of the basin 

which was approximately (±1𝑐𝑚) equal to the tape 

measurements taken in the site.  
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Fig.14: Point Cloud display ranges. 

 

C. 3D HBIM Model of the Water Spout 

 The modelling process includes the information 

modelling of the spout using the point cloud and 

photogrammetry data from the smartphone lidar. The 

tape measurements were used so as to make 

verification and comparison of the dimensions 

acquired from the lidar.  During this process, creation 

of wall, flooring and stair properties along with 

separate families for curved brick and ‘Kassimo’ brick 

are modelled. The walls are designed with ‘Kassimo’ 

bricks and curved bricks in various elevations. The 

model consists of the lower portion of the stone spout. 

The level with artefacts such as the ‘Shiva linga’ is the 

upper level of the water spout. This upper level was 

not modelled and also the SDA wasn’t performed for 

this level. Hence, the lower level seen in Fig.3 consists 

of two water spouts and a ‘Chaitya’. Our model, Fig 

10, has incorporated these features as accurately as 

possible using the acquired data. The achieved Level 

Of Development (LOD) is LOD300.  The intangible 

aspects such as the ancient naming given to the 

heritage components of our case study were 

incorporated in the HBIM model. The accurate naming 

is provided to the elements such as the ‘Dachi Appa’ 

and ‘Nagol’ for the brick and brick types in the native 

language. Also, for the mesh of Fig. 10(b), Fig. 10(c), 

Fig. 10(d), i.e ‘Hiti 1’, ‘Hiti 2’ and ‘Chaitya’ 

respectively.  

 

D. Findings via Semi-structured Interview with the 

experts and community: 

[i] “Makara '' is just a mythical creature that has 

been associated with sea creature/monster/animal so it 

is being used for most dhunge dharas but not 

necessarily all the outlets are makara like hiti-2. 

[ii]Just like swayambhunath and boudhanath are 

maha-chaitya, the chaitya present inside the basin is 

also a chaitya. Chaitya can be found in various sizes so 

this one is a smaller version. While chaitya is built in 

memory of deceased ancestors, it is also known as a 

funeral pile and has a conical structure at top with 

fourteen lines representing the 14 piles. Building these 

is considered to be good karma and these are usually 

built by a clan so that their whole clan can be rewarded 

with good merits and be free of sins. Dhunge dharas 

are a smaller form of pilgrimage and it is just a 

representation of two religions, Hinduism, and 

Buddhism coexisting peacefully in our society. 

[iii] In the conversation about intangible aspects of 

Kwahiti various unplanned questions were asked as 

the conversation went on. For culture and tradition: 

We found out water was taken from this particular 

stone spout for any kind of worship(puja) in a temple 

just next to it as water from the stone spout is 

considered pure and sacred. With this information, a 

tail question was asked if any other puja took place, 

particularly inside the premises and we discovered the 

middle step was used to do various rituals like Dev-

karya and other pujas. Art: stone sculptures and 

engraved stones are the ancient art done by newar 

community especially by “Silakar'' also known as 

stone artists.  Language: An old ‘Shilapatra’ inside the 

‘hiti’ premises was found, but its present condition is 

distorted due to weathering and peeling.  

[iv] All the materials mentioned in the paper were 

reconfirmed. 

[v] The Sculpture was confirmed to be of ‘Nag’ and 

‘Nagin’, the snake has always been associated and 

respected when it comes to water facilities in religious 

ways in Hinduism.  

[vi] Flow of water is very consistent throughout the 

day but during evening time water discharge becomes 

low. Also during dry seasons water does not dry up 

completely but has a low discharge.  

[vii]After visiting the site the first thing we looked 

for was the date of construction or renovation in any 

manner but nothing was found about renovation and 

construction. Although the ‘Shilapatra’ in step 2 was 

of a medieval time dated at around 1785A.D and rest 

imprints were not readable even with chalk powder 

being rubbed. One of the sculptures in step-2 was 

recognized to be a Deity named Lokeshowr. It was also 

pointed out that Step-2 is used to perform 

puja(worship) and sacred rituals. 

 

  IV.         CONCLUSION 

This research concludes the possibilities of heritage 

documentation for both tangible and intangible aspects 

of a heritage site along with research gaps. The 

methods for incorporating the tangible and intangible 

heritage must be thought of in future research works 

which can help the heritage sector of Nepal for 

accurate heritage documentation. The use of mixed 

reality combining the intangible aspects such as 

language and music for display in museums as virtual 

consortiums can provide accurate heritage identity to 

the audience and future generations as well. This can 
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be more related to the tourism sector but in the heritage 

documentation sector, it's already an advantage.     

The use of the HBIM framework for Heritage 

documentation contains a lot of work that requires the 

confirmation of design details. The complex design 

details present in any heritage asset can be modelled if 

the use of multiple design and animation software are 

used efficiently. In our research, the design details 

present in our case study, such as the two spouts, 

sculptures and ‘Chaitya’ were attached as a mesh 

acquired from photogrammetry. The rest of the 

geometries were modelled. Further work can be done 

for improving the quality of our model by using the 

mesh to carve the embossed and engraved design 

details in Blender or other similar platforms. But doing 

this without the supervision of Historians, Sculptors, 

Archaeologists and Astrologists may compromise the 

quality of the HBIM model because HBIM is not only 

about the Level Of Development (LOD). HBIM must 

contain Level of Geometry (LoG), Level of 

Knowledge (LoK), Level of Details (LoD), and Level 

of Information (LoI) so that Heritage Documentation 

data in future are highly accurate and are compiled at 

a single place rather than having it segregated.  

The use of Smartphone LIDAR in our research 

case study has been very fruitful for extracting point 

clouds and using them as a guide for HBIM modelling. 

The photogrammetry data was even better in our case 

study. Because our point cloud data consisted of 

multiple scans that were merged together to form a 

single cloud there were some inaccuracies that arose 

during the HBIM modelling process. Future research 

work can consider this fact and must make sure to take 

a single scan of the heritage site at once first, and then 

take multiple scans in order to control the quality of 

the final point cloud data acquired after registration 

and processing stage. The findings from the Semi-

structured Interview secured some information 

regarding the intangible aspects that were related to the 

historical spouts of Nepal and to our case study as well.  
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Abstract- The purpose of this review is to bring into 

attention to the concerned authorities, policy makers to 

understand the importance of seismic microzonation the 

most efficient tool to alleviate earthquake risk hazard. 

The worst-case scenario of earthquake may be expected 

in near future than that of 2015 Gorkha earthquake. 

Though the earthquake is unpredictable but it is possible 

to mitigate the extent to damage, injuries and loss of life. 

Rapid urbanization, uncontrolled development, building 

construction techniques has become increasingly 

vulnerable to catastrophic earthquakes each year. 

Preparedness over awareness should be highlighted to 

diminish the risk.  

 

Nepal is located between latitudes 26o22’ to 

30o27’ and longitude 80o04 E to 88o12’ with an 

average east west axis length of about 885Km and 

north – south of 193Km[1]. Nepal is located in one of 

the most severe earthquake prone areas of the world 

lying between collision of Indian to Eurasian plate and 

it moving continuously resulting devastating 

earthquakes within this region. The Himalaya evolved 

as a result of the collision between the Indian and 

Eurasian plates around 50 million years ago[2]. Nepal 

takes approximately half length of greater Himalaya, 

which is part of the transalpine belt, regarded as one 

the main earthquake prone zones of the world.  

An earthquake is an unpredictable phenomenon 

that arises every year. Some of them are weak, some 

are unnoticeable and some are very severe[7]. Many 

people have lost their lives and their properties due to 

severe earthquake. The April 25, 2015, Magnitude of 

7.8 is the largest earthquake that have occurred in the 

Nepal Himalaya since 1934. It has affected the densely 

populated capital city of Nepal. More than 9,000 

people died and 19,000 people got wounded and more 

than 21000 were injured, 2673 fully damaged 

government buildings, 3757 partially damaged 

government buildings, 602,257 fully damaged private 

houses, 285,099 partially damaged private houses, 

8038 affected schools, 19,708 fully damaged 

classrooms, and 11,046 partially damaged classrooms 

in The April 2015 Nepal earthquake also known as 

the Gorkha earthquake[8],[9][10]. As 25th April was 

Saturday, all the schools, government and non-

government offices were closed and the number of 

casualties and injuries was less than that have been 

expected[10]. Many historical monuments were also 

affected[2][11]. Though unpredictable but it is 

possible to mitigate the extent to damage, injuries and 

loss of life. Rapid urbanization, uncontrolled 

development, building construction techniques has 

become increasingly vulnerable to catastrophic 

earthquakes each year[12]. Initial process of dropping 

the effects of earthquake is by assessing the hazard 

itself[13]. The solution to seismic hazard seems to be 

seismic microzonation to mitigate against the seismic 

hazards areas which falls under the high hazard zone.  

Seismic microzonation is the process of 

estimating response of soil layers under earthquake 

excitation and thus the variation of ground motion 

characteristics on the ground surface[14]. As 

Kathmandu is the capital of Nepal many people move 

from remote areas in search of education, job, hospital 

faculties etc. this leads to the agglomeration of 

population in the Kathmandu valley. Therefore, 

microzonation studies provide important information 
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on the parameters that may be needed in planning and 

implementing a project done by physical planners, 

urban designers, engineers, architects etc.[7][15].  

 

 

 

 

Earthquake is a natural phenomenon which can’t 

be predicted [17]. The Kathmandu basin consists of 

large number of unconsolidated sediments. The 

building damage in Kathmandu was basically due to 

the amplification of these unconsolidated 

sediments[18].  Due to the soil characteristics of 

Kathmandu valley the structural damage and 

deficiencies can be seen. Thousands of people lost 

their life and their property[19],[8]. In the developing 

countries like Nepal explicitly in seismic prone areas, 

the lack of data and information distresses the ability 

for researchers to measure the seismic risk[20]. 

Though unpredictable but it is possible to mitigate the 

extent to damage, injuries and loss of life. The 

damages found in building of Kathmandu valley was 

confined to specific areas. Since the 2015 earthquake 

is not necessarily the worst-case scenario, certain 

consideration regarding future earthquake is 

necessary. Therefore, it is recommended to study the 

geological, geotechnical and seismic hazard 

assessment and shear wave velocity as it is closely 

related to the properties of soil and rock[21][22]. 

According to research carried out by  Pokhrel et 

al., 2019  titled as simulation-based PSHA for the 

Kathmandu Basin in Nepal reviewed the comparison 

of Peak ground acceleration  of Kathmandu valley. 

Thapa and Guoxin (2013) 0.525 

Chaulagain et al (2015) 0.38 

Ghimire and Parajuli (2016) 0.61 

Subedi and Parajuli (2016) 0.51 

Rahman and Bai (2018) 0.55 

Stevens et al (2018) 0.65 

Rama Mohan Pokhrel (2019) 0.72 

 

III. LITERATURE REVIEW 

II. SEISMICITY OF NEPAL 

Rapid urbanization due to population 

outburst, coming up of mega cities in potential seismic 

zones is the main reason for such damages. Since the 

occurrence of earthquake is inevitable, it is necessary 

to take proper mitigation measures against the 

probable earthquake damage. The necessity of seismic 

microzonation was introduced as a result of the loss of 

life and property due to an earthquake event. The 

importance of seismic microzonation is that it can be 

used both for engineering structures, mitigation of 

disaster and for insurance purposes. Hence it becomes 

necessary to perform the microzonation of Kathmandu 

valley to predict the future earthquake[8] and soil 

amplification plays important role in developing 

microzonation map . 

 

Fig.1:Tectonic cross section  of Nepal[6] 

Because of tectonic Nepal region is composed of 

different faulting mechanism from Terai to the 

Himalayan range. Himalayan Frontal Thrust (HFT) 

bound the Terai Plain tectonic area to the north. The 

Terai plain is composed of alluvial deposits of depth 

of about 1500m (Moklesur Rahman, M., & Bai, L. 

(2018),[1]. Churia hill range, composed of sandstone, 

is located to the north of Terai plain and is bounded to 

the north of by Main Boundary Thrust (MBT) and the 

HFT respectively. Mahabharata hills and Midland can 

be categories as Lesser Himalayans (LH) tectonic 

area. This part is bounded between the MBT and north 

most Main Central Thrust (MCT) [4][5]. 

Comparison of PGA for Kathmandu[23] 

Authors PGA 

Parajuli et al (2010) 0.51 
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Above table shows the comparison of 

assessment of Peak ground acceleration for 

Kathmandu valley[23]. The research was carried out 

by different researchers in different time period 

corresponding to return period of 475years. Most of 

the older studies provide PGA values corresponding to 

475 years return period smaller than the those obtained 

by more recent studies. This is because the older 

studies considered a segmentations of the Main 

Himalayan Thrust (MHT), Main Boundary Thrust 

(MBT), Main Central Thrust (MCT), and Himalayan 

Frontal Thrust (HFT), considering complete rupture 

along the subduction plane and a maximum magnitude 

of earthquake equal to 8. [23],[17]. 

Suraj & Khemraj (2018) has considered the 

research in the area Gongabu and Balaju area. Balaju 

and Gongabu have gray loose silty sand and black 

cotton soil up to 10-15 m which are major cause of soil 

amplification. It has been proved by 1-D analysis by 

using DEEPSOIL software. The response to seismic 

waves are different due to the homogeneities in the 

sediments and the destruction pattern is not uniform 

[21]. 

According to S. Tallett-William (2016) the 

25th April 2015 M7.6 Gorkha earthquake instigated 

noteworthy damage to buildings and infrastructure in 

both Kathmandu and surrounding areas. The 

Earthquake Engineering Field Investigation Team 

(EEFIT) look for the Passive, microtremor recordings 

in brutally damaged areas of the Kathmandu Valley 

and are used to determine preliminary shear wave 

velocity (Vs) profiles for each site. Though the results 

are limited shows clear site amplification within the 

Siddhitol Region [24]. 

According to K.Goda (2015) the 2015 

Gorkha Nepal earthquake caused tremendous damage 

and loss. This paper reviews the seismotectonic setting 

and regional seismicity in Nepal and analyzes 

available aftershock data and ground motion data[19]. 

However, the research entitled Ground 

Response Based Preliminary Microzonation of 

Kathmandu Valley analyzes 286 deep borehole logs 

reaching up to the bedrock and the results are 

presented in terms of amplification factor, ground 

acceleration and predominant period. The peak ground 

acceleration (PGA) is estimated to be 0.10 and 0.50 g 

indicating strong influence of nonlinearity in 

particular areas of Kathmandu valley wherein de-

amplification is observed. The peak spectral 

acceleration is found to be varying from 0.30 to 1.75 g 

for the study area and soil predominant period is 

estimated in the range of 0.7 to 5 sec[12]. 

 

 

Fig.2. A Seismic zonation map of Nepal using probabilistic seismic hazard analysis[16]. 
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Similar research has been carried out by 

Guragain (2020) entitled as “Soil Amplification Factor 

Zonation of Kathmandu Valley”. As Kathmandu 

valley accommodates several low to medium-rise 

buildings, historically significant places, and 

monuments, the possibility of earthquake that 

amplified frequencies leads to the possible collapse of 

structures. So, it becomes necessary to determine the 

amplification factor, especially in soft soils. In this 

study, 1D ground response analysis through an 

equivalent linear analysis approach has been 

performed for various sites using Kobe earthquake 

ground motion record with DEEPSOIL Software. 

Results of this study indicate that the amplification 

factor is higher towards northern deposits than 

southern[20]. 

 

The research carried out by Irwansyah et al., 

2013 titled as Earthquake hazard zonation using peak 

ground acceleration (PGA) approach developed three 

hazard zones in the city of Banda Aceh Indonesia   

based on  Peak ground acceleration using global and 

local attenuation function[25]. A correlation between 

the local ground movement intensity, the earthquake 

magnitude and the distance from the earthquake's 

epicenter has been used to describe the attenuation 

function. Hazard zonation has been categorized as low 

hazard zone with PGA value of 0.8767 gals up to 

0.8780-gals, medium hazard zone with PGA values of 

0.8781 up to 0.8793 gals and high hazard zone with 

PGA values of 0.8794 up to 0.8806 gals[25]. Similar 

research can also be done to identify the hazard 

zonation in Kathmandu valley which will help to 

mitigate the risk of earthquake to some extent. 

Similarly a scenario analysis of Thecho also 

clearly shows that the area is highly vulnerable to 

earthquake risk due to settlement pattern, building age 

and construction materials beside preparedness[17]. 

Preparedness over awareness should be highlighted to 

diminish the risk. Risk assessment tools and mitigation 

measures are significant to bring out the earthquake 

risk. Seismic microzonation provides information 

regarding seismic design of structures, seismic risk 

assessment to the existing structures and 

constructions, land use management and also for the 

future construction to the engineers[26][8]. Hence 

microzonation studies provide valuable intuitions into 

earthquake damage occurrence.  

Since 2015 Gorkha earthquake is not necessarily the 

worst-case scenario, certain consideration regarding 

future earthquake is necessary. This study is an 

attempt to show why microzonation is important for 

highly seismic prone area like Kathmandu valley. 

Microzonation mapping in Kathmandu Valley should 

be carried out which will also help us to identify the 

high, medium and low risk area based on Peak 

ground acceleration so that large contribution to 

seismic risk can be reduced. Certain guidelines, 

recommendations and seismic regulations 

framework regarding microzonation is obligatory for 

Nepal too.  
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The unreinforced masonry buildings are used all over 

the world. The most important characteristic of 

masonry construction is its simplicity alongside some 

other features like aesthetics, solidity, durability, low 

maintenance, versatility, sound absorption, and fire 

protection. Nevertheless, these types of structures are 

susceptible to damage during earthquakes [1-3] due to 

their higher mass and natural weakness in tension.  

Numerical modelling of masonry buildings is 

important considering the safety evaluation of existing 

residential buildings as well as historic monuments 

and heritage structures. However, due to the complex 

behavior of units, mortar, joints, and masonry as 

composite materials, it has been challenging to 

rationalize the engineering design of structural 

masonry. Different micro-modelling approaches 

based on both continuum and discontinuum 

approaches have been developed to capture the 

behavior of structural masonry with more accurate 

representations of damage mechanisms [4 -7]. But 

micro-models are computationally demanding and 

time-consuming, which makes them often not suitable 

for practical applications in large structures.  

Alternatively, macro-element models have gained 

popularity in masonry analysis because of their 

simplicity and ability to predict the global capacity of 

masonry structures with reasonable accuracy. Among 

them, the Equivalent Frame Method (EFM) is one of 

the most commonly used macro-element methods of 

masonry analysis for engineering purposes which is 

also recommended by different codes and guidelines 

(e.g. [8], [9]). In this method, a masonry wall is 

divided into piers, spandrels, and rigid zones [10], and 

these elements are modelled as frame elements where 

the nonlinear behavior of the masonry is lumped at the 

plastic hinges that are assigned to each element. The 

rocking hinge which governs the flexural behavior of 

the masonry is assigned to the ends of the frame 

elements while the shear hinge governing the shear 

behavior is assigned to the middle of the frame 

elements.  

The EFM has been successfully applied to capture the 

primary in-plane failure mechanisms i.e. rocking, 

diagonal cracking, and sliding in the masonry [11-16]. 

Similarly, another macro-element model is the 2D 

Macro Element Method (2D-MEM) proposed by 

Caliò, Marletta, and Pantò [17]. The main advantage 

of this method is that it is not necessary to distinguish 

between the piers, spandrels, and rigid zones as in the 
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Abstract - Unreinforced masonry buildings are one of the 

most common building constructions all over the world. 

The evaluation of the seismic performance of such 

buildings is the subject of considerable importance owing 

to their high vulnerability during earthquakes. Different 

finite element based micro-models can be used to capture 

the damage mechanisms of masonry in detail. However, 

such models are not always suitable for practical 

application because of the high computational time and 

effort. This has led to increased interest in the 

development and evolution of more simplified modelling 

techniques. In this paper, two such methods were 

simulated in simplified form in SAP 2000: one 

Equivalent Frame Method and another 2D Macro 

Element Method. A comparison between the numerical 

and experimental results showed that the proposed 

modifications make the modelling simple, give reliable 

results, and can be used for the seismic assessment of 

existing or new masonry buildings.  
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case of EFM. This makes it comparatively better than 

EFM in the case of irregular openings. The 2D-MEM 

is a method of springs where the masonry wall is 

divided into several macro-elements, and each macro 

element consists of quadrilaterals with 4 rigid edges 

which are connected by 4 hinges and 2 diagonal 

springs. In this method, one macro-element is 

connected to another macro-element by orthogonal 

and sliding springs [17]. 

In 2D-MEM, the flexural behavior of masonry can be 

simulated by orthogonal springs between the two 

macro-elements and diagonal shear behavior by 

diagonal springs within each macro-element. 

Likewise, sliding between the masonry components 

like piers and spandrels also denoted by the macro-

elements can be controlled by a sliding spring. The 

model can consider the orthotropic nature of the 

masonry simply by defining springs in the horizontal 

and vertical directions according to the mechanical 

properties of masonry in the respective directions. 

EFM has been successfully implemented in SAP 2000 

[18] by many researchers (e.g. [11], [16], [19]). 

Nevertheless, the best strategy to obtain a reliable 

result in the most simplified way is not unique. On the 

other hand, the possibility of using the 2D-MEM in the 

case of masonry infills with or without opening was 

checked in Pradhan [20], whereby a good result was 

observed when compared with experimental results. 

However, 2D-MEM is not yet implemented in SAP 

2000 for the case of masonry walls despite the method 

being equally potential to capture the in-plane failure 

mechanisms. 

Therefore, the main aim of this paper is to explore the 

possibilities of using EFM and 2D-MEM in SAP 2000 

in a simplified form for the prediction of the seismic 

capacity of un-reinforced masonry buildings. The 

results of nonlinear static pushover analyses of both 

methods are compared with experimental results to 

verify the suitability of the proposed simplified 

modelling strategies.   

 

2. OVERVIEW OF PROPOSED SIMPLIFIED 

MODELLING STRATEGIES 

The two-storey masonry wall from the masonry 

building tested by Magenes, Kingsley, and Calvi [21] 

at the University of Pavia was used for comparing and 

validating the results of simplified numerical 

approaches used in this study. The selected masonry 

wall was modelled in a commercial software SAP 

2000 Ver. 24.0.0. Simplified models were prepared, 

one based on EFM and the other based on 2D-MEM. 

In defining the mathematical model for EFM, 

spandrels were assumed to be elastic based on the 

experimental results and the nonlinear behavior of 

piers was defined by three primary failure modes i.e. 

rocking, diagonal shear cracking, and shear sliding. 

Elastic spandrels were used in the past research and 

good result was obtained (e.g. [19], [22]). In addition, 

axial force-moment (P-M) interaction was neglected 

to further simplify the model. 

The rocking strength of piers, diagonal cracking 

strength, and bed joint sliding strength of the masonry 

can be expressed as in (1), (2), and (3) respectively: 

 

𝑉𝑅(𝑁, 𝜆) =
𝜎(𝑁)

2𝛼𝑣(𝜆)
(1 −

𝜎(𝑁)

𝑘𝑓𝑐
) 𝐷 𝑡                                     (1) 

𝑉𝐷(𝑁, 𝜆) =
𝑓𝑡

𝑏(𝜆)
√1 +

𝜎(𝑁)

𝑓𝑡
𝐷 𝑡                                   (2) 

𝑉𝑠(𝑁, 𝜆) =
𝑓𝑡

𝑏(𝜆)
(

𝑓𝑡+𝜇𝜎(𝑁)

1+3𝜏𝑜𝛼𝑣(𝜆)/𝜎(𝑁
) 𝐷 𝑡                          (3) 

In (1), (2) and (3), σ(N) is the mean compressive stress 

in the pier due to the axial force N; D is the pier width 

and t is the pier thickness; λ is the slenderness ratio of 

a pier; αv is the pier shear ratio; k is a constant of 0.85 

depending upon the distribution of vertical stress, ft is 

the tensile strength of the masonry; τo is the shear 

strength of the masonry at zero compressive stress also 

defined as cohesion; μ is a coefficient of masonry 

friction, and b(λ) is the shear stress distribution 

coefficient at the center of the pier depending upon 

pier aspect ratio (more detail about the parameters can 

be found in Magenes and Calvi [23]; Petrovčič and 

Kilar [16], Pasticier, Amadio, and Fragiacomo [11]).  

Two different models were prepared for the simplified 

EFM approach: (i) by introducing only rocking hinges 

at two ends of the piers, and (ii) by introducing rocking 

hinges at the ends and one shear hinge at mid-height 

of the piers. The constitutive relationship between 

moment and rotation of the plastic hinges for the in-

plane analysis of the pier was defined considering 

three different limit states: damage limitation (DL), 

significant damage (SD), and near collapse (NC) as 

per EN 1998-3 [24] as shown in Fig. 1(a). However, 

performance levels like Immediate Occupancy (IO), 

Life Safety (LS), and Collapse Prevention (CP) limits 

for the definition of plastic hinges in SAP 2000 (Fig. 

1b) were taken as per the provision of FEMA 356 [8].  

The rocking moment at the bottom (Mbot) and top of 

the pier (Mtop) were derived based on the rocking 

capacity as per (1) using the following expressions in 

(4) and (5). 

 
𝛼𝑜 ≥ 0: 𝑀𝑏𝑜𝑡 = 𝛼𝑜𝑉𝐻 𝑎𝑛𝑑 𝑀𝑡𝑜𝑝 = (𝛼𝑜 − 1)𝑉𝐻   (4) 

 
𝛼𝑜 < 0: 𝑀𝑏𝑜𝑡 = (𝛼𝑜 + 1)𝑉𝐻 𝑎𝑛𝑑 𝑀𝑡𝑜𝑝 = 𝛼𝑜𝑉𝐻   (5) 
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In (4) and (5), 𝛼𝑜  indicates the moment coefficient 

factor [16], H indicates the height of the pier and V 

indicates the minimum between the capacity of a pier 

in rocking, cracking, and sliding defined as per (1), (2) 

and (3) for approach (i). While for approach (ii), V is 

the capacity in rocking as per (1). In approach (ii), for 

the definition of shear hinges, a shear capacity of the 

piers was taken as a minimum between the capacities 

in shear sliding and diagonal cracking. Furthermore, 

for the shear hinge, Force-Displacement constitutive 

relationship was used whereby the displacements were 

defined in terms of rotation. The definition of the 

amount of rotation (θ) for in-plane failure modes of 

piers corresponding to different limit states used in this 

study is given in Table 1 as per [16]. These values were 

also used in the study of Shrestha et al. [19] resulting 

in good results. The symbol θcr in Table 1 denotes the 

pier’s chord rotation at the formation of the first crack 

[16].  

 

 
a) 

 

 
b) 

 
Fig 1. a) Moment rotation relationship for piers; b) user-defined 

plastic hinge in SAP 2000  

 
TABLE 1: LIMIT STATES OF IN-PLANE FAILURE MODES OF 

PIERS 

Failure mode θDL θSD θNC 

Rocking  θcr 0.008 αv 0.011 αv 

Shear sliding or 

diagonal cracking 

θcr 0.004 0.005 

 

For simulating 2D-MEM in SAP 2000, the masonry 

wall was discretized into macro-elements and only the 

diagonal springs were used for each macro-element. 
The orthogonal and sliding springs were eliminated to 

simplify the model. For the diagonal springs, the 

capacity in diagonal shear cracking was defined as per 

Turnsek and Cacovic criteria [25] assuming that the 

diagonal shear failure is attained when the principal 

stress at the center of the pier attains a critical principle 

tensile stress value due to vertical load and increasing 
horizontal forces given by (2). The same criterion was 

used in the original model by Caliò, Marletta, and 

Pantò [17]. The initial stiffness of diagonal springs 

was defined as per (6) and the limit states were defined 

as in the case of simplified EFM.  
 

Kdiag =
G At

2 h cos2α 
                                                      (6) 

where G is the tangential modulus of masonry, At is 

the transversal area (D*t) and α is the angle of the 

diagonal spring with the vertical defined by arctan 

(D/H). D and H indicate the width and height of the 

macro-element, and t indicates the thickness of 

masonry. The diagonal spring was modelled by using 

a nonlinear link element available in SAP 2000. Rigid 

edges around each macro-element were defined by 

assigning the rigid beam element with a very high 

value of elastic modulus. Furthermore, at all internal 

joints between the rigid elements, a pin connection 

was assigned.  

In simulating the nonlinear properties of the masonry, 

in both EFM and 2D-MEM, material properties were 

taken as in the experiment by Magenes, Kingsley, and 

Calvi [21] and Magenes and Calvi  [23]. Particularly, 

for the case of 2D-MEM, material properties used by 

Caliò, Marletta, and Pantò [17] were optimized in 

accordance with the experimental results. 
 

Nonlinear static pushover analysis was performed to 

determine the capacity of the selected wall by using 

the simplified form of both EFM and 2D-MEM. The 

results obtained for simplified EFM analysis in SAP 

2000 are shown in Fig 3. The capacity curves obtained 

from approach (i) and approach (ii) in EFM are shown 

in Fig 2(d). The results were close to the experimental 

response. It was observed that the model prepared by 

including both rocking hinges and the shear hinges in 

the piers (approach ii) represented the experimental 

response in a better way compared to the model in 

which only rocking hinges were assigned (approach i). 

The results obtained were better not only in terms of 

capacity but also in terms of representing the damage 

3. RESULTS AND DISCUSSIONS 
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states in the masonry elements as shown in Fig 2(a-c). 

Fig 2(a) shows the experimental damage in the 

masonry piers and spandrels at 0.43% top drift.           

Fig 2(b) corresponds to the damage states of the 

moment hinges obtained through approach (i) at the 

top-level drift of 0.43%, where, the piers on the ground 

floor reached the limit states of significant damage and 

beyond.  

Although the rocking hinges in approach (i) were 

defined based on the minimum capacity in shear, the 

damage state seen in moment hinges can be confusing 

at a glance in Fig 2(b). This is further clarified in the 

case of approach (ii), the shear hinges at the mid-

height of piers showed damage beyond the limit state 

of significant damage while rocking hinges were still 

at a performance level of IO as shown by Fig 2 (c), 

representing more closely the damage observed during 

the experimental test as shown in Fig 2(a). This 

indicates that it is better to include both rocking and 

shear hinges in the SAP 2000 model while applying 

the EFM. It does not add a significant work to the 

structural designer in comparison to only assigning 

rocking hinges to the piers. Similarly, assumption of 

elastic spandrel reduced the work in this study which 

was validated though a separate model including the 

nonlinear behavior of spandrels.  

 

 
a) 

 

 
b) 

 
c) 

 

Fig 2. Comparison of experimental results and simplified EFM 
analysis in SAP 2000: a) damage pattern during the test at 0.43% 

top drift; b) plastic hinge state for EFM rocking hinge model; c) 

plastic hinge state for EFM rocking and shear hinge model; d) 
capacity curve 

 
For the case of simplified 2D-MEM, the in-plane 

displacement profile due to a top-level drift of 0.43% 

and the capacity curve obtained from the nonlinear 

static analysis is shown in Fig 3(a) and Fig 3(b) 

respectively. Although the simplified 2D-MEM model 

included only the diagonal springs, the capacity 

observed was very close to the experimental response. 

Also, the displacement profile corresponding to 0.43% 

top drift is similar to the displacement profile obtained 

from simplified EFM analysis with a higher drift of the 

macro-elements on the ground floor indicating the 

possible failure of piers in the bottom storey. It has to 

be noted that in 2D-MEM, it is not directly possible to 

visualize the damage in the link elements, unlike in the 

case of EFM. However, this can be achieved with the 

interpretation of the displacement data after the 

nonlinear analysis. 
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a) 

 

 
b) 

 
Fig 3. Result obtained from simplified 2D MEM analysis in SAP 

2000: a) displacement profile corresponding to 0.43% top drift; b) 

capacity curve 

 

Nonlinear analysis of masonry is important to 

understand the seismic capacity of unreinforced 

masonry buildings. To verify the use of SAP 2000 in 

performing simplified nonlinear static analysis on 

masonry buildings, masonry wall tested at the 

University of Pavia was taken and modelled using two 

different methods: EFM and 2D-MEM. The numerical 

results were in agreement with the experimental 

results. Particularly for EFM, the simplified model 

was better with both rocking and shear hinges assigned 

to the piers to get the seismic capacity as well as to 

predict the damage mechanism of the masonry wall in 

lateral load compared to the simplified model with 

only rocking hinges in the piers. The assumption of 

elastic spandrel in the models did not affect the 

nonlinear response of the masonry wall. Alternatively, 

the simplified form of the 2D- MEM by including only 

diagonal springs also captured the in-plane capacity of 

the masonry wall reasonably. Overall, the proposed 

modification in the use of EFM and 2D-MEM in SAP 

2000 was found to be simple and reliable showing the 

possibility of their use in the nonlinear seismic 

assessment of masonry buildings. However, it has to 

be noted that, in the application to a whole building 

(large or small), even such simplified modelling 

strategies may become complex and considerations 

have to made accordingly.  
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Abstract— Reinforced concrete buildings are being 

constructed at a very rapidly in Nepal. Most of the 

building are being constructed without supervision by 

technical supervisor as engineer and architects are 

limited to design and drawing. The municipal engineer 

only checked the compliance of plinth area with 

municipal drawing and column rebar number and 

diameter but mix proportion of concrete, development 

length of bar, curtailment of bar in beam and column, 

depth of foundation, hook length, size of foundation, 

mortar in wall and other detailing remains unchecked. 

The study has been conducted to find the degree of 

construction compliance of residential building with 

design and MRT, major non-compliance parameter and   

causes of non-compliance in Lalitpur Metropolitan City- 

ward no. 03, 04, 13, 14 and 18. A total of 34 residential 

building were selected based on convenience sampling. 

Checklist survey with site measurement, visual 

inspection of building and interview with mason were 

carried out. Degree of compliance and non- compliance 

parameters were evaluated. Non- compliance parameters 

in terms of percentage were found from strength check, 

ductility check and connection check. The causes behind 

non- compliance were also evaluated. Degree of 

compliance and non- compliance, major non- compliance 

parameter, impact of training and supervision on 

compliance of building, and major causes of non- 

compliance were discussed in this paper.  

Keywords— Construction, Residential building, 

Degree of Compliance, Degree of Non- Compliance, MRT. 

I. INTRODUCTION  

Nepal is located in the highly seismically active 
Himalayan region [1]. Nepal was placed at the eleven-
top earthquake vulnerable countries in the world, 
paralleled as sitting on a time-bomb [2]. Kathmandu, 
the capital city, is considered as one of the most 

vulnerable city in the world; and is being put on a red 
alert. Even though the RC construction was started in 
early 1980s, engineered construction was only felt after 
enforcement of building codes in 2006 and almost 70 
% of existing RC buildings are either owner built 
constructions constructed with the help of contractors 
following by-laws or constructed as per the mandatory 
rules of thumbs as suggested by Nepal Building Code 
[3]. 

Despite of high seismic risk, the buildings and 
infrastructure in Kathmandu are mostly non-
engineered and do not meet seismic safety 
requirements. Kathmandu lives with high earthquake 
hazard and has majority of buildings vulnerable to 
earthquake which put the city in high earthquake risk 
[4]. “Earthquake alone does not kill people; it is the 
non-engineered buildings that kills, i.e. the collapse 
man- made structure do [4]. 

[5] During their study “Seismic Performance of 
buildings in Nepal after Gorkha Earthquake” found that 
most of the buildings were associated with non- 
engineered structures. They found the extensive 
damage is associated with poor materials and a lack of 
construction detailing and construction practices. 

During the period of overall construction, 
municipal legal obligations for house owner to comply 
with building code standards are checked and inspected 
by municipal engineers. Compliance with the code is 
checked up to plinth level construction while the 
remaining construction work is left- uninspected by 
municipal [6]. The municipal engineer only checked 
the compliance of plinth area with municipal drawing 
and column rebar number and diameter but mix 
proportion of concrete, development length of bar, 
curtailment of bar in beam and column, depth of 
foundation, hook length, size of foundation, internal 
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wall, other detailing remains unchecked. The non- 
compliance of building during construction leads to 
weak structural member, deficiency of quality due to 
improper detailing. This research is important to owner 
of building and contractor to know the major non-
compliance parameter and help them to construct 
building as per design and code and to municipal 
officer to better plan for supervision. 

A. Research Objectives 

• To evaluate degree of compliance and non- 
compliance of building construction at Lalitpur 
Metropolitan City. 

• To identify major non- compliance parameter. 

• To evaluate the causes of non- compliance. 

 

II. METHODOLOGY 

A. Study Area 

Lalitpur Metropolitan City (LMC), also known as 
Patan, is one of the three historic cities along with 
Kathmandu and Bhaktapur in Kathamndu Valley. The 
City with an area of 15.43 sq. km. houses many famous 
places such as Patan Durbar-Square, Krishna Mandir 
and five storied pagodas. LMC is divided into 29 
smaller units called ward. The study area lies in ward 
no 03, 04, 13, 14 and 18 of LMC. 

B. Research Approach 

Quantitative and qualitative approach were used to 
find the degree of construction compliance of 
residential building with design and MRT provision at 
Lalitpur Metropolitan City, identification of non- 
compliance parameter and causes of non- compliance. 
To achieve the research objectives, the under 
construction buildings were taken as sample. Checklist 
survey was carried out interviewing with the head 
mason verified with visual inspection and field 
measurement. Municipality drawings for designed 
building and parameter of NBC were reviewed for 
checking compliance of building with construction. All 
the sites for sampling were in the 03, 04, 13, 14 and 18 
ward numbers of Lalitpur Metropolitan City. 
Convenience sampling was carried out for selection of 
ongoing construction sites.  The buildings that were 
constructed after Jan 2020 are taken as sample. The 
sites were selected on the basis of availability of 
construction sites and easy accessibility of site. 

Cochran equation as given below is used to 
calculate the sample size  

For infinite population, 

𝑛0 =
𝑧2 ∗ 𝑝𝑞

𝑐2
= 33 

Here, n0 = Size of infinite population,  

Z = Area of normal curve and its value is 1.64 for 
90% confidence level.  

e = Desired level of precision (Confidence interval) 
=0.1  

 p = Estimated proportion of an attribute that is 
present in the population=14%, and   

q = 1-p = 088  

Sample size taken=34 

The collected data was analyzed using the 
Statistical for Social Science (SPSS)/ Excel program. 

C. Compliance parameter 

The compliance parameter for the assessment of 
residential building with MRT [7] are: 

TABLE I.  COMPLIANCE PARAMETER FOR THE ASSESSMENT 

OF RESIDENTIAL BUILDING 

1. Strength Check 

Size of column Size of beam Thickness of slab 

Grade of concrete   

2. Ductility Check 

Minimum number 
of bars in column 

and beam 

Spacing of stirrups 
in column and 

beam 

Bar splice 
detailing in 

column and beam 

Shape of stirrups  Beam column joint 
detailing  

Anchorage length  

3. Connection Check 

Wall Connection 

-Lintel/ sill band, 

Parapet wall band  

Foundation connection 

-Tie beam, strap/ combined footing in 

eccentric footing  

 

III. RESULTS AND DISCUSSION 

The data collected after analysis using SPSS was 
presented in table format. The results are as follows: 

TABLE II.   TRAINING OF MASON 

S.N Training Frequency Percent  
Cumulative 

Percent 

1 Yes  7 20.59 20.59 

2 No 26 79.41 100.00 

  Total 34 100.00   

 

TABLE III.   ACADEMIC QUALIFICATION OF MASON 

 

A. Objective I:  

Degree of compliance and non- compliance of 

building construction at Lalitpur Metropolitan City 

 

S.N Academic 
Frequenc

y 
Percent  

Cumulativ

e Percent 

1 No 28 82.35 82.35 

2 1-5 class 1 2.94 85.29 

3 6-10 class 1 2.94 88.24 

4 SLC pass 4 11.76 100.00 

  Total 34 100.00   
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A total of 34 sample was collected. Number of 

building that were compliant and non- compliant on 

parameters of building from checklist were evaluated 

and its percentage were also evaluated as shown in 

table.

TABLE IV.  COMPLIANCE AND NON- COMPLIANCE OF CONSTRUCTION 

S.No Description Compliance Non- Compliance 
Compliance 

(%) 

Non-Compliance 

(%) 

1 Depth of Excavation 34 - 100.00 - 

2 Foundation         

a Size 34 - 100.00 - 

b Depth 34   100.00 - 

c Rebar 34 - 100.00 - 

d Strap Beam 34 - 100.00 - 

3 Column size 34 - 100.00 - 

4 Beam Size         

a Tie Beam 34 - 100.00 - 

b Plinth Beam 34 - 100.00 - 

c Floor Beam 34 - 100.00 - 

5 Thickness          

a Slab 34 - 100.00 - 

b Staircase slab 34 - 100.00 - 

6 Mix Proportion 0 34 0.00 100.00 

7 Clear cover          

a Foundation 33 1 97.06 2.94 

b Column 34 - 100.00 - 

c Beam and Slab 34 - 100.00 - 

8 Reinforcement         

a Foundation 34 - 100.00 - 

b Column 34 - 100.00 - 

c Beam  34 - 100.00 - 

d Slab 34 - 100.00 - 

e Staircase slab 34 - 100.00 - 

9 Stirrups 34 - 100.00 - 

10 Lap Length         

a Column 25 9 73.53 26.47 

b Beam          

  12mm bar 33 1 97.06 2.94 

  16mm bar 26 8 76.47 23.53 

11 Anchorage Length 23 11 67.65 32.35 

12 Hook Length 34 - 100.00 - 

13 Curtailment of bar         

a Column 20 14 58.82 41.18 

b Beam  34 - 100.00 - 

14 Lapping position of bar          

a Column 16 18 47.06 52.94 

b Beam         

  Top bar 25 9 73.53 26.47 

  Bottom bar 25 9 73.53 26.47 

15 Slab top bar length  1 33 2.94 97.06 

16 Sill and Lintel band 34 - 100.00 - 

17 C:S mix in wall     

a Exterior Wall 34 - 100.00 - 

b Interior Wall 3 31 8.82 91.18 
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None of the building fully comply with MRT and 
design drawing. All the buildings comply 100% with 
design and MRT in strength check such as size of 
footing, column, beam, thickness of slab, depth of 
foundation, rebar in foundation, column, beam and slab 
except mix proportion of buildings was found 100% 
non- compliant. The buildings were found to have 
ductility related problem as it was not compliant in lap 
length, anchorage length in beam column junction, 
position of lap in beam and column. Slab top bar length, 
mortar in half brick wall was found to have non- 
compliance greater than 90%. Curtailment of bar and 
lapping position in column which are important 
parameter of building also found to have non- 
compliance greater than 40%. The buildings were 
compliant in mortar in full brick wall, sill and lintel 
band and depth of excavation. 

B. Objective II:  Non- compliance parameter 

1) Mix proportion 

TABLE V.  MIX PROPORTION 

S.No Mix proportion Frequency Percent  

Cum. 

Percent 

1 1:2:3 32 94.12 94.12 

2 1:2:4 1 2.94 97.06 

3 1:3:4 1 2.94 100 

  Total 34 100   

From the interview, it was found that buildings 
were not found compliant to mix proportion even 
technical supervisor and mason knew about nominal 
mix. In the contractor built type construction, the 
contractor allocated mix proportion of 1:2:3. In owner 
built building, it was found that Mason provide mix 
proportion as instructed by engineer. It was found that 
the concrete was not workable at nominal mix (1:1.5:3) 
and untrained masons were unfamiliar with code and 
were doing this similarly from the beginning. Trained 
mason with familiar of mix proportion neglected and 
done in a previous way for simplicity of work. 

2) Curtailment of bar in column 
According to IS 13920: 1993, the number 

of reinforcement to be curtailed in a section should be 
50% of the total reinforcement.  41.18% building were 
found non-compliant with code as 100% bar was 
curtailed at a section on same floor. From inspection 
and measurement, bar was curtailed in such a way that 
the 50% reinforcement were 900mm greater than the 
other creating 100% curtailment in same floor. From 
the interview, it was found the masons were unfamiliar 
with codal provision of 50% curtailment on a section in 
one floor. Even trained building was not found 
compliant due to negligence. 

3) Lapping position of bar in column 
According to NBC:205: 1994 and IS 13920: 1993, 

the lapping of bar in column should be done in mid 
height of column. 52.94% buildings were found non-
compliant with design and MRT as lapping 
was provided in corner of the floor. From the 

interview, it was found that the both trained and 
untrained masons were unfamiliar with position of 
lapping in column. Trained masons who lack academic 
qualification were found unable to calculate length of 
rebar for appropriate lap position. For saving of rebar 
and simplicity, masons were found to provide full 
length of rebar without caring of lap position and 
provided lap at the position where rebar length ends. 

4) Lap length 
According to NBC:205: 1994 and IS 13920: 1993, 

the lap length should not be less than 60 times dia. of 
bar. 26.47% building were found non- compliant with 
design and MRT as development length was found less 
than 960mm for 16 mm bar. From the interview, it was 
found that lap length varies according to the length of 
bar remain for lapping. It can vary from 900mm to 
1350mm according the length remaining for lapping. 
Lap was provided according the length remained for 
lapping.  

2.94% buildings were found non- compliant with 
design and MRT as lap length was provided (600mm) 
less than development length (720mm) for 12mm bar 
in beam. 

23.53% buildings were found non- compliant with 
design and MRT as lap length was less than 
development length 960mm for 16mm bar in beam.  

As far as possible, the mason provided full length 
of bar in beam. But for saving bar, they provide 
remaining cut piece bar. While doing that they were not 
providing enough lap length. Lap length vary according 
to the length of bar remained after fulfilling full length 
of beam. 

5) Anchorage length in beam column junction 
According to IS 13920: 1993, the anchorage length 

equal to development length in tension plus 10 times 
the bar diameter minus the allowance for 90-degree 
bend. All the building provided same anchorage length 
for both 12mm and 16mm dia. bar. All building for top 
bar in beam comply with design and MRT as anchorage 
length was more than development length 720mm for 
12 mm bar. But 26.47% building were found non- 
compliant as development length was less than 720mm 
for 12mm bottom bar. 32.35% buildings were found 
compliant with design and MRT for 16mm dia. bar as 
anchorage length was equal to development length 
960mm. 

From the interview, it was found full anchorage 
length was not provided due to difficulty to maintain 
anchorage length in beam column junction. From 
inspection, it was found the column height was 
concreted to a height only below 450mm from floor 
causing less length of top bar for anchorage and 
anchorage length for bottom reinforcement was 
maintained to floor level. 

6) Lap position of bar in beam 
26.47% buildings were found non- compliant in lap 

position in beam. As far as possible they provide full 
length of reinforcement but for saving material, they 
provided the remaining rebar without caring the lap 
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position.  Lapping of bar were found both in mid and 
corner in a single building. The buildings were found 
both compliant and non-compliant of lapping of bar in 
beam in single building. From the interview, the 
masons were found unfamiliar with the position of bar 
in beam 

7) Top bar length in slab 
According to NBC:205, top bar length of slab 

should be 0.3L (L is span). 97.06% buildings were 
found non- compliant to top bar length of slab as they 
provided 0.25L top bar length. Only one building was 
found compliant with design and MRT for slab top bar 
length. From the interview, the mason was found 
unfamiliar with top bar length.  

8) Mortar in wall 
As per NBC:205, there should be cement sand mix 

of 1:4 for half brick wall and 1:6 for full brick wall. 
8.82% buildings were found fully comply with code. 
85.29% buildings provided 1:5 mix for both half and 
full brick wall.  All buildings were found compliant for 
full brick wall. The masons were found unfamiliar with 
MRT for mortar in wall. They were not instructed by 
engineers for mortar in wall and they are doing what 
they had learned from beginning. 

9) Relation of Training and Supervision on 

Compliance 

 

Owner Built House 

Number of Building=11 

Trained Mason=7 

Untrained Mason=4 

 

TABLE VI.  % COMPLIANCE IN CASE OF TRAINED MASON 

% of Compliance in Case of Trained Mason in Non-

Supervised Building 

   

S.No Non- Compliance Parameter Compliance (%) 

1 Mix Proportion 0.00 

2 Curtailment of bar in column 57.14 

3 

Lapping position of bar in 

column 57.14 

4 Lap Length   

a Column 28.57 

b Beam 28.57 

5 
Anchorage length in beam 

column junction 0.00 

6 Lap position of bar in beam 28.57 

7 Top Bar length in slab 14.29 

8 Clear cover 100.00 

9 Mortar in wall 28.57 

 

 

 

 

 

 

 

TABLE VII.  % NON-COMPLIANCE IN CASE OF TRAINED MASON 

 

% of Non-Compliance in Case of Trained Mason in Non-

Supervised Building 
   

S.No Non- Compliance Parameter 
Non-Compliance 

(%) 

1 Mix Proportion 100.00 

2 Curtailment of bar in column 42.86 

3 

Lapping position of bar in 

column 42.86 

4 Lap Length   

a Column 71.43 

b Beam 71.43 

5 
Anchorage length in beam 

column junction 100.00 

6 Lap position of bar in beam 71.43 

7 Top Bar length in slab 85.71 

8 Clear cover 0.00 

9 Mortar in wall 71.43 

TABLE VIII.  % COMPLIANCE IN CASE OF UNTRAINED MASON 

% of Compliance in Case of Untrained Mason in Non-

Supervised Building 

   

S.No Non- Compliance Parameter Compliance (%) 

1 Mix Proportion 0.00 

2 Curtailment of bar in column 50.00 

3 

Lapping position of bar in 

column 75.00 

4 Lap Length 0.00 

a Column 25.00 

b Beam 25.00 

5 
Anchorage length in beam 

column junction 0.00 

6 Lap position of bar in beam 50.00 

7 Top Bar length in slab 0.00 

8 Clear cover 75.00 

9 Mortar in wall 25.00 

TABLE IX.  % NON-COMPLIANCE IN CASE OF UNTRAINED 

MASON 

% of Non-Compliance in Case of Untrained Mason in Non-

Supervised Building 

   

S.No Non- Compliance Parameter 
Non-Compliance 

(%) 

1 Mix Proportion 100.00 

2 Curtailment of bar in column 50.00 

3 Lapping position of bar in column 25.00 

4 Lap Length   

a Column 75.00 

b Beam 75.00 

5 
Anchorage length in beam 

column junction 100.00 

6 Lap position of bar in beam 50.00 

7 Top Bar length in slab 100.00 

8 Clear cover 25.00 

9 Mortar in wall 75.00 
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The training of mason plays no major role in 
compliance of building as shown in table 4.4-1. 
Compliance and non- compliance were achieved by 
both trained and untrained mason. Both compliance 
and non- compliance rate were greater by trained 
mason. From the interview, the masons were found not 
implementing the knowledge gained from the training 
even they were familiar with design and MRT. They 
were neglecting such parameter for simplicity of work. 
They insisted they were constructing in such way from 
long period of time and the building with lower 
compliance than constructing now survived 2072 
earthquake. 

Supervised Building 

Number of Building=23 

TABLE X.  EFFECT OF SUPERVISION ON COMPLIANCE AND 

NON- COMPLIANCE 

S.N

o 

Non- Compliance 

Parameter 

Non- 

Compliant Compliant 

1 Mix Proportion 100 - 

2 
Curtailment of bar in 
column 39.13 60.87 

3 

Lapping position of 

bar in column 56.52 43.48 

4 Lap Length   
a Column - 100 

b Beam - 100 

5 

Anchorage length in 

beam column 
junction 

- 100 

6 

Lap position of bar in 

beam - 100 

7 

Top Bar length in 

slab - 100 

8 Clear cover - 100 

9 Mortar in wall 100  

 Even the work was done under supervision of technical 
supervisor, fully compliance was not achieved. The 
buildings were found non- compliant on mix 
proportion, curtailment of bar in column, lapping 
position of bar in column and mortar in half brick wall 
with 100%, 39.13%, 56.52% and 100% non- 
compliance. The work was done by mason as per 
guidance by technical supervisor. Even they were 
familiar with nominal mix of 1:1.5:3, the buildings 
were found non- compliant. The lap position of bar was 
found non- compliant due to lack of proper calculation 
of length of rebar. With having knowledge of 50% 
curtailment of bar in column, the non- compliant were 
found due to lack of timely involvement of technical 
supervisor and lack of proper coordination between 
technical supervisor and masons.    

The buildings were found more compliant with 
supervision by technical supervisor than the owner 
built building where compliance depends on the mason. 

C. Objective III: Causes of Non- Compliance 

The interview was carried out with head mason 
with the help of checklist. In 23 buildings supervised 
by technical supervisor, the causes of non- compliance 
were found to be lack of coordination between 
technical supervisor and head mason, lack of accurate 
calculation of length of rebar in column due to change 
in site levels. The buildings were found 100% non- 
compliance in mix proportion due to negligence.    

1) Owner Built Building 

The number of owner-built building were found to be 

11 number. From the interview using checklist, the 

results were found to be:  

 

 

Fig. 1. Causes of Non-compliance

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal
101



• Non- compliance of building occurs due to 
negligence of 36.36% mason in owner built 
building. Negligence were done in anchorage 
length and mix proportion. 

• 79.42% masons were not involved in training 
and 82.35% masons were found to have no 
academic qualification.  

• 81.82% masons were found to be unfamiliar 
with MRT in owner built buildings. In 
contractor built buildings, masons were aware 
because of guidance of technical supervisor. 
Unfamiliarity were seen in column bar 
curtailment, development length, mix 
proportion, position of lapping in beam and 
slap top bar length.   

• 90.91% masons responded difficulty in 
providing full anchorage length in beam 
column junction.  

• 18.18% masons responded that they were 
doing what they have done in the past in owner 
built buildings. 

• 27.27% masons were responded they were 
providing remaining cut piece rebar for saving 
losses.  

• Owner built buildings were not supervised by 
a technical supervisor. Engineers were limited 
to design and drawing. 

• 45.45% masons respond they were unable to 
calculate length of rebar accurately in column 
due to failure in calculating site levels. 

• 18.18% mason responded the concrete were 
not workable at nominal mix 1:1.5:3.  

• 9.09% masons were instructed to provide 
nominal mix of concrete 1:2:3 by engineers in 
owner built building and 100% masons were 
instructed to provide nominal mix of 1:2:3 in 
contractor built buildings. 

IV. CONCLUSION  

A. Conclusion 

None of building fully comply with design and 
NBC:205. 100% compliance was found in depth of 
excavation, foundation size depth, rebar, strap beam, 
column size, rebar in column, beam size and rebar, 
floor slab thickness, staircase slab thickness, clear 
cover in column and beam, stirrups, sill and lintel band, 
mortar in full brick wall. Degree of non- compliance 
were found in various activities like mix proportion, 
column bar curtailment, lap position of bar in column, 
anchorage length, lap position, slab top bar length and 
mortar for half brick wall.  

The major non-compliance parameters are mix-
proportion, column bar curtailment, lap position of bar 
in column and beam, lap length in column and beam, 

top bar length in slab, anchorage length in beam-
column junction and mortar in half brick wall.  

The causes of non- compliance are negligence of 
the detail, lack of training, skill and lack of academic 
qualification, unfamiliar with code, difficult to provide 
full anchorage length in beam column junction, saving 
material, lack of supervision by a technical supervisor 
and failure to calculate length of rebar accurately. 

B. Recommendation for further study 

• Similar study can be conducted in other 
municipality. 

• Similar study based on design can be 
conducted for high rise commercial buildings. 

• Compliance check based on design can be 
done on steel structure. 
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Abstract— this research assesses the human 

resources (HRM) in the school reconstruction project of 

the Ramechhap district in terms of their availability at 

the local level, performance quality, and demographic 

features. Based on a relative importance index, it 

attempts to outline the major causes, effects, and 

solutions of various construction-related human 

resource management problems such as a lack of skilled 

human resources at the local level, low efficiency of local 

construction manpower, a lack of prioritization of 

human resources by contractors, and so on. Also, 

qualitative data analysis tools like questionnaire 

surveys, field observation, focus group discussions, and 

in-depth interviews of the experts were used for the 

study. The study found that the HRM by the contractor 

in the construction of the school was unsatisfactory. 

Most of the skilled manpower was hired from the Terai 

region, resulting in the cost burden of outsourcing to the 

contractor and cultural shock to local communities. 

Local manpower was dialectally trained, inefficient, and 

had inadequate modern construction knowledge. 

Human resources were bound to work in unhealthy 

working spaces with no consideration of labor laws. The 

growth and opportunities of local manpower have been 

restricted as no training and skill-building programs 

have been conducted by the local government. This 

study would like to suggest that, the local government 

should provide construction-related training to their 

manpower. 

Keywords— Human resource management, 

workmanship, stakeholders, sub-contractors 

I. INTRODUCTION  

Each construction project has pre-determined 
deliverable results. A joint effort from an assembly of 
skilled and unskilled human resources confirms those 
results are met as per pre-defined specifications. Thus, 
human resource management provides an integrated 
effort to manage the manpower of the firm [1]. HRM 
also provides a mechanism to meet social, political, 
and legal provisions of the state while enforcing the 
project on the field [2]. The inception of documented 
assessment of skilled human resources goes back to 
the mid-2000 BC. Where "eye for an eye", the 
conduct of Hammurabi, the ruler of Babylonia 
focused on quality performance in building structures. 
Constructors were bound to assess and employ only 
skilled manpower [3].  

Building bricks of HRM was laid in the 19th 
Century. Selection based on the professional and 
vocational ability of workers started with the 
industrial revolution of Europe and America. Acts on 
workforce ethics, legal provision for safety, and right 
of labor were developed. Prominent economists and 
philosophers highlighted the concept of minimum 
wages, working hours, and a sound working 
environment [4]. Concepts of HR interests and 
relations, management, and legalization of interest 
during the economic recession of the world war 
provided the essential framework for HRM 
development [5]. During the first and second world 
wars, male domination in the construction industry 
declined and woman empowerment increased  [6].  

 Assessment Of Skilled Human Resources 
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In South Asian countries the systematic and 
scientific method of HRM dates back to the 20th 
century. East India Company focused more on exports 
of internal resources to Britain instead of 
infrastructure development and skill build-up. 
However liberal trade policy and construction growth 
increased people’s participation and skill [7]. Labor 
management techniques during conflicts in the 
construction project, factory acts, child labor acts are a 
major achievement of Indian HRM [8]. Developing 
countries' construction industries are characterized by 
non-compliance with time, cost, and quality 
requirements. Low-quality manpower and their lower 
efficiency are one of the reasons behind prolonged 
construction projects. Construction projects are 
suffering from the increase in planned budget and 
schedule. The main reason accountable is the 
unavailability of enough skilled manpower in the 
country [9]. 

The foundation of the construction industry is laid 
on manpower. Scientific management of human 
resources is a must for executing construction projects 
within the constraints of time, cost, and quality [13]. 
Different cultural dimensions viz: nature, norms, and 
values of HR play a significant role in the 
effectiveness of construction projects if managed 
properly [14].  

A total of 31 districts were affected due to the 
Gorkha earthquake as far as school buildings are 
concerned. Out of 31 districts schools of 14 districts 
were severely damaged whereas the remaining 17 
districts schools were least affected.  More than 21 
thousand classrooms were damaged completely 
thereby needing reconstruction and more than 20 
thousand classrooms were damaged moderately 
needing minor to major retrofitting works. Post-
earthquake 153 schools were closed permanently and 
327 schools were merged with other schools. As 
whole, 54542 classrooms of 9072 schools were 
damaged. Out of 9072 schools 5721 schools were 
recommended for reconstructions [15]. 

As the first step of HRM for reconstruction of 
schools damaged after Gorkha earthquake, the entity 
called Central Level Project Implementation Unit 
(CLPIU-Education) was formed within National 
Reconstruction Authority (NRA). This unit has the 
collection of experts from education sector, 
construction sector, engineers, architecture, geology, 

seismic analysis and design, working together with the 
sole motive of carrying out reconstruction of schools 
damaged after Gorkha Earthquake. This unit 
coordinates with the sponsors, representatives of 
donor countries, NGO, INGOs, consultant and 
contractors in the central level. Secondly, CLPIU 
formed District Level Project Implementation Unit 
(DLPIU- Education) in all earthquake affected 
districts to manage the reconstruction of schools 
within the district. DLPIU too consisted of team of 
Government ranked Officer, Engineer, Sub- 
Engineers, and Accountant. DLPIU facilitated local 
level contractor, sub-contractor, consultant engineers, 
and school management committee to carryout 
reconstruction of school smoothly and also 
coordinates with local level government to meet their 
demands. Thirdly, CLPIU hired engineering 
consultant on contractual basis for quality assurances 
and quality control in reconstruction work. Their job 
was to design, assess and monitor the construction 
works [16].  

II. MATERIALS AND METHOD 

A. Backgrund of Study Area 

Ramechhap is a hilly district that lies in the 
Bagmati Province of Nepal. There are total two urban 
municipalities and six rural municipalities. Among 
them, Doramba rural municipality, Sunapati rural 
municipality, Khandadevi rural municipality, Likhu-
Tamakoshi rural municipality, and Manthali urban 
municipality are study areas.. Cold climate, steep 
slope terrain and poor road facilities are the features of 
these rural municipalities. There are 17 schools under-
construction funded by ADB under DRSP -02, 
Ramechhap and 13 schools funded by Norwegian 
government under UNOPS in Ramechhap district. 
Based on the convenience, out of 17 ADB funded 
schools 13 schools were taken for the study and out of 
13 Norwegian funded schools 6 schools were taken.  

Contractor representatives, contractor engineer, 
consultant site engineer, project manager, chief 
mason, labor representative, skilled labor, unskilled 
labor SMC members were taken into account for the 
study population. Unbiased opinions were taken as far 
as possible. 

Relative Importance Index (RII):  

Relative importance is used for ranking the 
problems, causes and solutions of the HRM in 
construction sites. 

  Strongly 
disagree 

disagree Neutral Agree Strongly 
Agree 

Scale   1 2 3 4 5 

Fig. 1. Licarts five point table 

 

The formula for deriving RII for each factor is 
given as follows:  

RII=(5n5+4n4+3n3+2n2+1n1)/5N 

Nepal has a glorious history of art, culture, and 
indigenous method of HRM. Ancient craftsman-like 
Araniko was renowned for his architectural skills. The 
quality of his workmanship still lives in Chinese 
artistic structures [10]. The architectural marvel of 
ancient and medieval Nepal of the Malla dynasty can 
be seen in existing monuments, temples, gumba, 
palaces, and public buildings. These masterpiece 
creations are evidence that ancient Nepal had 
sufficient skilled HR in building construction [11]. 
Running race competition to select a competent king 
in Lig Lig Kot of Nepal can be considered the 
traditional method of HRM [12].   
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  n1= number of strongly disagreeing respondents, 
n2= number of disagreeing respondents. n3= number 
of neutral respondents, n4= number of agreeing 
respondents,  n5= number of strongly disagreeing 
respondents   N= total number of respondents. The 
template is used to format your paper and style the 
text.  

III. RESULT AND DISCUSSION  

A. Working sector of Respondent 

8% 

18% 

74% 

Respondant working sector 

Client

consultant

contractor

Fig. 2. Respondents working sector 
 
 

 The Fig. 2 shows the working sector of 
respondents. The 74% of respondents were found to 
be working for contractor, 18% for consultant, and 8% 
for client. It showed contractor mobilizes the huge 
manpower in construction. Units 

B. Woman workforce available  

5% 

35% 

60% 

Woman workforce in your site 

equal male and

female workforce

no woman

workforce

below 25% of

total workforce

Fig.  3. Woman workforces in site 
 

  

The Fig. 3 shows the respondents analysis based 

on women workforce available. The 35% of 

respondents had no women workforces on their site, 

60% of the respondents had below 25% of their total 

workforce as woman, and 5% of respondents had 

equal male and female workforces. It clearly shows 

women workforce participation in construction work 

is very much limited. 

C. Regions from where majority of human 

resources like engineer, skilled and unskilled 

construction workers are managed 

 

21% 

46% 

31% 

2% 

From where majority of human resource are 

managed in your site? 

Same district

Outsourced from

other district of

Terai region

Outsourced from

other district of
hilly and mountain

region

Outsourced from

India

Fig.  4. Respondents analysis based on regions from where 

majority of human resources like engineer, skilled and unskilled 

construction workers are managed 
 

The Fig. 4 illustrates the availability of human 

resources at local level. The 46% of respondents had 

their human resource managed form Terai, 31% had 

managed from other district of hilly or mountain 

region, 21% had managed from same district, and 2% 

of them had managed majority of their HR from 

India. It shows local level has scarcity of human 

resources. 

 

D. Respondent analysis based on the stakeholder 

that should improve HRM 

 

The fig. 5 shows the respondents analysis based 

on the stakeholder that needed to improve HRM. The 

17 % respondent felt client should improve their 

HRM, 68% felt contractor should improve HRM and 

remaining 15% felt consultant should improve the 

present HRM in their site. It showed that contractor 

HRM is not satisfactory. 
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17% 

68% 

15% 

Which stakeholder should improve HRM in your 

site 

Client

Contractor

Consultant

 
Fig.  5. Stakeholder that needs to improve HRM in site 

 

 

 

E. Respondent analysis based on their 

satisfaction with the workmanship of 

costruction workers. 

59% 

41% 

Are you satisfied with the workmanship 

of construction workers in your site ? 

Yes

No

Fig.  6. Respondent analysis based on their satisfaction with the 

workmanship of construction worker 
  

 

The Fig. 6 represents the respondent satisfaction 

with the workmanship of construction worker on their 

site. The 59% of respondent were satisfied and 41% 

were unsatisfied with the workmanship of 

construction workers. It clearly showed that 

construction worker have lot to improve in their skill. 

F. Main problems related to the Human resource 

management in construction  

0.77 

0.77 

0.78 

0.79 

0.79 

0.81 

0.74 0.76 0.78 0.8 0.82

Delay in payment to

workforce

High wage demand by

locals

In experienced sub-

contractor

Poor workmanship of

workforce

workforce not availabe

locally

least prioritization of

HRM

RII values

 
Fig.  7. Respondents Analysis based on Problems HRM in 

construction site 

 

 

The Fig. 7 represents the major HRM related 

problems in school construction site of Ramechhap. 

As per respondent least prioritization of HRM among 

other disciple of construction management itself is 

the main HRM problem in construction site. The 

unavailability of workforce locally, poor 

workmanship of workforce, inexperienced sub-

contractor, high wage demand by locals, and delay in 

payment to workforces were found to be other major 

problems. All the problems were found to be 

significant as all of them have RII values higher than 

0.6. 

G. Respondents analysis based on the causes of 

least prioritization of HRM in construction 

 

The Fig. 8 represents the causes of least 

prioritization of HRM in construction. The RII value 

of no division of work , sometime site engineer works 

as site engineer  received highest rank( RII=0.78 ) 

and RII value of  construction workers themselves 

undermine their values and importance of their input 

regarding project successful completion  received 

lowest rank (RII= 0.66). All the problems were found 
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to be significant as all of them have RII values higher 

than 0.6. All of the causes were found to be 

significant as all of them have RII values higher than 

0.6. 

 

0.66 

0.721 

0.722 

0.726 

0.78 

0.6 0.65 0.7 0.75 0.8

Construction worker

themselves undermine their
values.

 Know it all. Misconceptions

that top management knows
everything.

Top management hierarchy

take lower staff for granted

 Unawareness regarding the

outcomes of improper HRM

No division of work,

sometime site engineer work
as site in charge.

RII Values

 
Fig.  8. Responded Analysis based on the causes of least 

prioritization of human resource management in 
construction. 

 

 

H. Respondents analysis based on the effects of 

least prioritization of HRM in construction 

 

The Fig. 9 represents the effects of least 

prioritization of HRM in construction. The RII value 

inefficiency and quality hazards received highest rank 

(RII=0.796) and RII value of performance 

compliance can’t be met received lowest rank (RII= 

0.728). All of the effects were found to be significant 

as all of them have RII values higher than 0.6. 

0.728 

0.752 

0.752 

0.768 

0.796 

0.68 0.7 0.720.740.760.78 0.8 0.82

Performance compliance 

can’t be met. 

 Chaos to start the project in

field.

   Conflict among the

stakeholders.

Multitasking leading to

fatigue and stress.

 inefficiency and quality

hazards.

RII vlaues

Fig.  9. Responded Analysis based on the effects of least 

prioritization of HRM in construction 
 

 

I. Respndents analysis based on the causes of the 

poor workmanship of construction workers. 

 

The Fig. 10 represents the causes of poor 

workmanship of construction worker. The RII value 

of no practice and experience to use modern 

technology received highest rank (RII=0.755) and RII 

value of illiterate: so can’t learn new techniques by 

studying received lowest rank (RII=0.66). All of the 

causes were found to be significant as all of them 

have RII values higher than 0.6. 
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0.66 

0.72 

0.732 

0.739 

0.755 

0.6 0.65 0.7 0.75 0.8

 Illiterate; so can’t learn 

techniques, ideas by 

studying. 

Unwillingness to learn

new method of
construction

Low motivation

Ill trained.

No practice and experience

to use modern technology

RII Values

 
Fig.  10. Responded Analysis based on the causes of poor 

workmanship of construction workers. 
 

 

J. Respndents analysis based on the effects of the 

poor workmanship of construction workers. 

 

The Fig. 11 represents the effects of poor 

workmanship of construction worker. The RII value 

of increase in maintenance cost to rectify the defects 

received highest rank (RII= 0.766) and RII value of 

decrease in structural strength received lowest rank 

(RII=0.722). All of the effects were found to be 

significant as all of them have RII values higher than 

0.6. 

0.722 

0.748 

0.752 

0.757 

0.766 

0.7 0.72 0.74 0.76 0.78

 Decrease in structure

strength.

Defects in of structural

components

Image of construction

company tarnishes.

 honeycomb and

unaesthetic finishing.

 Increase in maintenance

cost.

RII vlaues

Fig.  11. Responded Analysis based on the effects of poor 
workmanship of construction works. 

 

 

K. Respondents analyasis based on the causes of 

skilled construction workforce not available at 

local level.  

 

The Fig. 12 illustrates the causes behind 

unavailability of skilled construction workers at local 

level. The RII value of no training facilities received 

highest rank (RII=0.77) and RII value of competent 

only in traditional way of construction received 

lowest rank (RII=0.70). All of the causes were found 

to be significant as all of them have RII values higher 

than 0.6. 
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0.70 

0.74 

0.76 

0.76 

0.77 

0.66 0.68 0.70 0.72 0.74 0.76 0.78

 Competent only in

traditional way of
construction.

 Lack of job opportunities

 No handsome salary

Willingness for foreign

employment.

 No training facilities,

RII Values

Fig.  12. Responded Analysis based on the causes of skilled 
construction workforce not available at local level. 

 

L. Respondents analyasis based on the effects of 

skilled construction workforce not available at 

local level.  

 
 The Fig. 13 illustrates the effects of unavailability 
of skilled construction workers at local level. The RII 
value of financial burden of outsourcing received 
highest rank (RII=0.75) and RII value of difficult for 
outsourced worker to adopt in new topography 
causing health issues received lowest rank (RII=0.70). 
). All of the effects were found to be significant as all 
of them have RII values higher than 0.6. 

0.70 

0.71 

0.73 

0.73 

0.75 

0.66 0.68 0.70 0.72 0.74 0.76

Health problem to

outsourced worker due to
topography

Cultural shocks to

outsourced workforce.

 No quality of work

Project delay.

Financial burden of

outsourcing

RII vlaues

Fig.  13. Responded Analysis based on the effects of construction 
workforce not available at local level. 

 

M. Respondents analysis based on causes of high 

wage demand of local workforce 

0.70 

0.71 

0.71 

0.71 

0.72 

0.69 0.70 0.70 0.71 0.71 0.72 0.72

 Enough construction

work available after
earthquake.

 Political influence.

Limited workforce

availability.

Tendency to demand

wages as per the project
budget.

Different district rate.

RII Values

Fig.  14. Responded Analysis based on the causes of high wage 
demand of local workforce. 

 
 The Fig. 14 illustrates the causes of high wage 
demand of local workforce. The RII value of different 
base rate for different district received highest rank 
(RII=0.72) and RII value of enough construction 
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works available after earthquake received lowest rank 
(RII=0.70). All of the causes were found to be 
significant as all of them have RII values higher than 
0.6. 

N. Respondents analysis based on effects of high 

wage demand of local workforce 

0.72 

0.74 

0.74 

0.77 

0.8 

0.65 0.7 0.75 0.8 0.85

No support from local  to

project if contractor
outsources.

Increase in labor

expenditure to sub-
contractors for

outsourcing.

Chances of use of low

quality material.

 Low efficiency from the 

local workforce if their 

demand doesn’t meet. 

Health and Safety least

prioritized as enough fund
are mobilized in local

work force.

RII vlaues

Fig.  15. Effect of high wage demand by local 

 
The Fig. 15 illustrates the effects of high wage 

demand of local workforce. The RII value of health 
and safety are given least priority as enough fund are 
mobilized in hiring inefficient local work force 
received highest rank ( RII=0.8) and RII value of no 
support from local communities to project if 
contractor outsources received lowest rank (RII=0.72). 

All of the effects were found to be significant as all of 
them have RII values higher than 0.6 

O. Respondents analysis based on causes of high 

wage demand of local workforce 

0.65 

0.69 

0.75 

0.75 

0.78 

0.55 0.6 0.65 0.7 0.75 0.8

Quality cost to

contractor.

Late payment to

contractor by client.

Sub-contractor with

limited financial ability

No provision to force

sub-contractor for timely

payment

Tendency of contractor

to invest in land, vehicle

RII Values

Fig.  16. Responded Analysis based on the causes of delay in 
payment to labor by sub-contractor. 

 

 
 The Fig. 16 illustrates the causes of delay in 
payment to labor by sub-contractor. The RII value of 
tendency of contractor to invest in land vehicle 
received highest rank (RII=0.78) and RII value of 
poor workmanship of worker causing quality cost to 
contractor received lowest rank (RII=0.65). All of the 
causes were found to be significant as all of them have 
RII values higher than 0.6. 

P. Respondents analysis based on effects  of high 

wage demand of local workforce 

 

The Fig. 17 illustrates the effects of delay in 
payment to labor by sub-contractor. The RII value of 
disputes received highest rank (RII=0.78) and RII 
value of damage to construction equipment and 
machinery received lowest rank (RII=0.71). All of the 
effects were found to be significant as all of them have 
RII values higher than 0.6. 
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0.71 

0.74 

0.77 

0.77 

0.78 

0.65 0.7 0.75 0.8

 Damage to construction

equipment and
machinery

  Risk of labor laws

related punishment.

 Delay in construction

Loss of contractor

goodwill.

 Disputes.

RII vlaues

Fig.  17. Responded Analysis based on the effects of delay in 
payment to labor by sub-contractor. 

 

Q. Respondents analysis based on causes of 

inexperienced sub-contractor 

 

 The Fig. 18 illustrates the causes of inexperienced 
sub-contractor. The RII value of Nepal itself is new to 
modern technique of construction received highest 
rank (RII=0.78) and RII value of main contractor 
obligation to give work to local sub-contractor 
received lowest rank (RII=0.76). All of the causes 
were found to be significant as all of them have RII 
values higher than 0.6.   

0.76 

0.77 

0.77 

0.78 

0.78 

0.75 0.76 0.77 0.78 0.79

Main contractor obligation

to give work to local sub-
contractor.

Local politicians pressurize

main contractor for work to
their cadres.

Professionals like teacher,

farmer, and driver all want
to be sub-contractor.

Limited opportunity in

local level for modern
construction.

Nepal itself is new to

modern technique of
construction.

RII Values

 

Fig.  18.  Respondents analysis based on causes of 
inexperienced sub-contractor. 

 

R. Respondents analysis based on effects of 

inexperienced sub-contractor 

0.74 

0.77 

0.78 

0.78 

0.8 

0.7 0.72 0.74 0.76 0.78 0.8 0.82

Use of outdated 

equipment’s.  

 No concern to employ

skilled manpower

 Inexperience and low

waged engineer are

hired.

Time and cost overrun

Quality issues arise.

RII vlaues

 
Fig.  19. Effects of inexperienced sub-contractor. 

 

 
 

The Fig, 19 illustrates the solutions of the various 

HRM related problems in school building 

reconstruction site. The RII value of hiring 
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experienced sub-contractor, training to use modern 

equipment received highest rank (RII=0.82). As their 

values are above 0.8 these solutions are the most 

significant to solve the HRM problems. All of the 

solutions were found to be significant as all of them 

have RII values higher than 0.6.` 

 

S. Respondents analysis based on solutios to 

HRM problems 

0.78 

0.79 

0.79 

0.79 

0.79 

0.82 

0.82 

0.76 0.78 0.8 0.82 0.84

Budget allocation to

provide training

Division of workforce.

Workshop to construction

workforce.

Initial training by hiring

party.

Monitoring contractor

payment system.

Training to use modern

equipment.

sub-contractor should be

experienced.

RII values

 

 

 
 The Fig, 20 illustrates the solutions of the various 
HRM related problems in school building 
reconstruction site. The RII value of hiring 
experienced sub-contractor, training to use modern 
equipment received highest rank (RII=0.82). As their 
values are above 0.8 these solutions are the most 
significant to solve the HRM problems. All of the 
solutions were found to be significant as all of them 
have RII values higher than 0.6. 

 

In School Reconstruction project, contractor was 

the main stakeholder that needed improvement in 

HRM. The construction suffered from the 

unavailability of skilled labor in local level and most 

of them were outsourced from Terai. No proper 

division of workforce (RII=0.78) was the main cause 

behind least prioritization of HRM. There was no 

modern construction culture, resulting to lower 

efficiency. Sub-contractor themselves were found to 

be inexperienced and they had tendency to hire 

inexperienced engineer and low skilled construction 

manpower. This inexperience had led to time, cost 

and schedule overrun in the projects. Labor laws like 

healthy work space, safety of human resources, and 

timely payment was not followed from the contractor. 

Local government had no provisions of providing 

construction related training due to lack of awareness 

and budget provision. 

 

A. RECOMMENDATION 

 

The following are some of the recommendation 
that have been put forwarded based upon the 
findings. 

• Local government should focus on providing 
training on new construction method to local human 
resource.  

• Contractor should focus on employing 
educated as well as well-trained manpower. The 
contractor can also focus on providing training 
regarding the proper use of modern construction 
equipment and modern construction techniques. 

• When mega project such as reconstruction of 
hundreds of school takes place, government project 
authority should focus on integrating the use of 
locally available material to some extent along with 
modern construction material to ensure job 
opportunity to traditionally trained local manpower. 

• Provision to monitor whether workforce 
working under contractor is paid timely or not, should 
be adopted. 

•  Main contractor should focus on sub-contracting 
their works on the basis of experience, ethics and 
work history of sub-contractor. 

We would like to thank Ar. Ranjana Pokhrel, Er. Niru 

K.C, and Aarati Gajurel for their contribution during 

the preparation of this paper. 
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Abstract—Performance evaluation can provide 

information on how far an earthquake will affect 

building structure. This is important for 

evaluating the seismic behavior of post-yield 

building structures. The purposes of this study 

were to evaluate the story shear force that 

occurred, evaluate the distribution of plastic 

hinge, and evaluate the high rise building 

structure performance level during an 

earthquake. This research was conducted using 

static nonlinear analysis and calculated using 

capacity spectrum method on finite element 

modeling software SAP2000vs20. The plastic 

hinges that formed in the global-x and global-y 

direction are 3 and 9. Several elements are in 

immediate occupancy level. This shows the 

element behavior and performance on 

performance point are satisfactory. The results 

show that the building structure is efficient 

enough, because building performance is expected 

at life safety level. 

 

Keywords— Performance, Seismic, Plastic Hinge, 

High Rise Building, Spectrum, Efficient. 

I. INTRODUCTION  

Earthquakes can cause destruction and take human 

lives by structurally damaging buildings and 

dwellings [1]. Nepal is a country that located between 

Indian Plate and Eurasian Plate, which is must 

venerable earthquake belt, it causes the probability of 

an earthquake will occur is very high. One of The 

measures used in order to combat or reduce the 

devastating effects of earthquakes is through the 

seismic risk assessment of existing buildings [2].  An 

approach analysis needed to calculate the lateral load 

caused by an earthquake to minimize the damage [3]. 

The latest design technique, performance based 

seismic design is a technique which utilizes computer 

based nonlinear analysis technique to determine the 

inelastic behavior of structures from various type of 

earthquake intensity so it is able to find the 

performance in critical condition [4]. Performance 

based design can be viewed as a multi-level design 

approach that additionally has explicit concern for 

the performance of a building at intermediate limit 

states related to such issues as occupancy and life 

safety standards. In the newly developed 

performance-based seismic design approach, 

nonlinear analysis procedures become important in 

identifying the patterns and levels of damage for 

assessing a structure‟s inelastic behavior and for 

understanding the failure modes of the structure 

during severe seismic events. In this methodology, 

every building is designed to have the desired levels 

of seismic performance corresponding to different 

specified levels of earthquake ground motion. Linear 

analysis such as linear time history or response 

spectrum analysis can calculate earthquake loads, but 

cannot be used to predict building performance 

against large earthquake. The most commonly 

adopted method is non-linear static analysis, 

popularly known as pushover analysis. This 

procedure can be effectively used as an evaluation 

method to check the acceptability of a particular 

structural design. Pushover analysis is a static 

nonlinear procedure in which the magnitude of the 

structural loading is incrementally increased in 

accordance with a certain predefined pattern. With 

the increase in the magnitude of the loading, weak 

links and failure modes of the structure are identified. 

The static pushover analysis is gaining significance as 

one of the popular tools for evaluating seismic 

performance of new and existing structures. The 

expectation is that the push over analysis will provide 

adequate information on seismic demands imposed 

by the design ground motion on the structural system 

and its components.  Performance evaluation can give 

information about how far an earthquake would affect 

building structure. Performance evaluation is 

important to evaluate seismic behavior of post yield 

buildings. Therefore the purpose of this study was to 

evaluate the story shear force that occurred, evaluate 

the plastic hinge distribution, evaluate high rise 

building structure performance level during an 

earthquake.    

 

II. MATERIAL AND METHOD 

This research was conducted from May to 
December 2020. This research object was a 9 storey 
apartment Building presented in figure 1 and located 
at Kathmandu, Nepal.  This research was conducted 
using SAP 2000vs20, using pushover analysis 
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accordance with applied technology council (ATC-
40). The procedure includes gathering data collection, 
load calculation, making response spectrum curve, 
and structure modeling followed by analysis using 
pushover method.  The load used in this analysis was 
dead load, superimposed dead load, live load, and 
lateral load. The load used in  this research was based 
on IS 875 part I to V. Making the response spectrum 
curve was accordance with IS 1893-2016. Earthquake 
accelerogram as the input of ground motion was 
modified based on frequency zone so it fits with the 
response spectrum design standard acceleration. 
Building  is stand on medium soil type. Parameters 
used for making response spectrum curve presented in 
Table 1.  

 

 

Fig. 1: Sample Building 

Table 1; Site specific seismic coefficient parameters 

Variable Value 

Sesimic Coefficient(Ca) 0.36 

Seismic Coefficient(Cv) 0.5 

Permissible limit of roof 
displacement  

4% of building height 

Importance Factor(I) 1.5 

Response acceleration 
coefficient(Sa) 

2.2g 

 

AutoCAD 2016 and SAP 2000vs20 were used for 
modeling Building . Modeling building was conducted 
based on as built drawing of the building. Building 
structure made on the model was slab, column, and 

beam. Building substructure or foundation was 
modeled as a fixed joint. Running analysis process 
conducted  based on IS code, and  ATC-40.  

III. RESULT AND DISCUSSION 

Performance based seismic design (PBSD) method is 

getting wide recognition as the most suitable seismic 

design process. PBSD is essentially a displacement-

based seismic design process involving the 

determination of performance points. The capacity 

spectrum method (CSM) is one of the most 

established and widely accepted displacement-based 

seismic design method which is used for 

performance-based seismic design [Vysakh & Leslie, 

2013]. The comparison of the performance of the 

building was done by using non-linear static analysis 

„pushover analysis' a type of capacity spectrum 

method. The nonlinear response of the structure is 

described with the push-over curve, which plots the 

base shear versus the roof displacement. This push-

over curve can be transformed into the "capacity 

spectrum” using the structure's originally elastic 

dynamic properties. The capacity spectrum method 

requires that both the capacity curve and the demand 

curve be represented in response spectral ordinates. It 

characterizes the seismic demand initially using a 5% 

damped linear-elastic response spectrum and reduces 

the spectrum to reflect the effects of energy 

dissipation to estimate the inelastic displacement 

demand. The point at which the capacity curve 

intersects the reduced response curve represents the 

performance point, at which capacity and demand are 

equal. From pushover analysis, maximum roof 

displacement, maximum base shear, Capacity of 

building, and performance level were analyzed. 

 

 
Fig.  2: Capacity curve of the building 

From this curve, the capacity of the building using 

pushover static analysis with displacement controlled 

method by using 4% of the height of building as a 

permissible limit of roof displacement, the capacity of 

the building in which the building with brick infill 

wall, Spectral acceleration (Sa) and Spectral 

displacement (Sd) at Performance Point is 0.9g and 

5.539mm. The corresponding shear (Vd) and 

Displacement at the roof are 217542.14kN and 
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5.539mm. The value of the effective time period (T) 

is 0.156s. 

 
Table 2; Performance of building 

Variables Value 

Performance level Immediate 

occupancy 

Maximum Displacement   19.72 mm 

Maximum  base shear 774522.59 kN 

 

 
 

Fig. 3; Performance of building 

 

Performance levels are discrete damage states 

selected among all possible damage states that a 

building could experience as a result of earthquake 

response, for example, immediate occupancy (IO) 

level of performance, life safety (LS) level of 

performance, and collapse prevention (CP) level of 

performance. At the immediate occupancy (IO) level 

of performance, the building has no observable 

damage on both load-bearing and non-load bearing 

element of the building, at the life safety(LS) level of 

performance, minor yielding on the load-bearing 

element as well as the non-load bearing element of 

the building and collapse prevention(CP) level of 

performance, major damage on the non-load bearing 

element and major damage on some part of the load-

bearing element but not collapse the building when 

the earthquake struck on the building.  From above 

table and graphical representation the performance 

level of building is immediate occupancy and roof 

displacements are within 4% of building height. 

 

 

IV. CONCLUSION  

The conclusion can be drawn from the research are as 

follows:  

1. The building structure performance level is 

immediate occupancy. It shows the building structure 

is efficient enough, because for building, performance 

is expected at life safety level.  

 

2. According to the lateral force distributed and 

displacement on each floor, the story shear forces the 

global-X direction and global-Y directions have been 

obtained, it shows the story shear force occurred in 

global-X direction is on every floor are bigger than 

story shear force occurred in global Y direction. 

 

3. There are more plastic hinges occurred in global-Y 

direction than in global-X direction. It indicates the 

stiffness of structure in global-X direction is still in 

elastic phase. The plastic hinges that formed in the 

global -X direction and global-Y direction are 3 and 

9.  
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Abstract—Nepal has huge potential for hydropower 

energy and striving forward to achieve this potential 

with rapid development in turbine research. The main 

objective of this study is to design and fabricate the 

turbine components locally for a 2 kW runner casted at 

Turbine Testing Lab (TTL) with the stay vane and 

guide vane fused together. The study is aimed to analyze 

the performance of the runner through experimental 

and numerical methods and compare the results. The 

characteristic diameters of the runner and flow 

parameters are considered to design the spiral casing, 

guide vanes, stay vanes and draft tube. The length of 

each stay vane is increased to compensate for the fusion 

of the guide vane. The best efficiency point (BEP) is 

determined for the fabricated Pico turbine at 2652 rpm 

with 42.8% efficiency from the experimental analysis 

and at 2720 rpm with 55.3% efficiency from the 

computational analysis. Considering the ease of 

fabrication and low cost, such a Pico turbine is found to 

be appropriate for manufacturing at local levels for Pico 

hydro applications despite lower efficiency. Further, the 

study is essential to provide electricity to the rural 

communities and ultimately achieve net-zero emissions 

by 2045 in Nepal. 

Keywords—Pico Francis turbine, hydraulic turbine, 

hydropower, turbine performance. 

I. INTRODUCTION 

The hydropower potential in Nepal is estimated to 
be about 83,000 MW and the total economically 
feasible potential is about 42,000 MW [1]. Nepal has 
not been able to harness even 2% of the total potential 
power, despite this enormous opportunity [2]. Even 
though reservoir-type projects such as 140 MW Super 
Seti (Tanahun), 600 MW Budi Gandaki and 530 MW 
Dudh Koshi are being studied, the majority of the 

plants in Nepal are run-of-river type hydropower 
projects [1]. India agreed to purchase 39 MW of 
surplus energy from Nepal for the first time in 2021. 
Further, India also agreed to purchase/trade upto 600 
MW of surplus electricity from Nepal during the JCC 
meeting held in February 2022. While this opened 
doors for a new energy market for Nepal, the rural 
areas of Nepal are still deprived of electricity supply. 
Even with a fair share of people still living in rural 
areas, the expansion of NEA grid electricity is very 
difficult both technically and financially due to the 
dispersed households and hilly terrain. 

Nepal has committed to achieving net-zero 
emission by 2045 [3]. Pico-hydro can play a vital role 
to achieve this important goal. Pico-hydro covers 
hydroelectric power generation under 5 kW capacities. 
Pico-hydro can be used to generate electricity in the 
places of Nepal that lack electricity at a small capital 
investment. Micro-hydro and Pico-hydro are 
considered renewable energy due to their low 
environmental impact. And on the other hand, 
approximately 69% of households in Nepal still rely 
on solid biomass for cooking which can be replaced 
with electricity [4]. Pico-hydro is known to have a 
lower cost per kilowatt than solar or wind power with 
year-round 24 hours a day generation if designed 
accordingly [5]. Moreover, the equipment of Pico-
hydro is small and compact and can be easily 
transported into remote and inaccessible areas for 
installment in a small amount of time. 

Turbine Testing Lab (TTL), located at Kathmandu 
University (KU) at Dhulikhel, Nepal, established in 
2011, has been working to address technical and 
social aspects of hydropower development and turbine 
related issues [6]. With similar motivation, a 2 kW 
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Pico-Francis turbine was fabricated through the 
casting process in the project entitled “Development 
of audio-video training materials on casting 
technology with industrial application” in 2013 [7]. 
The runner, as shown in Fig. 1, used for the research 
was provided by TTL. The research discusses the 
design and fabrication process of the 2kW Pico 
Francis turbine components along with experimental 
and numerical analysis. The main objective of this 
research is to design and fabricate the turbine 
components locally for a 2 kW runner casted at TTL 
with stay vane and guide vane fused together. The 
research study is also aimed to analyze the 
performance of the runner through experimental and 
numerical methods and compare the results. 

II. METHODOLOGY 

The Francis turbine is an inward flow reaction 
turbine be built with either a horizontal or vertical axis 
and may be used in various hydraulic head heights and 
water flow levels. With about 60% of the worldwide 
hydropower capacity globally, Francis turbines are the 
foremost widely used type of hydro turbine [8]. They 
operate within the speed number range of 0.2 to 1.5. 

 

Fig. 1. Casted 2kW runner [7]. 

When water with high pressure enters a Francis 
turbine through the spiral casing surrounding the 
guide vanes, the water loses its pressure partially in 
the spiral casing to maintain its speed. Then the water 
passes through guide vanes where it is directed 
towards the blades on the runner at optimum angles. 
As the water flows through the runner, a reduction in 
pressure and angular momentum takes place. This 
reduction generates a reaction on the runner and 
power is transferred through the turbine shaft. Water 
exits the turbine through the draft tube. The draft tube 
acts as a diffuser and reduces the velocity of the flow 
during exit to recover maximum energy from the 
flowing water. The mechanical energy from water is 
transferred to the shaft of the turbine in form of torque 
and rotation. The turbine shaft is linked with 
couplings to dynamos or alternators for power 
generation. The speed of the turbine should be 
maintained constant despite the changing loads for 
quality power generation. To maintain the constant 
runner speed even in reduced load conditions the 

water flow is reduced by changing the guide vanes’ 
angle [9]. However, the turbine designed in this paper 
is a guide vane less turbine where the length of the 
stay vane is increased and combined to compensate 
for the lack of guide vanes at a constant angle. 

A. Design 

1) Runner 
The design parameters of the runner extracted 

from the report [7] are presented in Table I. 

TABLE I.  DESIGN PARAMETERS OF 2 KW RUNNER. 

Parameters Values 

Head (H) 18 m 

Discharge (Q) 0.016 m3/s 

Power (P) 2.68 kW 

Efficiency (η) 0.96 % 

Speed of the Runner (N) 2720 RPM 

Speed Number (Ω) 0.44 

Runner Dimensions 

Inlet Diameter (D1) 0.104 m 

Outlet Diameter (D2) 0.073 m 

Inlet Height (H1) 0.021 m 

The equations used in the paper for design 
parameters are tabulated in Table II. 

TABLE II.  DESCRIPTION OF DESIGN PARAMETERS [10]–[14]. 

E.N. Parameter Description 

(1)  Outlet Diameter of 
runner 

D2 = 4Q/πcm2 

(2)  Speed of Runner N = 60V/πD2 

(3)  Outlet angle of 

runner (β2) 

Tan β2 = Cm2 / V2 

(4)  Euler Equation   

(5)  Continuity Equation Q1 = Q2 

Guide Vane: 

(6)  Cmgvo Cmgvo =  

(7)  Inlet angle of the 

runner (αo) 
Tan αo =  

(8)  Guide vane axis 

diameter 

Daxf = D1 × (0.29 × Ω + 1.07) 

(9)  Length of guide vane Lgv = (π × Daxf  × kcf) / Ngv 

(10)  Diameter of GV inlet 

(Dgvi) 
2  

Stay Vane: 

(11)  P head P head = ƍ × g × He 

(12)  P water hammer P water hammer =  

(13)  Pmax Pmax = P head + P water hammer 

(14)  A annulus A annulus =   

(15)  Fmax Fmax = Pmax × Aannulus 

(16)  Length of Stay Vane 
(Lsv) 

Lsv =  

Spiral Casing: 

(17)  Discharge at nth part 

of Spiral Casing (Qn)
 

Qn = (π× D10
2 × v)/4 

Draft Tube: 

(18)  Pressure P = ƍ × g × h 

(19)  Flow rate Q =  

(20)  D cone o Dcone o = Dcone i + 2 × Lcone × tan (α) 
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The equations in table II are used to design and 
calculate parameters for the components of Francis 
Turbine. The important data calculated using the 
equations are listed below in table III respectively for 
each component with the equation used. 

B. Model of turbine 

The structural domain consists of a spiral casing 
with vanes, a runner and a draft tube. The structural 
model of those each component is made and 
assembled using the student version of 
SOLIDWORKS 2016. The model created in 
SOLIDWORKS of the spiral casing, draft tube and 
stay ring (along with stay vanes) are shown in fig. 2, 3 
and 4 respectively. Plate ‘n’ Sheet version 4 is used 
for surface development of the cutting area for each 
part of the spiral casing, elbow and draft cone of the 
draft tube. 

TABLE III.  CALCULATED DESIGN PARAMETERS 

S.N. Calculated 

Parameter 

Value Unit Equation 

used 

1.  Cm2 3.8228 m/s (1) 

2.  Peripheral 

Velocity (V2) 

10.3966 m/s (2) 

3.  Outlet angle of 

runner (β2) 

20.18 degrees (3) 

4.  Cu1 12.522 m/s (4) 

Guide Vane: 

5.  Height of Guide 
Vane (Bgv) 

0.021 m Runner H1 

6.  Cugvo 12.522 m/s Cu1 

7.  Diameter of 

Guide Vane 
Outlet (Dgvo) 

0.1092 m 1.05  D1 

8.  Cmgvo 2.22  m/s (6) 

9.  Inlet angle of 

the runner (αo) 

10  (7) 

10.  Guide vane axis 

diameter (Daxf) 

0.1245504 m (8) 

11.  Length of guide 

vane (Lgv) 

0.04 m (9) 

where kcf = coverage factor = 11.4% 
and Ngv = No. of GV = 7 

12.  Diameter of GV 

inlet (Dgvi) 

0.0016 m 10 

Stay Vane: 

13.  Pmax 1.764×105 Pa 13 

14.  A annulus 4.31×10-3 m2 14 

15.  Fmax 760.1076 N 15 

16.  Length of Stay 

Vane (Lsv) 

66.7 mm 16 

17.  Total Length of 
Stay Vane 

68.3 mm Lsv + Dgvi 

Spiral Casing: 

18.  Diameter of 10th 

part of SC (D10) 

36.5 mm Hsv + tsv +3 

19.  Discharge at 
10th part of SC 

(Q10) 

7.33×10-3 m3/s 17 

Draft Tube: 

20.  Inlet Pressure 

(Pi) 

176400 N/m2 18 

21.  Outlet radius of 

draft cone (Ro) 

0.04196 m 5 & 19 

22.  Length of draft 

cone (L cone) 

10.418 cm 20 

C. Fabrication 

As mentioned earlier, the runner of the turbine was 
casted and provided by TTL for this project. The 
fabrication of the stay ring, spiral casing and the 
assembled product is shown in Fig. 5, 7 and 6 
respectively. Spiral casing and draft tube are 
fabricated by cold rolling process and welded the parts 
together. The remaining parts such as vanes and cover 
plates are machined to the required shape and size as 
derived from the model of the turbine. 

 

Fig. 2. Model of the spiral casing. 

 

Fig. 3. Model of the 

draft tube. 
 

Fig. 4. Assembly model of stay 

ring. 

 

Fig. 5. Stay rings welded in 

stay ring casing. 

 

Fig. 6. Fabricated product. 

 

Fig. 7. Spiral casing during 

fabrication [runner is 

placed in the center]. 

 

Fig. 8. Experimental analysis of fabricated pico turbine. 
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D. Experimentation 

The Turbine Testing Lab at KU consists of a 2 kW 
Francis turbine test rig to study the operation of a 
Francis turbine and to determine the output power and 
the efficiency of the Francis turbine at the level of 
micro-hydro. The test rig, as shown in fig. 8, contains 
a framework for holding different components of the 
turbine. Pressure gauges are placed at the inlet of the 
spiral casing and the inlet of the draft tube. Rpm and 
torque can be measured from the test rig and pressure 
gauges are kept at different components to measure 
the pressure at the inlet and outlet. While testing, the 
fabricated Francis Turbine is placed in the test rig to 
measure the pressure, rpm, and flow for the analysis 
of the graph. The constants and equations used for 
experiment analysis of the Pico Francis turbine are 
listed in Table IV. 

TABLE IV.  PARAMETER DESCRIPTION FOR EXPERIMENTAL 

ANALYSIS 

S.N. Parameter Value 

Constants: 

1.  Co-efficient of Pitot Tube (Cv) 0.98 

2.  Density of Water (ρw) 1000 kg/m3 

3.  Density of Mercury (ρm) 13600 kg/m3 

4.  Acceleration due to gravity (g) 9.81 m/s 

5.  Weight of hanger (W3) 0.231 kg 

6.  Weight of rope (W4) 0.103 kg 

7.  Diameter of pipe (D) 0.08 m 

8.  Diameter of rope (dr) 0.01 m 

9.  Diameter of Brake drum (db) 0.2 m 

Equations: 

10.  Head (H) H = 10 × [Pd + (Ps/760)] 

11.  Area of Pipe (A) A = πD2/4 

12.  Differential Height of 
Manometer (h) 

h = (h1-h2)/100 

13.  Velocity (V) 
 

14.  Discharge (Q) Q = V × A 

15.  Power Input (Ei) Ei = (ρw × g × Q × H)/1000 
16.  Torque (T) T = (W1 -W2 +W3 + W4)×g×Re 

17.  Reynolds Number 

(Re) 

Re = (db + 2dr)/2 

18.  Power Output (Eo) Eo = 2πNT/30000 

19.  Efficiency (ɳ) ɳ = (Eo / Ei) × 100 

E. Numerical Model 

The computational domain consists of a spiral 
casing with vanes, runner and draft tube. The “Cavity” 
feature is used in SOLIDWORKS to create a fluid 
domain from the structural domain. The assembled 
fluid domain of the turbine is shown in Fig. 10. A 
numerical solution is performed using ANSYS CFX 
15.0. All the components are meshed using tetrahedral 
elements of the mesh as shown for the spiral casing 
fluid domain in Fig. 9. 

Fig. 11 is the assembled fluid domain during CFX-
pre. The mass flow rate (16 kg/s) at the inlet of the 
spiral casing and average static pressure (1.01 * 105 
Pa) at the draft tube outlet is used as the boundary 
condition for simulation. A total of three interfaces are 
created between spiral casing and vanes, vanes and 
runner, runner and draft tube. The rest of the surfaces 
are set as walls for the simulation. The flow through 
the turbine is considered to be incompressible, viscous 

and fully turbulent. The effect of walls on boundary 
layer flow is captured with the smooth flow of 8 layers 
of inflation with a growth rate of 1.20. The runner is 
considered a rotational domain while all other 
components are stationary. Then, after running the 
CFX solver, flow streamlines, pressure contours and 
velocity vectors are developed in the CFX post as 
shown in Fig. 12 to determine the necessary 
parameters for efficiency calculation. 

 

Fig. 9. Mesh of spiral casing 

fluid domain. 

 

Fig. 10. Fluid domain of 

components. 

 

Fig. 11. Setup of a 

model turbine in CFX 

pre. 

 

 

Fig. 12. Velocity streamlines in 

CFX- Post. 

III. RESULTS AND DISCUSSION 

The calculated parameters from the observational 
data of experimental analysis are listed in Table V. 

TABLE V.  OBSERVATION TABLE FOR EXPERIMENTAL 

ANALYSIS 

N 

RPM 

Manometer 

Reading 

(cm) 

Weight 

(kg) 

Delivery 

Pressure 

Pd 

(kg/cm2) 

Suction 

Pressure 

Ps (mm 

of Hg) 

η 

(%) 

h1 h2 Applied 

W1 

Dead 

W2 

3386 7.2 6.8 0 0.47 1.5 760 25.6 

2956 9.5 6.3 2 0.85 1.4 760 32.6 

2652 11.8 6.6 4 1.12 1.2 760 42.9 

2461 18.6 5.2 6 1.18 1.1 760 35.8 

 

The efficiency vs speed graph is obtained for 
experimental and numerical analysis as shown in Fig. 
13. It represents the performance of the turbine at 
different rpm. The graph is developed to determine the 
Best Efficiency Point (BEP) of the turbine through 
both the experimental as well as computational 
analysis. BEP is a certain point along the performance 
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of the turbine where the highest efficiency is obtained. 
The graphs draw the following conclusion of the 
analysis: 

1. BEP of experimental analysis is found to be at 
2652 rpm and CFD analysis is found to be at 
2720 rpm. 

2. The maximum efficiency from the experimental 
analysis is found to be 42.8% and CFD analysis is 
found to be 55.3%. 

 

Fig. 13. Comparative study graph of efficiency vs speed between 

experimental analysis and CFD analysis. 

The measurement and efficiency calculation of a 
turbine is always associated with the uncertainty of the 
measurement. The uncertainty calculation can be 
studied on further analysis following IEC standards on 
uncertainty calculation [15]. 

The result shows the efficiency of the 
experimental analysis is less than that of 
computational analysis. This loss in efficiency is 
mostly a result of limited fabrication techniques and 
ignorance of roughness during numerical analysis 
[16]. The possibility to obtain better results in the 
experimental analysis would be to improve fabrication 
techniques such as using hot rolling instead of cold 
rolling. Similarly, the welding on the surface of the 
spiral casing and draft tube could be improved with a 
better-skilled welder to decrease the roughness of the 
surface. Also, surface cleaning would decrease the 
roughness. These methods would have increased the 
possibility of increment in efficiency [17]; however, 
these factors were excluded from the scope of the 
study due to time and budget constraints. 

Despite these limitations, the study signifies the 
Pico Francis turbine can be developed even at 
universities or at the local level with fixed guide vanes 
(or fused with stay vanes) for the sake of ease of 
development and operation both in terms of 
technicality as well as economic perspectives. Such 
turbines, when installed at the rural sectors of Nepal, 
can help fulfill the goal of 100% electrification in 
Nepal and drive one step further into the goal of net-
zero emission. 

IV. CONCLUSION 

Turbine study and development are very essential 
in the context of Nepal. The research discusses the 
study of a 2 kW casted Francis runner at TTL to 
design, fabricate and analyze the components for the 
runner. The experimental analysis is done at the 
Francis turbine test rig at TTL and the computational 
analysis is conducted using ANSYS software. 

The efficiency of the fabricated 2kW Francis 
turbine obtained from the experimental analysis is 
42% at 2652 rpm BEP. Similarly, the efficiency of the 
turbine obtained from the computational analysis is 
55.3% at 2720 BEP. 

The lower efficiency during experimental analysis 
as compared to the computational analysis is due to 
the used fabrication techniques which are 
recommended for improvement for further research in 
the subject area for efficiency improvement. Further, 
the uncertainty calculation is also recommended for 
further research. Last but not the least, researchers and 
investors are encouraged to focus on decentralized 
electrification through Pico-turbines for 100% 
electrification of Nepal and reliable power supply 
throughout the country. 

NOMENCLATURE 

Symbol Definition/Term Unit  Indexes/Subscripts 

B Vane Height M  Symbol Term 

C Absolute Velocity m/s  h Hydraulic 

D Diameter M  i Inlet 

g 

Acceleration due 

to gravity 

m/s2  m Meridional 

 o Outlet 

H Head M  ref Reference 

L Length M  u Tangential 

P Power W  1 High Pressure 
Reference Section ƍ Density Kg/m3  

Ω Speed Number -  2 Low Pressure 

Reference Section     
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A. Background

Nepal is a mountainous country located in the lap
of Himalayas. Adding to the fragile and dynamic
mountainous terrain, the seasonal monsoon rains,
extensive and improper land use practices both for
cultivation and construction has ensured Nepal has
the most unstable landscapes worldwide [1]. The
geological characteristics like active faults, folds,
bedding planes and other discontinuities prevail in the
mountainous terrain. Factors like tectonic
movements, heavy rainfall etc. causes slope failure in
the young and live mountains in Nepal. Landslides
are the most common slope failure phenomenon here
in Nepal posing potential risk and hazards on the
human life and properties, causing traffic blockade
for several days on the highways. Construction of
roads on mountains of Nepal possesses quite
complicated issues because of steep slopes, thick soil
profile, and weak rock mass and torrential rainfall of
monsoon. Cross slope of the mountains and steep
terrain are above 25% and 60% respectively, which
are generally unstable. The hill roads of Nepal

generally pass either through river route or ridge
route.

The vulnerable area is located on
Galchhi-Trishuli-Mailung Highway which runs
adjacent to the Trishuli River. Owing to the fact that it
will prove to be a major route for trade to China, the
improvement and extension of the road is under
construction. Existing 5.5 m road is to be expanded to
double lane 12 m width primarily to reduce
congestion. Due to the insufficient width for the
roadway, hillside vertical or steep cutting is done at
some locations. The cut slopes are now unstable due
to very steep vertical cuts. The area of study is the
nearly vertical cut slope of Galchhi-Trishuli-Mailung
road in Nuwakot district at Chainage 2+012, 8+105,
11+508 and 17+201.

B.  Soil Nailing
Soil nailing is an in-situ earth reinforcement

technique. Owing to the numerous advantages such as
speedy construction, ease of application, less
environmental impact etc., slope stability
practitioners are considering soil nailing as a viable
alternative to the other earth retaining systems. Soil
nails are reinforcing, passive elements that are drilled
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Abstract—A small stretch of Galchhi-Trishuli-Mailung
highway is taken as a case study for stability analysis of
the steep cut slopes by performing numerical
simulations on the unstable and reinforced nailed soil
slope, and thereby, find the influence of different soil
nailing parameters on the safety factor of the slope. Soil
is simulated as Mohr-Coulomb (MC) material and soil
nail is modeled as elastic material. Samples were tested
in the laboratory for soil classification and shear
parameters. The study is intended to find the most
sensitive parameter of the soil nail under the given
condition. Soil nailing parameters (such as nail
inclination, nail spacing, nail diameter, and length) that
influence the slope stability are analyzed using Finite
Element Method (PLAXIS 2D). As the results show, the
safety factor increases linearly with the increase in nail
length and inclination, the safety factor decreases with
increase of nail spacing. Numerical simulations are
performed using the Finite Element Method (PLAXIS
2D software). These results provide a design base for
site engineers.

Keywords—soil nailing, finite element method, factor
of safety, sensitivity analysis, PLAXIS 2D

I. INTRODUCTION

In-situ  Ground  Improvement-  A Case  Study 
Of Galchhi-Trishuli-Mailung Highway

Figure 1. Google earth image ofGalchhi-Trishuli-Mailung 

Highway
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and grouted sub-horizontally in the ground to support
excavations in soil, or in soft and weathered rock [2].
The components of the soil nail wall are: Tendons,
Grout, Corrosion Protection, and Shotcrete. Other
components include: Connection Components and
Drainage System [2]. Figure 2 shows typical elements
of soil nail wall:

C. Failure Modes and Factor of Safety
The soil nail walls must be designed so as to

ensure it is safe against the various failure modes.
Failure modes of soil nail walls can be divided into
three distinct groups [3]: external failure modes,
internal failure modes and facing failure modes as
shown in Figure 3. The minimum recommended
factor of safety for the different failure modes are as
shown in Table I-1.

Figure 3. Principal failure modes of soil nail walls

(Babu & Singh, 2009)

D. Finite Element Method
This method is more powerful, accurate, reliable

and versatile method to find 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
visualize 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
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.
In this research, we talk about the use of numerical
model PLAXIS 2D based on FEM to analyze the
slope under static condition

Table I1 Minimum Recommended FOS for
Permanent Soil Nail Walls [2]

Failure
Mode

Resisting
Component

Minimum
Recommended FOS
(Static)

  Temporary
walls

Permanent
Walls

External
Stability

Global
stability,
FSG

1.35 1.5

Sliding
stability,
FSSL

1.3 1.5

Internal
Stability

Pull-out
resistance,
FSP

2 2

Nail bar
tensile
strength,
FST

1.8 1.8

D. Research Review
The stability analysis of the slope using soil nails

has been performed by many researchers in the past
either by using analytical or by numerical modeling.
The factor of safety calculation by numerical
modeling is being carried out using LEM or FEM.
(Patra & Basundhar, 2005)[4] applied LEM to find
the optimum quantity of steel reinforcement for soil
nails for required value of FOS value by varying soil
nail parameters such as location, length, diameter and
orientation. It was also concluded that although other
nail parameters remaining the same, by providing the

Figure 2. Typical cross-section of a soil nailed wall, 

modified after (FHWA, 2015)[2]
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extra nail length in the resistive zone over and above
the length of individual nails the stability of a given
slope cannot be increased further. Rawat & Gupta [5]
carried out stability analysis of soil nail walls using
both LEM and FEM approach. The analysis was
carried out on two slope angles of 45° and 60°, both
reinforced at 0°, 15° and 30° to the horizontal. The
analysis results showed that LEM method yielded
higher value of FOS in comparison to the FEM
method. Babu & Singh performed reliability analysis
of a soil nail wall. It was observed that the variability
of angle of internal friction of in-situ soil, in
comparison to unit weight and cohesion, is more
critical to all the failure modes. The correlation
among in-situ soil cohesion and friction angle is very
important for stability considerations, and therefore
should be considered in the analysis and design of the
soil nail walls [3]. (Zhang, Cao, & Wang, 2014)
concluded that the soil nailing increased the stability
level and reduced the tension cracks with the nail
length by conducting a series of centrifuge model
tests.

E. Laboratory Testing
The collected samples from the field was brought

to Central Material Testing Laboratory (CMTL),
Institute of Engineering, Pulchowk Campus for
laboratory testing to classify the soil and find the
shear parameters which are useful to develop material
model. The lab tests performed are as follows:

(a) Particle size distribution – Sieve Analysis

(b) Atterberg’s limit – Liquid Limit (LL) and Plastic
Limit (PL)
(c) Shear Parameters (c and φ) – Direct Shear Test

The details of the laboratory test results are shown
in the Table I2. All four soil samples are disturbed but
representative and show the similar results in terms of
soil classification and shear parameters. But the
results of the sample of location 8+105 is taken into
account for modeling as the failure envelope for the
chainage lies at the lowest from the shear stress
versus normal stress curve as shown in Fig. 4.

Description Sample 1 Sample 2 Sample 3 Sample 4
Chainage 2+012 8+105 11+508 17+201

% Passing no. 200 sieve (0.075mm) 23.83 38.56 39.61 26.16

% Passing no. 4 sieve (4.75mm) 66.75 71.45 70.76 62.49

% Coarse (gravel) 33.25 28.55 29.24 37.51
% Sand 42.92 32.89 31.15 36.33
D10 0.022 0.017 0.018 0.021
D30 0.36 0.047 0.045 0.12
D60 2.3 1.2 1.95 3.98
Coefficient of Uniformity (Cu) 104.55 70.59 108.33 189.52
Coefficient of Curvature (Cc) 2.56 0.11 0.06 0.17
Liquid Limit (LL) 27.6 23.16 28.37 25
Plastic Limit (PL) 23.23 17.86 22.97 21.33
Plasticity Index (PI) 4.37 5.3 5.4 3.67
PI from A-Line 5.548 2.305 6.112 3.65

Soil Classification silty sand with
gravels (SM)

clayey sand
with gravel

(SC)

silty sand with
gravels (SM)

silty sand with
gravels (SM)

For the simulation of unreinforced as well as
nailed soil slope two dimensional numerical models
in PLAXIS 2D V8 are developed for the geometric
model obtained from the field measurement. Soil
nails and facing element are modeled as elastic plate
element [6]. Soil nails are injected in drill holes in
conjunction with grout material. Slope facing is done

on reinforced cement concrete with proper bolt
connection. Since the soil nails are modeled as plate
elements, which are circular in cross-section, then
equivalent axial and bending stiffness has to be
calculated for correct simulation of soil nails [7].

Equivalent modulus of elasticity of grouted soil
nail:

II. NUMERICAL MODELING USING PLAXIS 2D

TABLE I2. SUMMAR OF SOIL CLASSIFICATION OF ALL SOIL SAMPLES
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1

where, Eg is modulus of elasticity of grout material,

En is modulus of elasticity of nail,

is the total cross sectional area of
grouted nail, Ag = A–An is the cross sectional area of
grout cover, An = 0.25πd2 is cross sectional area of
reinforcement bar and DDH is the diameter of drill
hole.

The axial stiffness is given by,

2

Bending stiffness is given by,

3

where, Sh is horizontal spacing of nails.

In addition, Equivalent plate thickness in meter is
determined automatically by PLAXIS,

4

A. Geometric Model

Model parameters for soil nail are taken from
HKIE[8] and FHWA [2]. Soil nails and facing
element can be modeled as elastic elements [7]. Soil
nails are injected in drill holes in conjunction with
grout material. The model is restrained for horizontal
and vertical displacement on the bottom boundary;
the left and right boundaries are restrained
horizontally. The model is assumed as plane strain
problem. The slope is reinforced with nails for
modeling. The facing element is modeled as plate
element. The soil nail is also modeled as plate

element with grout cover. The parametric variation of
length, inclination, nail spacing and diameter of soil
nail is done for the analysis. However, for normal
condition of reinforcement, the values of the
parameters are given in Table II1. Geometric Model
Parameters of Soil Nail and Facing Element:

Parameters Input Value (At normal
condition)

Soil nail Plate element, Elastic
Diameter (d), mm 25
Length (l), m 9 [0.9H,[5]]
Spacing (Sh & Sv), m 1.5 [(5ft.,[5]]
Inclination (i),
(Degree) 20˚ [10]

Diameter of drill hole
(D), mm 100

Slope Facing Grillage facing type
Area (A), m2 0.18 [7]
Perimeter, P (m2/m/m) 0.533 [7]
Moment of Inertia, I
(m4) 1.35×10-3

B. Material Model
The failure criterion of the soil model is assumed

as Mohr-Coulomb (elastic-perfectly plastic)[9].The
material model for soil, soil nail and facing element
are presented on Table II2and Table II-3.

Parameters Input Values
Modulus of Elasticity, E
(kPa) 100000

Poisson’s ration, ʋ 0.3
Dilation angle, ψ
(degree) 3˚

Cohesion, c (kPa) 8.93
Angle of internal
friction, ɸ (degree) 33˚

Unit weight
(unsaturated), γunsat

(kN/m3)
18

Unit weight (saturated),
γsat (kN/m3) 20

Material type Un-drained
Permeability, kx

(m/day) 1

Permeability, ky

(m/day) 1

The facing element is modeled as plate element.
The soil nail is also modeled as plate element with
grout cover. The parametric variation of length,
inclination, nail spacing and diameter of soil nail is

4

Figure 4. Geometric model of normal reinforcedsoil section

TABLE II1. GEOMETRIC MODEL PARAMETERS OF SOIL
NAILAND FACING ELEMENT

TABLE II2. MODEL PARAMETERS FOR SOIL
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done for the analysis. However, for normal condition
of reinforcement, the values of the parameters are
given in Table II3.

Table II3. Geometric Model Parameters of Soil Nail
and Facing Element

Parameters Input Value
Soil Nail Plate element, Elastic
Modulus of Elasticity
of nail, En (kPa) 2.1*108

Modulus of Elasticity
of grout, Eg (kPa) 1.3*107

Facing Element Plate element, RCC
grade M30

Modulus of Elasticity
of concrete, Ec (kPa) 2.22*107

Poisson’s ratio of
concrete, ʋ 0.15

C. Sensitivity Analysis
This paper introduces the sensitivity to analyze

the impact of various supporting parameters on the
safety factor. Sensitivity Analysis is performed
among the four parameters (i.e. diameter, inclination,
length and spacing) by varying each parameter 50%
above and below by 10% increment and decrement
from the original (normal) value keeping other three
parameters constant, using PLAXIS V8 as numerical
modeling tool. One of the parameters which gives the
highest variation in FOS values with respect to the
FOS value of normal soil nailed wall, is taken as the
most sensitive parameter, which is further used for
numerical analysis of the soil-nailed slope with water
table variation as shown in Table III1.

Fourteen numerical models were generated for
modeling of soil nailed walls for 3m, 4.5m, 6m, 7.5m,
9m and 10.5m nail length by varying water table of
10m, 12m, 14m and 15m from the bottom of the
model.

From the numerical analysis, the factor of safety
(∑Msf) value of unreinforced slope is found to be 0.87
and hence, the slope is unstable. Normal reinforced
soil nailed slope gives factor of safety (∑Msf) value of
2.036 which is stable condition.

A. Effect of nail diameter (d)

In order to analyze the influence of soil-nail
diameter on the safety factor, the soil-nail diameters
are varied from 12.5mm to 37.5mm (i.e. 0.5d to
1.5d), while other parameters remain the same. The
factor of safety increases upto 25mm diameter and
then starts to decrease.

B. Effect of nail length (l)
In order to analyze the influence of soil-nail

length on the safety factor, the nail length are varied
from 4.5mm to 13.5m (i.e. 0.5l to 1.5l), while other
parameters remain the same. The factor of safety
increases linearly with increase in nail length. The
maximum factor of safety of 2.366 was observed at
nail length of 13.5m.

C. Effect of nail spacing(s)
In order to analyze the influence of soil-nail

diameter on the safety factor, the nail spacing are
varied from 0.75m to 2.25m (i.e. 0.5s to 1.5s), while
other parameters remain the same. The factor of
safety increases upto 1.35m spacing and then starts to
decrease.

D. Effect of nail inclination(i)
In order to analyze the influence of soil-nail

inclination on the safety factor, the nail spacing are
varied from 10˚ to 30˚ (i.e. 0.5i to 1.5i), while other
parameters remain the same. The factor of safety
increases with the increase in nail inclination.

FHWA [5] suggested that for the easy flow of
grout from bottom of the drill hole to the head soil
inclination of 10˚ to 20˚, most commonly 15˚ would
be most effective. Hence, in this study, length of nail
is varied for the rest of the models with inclination
16˚, diameter 25mm and spacing 1.5m for the
optimization of soil nail.

Description of
parameters Values

Length Varying from 4m to 10.5m
Inclination 16˚ constant [5]
Spacing 1.5m vertical and horizontal

Diameter 25mm reinforcement, with
100mm drill hole

III. RESULTS AND DISCUSSION

Figure 5. Slip surface at failure from PLAXIS

TABLE III1. PARAMETERS VARIATION FOR OPTIMIZATION

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal
127



From sensitivity analysis, among the four
parameters of soil nail, length is found to be the most
sensitive parameter as the variation of factor of safety
due to length is higher than due to other three
parameters, which is shown in the Figure 6.

The presence of water in soil mass reduces
effective stress and shear strength due to increase of
hydrostatic pressure (pore water pressure) and the
factor of safety is highly reduced than normal
condition. Figure 7, 8, 9 and 10 show the generation
of water pressure by phreatic level for 10m, 12m,
14m and 15m (at road surface) water table from
bottom of model in PLAXIS. Figure 11 shows the
summary of factor of safety vs nail length for
different water table condition.

The slope is unsafe due to 3m nail length. From
figure 11, it is observed that 4.5m, 6m, 7.5m and
10.5m nail lengths are found to stabilize the slope
with 10m, 12m, 14m and 15m water table from
bottom of model respectively.

It can be concluded from the study that one of the
effective method for slope stabilization is soil nailing.
From the finite element analysis of the steep slope
some important conclusions can be drawn which are
as follows:

IV. CONCLUSION

Figure 8. Water pressure generation by phreatic level for 12m

Figure 9. Water pressure generation by phreatic level for 14m

Figure 10. Water pressure generation by phreatic
level for 15m

Figure 7. Water pressure generation by phreatic level for 10m

Figure 6. Summary of (∑Msf) vs soil nail parameters
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● Slope stability increases with the increase in
nail length to a certain limit beyond which
the rate of increase decreases which is
mainly due to the increase in axial force,
bending moment and shearing force to resist
the loading and deformation.

● With the increase in nail length the factor of
safety increases, however the recommended
value for soil nail inclination is 10˚ to 25˚
which eases the flow of grout material to the
head of the soil nail.

● The factor of safety increases upto a certain
point and then decreases for both the cases

of nail diameter and vertical spacing. It was
observed that the change in vertical spacing
and nail diameter was very less sensitive to
the factor of safety.

● The effect of water table on the slope
stability. For water table of 10m, 12m, 14m
and 15m from the bottom of the model the
nail length of 4.5m, 6m, 7.5m and 10.5m
was required to obtain the required value of
factor of safety.
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Figure 11. Plot of FOS values for different water table condition using different nail length
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Abstract—Parking is a transport component which
causes high externalities such as congestion, space occu-
pation, reduced safety and others. A change in departure
time choice can play a key role in reducing congestion.
A number of studies have shown that people are more
likely to change their departure time to avoid congestion
than to change their transport mode. Prospect Theory
states that people make decisions based on a potential
gains or losses relative to a reference point rather than
in absolute terms. The reference point hypothesis of
prospect theory is applied to commuter’s departure time
decision making in order to better understand how
commuters’ decide departure time considering parking
space shortage. There are reference points defined on
this study: the earliest acceptable arrival time and the
work starting time for a given commuter. An arrival
is described as an early-side arrival if the arrival time
is in advance than his/her preferred arrival time, and
a late-side arrival otherwise. A gain takes place while
a commuter experiences an arrival time that is between
his/her earliest acceptable arrival time and work starting
time; that is assumed to enhance the probability of
selecting the same departure time. Similarly, a loss is
found while the commuter reviews an arrival time that
is outside that range; that is assumed to lessen the
probability of selecting that departure time. The final
result obtained shows that commuter prefer to arrive
near their work start time. They will change their
departure time the next time if they feel a sense of
loss when they arrive very early, or very late then their
preferred arrival time.

Keywords—parking, departure time, prospect theory,
reference point

I. INTRODUCTION

A. Background

Rapid urbanization has led to a large amount of
increase in private vehicles in Nepal. This growth of
vehicles has led to a major transportation problem such
as congestion, pollution, shortage of parking spaces.
Hence, it is necessary to promote the public transporta-
tion and control the growth of private vehicles. The
average volume of the total traffic related to parking

during peak hours in city centers can reach 30 to 50
percent of the total traffic [1]. As each trip ends to a
parking spot, searching for parking is a phenomenon
widely met in the urban environment, and it is related
to problems in terms of to name but a few: lost time,
fuel consumption, traffic flow, safety and emissions
[2]. A change in departure time choice can play a
key role in reducing congestion. A number of studies
have shown that people are more likely to change their
departure time to avoid congestion than to change their
transport mode and are even less likely to change their
work and residential location [3, 4, 5]. The travelling
behavior of a person varies based on various factors
such as personal habits, age, sex, importance of job
etc.

The departure-time problem has received a lot of
attention in recent years, both from the perspective
of econometric modeling and from the perspective
of dynamic user equilibrium analysis. The existing
research in this field have primarily focused on the
factors affecting travelers’ departure time considering
they make decision rationally. However, these studies
do not take into consideration the real-life scenario
where specific conditions such as the destination park-
ing space supply situation and penalties on stopping in
the illegal parking space, and so on. With the growth of
the economy, the problem of unavailability of parking
space and the time required to find it has made the task
of parking hard issue in urban transportation. How-
ever, the existing research of departure time choice
has not considered the above factor, resulting in the
inconsistency between existing research and actual life.
Based on the prospect theory, this paper considers the
actual situation of the commuter’s perception error of
travel time and constructs the departure time choice
model for the commuter who may be worried that the
parking space is insufficient and illegal parking will
be punished.
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The purpose of this paper is to determine the effect
of parking space shortage on the departure time choice
of commuters’ in terms of change in value functions
built around the prospect theory. As explained above,
accounting for such factors will help to accurately un-
derstand and explain travel time behavior. The results
obtained can provide suggestions and guidance for the
relevant policies, help to alleviate traffic congestion,
and promote the sustainable development of urban
transportation.

B. Research Objectives

Specifically, the purpose of this paper is to deter-
mine the effect of parking space shortage on the de-
parture time choice of commuters’ in terms of change
in value functions built around the prospect theory. The
specific objectives are:

• To collect effective information such as charac-
teristics and tendencies of commuters’ departure
time choice

• To determine value functions for various com-
muters’ as per there reference point

II. LITERATURE REVIEW

Parking is a transport component causing high ex-
ternalities such as congestion, space occupation, re-
duced safety and others [6]. The occupancy of public
or private space for parking is addressed by several
researchers [6, 7]. The surface can be thought as
closed areas that cannot be used for other uses e.g. as
recreation– affecting the urban development [6]. On
the traffic side, parking has various negative impacts
such as increasing congestion, and causing delays. [8]
conducted research on drivers searching for parking
and indicated a straightforward example: In a city
with 470 parking spaces and a turnover rate of 17
(cars/day/parking space) around 8000 cars are cruising
every day. Taking into account that the average cruis-
ing time is 3.3 minutes in this area, the time spent on
cruising is 440 hours per day. [8] also found that the
average cruising for parking time in the USA ranges
between 3.3 to 14 minutes and that the average share
of traffic cruising for parking was close to 30 percent
of the total traffic. This issue of searching for parking
as above may not be to the same extent here in Nepal,
however, there are very few little literatures on the
parking issues in Nepal and even fewer is updated.

Apart from the widely used Random Utility Max-
imization other concept arose due to the incapability
of the former to address alternative ways of taking
decisions. Prospect theory is one of the most widely
used for describing the differentiation of the way
people value gains, losses risks and opportunities
[9].Prospect Theory is an economics theory which
was developed by [9] based on results from controlled

studies described how an individual assess their loss
and gain perspectives. The theory states that people
make decisions based on a potential gains or losses
relative to a reference point rather than in absolute
terms. This theory challenges expected utility theory,
which only considers choices with maximum utility.
As per prospect theory when people are faced with
a risky choice leading to gains, individuals prefer
solutions which lead to a lower expected utility but
with a higher certainty. Similarly, when faced with
a risky choice leading to losses, individual prefer
solutions that lead to a lower expected utility as long as
it has potential to avoid losses. Under prospect theory,
value is assigned to gains and losses rather than to
final assets. The value function is defined on deviations
from a reference point and is normally concave for
gains, commonly convex for losses and is generally
steeper for losses than for gains.

[10] developed a segmented value function model
based on prospect theory. They have selected earliest
acceptable arrival time and work starting time for a
given commuter as two reference points. Based on
prospect theory, the segmented value function of a
given departure time choice for a commuter can be
assumed to be a function of the actual arrival time
(asset position) and the gain or loss of that choice with
respect to these two reference points. [11] presented
a comparative analysis from points of theory and
application of the expected utility theory, prospect
theory and regret theory. Results show that despite
the widespread use of expected utility theory to model
travelers’ behavior, the use of prospect theory is quite
appropriate and promising, especially when informa-
tion is provided. [12] developed a departure time
model using cumulative prospect theory. They derived
a closed-form expression for the optimal departure-
time choice for a commuter who behaves according to
Cumulative Prospect Theory.

[13] developed a model using reference point hy-
pothesis of prospect theory considering parking space
shortage and commuters’ bounded rationality. An ex-
periment was designed which collected information
from 346 people with 311 of the data being valid.
The results show that the commuters’ travel satis-
faction and the departure time choice of the next
trip are related to the parking space residual status
after the commuter arrives at the destination. The
research results provide a theoretical and practical
support for parking management and car travelling
decision. In summary, Departure time choice can be
partly explained by psychological factors, which have
previously been neglected by nearly all studies within
departure time. More importantly it shows that the
underlying psychological processes are more complex
than simply accounting for attitudes and perceptions
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which are typically used in other areas. It is reasonable
to believe that the departure time choice can also be
substantially affected by individuals’ attitudes, norms
and perception towards being on time or, towards re-
ducing travel and cost) other than by objective measure
of times and costs.

From the above literatures it is also clear that
prospect theory can be used for determining com-
muter’s departure time choice taking psychological
factors into consideration. There have been quite a few
literatures regarding parking problem in Nepal. Most
of them have been regarding the unmanaged parking
and lack of infrastructures for parking facilities. There
has not been proper research on the parking models
that take into account the behavioral characteristics
of human being. The research done are mostly theory
based and fail to show the real impact of parking on
day-to-day human life. Thus, a conclusion can be made
that a proper model considering behavioral characteris-
tics of human being can be developed to determine the
departure time choice behavior considering the effects
of parking.

A. Prospect Theory

Individual decision-making is divided into two
phases in prospect theory: the editing phase and the
evaluation phase. In the editing phase, decision-maker
organizes and analyzes the results of various options;
then, in the evaluation phase, the decision-maker eval-
uates the results obtained in the editing phase and
selects the highest value plan (the largest prospect
value) as the implementation plan.

Two reference points will be established in the
paper, based on the theoretical framework of prospect
theory and previous research [9, 10, 14]. As shown in
Figure1, a segmented value function of auto commuter
departure time option is proposed. The first reference
point is the commuter’s acceptable earliest arrival time,
and the second point is the work start time.The travel
result is regarded beneficial when the commuter’s
arrival time falls between the two reference points (the
earliest arrival time and the work starting time), and
the commuter will not change his or her departure
time on the following trip. The commuter will consider
changing the departure time for the following trip if
the traveler’s arrival time is outside the range of the
two reference points.. The variables used in the figures
are summarized as follows for reference
td = departure time
ta = arrival time
te = earliest acceptable arrival time
tp = preferred arrival time
tw = work starting time

If the commuter gets at work earlier than te, the
net value of the value function will be negative since

the value of staying at home is higher in terms of
opportunity cost than the value of staying at work
waiting for work hours to begin. The net value of the
value function, on the other hand, will be positive if
the commuter arrives at work later than te, because
the value of waiting at work is now greater than the
value of engaging in other activities outside of work.
If the arrival time is the same as te, then the net
value is zero (therefore te is an indifference point).
Likewise, tw has the same economic implications as te.
It is anticipated that arrival times of an auto commuter
will be more skewed toward the work starting time.
Therefore, a gain occurs when a commuter experiences
an actual arrival time that is between his or her earliest
acceptable arrival time and work starting time; arriving
in this range is assumed to prompt the commuter to
depart at the same departure time. A loss is observed
when the commuter experiences an actual arrival time
that is outside this range, this is assumed to reduce the
likelihood that the commuter will continue to choose
that departure time.

B. Model Construction

First, we construct the following four segments of
the value function (Eqs. (1)–(4)) according to the
location of actual arrival time, preferred arrival time,
and the other two reference points for a given auto
commuter.
1. (Segment I) early-side loss (td ≤ ta ≤ te)

V1(t) = β1 (te − ta)α1 + ε1 (1)

2. (Segment II) early-side gain (te ≤ ta ≤ tp)

V2(t) = β2 (ta − te)α2 + ε2 (2)

3. (Segment III) late-side gain (tp ≤ ta ≤ tw)

V3(t) = β3 (tw − ta)α3 + ε3 (3)

4. (Segment IV) late-side loss (ta ≥ tw)

V4(t) = β4 (ta − tw)α4 + ε4 (4)

Where, βi (i = 1, 2, . . . , 4) are weights which repre-
sent the importance of gains or, losses to that com-
muter. Parameters αi, (i = 1, 2, 4) represent the rate
of change in gain or loss to that commuter. εi(i =
1, 2, . . . 4) are the traveler’s perception errors of the
path travel time, and they obey the double exponential
distribution, and the expected value of ε is zero.

In order to determline the parameter β
questionnaires are prepared. According to formula
(1), if the value function Vi(t) > 0 when the traveler
arrives, that is, when the traveler’s arrival time lies
in area II or area III, the traveler’s travel value is
profitable, and the next trip does not change the
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departure time. Its probability is expressed as follows:

P (V2 > 0) = exp (− exp (ω2 (β2 (ta − te)α2 + η2)))
(5)

P (V3 > 0) = exp (− exp (ω3 (β3 (tw − ta)α3 + η3)))
(6)

Similarly, when the traveler’s arrival time is in area
I or IV, the value function is negative, and the travel
result is loss. The traveler will change the departure
time on the next trip. The probability is expressed as
follows:

P (V1 < 0) = exp (− exp (ω1 (β1 (te − ta)α1 + η1)))
(7)

P (V4 < 0) = exp (− exp (ω4 (β4 (ta − tw)α4 + η4)))
(8)

Where, ωi and ηi are the parameters of εi obeying
the double exponential distribution; that is, εi obey
the double exponential distribution with the parameter
(ωi, ηi) .ηi is the most frequent value or, mode; the
expected value of εi is E =

(
µi+ Υ

ωi

)
, where Υ is

the Euler-Mascheroni constant (≈ 0.577).

III. SURVEY AND DATA ANALYSIS

In view of the research questions proposed above,
Revealed Preference (RP) survey was carried out
to obtain the departure time choice behavior data
considering road traffic congestion status, destination
parking space supply status, and different penalty
measures. A set of 16 questions were prepared to
extract commuters’ socio demographic information,
trip characteristics such as travel time, mode, purpose
of trip and set of psycological questions that helped
define us commuters attitude towards being late, being
on time and reducing travel time.According to the
survey data, a commuters’ departure time choice model
was established. The study area was to be selected
with high number of offices and low parking spaces
availability. New Road area was found to satisfy the
above-mentioned criteria and hence selected as the
study area for the research. 300 random commuters’
were selected during morning hour for the survey.
They all had driving license and had been driving
either a 2-wheeler or, a 4-wheeler. The questionnaire
was presented to them on the spot and were requested
to fill it out. It was designed to collect information
on commuter’s risk seeking behavior under different
scenarios. Although this sample produces biases due
to commuters’ giving response on a fictional scenario,
their effects are considered negligible.

A. Survey and Data Analysis

Firstly, the value function and the concavity are ex-
amined by simple graphs. The concavity and convexity
of the value function are tested according to the value
function curve of the traveler whether or not change

Fig. 1. Value Function Curve

the willingness of the departure time. In the Figure 1
above, we can see that the value function is negative
for commuters’ until the time period of 9:41 A.M.
The value function reaches maximum at the time range
of 9:55 A.M. The value again turns to negative as it
approaches the time period of 10:13 A.M. Thus, the
curve is consistent with the concavo-convex change
trend of value function in theory. The loss area (area
I and area IV) curves are convex, and the gain areas
(area II and area III) curves are concave.

B. Preference analysis of departure time choice

Fig. 2. Departure Time preference of different genders

As seen from Figure 2 both male and female
commuters’ peaked at the time range of 9:31-9:45.
This shows that the around this time period there is
maximum inflow of vehicles in the zone thus redcuing
parking spaces after this time period. There are few
females arriving later than 10:15 A.M. but the number
is not significant enough to indicate that female com-
muters’ have flexible working hours.

From Figure 3, it can be seen that people of age
group 26-40 generally seem to have a similar working
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Fig. 3. Departure Time preference of different age groups

start time as all of them peak at time range of 9:31-
9:45 A.M. People with age group 41-55 also seem
to peak at the time range of 9:31-9:45 A.M. The age
group with most flexibility in their job seem to be the
age group of 56 and above who peak at various time.
16-25 age grouped people seem to arrive early at the
time range of 9:16-9:30.

IV. MODEL CALIBRATION AND DISCUSSION

Method of Least Square Regression was applied to
estimate the parameters of model presented above.
The callibration was done with Kahneman and
Tversky’s results with parameters (αi=0.88) [9]. The
selection of reference point was done by referring to
previous research and the general survey data from
the field. The model parameters βi obtained after the
estimation shows commuters” sensitivity to loss in the
loss region i.e., Area I and Area IV while it shows
commuters’ sensitivity to gain in the Gain Region i.e.,
Area II and Area III. The preference of commuter’s
departure time choice can be understood by the results
of parameter βi. Prospect theory states that when the
value function is positive, the commuter feels gain
and the value of β is greater than 0, but, when the
value function is negative commuter feels loss and
the value of β is less than 0 . As can be seen from
Table 2β2 > 0 and ß3 > 0 indicating value function is
positive and the travel result is gain while β1 < 0 and
β4 < 0 indicating the value function is negative and
the travel result is loss. The relation |β4| >| β1| shows
that the disutility of arriving after work starting time
(ts − taa) is greater than the one of arriving before
the earliest acceptable time ( ta− tE ). This is a very
plausible result. The analysis results are consistent
with the theoretical principles of prospect theory.

Table 1: Value of Parameter Obtained from Regression

β1 β2 β3 β4

-0.183 0.382 0.360 -0.228

From above table it is obvious that ß2 > β3 and
it means that commuter prefers to earlier arrival than
preferred arrival time but the difference is not very
significant so, the tendency is not obvious.

Fig. 4. Value Function Curve from Model

In the Figure 4 above, we can see that the value
function is negative for commuters’ until the time
period of 9:41 A.M. The value function reaches max-
imum at the time range of 9:55 A.M. The value again
turns to negative as it approaches the time period of
10:13 A.M. The loss area (area I and area IV) curves
are convex, and the gain areas (area II and area III)
curves are concave. The data curves obtained as in
Figure 4 are consistent with the value function form
of prospect theory [9, 14] which validates the model
presented.

V. CONCLUSION

The paper results can reveal to some degree the
travelers’ departure time choice behaviour when they
face the risk of no parking spaces and provide a theo-
retical and practical support for parking management.
The model used in this paper incorporates central
features of prospect theory and represents responses of
commuters’ to gains and losses upon arrival at work
as per their arrival time. The model is operationalized
and estimated using empirical data obtained from a
survey conducted in New Road, Kathmandu.

To conclude the findings of this paper may be
summarized as follows:

• The commuter departure time choice changes
with the parking supply rate at the work zone.

• The regression analysis result produced a value
function curve that is consistent with the theo-
retical postulates of prospect theory and offered
empirical evidence that departure time switching
behaviour can be consistently described using this
theory.
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VI. LIMITATIONS

The following can be looked into while doing future
research:

• Other constraints beside parking can be taken into
account while developing the model

• Normal people can be taken into consideration
while conducting surveys.
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Abstract— Ridesharing is accepted as a type of 
transportation service that offers easier mobility and 
availability on a limited number of routes. This research 
was aimed to assess the user’s perception of the Ride-
Sharing Service (RSS) in Kathmandu. A questionnaire 
survey of 441 respondents from various occupations was 
carried out in different places around Kathmandu and 
the data obtained were assessed using descriptive 
statistics. Ride-sharing services, according to the 
research, are rapidly becoming a potential alternative to 
public transit in Kathmandu. Consumers value 
availability, hassle-free, comfort, time efficiency, and 
accessibility. As young people are well-versed in current 
technologies, they are the most regular consumers of 
RSS. Though tootle is the first startup but due to 
availability in both the vehicle and motorcycle 
categories, only two companies, Pathao, and in-driver, 
now hold more than three-quarters of the market 
dominance. RSS is used by around 23% more females 
than males and more than half of RSS rides are 
scheduled during office hours. If key issues like 
concerns about safety and security can be solved, this 
service is anticipated to develop even further. As a 
result, this research might help companies better 
understand their customers' perspectives and improve 
their service quality. 

 
Keywords— Ridesharing, Kathmandu, public transit, 
Pathao 

I. INTRODUCTION  

Ride-sharing service (RSS) is a rapidly emerging 
app-based mode of transportation that provides on-
demand transportation through a mobile app with the 
use of internet connectivity. RSS serves the people, 
that have overlapping or have similar travel routes by 
sharing their trips and travel cost associated with them 
such as fuel costs [1]. Through the use of Smartphone 
technology, Ridesharing offers fast and convenient 
transportation, enhancing the customized mobility 
experience. The features of RSS have opened up 
possibilities for transportation systems all around the 
world. With widespread adoption, reliance on private 
modes of transportation is reduced, and commuting 
time and expenses are also reduced. People are 
always willing to search for accessible and 
comfortable transportation options, and this app-

based mode of transportation has helped to make the 
process go more smoothly. 

In the year 2017, Tootle-the first Nepalese Ride-
sharing startup company in Nepal initiated services 
in Kathmandu. After that in 2018 Bangladesh startup 
Pathao started its Ridesharing service in Kathmandu. 
While these companies were mushrooming all over 
Kathmandu, many other companies namely in-
driver, Sahara, and pick me also started their 
services. Within the subsequent 3-4 years there are 
11 registered companies in operation. Each of these 
companies is operating with its best potential and 
service excellence in the marketplace. To understand 
the service quality of ride-sharing and its relationship 
with user satisfaction, some dimensions must be 
studied. 

RSS has revolutionized the everyday lives of 
inhabitants of Kathmandu by alleviating traffic 
congestion issues, lowering the rate of pollution by 
reducing the number of automobiles, and making 
travel easier than ever before. There are still some 
concerns about the RSS providers' service quality in 
Kathmandu- Is it possible for RSS providers to 
respond quickly to users? How committed are they to 
delivering quality service? Is there an effort on the 
part of the providers to consider the requirements of 
the users? Is RSS available anytime they're needed? 
Is RSS up to par with users' expectations? 

 

II. LITERATURE REVIEW 

Ride-sharing services are unquestionably a 
highly accepted and revolutionary technological 
solution to busy traffic. Ridesharing improves 
transportation system efficiency by enabling the 
adoption of alternate, more traffic-friendly, and 
ecologically sustainable means of transportation, 
resulting in reduced traffic jams. However, a study 
by Chorfi et al. [2] in Riyadh, reported the difficulty 
in traffic management issues due to the widespread 
use of Ridesharing services. Moreover, According to 
a  study published in the New York Times, Uber 
vehicles account for around 10% of traffic in 

740221@khec.edu.np 740218@khec.edu.np 

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal 137

mailto:740218@khec.edu.np


Manhattan during rush hour1. The findings [3] also 
indicate that increased DiDi app usage causes traffic 
congestion, with the effect varying over time. On the 
other side, the research [4], found that Uber 
encourages people to take public transportation by 
resolving the last-mile concern. According to 
research in Israel [5], ride-sharing operations 
reduced traffic by 20%. Another study [6] at six US 
metropolitan regions estimated that ridesharing 
services relieve traffic congestion by diverting 
journeys that would otherwise be generated by 
single-occupancy and private automobiles. Using 
Uber data and local traffic statistics, [7] discovered 
that ride-sharing firms like Uber substantially reduce 
traffic problems in the United States by nearly 1%, 
while the time of congestion surged by 4.5 %. A 
questionnaire study [8] was conducted to clarify the 
reality of traffic congestion, and 75 percent of 
respondents believed that traffic congestion had 
decreased as a result of RSS. 

Customer satisfaction and service quality have 
become a top priority for service providers as the 
number of RSS users grows. Researchers began to 
examine passengers' attitudes toward ridesharing to 
better understand the impact of ridesharing on the 
prevailing transport system. A study [9] used the 
SERVQUAL Model to assess users' perceptions of 
Uber's service quality and found that the Uber 
business model is sustainable in small cities like 
Ipoh. Moreover, according to a study in Metro  
Manila [10], Uber or GrabCar be a convenient 
substitute for private vehicles, and the two most 
important reasons for adopting ride-sharing services 
were safety and reliability. In India Sharma and Das 
[11] observed that the appearance of actual facility 
staff, as well as printed and visual information, were 
important contributors to total user satisfaction 
while using an online taxi service.  Considering  
Uber and  Pathao, [12] discovered that all of the 
service aspect areas need to be improved to assure 
passenger satisfaction. Another research [13] 
examined the key performance indicators for 
Bangladesh's first RSS company, Pathao, as well as 
the impact of Pathao's customer service on users and 
found that RSS service providers should focus more 
on the aspects of reliability and safety. According to 
the research[14]. Passenger satisfaction is 
significantly influenced by service quality. In the 
study conducted in Bangkok using the SERVQUAL 
model [15], it is evident that Customer expectations 
for all five service criteria were found to be higher 
than service providers' perceptions. According to the 
study in Bangladesh using the SERVQUAL model 
taking assurance and empathy as two dimensions   
[16], findings show that RSS users are satisfied with 
both perspectives( assurance and empathy). 

III. METHODOLOGY 
A well-structured questionnaire study was 

undertaken to examine users' perceptions about 
ridesharing in Kathmandu. This study's questionnaire 
survey framework was designed based on the [17] and 
alterations were adapted to suit the context in Nepal. 
We used a simple random sampling method with a 
95% confidence interval. To facilitate data access, an 
online survey was conducted using Google Forms, and 
a field survey was carried out to collect data as well as 
real-time passenger responses. The questionnaire 
included 17 questions about basic demographics, 
frequency of RSS use, the motive of use of RSS, 
perception regarding time, cost, and comfort, the 
problem faced by the users, waiting time for the ride, 
vehicle ownership, and alternative modal choice, took 
around 5 minutes to complete on average. A total of 
447 responses were obtained from both online and 
offline, with a sample population of 441 selected after 
6 responses were excluded due to incomplete 
information. 

 

IV. DATA ANALYSES  
     The important findings from the study, 

including respondents' demographics, the present 
scenario of ridesharing in Kathmandu, and modal 
shifting to ridesharing, have been discussed in this 
part. 

A. Respondents demographics 
Among the 441 respondents, females made up 

55% of the total participation, while males made up 
45 %(Figure 1). In Kathmandu, it has been 
observed that 10 % more women use RSS 
regularly. The present safety and security of 
females in public transport are alarming so the 
majority of the females are more inclined towards 
the use of RSS. Among the total participants, the 
age of 60% of the population is 15 and 30, 28 % 
are 31 and 40 years, 10 % are between the ages of 
41 and 50, and just 2 % are above 50 (Figure 2). 
This demonstrates that the percentage of young 
people embracing and adopting new technology is 
increasing. The majority (49%) of respondents 
were students, while 25% were working in either 
the government or private sector, 24% were self-
employed, and just 2% of RSS users were 
unemployed (Figure 3). 

     The RSS being more expensive than public 
transport, the income of the individual directly 
influence the frequency of the use of RSS, especially 
in developing country like Nepal where 17.4 % of 
the population is multidimensional poor[18]. 
According to the response from the participants, 43 
% make less than 15,000 per month, 25 % earn 
between 15,000 and 30,000 per month, 25 % earn 
between 30,000 and 50,000 per month, and 7 % earn 
more than 50,000 per month (Figure 4). 

 

https://www.nytimes.com/2015/07/28/upshot/blam
e-uber-for-congestion-in-manhattan-not-so-fast.html  
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Figure 3: RSS Users Status 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Monthly Income of respondents 

 

B. Present scenario of ride-sharing in Nepal 
     Though RSS in Nepal is still in its early stages 

and many new suppliers are emerging, respondents' 
frequency of usage of RSS demonstrates the 
familiarity of RSS to many consumers. According to 
participant responses, 16% of people use RSS daily, 
21% use it at least twice a week, 31% use it three or 
more times a week, and 32% use it up to three times a 
month (Figure 5). 

     During the survey, participants were asked 
about the purpose of using RSS, and it was observed 
that office and business trips account for the majority 
of responses, representing 59 % of all responses. 
Furthermore, school/college trips stand for 27%, 
recreation/shopping trips equate to 11%, and others 
(social gatherings, restaurant visits, and outings with 
friends) constitute 3% of total responses (Figure 6). 

     Along with the trip purpose, respondents were 
also asked about the reasons behind using RSS, and 
32% of them stated that the high expense of owning 
and maintaining a private car enables them to choose 
RSS. Furthermore, 23 % said they can't stand traffic 
because they need to get to work quickly, 20 % said 
they are concerned about the rising cost of petroleum 
products, 23 % said they are concerned about 
environmental pollution and believe RSS could help 
in environmental preservation (Figure 7). Though 
Tootle was the first startup in Nepal to provide Ride-
Sharing Service, according to survey results, the 
market has been seized by two other companies, 
Pathao, and in-driver. Pathao is used by 47 % of 
individuals, in-driver by 31 %, tootle by 14 %, and 
Sahara and pick-me by 4 % each (Figure 8). 

     In Nepal, RSS company offers two modes of 
transportation i.e. Car and motorcycle. During the 
survey, participants were asked what kind of vehicle 
they avail themselves of most often when using RSS 
and it is observed that 55% of them use a motorcycle, 
only 6% use a car and 39% have used both (car and 
motorcycle (Figure 9). The cost of an RSS ride 
offered by the car is more expensive than that of a 
motorcycle and given that the majority of participants 
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(49 %) are students, they will choose the motorcycle 
as their mode of ride. Since the RSS is still new in 
Nepal, there is a time constraint, and users do not 
have access to a 24-hour service. According to the 
results, 12% of the respondents schedule their trip 
between 6 am to 9 am, 17% schedule their trip 
between 9 am to 11 am, 10% of individuals plan 
between 11 am to 1 pm, 10% people arrange their trip 
in between 1 pm to 3 pm, 12% book their trip in 
between 3 pm to 5 pm, 19% of them organize their 
trip in between 5 pm to 7 pm and 20% of respondents 
schedule their trip in between 7 pm to 9 pm (Figure 
10). In RSS, a user has to order a ride through a 
mobile app and the driver will accept and pick up 
from the given location. This whole process is time-
consuming. During the study, we asked the 
respondents how long do they have to wait for a ride 
and it is observed that more than half (51%) of the 
participants waits for 10 to 15 minutes (Figure 11). 
Whereas 29% of respondents wait for less than 10 
minutes and 20% of the respondents wait for 15 to 20 
minutes. In the transportation sector, users are too 
much vulnerable to the service quality of service 
providers. During this study, about half of those who 
took part (52%) stated that the ridesharing service 
quality is good, while 34% said it is satisfactory. Only 
8% of respondents stated that the service quality of 
ridesharing is poor, while only 6% stated that the 
service quality of RSS is very good (Figure 12). 
Service quality in the ride-sharing industry is 
primarily measured with safety, comfort, cost, and 
duration of each trip. Safety is the most vulnerable 
factor that people consider in the transportation 
industry. As per the responses, 68% of participants 
responded that the RSS is safe while 32% do not 
consider RSS as a safe mode of transportation (Figure 
13). Moreover, as 23% more women used RSS it is 
evident that women are more susceptible to safety. 
Another influencing factor is comfort and it is 
observed that 84% of people consider RSS as a 
comfortable mode of transportation whereas 16% do 
not agree and consider RSS as uncomfortable (Figure 
14). Comfort in RSS is directly related to the 
condition of the vehicle used in the trip, behavior of 
the driver, road conditions, etc. The upsurge of RSS 
worldwide is because of a time-saving issue. People 
nowadays are too much busy and do not want to 
waste time commuting. As RSS has been creating 
ease to move people easily and in time it has become 
a good option for public transits. During this study, it 
is observed that 89% of people consider that RSS 
saves more time while 6% responded that RSS does 
not save time, and the remaining 5%  are not much 
aware of time and responded ‘I do not know”. 
Though RSS is mushrooming in Nepal, it still cannot 
substitute public buses and private vehicles. 
According to the survey when the participants were 
asked which alternative modes they uses while not 
using RSS, it is noticed that 67% of people still uses 
public bus, 28% of them uses the private vehicle and 
5% uses a bicycle and prefer to walk (Figure 16). 

 

 

 

 

 

 

 

 

 

 

Figure 5: Frequency of Use 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Trip Purpose 
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Figure 8: Service Providing Companies 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Vehicle used in RSS    

 

 

 

 

 

 

 

 

 

 

   

 

Figure 10: Schedule of Trip 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Waiting Time 

 

 

 

 

 

 

 

 

 

   

 

 

Figure 12: Service Quality 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Safety 

 

 

 

 

 

 

 

  

 

 

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal 141



 

 

 

 

 

 

 

 

 

Figure 14: Comfort 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Time Saving Concern 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Alternative mode used than RSS 

 

 

C. The problem in the Ridesharing Service industry 
The ride-sharing sector is a relatively new 

phenomenon in Nepal, and there are several issues to 
be addressed. Despite the fact that it is widely and 
easily accepted in the Nepalese daily commuting 
routine, commuters face several challenges. During 

this study, we observed that 26% of the RSS users' 
ride is canceled by the driver themselves (Figure 17). 
As soon as the user orders the ride, the driver has the 
option to cancel it if it does not correspond with his 
interest or if he does not want to take a ride. Although 
Nepal is developing, in technical advances many 
Nepalese people are still unaware of how to utilize a 
smartphone for transportation. The driver's 
obliviousness to the navigation of Google Maps 
during the trip causes the problem for users. 
According to the responses, approximately 23% of 
drivers do not know how to navigate Google Maps. 
On the other hand, some RSS companies have 
particular policies that if a driver cancels a certain 
amount of incoming ride requests, they will be 
suspended and will be unable to take future rides until 
they are removed from suspension. This is directly 
creating a problem for users. As the users request for a 
ride and if the driver is unable to accept the ride 16% 
of the driver deny to cancel themselves and request the 
users for the cancellation of the ride. As there are so 
many emerging service providers, there is a lot of 
competition to give the finest service at the best price. 
The RSS app calculates the trip fee based on the total 
distance to be covered and the user's location, and the 
total fare is displayed on the user's app when they 
request a trip. However, approximately 10% of the 
RSS users have stated that the actual fare was much 
higher than estimated in the app during the ride 
request and 7% have claimed that drivers tried to 
bargain or request to pay more after the trip ends. 
Ridesharing has been a good income source for many 
individuals in Nepal. To make as much money as 
possible, drivers prefer to over-speed their vehicles, 
resulting in accidents. Nearly 8% of those who took 
part in the survey responded that overspeeding and 
accidents are one of the troubles they have to deal 
with. Not only that, 6 % of people said drivers treated 
them rudely, 3 % said they complained to the 
company but no action was taken against the driver, 
and 1 % said the company's customer care was 
unreachable or didn't respond when they tried to file a 
complaint. 

 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 17: Problems Perceived by RSS Users 
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V. CONCLUSION 

This research used a quantitative technique to 
determine the frequency of RSS use, time travel, trip 
purpose, fare fee, service quality, cost, and comfort 
to determine customer satisfaction with ride-hailing 
services in Nepal. Despite the fact that ridesharing is 
not as frequently used as other forms of public 
transit in Kathmandu, it is nonetheless a familiar 
mode of transportation for many people. The 
majority of rideshare users in Kathmandu are 
female, which validates the findings of [19]and 
[20]who also found that 70% of rideshare 
participants in Taipei were women. According to the 
data, the majority of ridesharing participants are 
between the ages of 15 and 30, which is similar to 
the findings of [19]. Even though ridesharing is 
more expensive than other public transportation 
options, students, office workers, and self-employed 
individuals are the largest beneficiaries of the 
service, which is consistent with [19] results. 

Passengers' trip schedules are mostly during 
office hours, which are between 9:00 a.m. to 11:00 
a.m. and 5 p.m. to 9 p.m. Individuals prefer pre-
scheduled ridesharing but are prepared to wait less 
than 10 minutes to 15 minutes for a trip, confirming 
Tao & Wu's findings[20]. It is noticed that more 
than half of the participants are satisfied with the 
service quality and consider RSS service as a safe 
and comfortable mode of transportation. Since 
ridesharing partners are unfamiliar with one another, 
passengers are always concerned about their safety 
and valuables. Customers in Kathmandu are 
intrigued by ridesharing because they are concerned 
about the safety and comfort of themselves and their 
stuff. 

The findings of the study will aid in the 
development of recommendations for ways to 
enhance the current ride-sharing system and 
establish successful ride-sharing with the required 
adjustments. 

     Although the findings of this study provide a 
stimulating perspective for measuring service quality, 
some constraints are also acknowledged when it 
comes to ridesharing. By integrating additional 
survey sites, more variety in survey data may be 
obtained, which may aid in obtaining a more accurate 
conclusion of ridesharing service quality. Future 
studies should take into account factors that might 
imply more variation in individual attitudes about 
ridesharing services. 
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Abstract—Pedestrian characteristics and public con-
sultation are frequently overlooked while planning and
developing road facilities resulting in a significant risk
of crashes involving with pedestrians at crossings in
Nepal. Birgunj Bus Park and Ghantaghar Bus Stop being
located near Ghantaghar intersection, Birgunj there is
always a problem for the traffic police in managing the
vehicles and pedestrians at the same time. Pedestrian
also attempt to avoid the traffic rules. The purpose of
this study is to find out public perception on traffic
facilities and waiting time at Ghantaghar Intersection.
The intersection was deemed hazardous by 36 percent of
those polled and a total of 34 percent of those polled said
that installing traffic signals would be a good solution to
the Ghantaghar intersection’s persistent road crossing
problem. Furthermore, the average waiting time was
found to be 6.87 seconds.

Index Terms—pedestrian, perception study, intersec-
tion safety, waiting time

I. INTRODUCTION

Pedestrian includes any person who is walking,
standing or sitting on a road or in any mobile device
[1]. Birgunj Bus Park and Ghantaghar Bus Stop being
located near Ghantaghar intersection, Birgunj, there is
always a problem for the traffic police in managing the
vehicles and pedestrians at the same time. Pedestrians
seem to be in hurry in reaching their destination.
As a result, they also attempt to avoid the traffic
rules too. The design, arrangement and development of
support infrastructure should be in favour of pedestrian
crossing. To achieve so, pedestrian facilities should
be planned and based on the concrete information on
user characteristics, travelling pattern and behaviour
of pedestrian while crossing. The facilities also need
to be harmonized with ambient factors that affect
the safe, convenience and secure movement of pedes-
trians. Walking being the most neglected mode of
transportation, pedestrians face more difficulties while

crossing the road near intersections. When the place of
crossing is uncontrolled, the risk factor increases for
the pedestrians.
Pedestrians using zebra crossings are directed to walk
in the safest area possible. Although crosswalks are
less apparent from the perspective of moving traffic,
Zebra crossings do alert vehicle operators to the prob-
able presence of pedestrians. This is one reason for
augmenting crosswalks with pedestrian warning signs
[2]. Providing a Zebra crossing is just one of the
various engineering solutions available. A pedestrian’s
decision to cross the street is influenced by a number
of elements (age and gender of pedestrians, driver
behavior, vehicle features, road geometry, built street
surrounds, and so on). Countermeasures for the exist-
ing intersection problems was also needed to be looked
for. In some studies, researchers obtained pedestrian
movements with cameras and by conducting surveys
so that they could collect data on the perceptions of
pedestrians about the crossing environment. In similar
pattern, questionnaire survey was carried out to seek
public perception regarding road crossing facilities
at Ghantaghar Intersection as an objective for the
research work.

II. METHODOLOGY

A. Study Area

The main study area is Ghantaghar intersection
which is entrance of Birgunj metropolitan city from
north direction where the main bus park is located.
Ghantaghar, situated in the middle of Birgunj, has
turned into a structure that identifies the city. Inter-
section is across the Ghantaghar thus it is named
as Ghantaghar intersection. It is one of the busiest
intersections of Birgunj due to Ghantaghar Bus Stop.
The Ghantaghar Bus Stop lies approximately 131m

Public Perception Study On Road Crossing
Facilities And Determination Of Waiting

Time
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towards North of the Ghantaghar Intersection and the
Birgunj Bus Park lies approximately 860m towards
East of the intersection. This place being a place for
visiting is full of different kind of people from around
the city as well as from our neighbouring country
India. The general layout of Ghantaghar Intersection
showing Ghantaghar Bus Stop and Birgunj Bus Park
has been shown in figure 1 and figure 2.

Fig. 1. General Layout of Ghantaghar Intersection showing Ghan-
taghar Bus Stop

Fig. 2. General Layout of Ghantaghar Intersection showing Birgunj
Bus Park

B. Calculation of Sample Size

Sample size was determined using the following
formula for infinite population [3].

Sample Size = (z2 ∗ p ∗ (1− p)/e2)
where,

p is the population proportion which is kept as 0.5
e is the margin of error which is used as 0.05
z is the z-score taken 1.96 for 95 percent confidence
level.

Sample Size = 385

C. Data Collection

1) Questionnaire Survey: Questionnaire was
designed and pedestrians were requested to fill up the
questionnaire. A total of 400 pedestrian (minimum
385) were requested to fill up questionnaire at
crossing facilities. These questionnaires aimed to
sample the views of pedestrians of a variety of
ages and respondents were divided into five main
age groups for perception study as upto 16, 16-30,
30-45, 45-60 and above 60. In case of any problem
answering the questions, the researcher helped them
to deal with. The questionnaires were based on the
research questions and objectives of research.

2) Videographic Survey: Data on pedestrian move-
ments at Ghantaghar intersection was recorded during
peak hour of 9:30 AM - 11:30 AM and 4:00 PM –
6:00 PM for three days on weekdays and the count
was done for two hours 11:00 AM – 1:00 PM on
weekend. The cameras were positioned in such a way
that it facilitated a bird’s – eye view of the entire test
stretch.

III. DATA ANALYSIS

1) Public Perception: At the Ghantaghar Intersec-
tion in Birgunj, a questionnaire study was undertaken
to gather information on public perceptions of trans-
portation infrastructure. The questionnaire included
questions for gathering demographic information as
well as other information about roadway amenities.

39 percent of the participants in the questionnaire
poll were female, while 61 percent were male (Fig.
3).

Participants between the ages of 16 and 30 were
found to use the roadway facilities the most, while
those over 60 were found to use them the least. The
reason for this is that college and university students
make up the majority of the sample group who use
the intersection (Fig. 4). It was seen that 55 percent of
the participants used the roadside facilities on a daily
basis (Fig. 5).

Only 7 percent of the participant used the intersec-
tions on the day the survey was carried out (Fig. 3).

Approximately 35 percent of the intersection’s
total participants use it during the day, with only 12
percent contributing to the evening peak (Fig. 6).
Early morning (between 5 and 7 a.m.) accounted for
20 percent of the total population examined. It is
owing to the increased number of students attending
morning classes at institutions. A survey was also
undertaken to investigate the public’s impression of
the intersection’s safety. This was also done in order
to acquire information on existing inventory. The
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Fig. 3. Participant by Gender

Fig. 4. Participant by Age

Fig. 5. Frequency of Usage of Intersection

Fig. 6. Usage of Intersection by Time of Day

Fig. 7. Perception of Safety while crossing through Intersection

Fig. 8. Public Perception Towards Improvement

intersection was deemed hazardous by 36 percent
of those polled (Fig. 7). A total of 34 percent of
those polled said that installing traffic signals would
be a good solution to the Ghantaghar intersection’s
persistent road crossing problem (Fig. 8).

2) Waiting Time: Waiting time is defined as the
time when the pedestrian arrives at the location of
crossing and waits before he/she starts crossing. The
pedestrian is compelled to wait due to interfering
vehicles. Interfering vehicles are those vehicles that
obstruct pedestrians to cross the road when he/she
attempt crossing the road. The waiting time was then
observed from the video recorded. The average waiting
time was found to be 6.87 seconds with a standard
deviation of 4 seconds. The 50th percentile value was
found to be 6.33 seconds. In a research carried out in
intersections in Dhaka it was found that almost one-
fourth of the pedestrians did not wait at intersections
and 42 percent of the pedestrians waited less than 10
seconds [4]. As per pedestrian crossing requirement it
has been mentioned that the total pedestrian crossing
time is taken as minimum pedestrian crossing time
plus initial interval for pedestrians to start crossing,
which should not be less than 7 secs [5]. The obser-
vations made in Ghantaghar Intersection can thus be
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compared with the above mentioned literatures.

IV. CONCLULSION AND RECOMMENDATION

1) Conclusion: It was found that 34 percent
of the surveyed population preferred the provision
of traffic lights, 25 percent preferred provision of
pedestrian bridge, 25 percent preferred provision of
zebra crossing and 16 percent preferred provision of
traffic police as suitable solution against the ongoing
road crossing problem in the Ghantaghar intersection.
Such perception study can thus be carried out to
evaluate public views on the relevant subject matters.

2) Recommendation: The installation of traffic sig-
nals may be the best option for alleviating the current
challenges that pedestrians are experiencing. Although
a public opinion survey provides a starting point for
additional research, a comprehensive survey that in-
cludes other quantitative analyses is also required for
planning and designing. Therefore, following works
can be incorporated in future researches.

• Determination of crossing speed of pedestrians
that can be taken into account in traffic signal
design.

• Development of model for the prediction of cross-
ing speed.

• Development of model for the prediction of wait-
ing time.
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V. ANNEX
Sample questions asked in survey has been

presented below.

1. Age:
(i) Upto 16
(ii) 16 – 30
(iii) 30 – 45
(iv) 45 – 60
(v) more than 60

2. Sex:
(i) Male
(ii) Female

3. How often have you used this crossing?
(i) More than once a day
(ii) Every day
(iii) Once or twice a week
(iv) Once or twice in the last month
(iv) Just today

4. Approximate time of day at which you have
crossed the intersection:
(i) Early morning
(ii) Morning peak
(iii) Day time
(iv) Evening peak

5. How much safe do you feel while using the
crossing facilities?
(i) Very Unsafe
(ii) Unsafe
(iii) Moderate
(iv) Safe
(v) Very Safe

6. What can be done to improve the walking
facilities?
(i) Proper zebra cross marking
(ii) Provision of traffic lights
(iii) Provision of traffic police
(iv) Pedestrian bridge

[2] Kimley-Horn, 2019. Complete Streets Design Guidelines 2.0,
Broward Metropolitan Planning Organization.
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Abstract— The overall performance of the road 

networks depends on their geometry as well as traffic 

characteristics. Nodes and links are the major elements of 

the road network. In this paper, the road network for study 

has been selected in Lalitpur Metropolitan City inside the 

ring road and was analyzed using ArcMap 10.3.1. The 

capacity of the section has been analyzed to form a digital 

format including traffic volume and spot speed of the area. 

Traffic volume study and spot speed study have been 

carried out in the prime route of the study area. This helped 

in solving the problem of finding the shortest route and the 

best route. A Digital map has been prepared using these 

data.  

The result showed that the highest traffic volume is in 

the Jawalakhel-Kupondole section whereas the 

Lagankhel-Satdobato section has a uniform flow of 

vehicles. Ringroad serves the highest spot speed which 

exceeds the onset speed limit of 50 kmph. The shortest route 

and best route of the Balkhu-Balkumari section have been 

analyzed and compared. The best route has 36.16% more 

travel distance but has 16.4% less travel time than the short 

route. The same analysis has been done for multiple stops. 

Serviceability of facilities like hospital and fire brigade has 

been carried with an impedance of distance and time.  

Keywords— Network Analysis, GIS, Serviceability, 

Shortest Route, Best Route, Road Network 

I. INTRODUCTION  

The census figure of Lalitpur Metropolitan City 
was 284,922 in 2021 [1], which are postulated now as 
more than 3 lakhs. In such a city with a very congested 
road, optimization of the use of the system is very 
complex. Many congested roads, high use of land units, 
unmanaged network, lack of better road infrastructures 
encountered on the way challenge to the smoother 
mobility and accessibility of the system. 

The growing population is a natural phenomenon, 
so the infrastructures are to be constructed with the 
proper planning based on growth forecast. Especially, 
in the context of roadways, the urban areas had a 
historical development as compared to the rural areas. 
The network analysis within the area helps to represent 
the actual condition of the network and it further helps 
to make a plan and other improvement strategies. 

 

Figure 1: Study Area 

ArcGIS Network Analyst enables users to 
dynamically model realistic network conditions, 
including turn restrictions, speed limits, height 
restrictions, and traffic conditions, at different times of 
the day  [2]. ArcGIS proved to be one of the most user-
friendly, effective and time-saving tools in the field of 
both traffic engineering and transportation planning  
[3]. A GIS-based application for healthcare emergency 
response system services to manage healthcare in the 
ALMOKATAM Zone in the south of Cairo, Egypt. The 
optimal route was modeled based on the distance to the 
closest healthcare service providers. The system 
integrated data acquisition from databases and plotted 
the location-based features of satellite images through 
a web-based interface which gives access to all 
different tasks by different end-users to be a decision-
maker or policymakers in system management  [4]. 

II. OBJECTIVES 

The objectives of this paper can be summarized in the 

following points:  

transport unlimited solution 
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• To identify the traffic volume and spot speed 

of major routes in the study area and show 

them in a network map 

• To identify the short route and best route 

between two locations in the road network 

map and amongst several locations. 

• To identify the accessibility and 

serviceability of emergency response 

facilities like hospitals and fire brigades. 

III. RELATED WORKS 

D. Amrapali Dabhade attempted to solve the challenge 

of finding a specialized hospital in Aurangabad, 

Maharashtra State, India, and the shortest route to get 

there in 2015. They used ArcGIS software and 

Dijkstra's algorithm to discover the hospitals closest to 

the user's location using Dijkstra's approach, which 

provides the shortest path from one point to another. 

The shortest path was calculated using road distances; 

traffic congestion and road condition were not taken 

into account. [5]. 

In 2014, A. A. Gubara built a GIS-based application 

for healthcare emergency response system services in 

the ALMOKATAM Zone in Cairo, Egypt, to manage 

healthcare. The best path was calculated based on the 

distance between the nearest healthcare providers. 

Through a web-based interface, the system combined 

data acquisition from databases and plotted the 

location-based properties of satellite images, allowing 

diverse end-users to be decision-makers or 

policymakers in system administration. They didn't 

take anything into account besides the distance. [4]. 

. N. and Zhang Yao ting explored shortest path 

analysis using Dijkstra's algorithm in 2014, and 

created a GIS-based emergency response system. They 

also created a web-based application that combined 

GIS, web services, and Asynchronous JavaScript and 

XML (Ajax) technologies to discover the best routes 

between specialized reaction team stations and 

incident locations. Their suggested algorithm 

calculated the best route based on the distance 

traveled, without taking into account road conditions 

or traffic congestion. [3]. 

In 2013, N. Anshul Bhagat, developed a desktop-based 

emergency response system for emergency readiness 

and management through GIS in Delhi, India. The 

main objective of this application was to provide an 

immediate response to any incident or accident. A 

detailed transportation network was maintained and 

integrated with real-time traffic data provided by 

NAVTEQ in India. The near real-time traffic 

information was used to analyze suitable routes to the 

incident location by avoiding highly congested routes 

and therefore reducing the response time. Using GIS 

capabilities, various analyses were performed such as 

finding the shortest route using Origin-Destination 

(OD) cost matrix, network analysis, proximity 

analysis, and buffer analysis [6]. 

IV. METHODOLOGY 

The methodological framework of the work 
performed in various stages is shown in figure 2. The 
Study can be sub-divided into 4 major parts; 

 
Figure 2: Methodological Framework of the Study 

A. Desk Study 

The desk study was performed as the initial step of the 

study. This included the collection and review of 

literature related to transportation as well as road 

network analysis study. The literature in the form of 

books, articles, journals, web papers etc. was 

collected. The past works in the field of road network 

analysis were reviewed and the site was selected for 

the present work. 

First, the area was outlined in Google Maps and 

topographic features were studied in Google Earth Pro. 

After the selection of the site, network maps that 

included the area were collected. Shapefiles for the 

road network of Nepal were downloaded and extracted 

from open street map. Road network map of study area 

was exported by using the export data tool in Arc GIS. 

Correction in the map was done with the help of a 

satellite image layer. 

Datasheets and work plans were prepared before going 

on site. Supportive maps, figures, and literature were 

downloaded and printed to carry in the field. 

B. Field Work 

The essential data for the analysis of road networks 
were collected from a field survey. Peak hour traffic 
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volume count and spot speed survey were conducted to 
obtain the required data. Seventeen locations inside the 
study were selected to perform traffic volume count 
and spot speed survey shown in figure 3. The road 
network is taken only inside the Ringroad in Lalitpur 
Metropolitan City hence for integrated planning the 
entire network of the Kathmandu Valley should be 
analyzed. 

 
 
Figure 3: Locations of Traffic Survey 

1) Traffic Volume Count 

The video graphic method is adopted to perform traffic 

volume count. The video was captured for 2 hours in 

case of major link whereas 1 hour for the minor link in 

the morning peak hour.  

2) Spot Speed Survey 

For spot speed, the straight portion of the road segment 

with minimum stoppage was selected. A manual 

method is used in the survey. Two parameters distance 

and time have been used to measure the spot speed.   

C. Data Extraction and Preparation 

After field works, counting the vehicle was done 

manually by viewing the video footage.  

1) Traffic volume  

To standardization of the flow of vehicle standard 

passenger car unit (PCU) is introduced shown in table 

1. 
Table 1: PCU Factor (Source NRS 2070)  

S.N. Vehicle Type PCU 

1 Bicycle, Motorcycle 0.5 

2 Car, Auto Rickshaw, SUV, Light Van and 
Pick Up 

1 

3 Light (Mini) Truck, Tractor, Rickshaw 1.5 

4 Truck, Bus, Minibus, Tractor with trailer 3 

5 Non-motorized carts 6 

 

The traffic volume data was filled in an excel sheet. 

Hourly traffic flow and peak flow are calculated as 

formula below: 

Hourly Traffic Volume 

=
Total traffic flow in PCU  

Total number of hour 
   𝑃𝐶𝑈

ℎ𝑟⁄  

 

Maximum hourly flow rate = 
15 minute peak traffic flow∗60

15
 

Peak hour factor (PHF) = 
Hourly Traffic  volume

Maximum hourly flow rate 
 

 

2) Spot Speed 

Determining of spot speed was started after the 

completion of fieldwork. Data obtained from the field 

survey was tabulated and the following steps were 

conducted.  

• Speed in kmph = 
 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)∗3600

Time taken(in seconds)∗1000
 

• Class interval = 
      𝑅        

1+3.322log(n)
 

Where, R= range i.e., the largest and smallest 

value of speed of vehicles. 

                    n = number of data recorded 

• Frequency percentage (%) = 
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦∗100 %

𝑛
 

• Graphs were plotted: Cumulative Frequency 

Vs Speed and Frequency Vs Speed.  

• 15th, 50th, 85th and 98th percentile speeds were 

computed using a graph (Cumulative 

Frequency Vs Speed)  

The above steps were done for all vehicle types of 

each section. Then weightage average speed for each 

section was determined using the formula: 

Weightage Average Speed 

=
∑𝑖𝑡ℎ 𝑠𝑝𝑒𝑒𝑑 𝑜𝑓 𝑡𝑦𝑝𝑒 𝑜𝑓𝑣𝑒ℎ𝑖𝑐𝑙𝑒 ∗𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑒 𝑡𝑦𝑝𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑠𝑒𝑐𝑡𝑖𝑜𝑛
 

D. Network Analysis 

The road network analysis has been done with the help 

of ArcGIS Network Analyst Extension. It is a useful 

extension of software that provides network-based 

spatial analysis, including travel directions, closest 

facility analysis and service area analysis  (A. Gubara, 

2014). It helps users to dynamically model realistic 

roads network factors, such as turn restrictions, speed 

limits and traffic conditions at a different time of the 

day. The ArcGIS Network Analyst Extension uses the 

standar Dijkstra’s algorithm to calculate the least 

accumulated cost between destination node and every 

other node in the network. Two types of network 

analysis were applied; the best route analysis and the 

serviceability of facilities.  

The best route analysis generates the best route 

between two locations and amongst several locations 

based on travel time which depends on the traffic 

conditions available on the network at a particular time 

of day. The network analyst extension makes it is easy 

to set the best rote analysis parameters, such as the 

travel time that will be used as an impedance factor, 

the start time of traveling which produces different 

results based on the day profile selected, the 

restrictions on the analysis, such as the road directions 

(unidirectional or bidirectional), and the ability to 

ignore invalid network locations that may cause the 
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analysis to fail. After adjusting the best route analysis 

settings, we chose the start location and the end 

location and then used the best route solver tool to 

generate the best route between these two locations.  

The serviceability analysis generates the service area 

from the facility based on road distance and travel time 

which depends on the traffic condition available on the 

network at a particular time of day.  

V. RESULT 

There was a total of 19 wards in the study area. The 
total area of the study network was 9.2 sqm. There are 
1786 nodes in which 159 has a degree of 3, 32 has a 
degree of 32 and 1 has a degree of 5. The result of the 
traffic volume study shows Jawalakhel- Kupondole 
Section has the highest number which is 2917.5 
PCU/hr. The peak factor is highest in the Lagankhel-
Satdobato section (0.974) shown in figure 4 and figure 
5. Similarly, The result of the spot speed study shows 
Ringroad has the highest 85th percentile speed of 
53.285 Km/hr and the Lagankhel-Gwarko section has 
the least with 26.726 Km/hr. shown in figure 6. 

 

Figure 4: Traffic Volume per lane (PCU/hr.) 

 
Figure 5: Peak hour traffic volume per lane (PCU/hr.) 

 

Figure 6: Spot speed in Kmph 

A.) Shortest and best route between Balkhu and 
Balkumari 

The shortest and best route network analysis between 
Balkhu and Balkumari shows the shortest route based 
on distance has 4.706 km, the section is congested and 
narrow hence the speed is in that section is low hence 
the time required to travel is 8.972 min whereas that of 
best route based on time is 6.502 km and 7.50-minute, 
travel time is reduced because of higher speed in that 
section. The best route has nearly 38.16% more travel 
distance but has 16.4 % less travel time shown in figure 
7 and figure 8. 
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Figure 7: Shortest Route between Balkhu and Balkumari 

 
Figure 8: Best Route between Balkhu and Balkumari 

B.) Shortest and best route amongst 14 locations 

Traveling via multiple locations entails being able to 
select the origin, destination, and sequence of 
intermediate locations, but the requirement is that you 
must visit all of them. For Multiple locations inside the 
area, the shortest based on distance and best route based 
on time amongst 14 locations is shown in figure 9 and 
figure 10. The shortest route has a cumulative travel 
distance of 18.708 Km and a Cumulative time of 
35.291 min whereas that of the best route is 18.931 Km 
and 34.743 min.  

 

Figure 9: Shortest Route amongst 14 locations 

 
Figure 10: Best Route amongst 14 locations 

C.) Serviceability of Hospitals based on distance and 
time 

Analysis of service area based on distance and time of 
hospital shows that the study area has enough hospital 
as required thus the area has very less buffer zone 
shown in figure 11 and figure 12. 

 
Figure 11: Serviceability of Hospitals based on distance (meter) 

 
Figure 12: Serviceability of Hospitals based on time (minute) 

C.) Serviceability of Fire Brigade based on distance and 
time 

Analysis of service area based on distance and time of 
fire brigade shows that the farthest location of the study 
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area is 3 km and 5min of travel from the location of fire 
brigade shown in figure 13 and figure 14. 

 

Figure 13: Serviceability of Fire Brigade based on distance (meter) 

 
Figure 14: Serviceability of Fire Brigade based on time (minute) 

VI. CONCLUSION  

In this paper, an enhanced GIS-based network analysis 
was performed and applied to the road network of 
Lalitpur Metropolitan inside the Ringroad. It focuses 
on finding the best route between two locations, 
amongst the multiple locations on the road network and 
finding the service area of the hospital and fire brigade. 
The best and the shortest route computed from the 
analysis with ArcGIS shows that the best route has 
nearly 38.16% more travel distance but has 16.14 % 
less travel time. The results show that the service area 
(1000m and 2 min radius) of the hospital covers all 
parts of the study area. There is a negligible buffer 
zone. The service area of only one fire brigade in 
metropolitan covers the research area with a 3 km 
radius and 5 min of travel time. Therefore, the traffic 
volume shows a variation with the location and the spot 
speed depends upon the traffic volume and geometry of 
the road. Besides, the shortest route is not always the 
fastest. It is clever to find out the best route for a 
possible emergency condition to save time, fuel and 
money.  
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I.  INTRODUCTION 

I. I.   Study Area and Traffic State 

Kathmandu Valley constitutes of the 3 central 

districts : the capital city Kathmandu, Bhaktapur in 

the East and Lalitpur in the South, thus forming  the 

country’s most densely populated region (Prajapati, 

Bajracharya, Bhattarai, & Froyen, 2019). Even 

though covering just 899 square kilometres (0.6% of 

the country’s area ) , it contributes to nearly 23% of 

the national GDP  (Nepal-Rastra-Bank, 2012). The 

national survey put the population of the valley at 2.6 

million in the year 2011 with the estimation of 3 

million by 2016(roughly 10% of the country’s 

population) with an annual increment rate of 4.6 %  

("National Population and Housing Census ", 2011). 

This has been mainly due to its comparative edge on 

economic, administrative and politic front over the 

rest of the country(Thapa, Murayama, & Ale, 2008). 

To alleviate this immense traffic demand , the Ring 

Road plays a vital role, encompassing the main 

economic and population centres within the valley ; 

and allowing the vehicles to take alternative route 

outside of the more congested areas at the core. The 

ring road covers approximately 43 square kilometres 

area with its perimeter of roughly 27 kilometres 

(Shrestha, 2019).  

Causes of High Congestion 

i. High Traffic volume: The ring road has not been 

able to totally alleviate the situation.  As per the 

traffic data collected in February 2019 , the route 

Koteshwor to Tinkune which contains the studied 

road section ( Ekantakuna to Satdobato ) has traffic 

volume at 12,200 [PCU/Day] which translates to 

V/C Ratio (Volume Capacity Ratio) of 2.22(Japan-

International-Cooperation-Agency, 2019). 

Volume Capacity Ratio is attained by dividing the 

actual traffic volume by the capacity of the road 

section( the maximum no of vehicles expected to 

travel at a reasonable speed). 

 

 

Categories based on V/C Ratio 

 V/C Ratio   Category 

Greater than 1 Severe Congestion 

0.75 to 1 Heavy Congestion 

0.5 to 0.74 Moderate Congestion 

Less than 0.5 Low or no Congestion 

 

This puts the V/C Ratio of 2.22 in the given route at 

: Severe Congestion 

 
Traffic Delay Assessment And 

Scenario Projection Of 
Ekantakuna-Satdobato Section Of 

Kathmandu Ring Road (neh39) 

Abstract:   Kathmandu valley is the most densely 

populated region in Nepal owing to its edge on 

economic, administrative and political front over the 

rest of the country. Ring road is an eight-lane road 

encompassing the centre region of the valley where the

 traffic load is the highest. It was  designed to alleviate 

the traffic load on these regions by allowing the 

vehicles to take the exterior routes thereby reducing 

traffic congestion in centre regions. With the 

population growth and urbanization , the congestion 

has been increasing significantly in the Ring Road. 

Microscopic simulation such as VISSIM has more 

individualistic approach such as interaction of the 

driver to the environment and other vehicles,  

individual link behaviour or behaviour of the driver 

class, etc. After the simulations, the model calibration 

and validation were done through checking the 

consistency of the traffic delay results(passengers and 

vehicles) and comparison to the real-world traffic 

dataset.  The assessment of delay results shows that : 

the present case can be improved slightly with the 

introduction of pretimed traffic signals , whereas 

significant improvements can be observed  with 

conversion of motorcycles’ use to bus.  
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ii: Large number of private vehicles for single user 

purpose :  

  The ratio of private vehicles to public vehicles is 

huge thus increasing the number of vehicles to serve 

the traffic demand.  The number of motorcycles in 

the valley increased from 150,000 to 570,000 for the 

previous decade (2001-2011), with the similar trend 

expected for the current decade (2011-2021)  (Japan-

International-Cooperation-Agency, 2019).  

iii. Mixed Traffic: 

Beside the large number of vehicles and compared to 

capacity and the  high ratio of private vehicles to 

public vehicles , the mixed traffic also plays a 

significant role in the congestion process. The 

vehicles running in the ring road can be broadly 

categorized into 15 groups:  

No Vehicles 

1 Multi Axle Trucks 

2 Heavy Truck 

3 Light Truck 

4 Big Bus 

5 Mini Bus 

6 Micro Bus 

7 Car/Taxi 

8 Motor Cycles 

9 Utility Vehicles 

10 Tractor 

11 Three Wheeler 

12 Four Wheel Drive 

13 Power Trailer 

14 Rickshaw 

15 Bicycles 

 

These categories vary in different characteristics: 

• Size 

• driving behaviour 

• speed (desired and based on special 

conditions) 

• occupancy 

 

These characteristics are discussed in detail later in 

the report along with their contribution to the state of 

the traffic flow.  The presence of multiple vehicle 

categories as well as the uneven distribution play a 

vital role in unmanaged traffic flow. The difference 

in size and speed will have impact in the smooth 

traffic movement, and they also tend to show 

different driving behaviours (Das, Saw, & Katti, 

2016). In case of South Asia, the absence and in 

some case incompliance to follow the rules by the 

motorcycles, scooters and three wheelers often lead 

to hindrance to easy flow of other big vehicles such 

as Trucks, buses and cars (Das et al., 2016). 

 

II. OBJECTIVES 

Main objectives during the paper 

▪ To evaluate  the results of the simulations at the 

current state to provide current traffic 

information:  level of congestion , travel time 

increment, etc 

▪ To forecast of potential scenarios with external 

measures such as discouragement of private 

vehicles( transforming cars and motorcycles use 

to public vehicles use 25% and 50% ). 

▪ To forecast of potential scenarios with improved 

traffic measures such as pretimed traffic signals. 

 

III. LITERATURE REVIEW 

Lownes and Machemehl studied and presented the 

influence of different driving behaviour parameters 

on the precision of simulation process (N. E. Lownes 

& R. B. Machemehl, 2006).  The adjustment of these 

parameters to replicate the real life traffic state is 

vital for realistic future traffic state predictions 

through simulation. 

Gomes and Horowitz studied and calibrated a 

detailed freeway model on a 15-mile road stretch of 

I-20 West in California, using VISSIM (Gomes et 

al., 2004). From the field data collected through i) 

Loop detectors on the onramps and offramps and ii) 

Manual survey of onramps and offramps, they 

initially used FREQ to generate a Origin-Destination 

Set . The main focus of the paper was the collection 

and processing of the field data set, identification of 

the bottlenecks on the network and assessment of 

overall traffic state through VISSIM. 

Zhizhou et al. applied the optimization method for 

finding the best fit combination of VISSIM driving 

behaviour parameters (Zhizhou, Jian, & Xiaoguang, 

2005). They based their study on the North-South 

Expressway and collected the field data from Traffic 

Information Collecting System (TICS) in Shanghai. 

Then through VISSIM microscopic simulation , they 

assessed different parameters influencing simulation 

accuracy . 

Elkafoury et al. combined the working of the 

microscopic traffic state simulation i.e. VISSIM and 

a emission factor regression model i.e. Carbon 

Monoxide Emission estimator for the traffic state in 

New Borg El-Arab City, Egypt (Elkafoury et al., 

2015).  
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IV. METHODOLOGY 

IV. I.  Representation of Study Area 

               

 

IV. II.  Input: 

For the simulation, the Ekantakuna : Satdobato road 

segment of the Ring Road was taken. For the road 

segment, traffic data of the terminal intersections of 

the road segment(Ekantakuna intersection and 

Satdobato intersection) were used. The traffic data of 

the morning peak hour of 8:30a.m. to 9:30 a.m on 23 

September,2020 were taken.  

The  vehicle flow in the ring road segment consists 

of  mixed traffic. As there is huge variation between 

the vehicles in size, occupancy and operation, they 

cannot just broadly be divided into the regular 

categories: Cars, Bus, High Grade Vehicles, 

Bikes,etc. The vehicle flow in the traffic state has 

been broadly divided into 15 categories: The 

proportion and size of the vehicle classes are based 

on the national traffic reports ("Bus Body Building 

Standard - Nepal," 2018; "Nepal Road Standard ", 

2014) . The dimensions and proportions taken in 

VISSIM are shown in the table below. 

  

IV. III. Transformation of Private vehicle’s use to 

Public vehicle’s use for forecast 

Transformation of motorcycles’ use to Buses’ use 

 i. 25% of motorcycles’ use to Buses’ use 

Assumption: As the 3 Bus types have occupancies of 

(15, 25, 35), so we take the average occupancy of bus 

as 25. For 100 motorcycles: we change into total 

(new transformed) vehicle number  : 76   i.e. 

- 75 motorcycles 

- 1 Bus (equivalent to 25 motorcycles)   ( 3 

Bus types with proportion of 0.33 each) 

Calculation : 

Transformed total vehicle number   = 
76

100
 *  (Original 

motorcycles’ number) 

Modified Example:Vehicle Composition proportion:    

Vehicle Proportion 

Motorcycles 75 

Big Bus 0.333 

Mini Bus 0.334 

Micro Bus 0.333 

TABLE 1: VEHICLES’ DIVISION WITH 
PROPORTION, SIZE AND OCCUPANCY 

 

FIGURE 1 : REPRESENTATION OF STUDY AREA IN MAP 
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ii. 50% of motorcycles’ use to Buses’ use 

Assumption: As the 3 Bus types have occupancies of 

(15,25,35), so we take the occupancy of bus as 25. 

For 50 motorcycles: we change into total (new 

transformed) vehicle number  : 26 

- 25 motorcycles 

- 1 Bus (equivalent to 25 motorcycles) ( 3Bus 

types with proportion of 0.33 each) 

Calculation : 

Transformed total vehicle number   = 
26

50
 *  (Original 

motorcycles’ number) 

Modified Example : Vehicle Composition 

proportion:    

Vehicle Proportion 

Motorcycles 25 

Big Bus 0.333 

Mini Bus 0.334 

Micro Bus 0.333 

 

IV. IV.   Traffic signals 

Signal Stages: The flow is divided into two stages 

with East-West direction flow taken in the first stage 

and North-South direction flow in the second stage. 

 

 

Delay  

Average Stopped Delay: The average time the 

vehicle is in complete stop or halt, per vehicle. 

Average Vehicle Delay: The average difference in 

time between the free flow time and the actual travel 

time from simulations, per vehicle . 

V. RESULT 

V.I.  Vehicle Composition 

From the average number of vehicles from the traffic 

data on site and 10 simulations run for the initial 

case, the following data can be extracted with 

illustration.  

 

 

Composition of Vehicles 

 

FIGURE 2 : SIGNAL STAGES 

 

FIGURE 3: TIME DIVISION FOR THE SIGNAL STAGES 

 

FIGURE 4: VISSIM INPUT OF TIME OF SIGNAL STAGES 
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V. II.  Results Comparison (Delay, Number of 

vehicles, Number of Passengers) for all cars  

 

 

 

 

 

VI. DISCUSSION 

Passengers number: The number of passengers are 

almost identical with only minor fluctuations due to 

the use of random seed number for simulations.  

Vehicle number: The number of vehicles for the case 

of : Initial case and the inclusion of pretimed traffic 

signals are similar. In case of 25 % of motorcycles 

use to public transportation (Bus), compared to 

initial case ; the number of vehicles decreased from 

11639 to 10425. This is due to the difference in 

occupancy of private and public vehicles. While 

motorcycles generally have single passenger 

occupancy, compared to public transport such as 

bus( Big Bus: 35-45, Mini Bus: 20-30, Micro Bus: 

10-20). This number of vehicles decrease further in 

case 50% of motorcycles’ use to public 

transportation (Bus) to 9157. 

 

Total Stopped  Delay(for vehicles): The total 

stopped delay for the initial case is at 213986.227 

seconds( 59.441 hours) . This is improved slightly 

with the introduction of pretimed traffic signals to 

198155.388 seconds ( 55.043 hours). The initial case 

is improved significantly with conversion of 

motorcycles’ use to bus;  99170.766 seconds(27.547 

hours) for 25 % conversion to Bus and 54857.863 

seconds (15.238 hours ) for 50 % conversion to Bus. 

Total Vehicle  Delay(for vehicles): The above trend 

is observed similarly for total vehicle delay. Total 

vehicle delay for the initial case is at 466601.431 

seconds( 129.616 hours) . This is improved slightly 

with the introduction of pretimed traffic signals to 

416286.381 seconds ( 115.635 hours). The initial 

case is improved significantly with conversion of 

motorcycles’ use to bus;  226276.429 

seconds(62.855 hours) for 25 % conversion to Bus 

and 137860.234 seconds (38.295 hours ) for 50 % 

conversion to Bus.  

 

Total Stopped Delay (for passengers) and total 

vehicle delay (for passengers) :  The format is similar 

also in case for passengers;  for total stopped delay 

(for passengers) and total vehicle delay(for 

passengers)   with small improvement to the initial 

case with introduction of pretimed traffic signal ; and 

more visible improvements in case of conversion of 

motorcycles’ use to Bus. 
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VII. CONCLUSION 

Microscopic Model simulation have the edge over 

the traditional macroscopic models with the 

inclusion of the more individualistic properties , such 

as interaction of the driver to the environment,  

individual behaviour or behaviour of the driver class, 

driving factors related to both the driver classes and 

road itself, etc.  

The paper assesses the effect of attracting the general 

public from the private vehicles (motorcycles) 

towards the public transportation (Bus). Through 

observing the results at transformation at 25% 

motorcycle use to Bus and 50% motorcycle use to 

Bus , it was evident that the approach of encouraging 

the use of public transportation can be very 

successful. Another approach was the introduction 

of the traffic signals at the two major intersection. 

While there were some improvements in the delay 

from the current scenario, there were not significant 

improvements.  

Analysing one of the important delay parameters 

(Total passenger delay) , the total passenger delay at 

initial stage was 1184038.738 seconds. This was 

improved slightly to 1015593.878 seconds with 

introduction of traffic signals. Similarly , the 

conversion to private vehicles’ use to public vehicles 

decreased the delay to 640886.737 seconds(25% 

conversion to public vehicles) and to 436053.278 

seconds (50% conversion to public vehicles) 

The works of previous researchers on the use of 

microscopic simulations were replicated:  A) to 

assess the present scenario including 

calibrating/validating the process; and B) predicting 

the aftermaths of potential scenarios of attracting 

public transportation use from the private vehicles 

and the introduction of traffic signals. There were 

still different points which could have been better  

worked on for more realistic representation of the 

current scenario thereby producing the better 

assessment results. Some of the possible points to be 

worked with include: inclusion of pedestrian areas, 

public transport stops, parking areas, etc. These 

helps in representing the interaction of the 

pedestrians with the vehicles and also the stopping , 

boarding-alighting of the passengers in the public 

transport. This has an impact in travel and delay 

time.  
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Abstract— The purpose of this article is to provide 

information on the pedestrian infrastructure and 

facilities along the Mangalgadi-Birendrachowk route. 

This report primarily focuses on the condition of the 

footpath along the road connecting Birendrachowk and 

Mangalgadi chowk.  The road is one of the oldest in 

Birendranagar. It has now become the main road for the 

market area. There are hotels and restaurants along this 

road since it is near a bus park. There are also a number 

of schools, banks, and shopping centers along this road. 

Due to the road's central location, the traffic is heavy. 

When it comes to transportation engineering, the main 

concern is the safety of people, whether they are inside or 

outside the vehicle. 

Keywords— pedestrian infrastructures, footpath, 

crossing 

I. INTRODUCTION 

Any structures which are basically constructed for 
the comfort and safety of pedestrian is pedestrian 
infrastructures. Walking is basic means of 
transportation; infrastructures should facilitate easy 
access between the origin and destination. Pedestrian 
infrastructures include footpath, zebra crossing, cycle 
track, flyover bridges etc. Footpath is also termed as 
sidewalk, pavement, footway in other countries like 
UK and North America. Footpath runs along the both 
side of road providing safe path separating the central 
motorized road. In rural, footpath may not present 
because of low traffic. Footpaths are mostly needed in 
suburban and urban areas. For the proper urban 
management the vehicular traffic and non-vehicular 
traffic needs to be considered regarding the pedestrian 
infrastructures like footpath.  Nepal road standard have 
also provision for pedestrian facilities. It has included 
the footpath and crossings along with provision of 
guard rails and safety barriers. 

In mid-18th century footpath became prevalent in 
Europe with the pass of Paving Acts. In 19th century 
sidewalks were routinely constructed which was 
associated with urban sophisticated. In Nepal before 
the use of vehicles only footpath were used and with 
the time, footpath changes its dimension and perception 
being road and transport assets. Saying directly 
footpath provides safety zone for people to walk, away 
from moving traffic. The development of pedestrian 
infrastructure plays a vital role in urban areas as traffic 
volume increases. Transportation planning in cities is 
also concerned with comfort and safety. 

Footpaths in urban and suburban areas support 
complex social systems and wide variety of uses. They 
are vital public spaces and deserve more attention in 
planning and design of cities. Population growth and 
development of the multi-storey building are changing 
the physical landscape which means more people need 
more space. Managing and planning is not only 
challenging factor in our city, it’s a worldwide issues 
which is being practices by many developed and 
developing countries as it is directly related to public 
life.   Lack of parking area, insufficient carriage way 
and footpath width, crossing problem at intersection, 
non-environmental walkways is common problems in 
increasing order.   

From the time of Stone Age to this 21st century 
everything is changing like miracle. In the history of 
pedestrian infrastructures pavement has also changed 
from the stone/wood pavement, following concrete and 
asphalt pavement to smart pavement. Many developing 
countries, including Nepal, are using primitive 
infrastructure even though they do not have effective 
uses and well-maintained conditions. This study is the 
first study on pedestrian facilities in Birendranagar. 
Here pedestrian facilities are analyzed by   Level of 
Service (LOS). PLOS is determined according Indo-
HCM. LOS can be of various forms. of pedestrian 
facilities. 

In Birendranagar most of roads don't have distinct 
pedestrian facilities. Newly constructing roads in 
bazaar area are developing footpath as per the 
standards. Talking about study area; since road was 
constructed many years ago, they are not as per 
standards. Footpaths have uneven width and surfaces. 
Improper crossings just confused the users and drivers. 
This article shows the present condition of pedestrian 
infrastructures in Birendranagar especially along the 
road connecting Mangalgadi Chowk with Birendra 
Chowk. 

II. STUDY AREA 

Study area is located in Birendranagar Municipality 
of Surkhet district and is capital city of Karnali 
Province at an average elevation of 700m above sea 
level.  Out of 2451km2 area district, Birendranagar 
occupies 54km2. About 22.34% of total population of 
Karnali Province lives in Surkhet and is commercial 
hub to remote district of Karnali Province. Surkhet has 
sub-tropical climate. Length of footpath is 510m 

Surkhet, Nepal 

ambikabohara04@gmail.com 
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connecting Mangalgadi Chowk and Birendra Chowk 

lies at longitude 8146"43.32' E and latitude 283"13' 
N. 

 

 

 

 

Fig. 1. Map of Nepal showing Karnali Province 

 

 

 

Fig. 2. Map of Karnali Province along with districts. 

 

 

 

Fig. 3. Study Area 

III. METHOD OF RESEARCH 

In this assessment data were collected manually. 
Four points were selected for collecting data. Each 
variable width of section was measured by using 
measuring tape as width of footpath is not uniform 
throughout the length of footpath. Pedestrian Level of 
service is determined manually using Indo-HCM. 
Questionnaire survey was done by asking questions to 
pedestrian and shopkeepers. The study was conducted 
during the Corona virus pandemic, which affected field 
work. However, the field work was completed while 
infection rates were low. Survey was done for the 
satisfaction rating of pedestrian facilities. It was 
conducted among the pedestrians and shopkeepers. 

IV. RESULTS AND DISCUSSION 

Major data collected were accessed for different 
parameter and Pedestrian Level of service was 
calculated as discussed in subsequent sections 

A. Pedestrian flow 

TABLE I.  EDESTRIAN VOLUME STUDY 

S.N. 

 

 

 

Location 

 

 

Time/duration 

(1 hour) 

 

Pedestrian using  Total no. of 

pedestrians 

using footpath 

Average 

pedestri

an using 

footpath 

Pedestri

an using 

road 

Average 

pedestria

n  using 

road 

total 

pedestria

n per 

hour 

Right 

footpath 

 

Left 

footpath 

1  
Near Birendra 

chowk  

10-11am 190 102 292 
305 

396 
398 703 

4-5pm 220 98 318 400 

2  
Maya nursing 

home  

10-11am 209 65 274 
294 

394 
406 700 

4-5pm 238 76 314 418 

3 
Srijana 

polyclinic  

10-11am 198 92 290 
398 

326 
368 766 

4-5pm 212 293 505 410 

4 
Mangalgadi 

chowk  

10-11am 256 82 338 
362 

253 
330 692 

4-5pm 287 99 386 407 

 Total  1810 907 2717  3004  5721 

Numbers of pedestrian was counted in four 
different places; two at edges of study area (near 
Birendra Chowk and near Mangalgadi Chowk) and two 

at intermediates, (in front of Maya Nursing Home and 
in front of Srijana Polyclinic) in morning at 10am-
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11am and in evening at 4pm-5pm. Outcomes are shown 
in table 1.  

Average pedestrian is found to be 716 per hour. 
Number of pedestrian using footpath and not using 
footpath were counted. As a result 52.5% pedestrian 
use footpath and 47.5% pedestrian use road. 

B. PLOS for Footpaths 

PLOS denotes the level of comfort provided by the 
facility to pedestrians while using the facility. Indo-
HCM categorized LOS in six types; A - F based on the 
pedestrian flow in 15min for five types of land uses: 
commercial, institutional, terminal, recreational and 
residential. Higher values of flow rate at LOS D and 
LOS E are attributed to smaller value of human body 
ellipse in the pedestrian stream. 

TABLE II.  : LOS CRITERIA 

L

OS 

Comme

rcial 

Instituti

onal 

Termi

nal 

Recreati

onal 

Reside

ntial 

A   13  13  15  12  16 

B   13-19 > 13-19 > 15-

26 

> 12-20 > 16-23 

C  > 19-30 > 19-27 > 26-
32 

> 20-32 > 23-34 

D  > 30-47 > 27-36 > 32-

68 

> 32-54 > 34-47 

E  > 41-69 > 36-42 > 68-

78 

> 54-91 > 47-59 

F Variable  Variable  Variab
le  

Variable   
Variabl

e   

PLOS near Srijana polyclinic and near Mangalgadi 
chowk found to be maximum with values in range 
above 5, i.e with LoS A. 

TABLE III.  : PEDESTRIAN LOS AT STUDY AREA 

S.N. Location 
PLOS(Left

)  

PLOS(Right

) 

1 Birendra chowk 3.9 2.9 

2 Maya nursing home 3.9 5.8 

3 Srijana polyclinic 5.1 3.2 

4 Mangalgadi chowk 3.8 5.8 

C. Width of footpath 

 Width of the footpath varies at various road 
sections. Due to presence of obstruction like trees, light 
poles, bins have reduced the clear width for pedestrian. 
In section of width less than 5m, pedestrian zone is not 
sufficient which represent the footpath in only name 
and does not meet standards. Width of existing footpath 
is varied from 2.5m to 5.5m.Even in the presence of 
footpath only 47% people use footpath. And rest of 
53% people use the road. Uneven surfaces, 
encroachments distract the path for old aged people, 
children and physically disable people. 

Offset is one of the important parameter to access 
the quality of walking environment. The offset along 
the study area on left and right side at various points 
have been summarized as: 

 

Fig. 4. Offset from Road Edge (Left) 

 

Fig. 5. Offset from Road Edge (Right) 

D. Pedestrian crossing 

Pedestrian crossings are essential for transportation 
safety. Pedestrian crossings should allow pedestrians to 
cross busy streets safely and conveniently. Many 
people lose their life and get injured while crossing the 
road. Many cities of Nepal have introduced different 
kind of crossing like painting zebra crossing, 
constructing flyover bridges. In our study area 
pedestrian crossings were in the form of zebra crossing. 
Nowadays, they are erased and only dim line of 
painting can be seen near Mangalgadi Chowk and 
Birendra Chowk. 

According Nepal Road Standard, there should be 
provision of crossing at every intersection and at 
frequent intervals (e.g. every 150-200m). The 
pedestrian crosswalk can be in the form of painted 
Zebra Markings, Signalized Crossing, Pelican 
Crossing, Puffin Crossing and Toucan Crossing.  The 
providing crossings or road markings are to control, 
warn, or guide, road users. They may be used to 
supplement other traffic signs or they may be used 

1 2 3 4 5 6

Edge of study area

Magic touch ladies emporium

Poup fast and food services

Citizen bank

Shiva electronics

Upahar trade center

Hichola, Nepal bank ltd

Fulbari guest house

Suvekshya mobile home,…

Edge of study area

1 2 3 4 5 6

Edge of study area, Asha…

Himal fancy pasal

Kamana sewa Bikash bank

Innovative smart city…

Dental world…

Hut

Star fancy collection

New Chandra Surya stores…

Samsung Galaxy Karnali…

Nirmal ganga electronics

Chandra Surya pasal

Tripti medical hall

Edge of study area
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alone. These give a continuous message to the driver 
and pedestrian to guide traffic flow smoothly and 
safely. 

E. Footpath Rating 

 Indo-HCM  has described the method for the 
qualitative assessment of pedestrian facility (footpath) 
by ratings.    Satisfaction rating has been done on the 
basis of ten parameters. Each parameter has rating upto 
5. Ratings are 1 for poor, 2 for satisfactory, 3 for good, 
4 for very good and 5 for excellent.  Rating is shown in 
table below; results show just the satisfactory range 
which represents the quality of existing footpath. 
Footpath Surface getting 1.94 rating shows the poor 
condition which means presence of uneven surface, 
cracks and bumps. Footpath Width gets rating of 2.19 
satisfactory which means width is below 1.5m and 
actually width is variable from 2.5m to 5.5m. Presence 
of Obstruction getting rate of 2.48 also shows 
satisfactory satisfaction facing many difficulties while 
walking through the whole length of footpath 
considered. Potential for Vehicular Conflict rate 2.35 
for not being continuous and well protected. 
Longitudinal Continuity gets 2.18 representing 
frequent ups and downs making difficult in mounting. 
Encroachment gets 2.28 rating however the municipal 
don’t allow the hawkers. Availability of Crossing 
Facilities rating 1.9 represents poor condition for not 
being signalized crossing, foot over bridge. Security 
gains 2.03 rating for being walk at day only. Comfort 
gets rating 2.03 for not being comfortable for using 
benches, public toilets, and dustbins. Walking 
Environment getting rate of 2.13 shows very few favor 
for pedestrians like pleasant, plantation, no garbage and 
bad smell. 

TABLE IV.  RATING ON PARAMETERS 

S.N. Parameters Rating 

1 Footpath Surface 1.94 

2 Footpath width 2.19 

3 Obstruction 2.48 

4 Potential For Vehicular conflict 2.35 

5 Longitudinal Continuity 2.18 

6 Encroachment 2.28 

7 Availability of Crossing facilities 1.9 

8 Security 2.03 

9 Comfort 2.03 

10 Walking Environment 2.13 

 

V. CONCLUSION 

The study shows the physical features of 
infrastructures and level of services they provided. It 
shows the presence of footpath of variable width, 
though level of service is found to be satisfactory. Still 
the present condition of pedestrian infrastructure is not 
pedestrian friendly. It is not accessible to all types of 
people. There are uneven surfaces and discontinuities 
at crossroads which prevent old aged people, pregnant 
women, children, and physically disabled people from 
using footpaths.  Furthermore, as a result of 
encroachment, storing construction material, parking 
bikes and hoarding boards, the width of the footpath has 
been reduced, reducing its use.  Also, uneven surface 
drainage of rain water causes pedestrian problems. 
Thus, such infrastructure needs more attention. These 
provide convenient and safe way reducing the traffic 
crashes. Government can develop policies regarding 
development and enhancement of such infrastructure. 
Policies should include the provision of regular 
inspecting and maintaining the condition of footpath, 
raising awareness, engineering design of 
infrastructures and so on. Public participation can also 
enhance to achieve Sustainable infrastructure 
development. 
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Abstract—Passenger Car Unit (PCU) is used in 

highway capacity analysis to convert a mixed vehicle flow 

into an equivalent passenger car flow. PCU value for a 

vehicle is not constant but varies with traffic and 

roadway conditions. In this research, it was attempted to 

find the PCU value of different vehicle types at selected 

intersections of Kathmandu valley. 
This study was focused at three intersections namely 

New-Baneshwor, Maharajgunj and Jawalakhel Rotary 

Intersection of Kathmandu valley. PCU values of six 

different vehicle types running on selected intersections 

of Kathmandu valley has been calculated using linear 

regression analysis method. Saturation flow has been 

calculated using PCU at those intersection and number 

of vehicles passing at the saturated green time and hence 

the relation has been found with respect to approach 

width of roads.  
In this study, PCU values for car, truck, bus, micro-

bus, two-wheeler and tempo were found. The average 

PCU values obtained from calculation for New-

Baneshwor and Maharajgunj Intersection (Four-Legged 

Intersection) are Car: 1, Truck: 2.304, Bus: 1.932, Two-

wheeler 0.243, Micro-Bus: 1.923, and Tempo: 0.869. 

Similarly, the PCU value for Jawalakhel Rotary 

Intersection are Car 1, truck 2.926, bus 2.271, two- 

wheeler 0.312, micro-bus 1.970 and tempo 0.932. There 

was significant difference found between PCU of 

respective vehicles at respective intersection using 

Multiple linear regression method and Headway method. 

It is also concluded that PCU values changes with the 

change in saturation flow of vehicles. Hence, it is 

recommended to perform the similar research across 

different parts of the country to generalize the PCU 

values for saturation flow estimates and intersection 

design 

Keywords— PCU, four-legged intersection, rotary 

intersection, saturation flow, regression analysis, ANOVA 

test. 

I. INTRODUCTION  

The important parameters in the planning, design 
and control of an intersection are saturation flows and 
Passenger Car Units (PCU). These factors have been 
traditionally measured, in different countries, based on 
the research carried on roads where traffic is typically 
car-dominated with vehicles moving in clearly defined 
lanes. However, the traffic movement in Kathmandu 

valley is more complex due to the heterogeneous 
characteristics of the traffic stream using the same 
carriageway with high percentage of motorcycle. 
Another striking feature of the road traffic operating 
condition in Kathmandu valley is that, most of the 
times lane discipline is not followed. Hence it is unwise 
to use the standard relationships for predicting the 
values of saturation flows and PCU values [1]. 

Due to these fundamental differences, the standard 
relationships for predicting the values of saturation 
flows and PCU factors are not appropriate for 
developing countries. For correct signal design these 
parameters should be estimated based on the local 
prevailing traffic conditions and hence requires a 
different approach to the analysis. 

Heterogeneous traffic stream consists of vehicles 
that have different speeds, sizes, operating 
characteristics and vehicle spacing. Since different 
types of vehicle occupy different spaces on the road, 
move at different speeds and start at different 
accelerations. This poses a problem for designing 
roads, intersections and traffic signals. Hence a uniform 
measure of vehicles is thus necessary to estimate traffic 
volume and capacity of roads under mixed traffic flow. 
This is rather difficult to achieve unless the different 
types of vehicles are stated in terms of a common 
standard vehicle unit. For this reasons, the concept of 
PCU or Passenger Car Equivalent (PCE) was 
developed. 

It has become a common practice to convert the 
other vehicle types into PCUs and is generally 
expressed as PCU per hour, PCU per lane per hour, or 
PCU per kilometer length of lane. 

II. LITERATURE REVIEW 

A. Passenger Car Unit (PCU) 

A PCU is a method used in transport modeling to 
allow for the different vehicle types within a traffic 
flow group to be assessed in a consistent manner [2]. 

Highway Capacity Manual [3] paid special 
attention to PCE, the recent edition of Highway 
Capacity Manual in 2010 defines PCE as “the number 
of passenger cars that will result in the same operational 
conditions as a single heavy vehicle of a particular type 
under specified roadway, traffic, and control 

Intersections In Kathmandu Valley 

Passenger Car Unit Estimation Of Vehicles For
  Heterogeneous Traffic Stream At Selected  

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal 166



conditions”[4] This definition of PCE was for relative 
homogeneous traffic conditions (only bus, car and 
trucks) prevailing in developed countries. Many 
methods exist for determining PCU like those based on 
headway, delay, density, etc. 

It is observed that the capacity of rotary calculated 
by following the minimum parameters laid by IRC 
=3312.68 PCU/hr. But the design traffic volume 
=5568.47 PCU exceeds this traffic capacity obtained. 
During the crossing of train over the track at the 
intersection, there will be long jams around the 
roundabout. Standard roundabout will delay and 
disturbance to the traffic moving over National 
Highway [5] 

The minimum capacity of the rotary intersection is 
3306 PCU/hour. The capacity of rotary is the minimum 
of the capacity of all the weaving section. It is seen that 
the maximum capacity of the rotary is 3306 PCU/hour. 
And the total traffic entering the intersection is 5230 
PCU/hour. Hence in this case the Signalized Rotary can 
be provided which is suggested in this case [6] 

In a mixed traffic situation where many categories 
of vehicles share the same roadway space the 
proportion of a particular type of vehicle may vary 
between 10 percent and 60 percent [5]. The volume of 
traffic (in terms of vehicles/hour) does not give the 
impression of the congestion on a road unless it is 
accompanied by its traffic composition. The volume of 
different vehicle types affects the operational 
characteristics of a highway indifferent ways and to 
different degrees. Therefore, the composition of a 
traffic stream is an important variable which should be 
used to define the PCU factor. 

Most of the studies for both lane and non-lane based 
traffic scenarios focused mainly on the effect of 
approach width on saturation flow. Though several 
previous studies attempted to show the effect of road 
geometry or signal parameter separately but none of 
them devoted to correlate their influence on saturation 
flow. 

III. METHODOLOGY 

Study approach was to determine the PCU value of 
different vehicle types at selected intersections in 
Kathmandu valley. In this research, it was not possible 
to cover all the intersections and road sections so three 
intersections namely New-Baneshwor intersection, 
Maharajgunj intersection and Jawalakhel Rotary 
intersection had been selected. The selection of the 
intersections was based on the following criteria: high 
traffic volumes, no parking allowed at or close to the 
intersection and good mix of different vehicle types and 
presence of traffic police for regulating the flow at 
New-Baneshwor intersection and Maharajgunj 
intersection but there was no presence of traffic police 
for regulating the flow at Jawalakhel Rotary 
intersection 

 

Sample population is the number of vehicles which 
crosses the New-Baneshwor, Maharajgunj and 
Jawalakhel rotary intersections. 

A. Data Collection 

The videos were captured at New-Baneshwor 
Intersection, Maharajgunj Intersection and Jawalakhel 
rotary intersection for three continuous days of 
weekdays in each intersection. The videos were 
collected in 2019 and the days were weekdays. There 
were no signalized intersection in all the study area 
during the data collection periods. The videos were not 
captured at  public holidays as there would be lesser 
number of vehicles on those days due to closing of most 
of the offices, schools, colleges, governmental 
hospitals, banks. The data were collected on peak hours 
on data collection days. At New-Baneshwor 
Intersection videos were captured from South side of 
intersection. Similarly at Maharajgunj Intersection, 
videos were captured from West of Narayangopal 
Chowk, similarly, at Jawalakhel rotary intersection 
videos were captured from North side of intersection. 
The approach width of the road was found different 
both in through roads and in right approach roads. The 
approach width of the road was measured using 
measuring tape. Video was taken from a raised height 
of a building near to the intersection and the traffic flow 
was recorded and was later analyzed. Saturation time 
was taken from stop watch and the number of vehicles 
crossing the intersections were counted. The green time 
at which the traffic tends to be in congestion is taken as 
Saturated green time. 

IV. DATA ANALYSIS 

At each approach of roads, respected number of 
vehicles that is car, truck, bus, two- wheeler, micro-bus 
and tempo were counted for saturated green time. For 
computation of coefficient of respective vehicles, 
regression analysis was done from excel data analysis 
tools. Saturated green time was plotted for the variable 
“x” and all number of vehicles at one approach of road 
was plotted for “y” variable.Then, coefficient of 
respective vehicle upon coefficient of car gives the 
PCU of respective vehicle. For the computation of 
average PCU values, suitable t-stat value was taken that 
is value within the range of t-stat. ANOVA test was 
done to test the validity of coefficient. 

After the computation of PCU values the saturation 
flow has been computed by multiplying PCU values of 
respective vehicles with their respective numbers with 
respect to saturation green time. 

V. FINDINGS 

Among all the approaches of road, the highest 
saturation flow value using individual PCU was 9575 
veh/hr at New-Baneshwor to Tinkune through 
approach and lowest at Maharajgunj to Basundhara 
right approach which was 1870 veh/hr. Similarly, the 
highest saturation flow value using average PCU was 
7367 veh/hr at Maharajgunj to Budhanilkantha through 
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approach and lowest at Jawalakhel to Zoo through 
approach whic

h was 2938 veh/hr. 

 

Fig. 1. Saturation Flow and Approach Width of Roads. 

Comparing the saturation flow value using 
individual PCU and average PCU, highest value was 
obtained using individual PCU and lowest value was 
obtained using average PCU. It was found that 
increasing width may not increase the saturation flow 
but depends on the route of public transportation 
vehicle and mainly on the number of two-wheelers 
moving over there. 

VI. VALIDATION 

The relationship between saturation flow and width 
of road is shown in Fig. 1.  

The above chart indicates the relationship between 
saturation flow and width of the road. From, the 
relation it was concluded that Saturation Flow = 551.1* 
Width + 1975 PCU/hr. The R square value obtained 
from the relation was` 0.707 which shows moderate 
degree of correlation (0.5<R2<0.75). The x-axis in the 
above graph represents width of the road whereas y-
axis denotes saturation flow. 

VII.  CONCLUSIONS 

Passenger Car Unit is one of the most essential 
parameter for analyzing traffic flow in a stream 
comprised of different category of vehicles and lack of 
lane disciplined movement. There are different 
methods of estimation of PCU provided by various 
researchers and the PCU obtained by different 
approaches may also vary to certain extent. However 
all the methods restrict to a particular set of PCU value 
to be used for different traffic conditions on a stream. 
The PCU of a vehicle type is determined by concept of 
time occupancy. Since the occupancy time of a vehicle 
is influenced by the composition and flow rate on a 
stream. The differences in PCU values of various 
classes of vehicles with respect to proportion and 
saturation flow may be attributed to the variation in 
heterogeneity of traffic flow between the cycles. The 
decrease or increase in PCU values of subject vehicle 

with its own composition is due to the relative influence 
of traffic composition on speed of standard car and the 
vehicle type which in turn variation in the occupancy 
time’s ratio of subject and referenced vehicle in the 
observation region during the saturated green time. 
This study provides a methodology for the estimation 
saturation flow by developing stream equivalency 
based on the derived PCUs during the saturated green 
time. The equations are developed by using the data 
collected from the intersections of Kathmandu valley 
having different roadway and traffic. 

From the present study, it was found that there is 
small variance of PCU value of individual vehicle 
within the same intersection but are within the 95% 
confidence interval. The PCU value suggested for the 
heterogeneous traffic condition by Multiple Linear 
Regression Method of selected intersections of 
Kathmandu valley was obtained for six different types 
of vehicles. The average PCU values at New-
Baneshwor and Maharajgunj Intersection (Four 
Legged Intersection) of Car is 1, truck is 2.304, bus is 
1.932, two- wheeler is 0.243, micro-bus is 1.923 and 
tempo is 0.869. Similarly, the obtained PCU values at 
Jawalakhel rotary intersection of car is 1, truck is 2.926, 
bus is 2.271, two- wheeler is 0.312, micro-bus is 1.970 
and tempo is 0.932. Using statistical Analysis of 
Variance (ANOVA) test it is found that there is no 
significant difference in PCU value among three 
intersections for all the vehicles. 

The relationship was developed using saturation 
flow and width of the road. The regression model 
developed for the saturation flow rate is mainly based 
on  approach width. Regression relationship developed 
to estimate saturation flow showed satisfactory 
correlation with the field value. 

Similarly, it is concluded that PCU values of same 
vehicles changes slightly at different intersection due to 
the change in saturated green time at the different 
selected intersection 
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The above chart indicates the relationship between 
saturation flow and width of the road.From, the relation 
it was concluded that Saturation Flow = 551.1* Width 
+ 1975 PCU/hr. The R square value obtained from the 
relation was` 0.707 which shows moderate degree of 
correlation (0.5<R2<0.75). The x-axis in the above 
graph represents width of the road whereas y-axis 
denotes saturation flow. 

VIII. RECOMMENDATIONS 

The PCU value obtained from this study differs 
from the PCU value obtained from Headway methods 
which has a significant impact on the calculation of the 
saturation flow rate and hence influences the design of 
intersections, roadway classification and others. It is 
suggested that the PCU values obtained in this study 
can be used as a theoretical guideline to calculate the 
PCU and for practically use these values, more study 
and generalization based on multiple cases is 
necessary.  PCU results will be more accurate if  it is 
also investigated on other intersections and major cities 
and countryside around the Nepal. 

Consistency and variation in PCU value using 
multiple linear regression method can be checked with 
other method such as area velocity method, headway 
method, speed delay method and others to find the best 
PCU value and best method to calculate PCU in 
Nepalese context. 
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Abstract— The soft soil when present in foundation
layer i.e. subgrade creates a lot of problem in highways.
Due to  soft soil, the rutting is predominant cause of
flexible pavement failure all around the world. This
kind of soil is either replaced or modified prior to
construction of other layers of road to minimize the
formation of rut. This study deals with stabilization of
soft soil subgrade by cement. The sample is collected
from a depth around existing road subgrade. A series of
laboratory tests on untreated soil sample was first done
to determine the competency of soil as a subgrade layer
followed by preparation of sample with varying cement
content i.e. 4%, 6% and 8% by weight of dry soil, to
determine the optimum stabilizer content. Samples with
varying cement content are also prepared for California
Bearing Ratio and Unconfined Compressive Strength
with different curing periods i.e. 7 days for CBR and 3,
7, 14 and 14 days for UCS. UCS tests on these sample
showed a  significant improvement over  the values of
natural soil. CBR showed similar trends and the
resulting modified soil pass the minimum requirement
of strength and workability to be used as a subgrade for
heavy traffic condition.

Keywords—Cement Stabilization, pavement, subgrade

I. INTRODUCTION

The population of Kathmandu valley is more than 2.5
million. With the increasing   trend of internal
migration of people (Central Bureau of Statistics,
Nepal), need for well-planned and integrated
transportation system is necessary as the previously
planned facilities are deemed to be insufficient for the
bigger proportion of population. To make the things
worse, the existing facilities are very much affected
by the characteristics of soil found  in Kathmandu
valley which is soft soil. The Kathmandu valley sits
on ancient dried up lake. The major soil deposits in
valley are lacustrine deposits (Kalimati clay) and
fluvio deltaic deposits [1]. The fluvio lacustrine
deposits in Kathmandu valley is known for its high
swell potential, low shear strength and highly
compressible nature. Due to its insufficient bearing
capacity, low shear strength and excessive
settlements; civil structures such as pavements,
walkways, foundations etc. possess a high risk of
failure. The effects of soft soil in a foundation layer is
indicated by permanent settlement of pavement along
the wheel path of vehicle [2]. The major problem

associated with soft soil subgrade is that road built
over these soil require frequent maintenance and
overlay [3]. Presently, the practice of road
construction in Kathmandu involves use of capping
layer as replacement for soft soil or use of rigid
pavement.
Despite cement stabilization being one of the most
researched topic in the world, it has hardly been used
in the scenario of construction of road in Kathmandu,
let alone in Nepal. The common reason behind the
lack use of this method is considered as economy and
lack of study for soils in Kathmandu. SO, this study
is focused on stabilization of a soft soil found in
Kathmandu valley with cement. For the study,
flexible pavement is considered but strain analysis are
not done for this phase of study for structural design
of pavement over stabilized subgrade.
The flexible pavement consists of 4 layers namely
subgrade (lowermost), sub-base, base and surface.
Out of these, subgrade acts as a foundation layer for
the whole pavement structure so it has to be strong
and stable enough to transfer the traffic load safely
without significant deformation. Presence of soft soil
in this layers can lead to subgrade rutting. Subgrade
rutting occurs when the subgrade exhibits wheel path
depressions due to loading. These depression may
appear in longitudinal or transverse direction. In this
case, the pavement settles into the subgrade ruts
causing surface depressions in the wheel path
[4].These soils are either replaced or chemically
stabilized to improve the in-situ properties of soil.
The process of stabilization involves natural soil
characterization and characterization of stabilized
soil. Chemical stabilization   is defined as any
treatment or method whereby a chemical is used to
either change the soil properties   and thereby
increasing the bearing capacity of the soil layer or
increase the strength and stiffness through
cementation [5]. Chemical stabilizer can be
categorized as Conventional and unconventional
stabilizers. Conventional stabilizers are stabilizers
such as cement, fly ash, and bituminous products
have been intensely researched, and their
fundamental stabilization mechanisms have been
identified. Unconventional soil stabilization is
additives consist of a variety of chemical agents that
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SN Property Value Remarks

1 Specific Gravity 2.6

2 Liquid Limit
(hereafter, LL)

48.15

3 Plastic Limit
(hereafter, PL)

25.55

4 Plasticity Index
(hereafter, PI)

22.60

5 Classification of Soil CH Unified Soil
Classification

6 OMC (%) 29.41

7 3 1421.5

8 Swell (%) 0.72 Should be less than
1%     according to
DOR norms

9 CBR @ 95% MDD
(soaked) (%)

0.9912 Should be greater
than 5% according to
DOR norms.

10 Unconfined
Compressive strength,
KPa (remoulded)

136

are diverse in their composition and in the way they
interact with the soil.

Cement Stabilization
Cement reacts with water to release hydrates of the
constituent particles. This reaction is known as the
hydration of cement. The hydration of cement is a
complex process and modifies the soil through
following mechanism [6]-[11].

1. Cation Exchange
2. Particle restructuring
3. Cementitious Hydration
4. Pozzolanic Reaction

The soil taken for study is incompatible for subgrade
layer. The stability and strength of the soil needs to
be modified in order to use it as a foundation layer for
road.

Table 1 Characteristics of Natural Soil Samples

MDD (kg/m )

II. MATERIAL AND METHEDOLOGY

The sample is collected from the area which consist
of soft soil at shallow depths. The area from where
sample is collected is near Balkhu (Sanepa side) of
Kathmandu.

Figure 1 Location of sample collection (Engineering and
Environmental Geological Map of Kathmandu Valley, DMG)

The natural soil is collected and tests are done for
characterization of soil with and without cement.
Following test are done on soil.

1. Specific gravity test
2. Determination of Particle size distribution
3. Determination of Atterberg’s Limit
4. Determination of Optimum moisture content

(hereafter, OMC) and Maximum Dry density
(hereafter, MDD)

5. Unconfined Compression test (Hereafter,
UCS test)

6. California Bearing Ratio (Hereafter, CBR)
test with swelling percentage

The laboratory tests on remoulded natural soil gave
following results:

As per DOR norms, the subgrade soil shall have a
CBR of not less than 5% measured after 4 day soak
on a laboratory mix compacted to 95% MDD (heavy
compaction), a swell of less  than 1%, a plasticity
Index of less than 40% and organic content of less
than 3%. The tests value indicates that soil is not
competent for pavement structure as per DOR norms.
For construction of pavement in such subgrade soil,
the top soil is either replaced with capping layer or
the in-situ soil is modified with soil modification
techniques. For the study, focus is given  in the
cement stabilization of soil to make the soil
parameters desirable for subgrade soil.  Firstly,  the
samples are tested for OMC and MDD. For the
purpose, samples are prepared with 2%, 4%, 6% and
8% cement content by weight and MDD for each
sample is determined. Then, the cement content
yielding maximum dry density is chosen as optimum
value. The Atterberg’s limit are also determined at
2%, 4%, 6% and 8% cement content. Lastly for
strength parameter, 8 UCS samples each with 4%, 6%
and 8% cement content with total number of samples
amounting to 24, are also prepared and are tested
after 3, 7, 14 and 28 days of curing. Moreover, the 3
CBR sample  are also prepared with heavy
compaction at 95% MDD with 4%, 6% and 8%
cement content and were tested after 7 days of curing
followed by 4 days of soaking with net surcharge
load of 4.725 kg.

III. RESULT AND DISCUSSION

The optimum cement content is considered as 6% for
the given soil. Despite 8% cement content samples
show better strength parameters and marginally
improved plasticity index, the reduced maximum dry
density can be an issue for stability of subgrade soil
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Cement
Content

CBR
value

Swelling
(%)

Increment of CBR by %
of the initial value

4% 13.47 0.38 1250

6% 15.32 0.12 1450

8% 17.97 0.04 1713

and apart from that, higher cement content can result
in shrinkage of the stabilized soil [8]. The test results
after addition of cement are summarized below.

1. Atterberg’s Limit: The LL shows a slight
increment up to 4% cement content and then
shows a decreasing trend. On the other hand,
PL shows an increasing trend while PI is
found to be decreasing with increase in
cement content. These results (shown by
black line in figure 3, 4 and 5) are in
agreement with the results obtained by Bell,
1995 (shown by red lines in figures 3, 4 and
5). The LL, PL and PI are measure of a
soil’s cohesive properties and is indicative of
the amount and nature of clay in the
soil/aggregate. Higher PI soil are difficult to
work with and lower PI value because of
their instability and stickiness. Furthermore,
high PI soils also have potential for
detrimental volume changes during wetting
and drying, which can lead subsequently to
pavement roughness.

Figure 2 Variation of LL with cement content

Figure 3 Variation of PI with cement content

Figure 4 Variation of PL with cement content

2. Moisture Density Relation: The optimum
cement content was found to be 6% as the
MDD was maximum for this Cement
content. The 6% cement content yielded
maximum MDD.

Figure 5 Variation of MDD with Cement Content

3. CBR test: The CBR test results showed that
the value of CBR was significantly
improved. And for the case of optimum
cement content, the CBR value showed an
increment of 1450% over the value for
natural soil. When cement is added to soil,
the particles bind together to form larger soil
particles and in addition the remaining clay
and silt are chemically altered as they
become less adhesive. This process results in
the increment of CBR value.

Table 2 Variation of CBR with Varying content of Cement
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Cement
Content

(%)

3 days
UCS

(KPa)

7 days
UCS

(KPa)

14 days
UCS

(KPa)

28 days
UCS

(KPa)

4 388 522 764 868

6 544 776 946 1254

8 634 940 1160 1407

St
re
ss
in
KP
a

4. UCS test: The UCS of soil sample showed
signification increment with  the increment
of cement content and curing time. The trend
showed a rapid increment in the initial days.
With the hydration of cement, a kind of gel
is formed which binds particle together to
form a more stiff mass. In addition to this,
the hydration of cement gives byproducts
like calcium hydroxide, which undergoes
pozzolanic reaction to form CSH and CAH
which further add to the strength of cement.
This is shown by strength gain by time of
curing. The strength gain in initial days is
high as rapid hydration of cement occurs in
initial days. As the days of curing are
increased the pozzolanic reaction starts  to
contribute to the strength gain. The increase
in strength with cement content can be
explained by amount of CSH and CAH
increment with more amount of cement [8] ,
[9], [13]. The increment in UCS value are
summarized in the table below.

Table 3 UCS With varying Cement Content and Curing period

Figure 7 UCS at 7 Days

Figure 8 UCS at 14 days

Figure 6 UCS at 3 days
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4% Cement Content
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Figure 9 UCS at 28 days
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Figure 10 Variation of UCS with curing time

IV. CONCLUSION

1. The addition of cement to natural soil
modified Atterberg’s limits and the plasticity
index is reduced for all proportion of
cement. LL shows increasing trend for low
cement content followed by gradual fall after
4% cement content. On the other hand, PL
shows falling trend for all content of cement.

2. The stability and strength of natural soil
increased significantly. Addition of 6%
cement content shows the 1450% increment
to the initial value of soaked CBR for natural
soil  after  7 days curing period. The UCS
also shows the significant  increment in
initial value. It shows increment in both
condition of increasing cement content and
curing period.

3. The increment of strength of natural soil
with cement makes the soil competent
enough to be used as supporting layer above
natural soil subgrade.
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Abstract: Plastics are used in almost all sectors 

imaginable. Despite having a wide range of applications, 

plastic's disposal problem is a significant concern as the 

plastic are non-biodegradable, and their combustion 

cause air pollution. The dumping of plastic also reduces 

soil fertility and soil pollution. This research evaluates the 

feasibility of plastic (LDPE) as partial replacement of 

bitumen for road construction as binder modified. Based 

on the determined OBC using Marshall Stability Test, the 

optimum plastic replacement percentage of bitumen is 

found to be 5 % which yields similar stability as the 

control sample at OBC. The penetration value is found to 

be decreased, whereas the softening point increased, 

indicating the plastic bitumen mix to be more suitable as 

binding material in warmer regions (Terai of Nepal). The 

AIV and LAA values are also reduced, which concludes 

the road to be resistant to pounding action and abrasion. 

The primary conclusion lies in the vicinity of the use of 

non-biodegradable plastic in the form of LDPE in road 

construction which minimized the environmental 

pollution (especially land pollution), promoting 

engineering-environment interaction.   

Keywords- Marshall Stability, Low Density 

Polyethylene (LDPE), Aggregate Impact Value (AIV), Los 

Angeles Abrasion (, LAA, Optimum Binder Content(OBC)  

I. INTRODUCTION  

Plastic can be considered one of the most 
important discoveries in human civilization because of 
its wide range of use in daily life. There are different 
forms of plastic that are lightweight and durable, 
along with being cost-effective and easy to produce. It 
is calculated that 192 countries in the world are 
responsible for the creation of 275 million metric tons 
of waste plastic in the year 2010. [1] Among this large 
amount of plastic waste, the only negligible amount is 
treated and reutilized. Because of this reason, in cities 
and densely populated areas, plastic waste has caused 
a huge problem. From the research, it is seen that the 
daily consumption of plastic bags in Kathmandu alone 
is found to be around 4.7 million to 4.8 million units. 
Among all the wastes generated in the urban area of 
Nepal, about 16 % of them are seen to contain plastics 

which are converted to about 2.7 tons of plastic 
produced as garbage on a daily basis. [2] When plastic 
is placed on the heated aggregate, it develops an oily 
coat on the surface of the aggregates; this coat helps to 
bind the bitumen and aggregates, creating greater 
strength than the conventional method and increasing 
the performance.  [3]The first recycled plastic road 
made entirely with plastic was constructed in Zwolle 
in 2018 from plastic amount equivalent to five 
hundred thousand bottle caps. [4] Positive results are 
found in the Lab results carried out by coating the 
heated bitumen on stone and the patent was registered 
in 2002. [5]  The first plastic road trial in Indonesia 
was performed in Bali in Udayana University with 
length of 700 meters.  [6]The greener infrastructure 
was initiated in the UK with the use of recycled 
plastics in asphalt for road construction by Lockerbie-
based company.  [7] Because of its inexpensive 
operating cost and greater durability, a Country like 
Nepal can be highly benefited. An innovative 
approach of construction road has been successfully 
conducted in preparation of 100 m blacktop road of 
Anupam Marg in Pokhara. Here, plastic is processed 
at 160 degrees Celsius with asphalts, and 16 % plastic 
is added to 2,475 liters of bitumen. On this project, by 
using plastic, about Rs 200,000 per kilometer of the 
road is saved, which provided the advantage of the 
economy as well as helped in the conversation of 
nature by utilizing waste plastic resources.  [8] 

II. COLLECTION OF REQUIRED MATERIALS  

A. Selection of Materials 

a. Bitumen 

The bitumen used in the study is acquired from a 

commercial vendor pertaining to 100/80 penetration 

grade generally used in the Kathmandu valley.  

b. Aggregates 

The fine aggregates, coarse aggregates, and filler 

material are collected from a nearby quarry in 

Dhading (just outside of Kathmandu Valley). The 

initial evaluation and verification of the physical 
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properties of the aggregates are carried out as per 

SSRBW, DOR (Standard Specification for Road and 

Bridge Works). 

a. Plastic Used 

Low-density polyethylene (LDPE) is used as a 

modifier. LDPE is collected in the form of plastic 

wrap for ink pens specifically to be used in this 

endeavor; however, they are also found in household 

items like grocery bags, frozen food containers, and 

squeezable bottles.  

 

III. RESEARCH METHODOLOGY 

A. Methodology 

Based on all the literature review and references, all 

series of tests are conducted in the Transportation and 

Survey Lab of Khwopa College of Engineering. 

 
The overall research methodology is summarized 

in 2 phases 

1. Determination of OBC and the Optimum 
Plastic Replacement Content for determined OBC 

2. Tests on properties of aggregate with and 
without nominated plastic modification. 

 

B. Determination of OBC 

 1200 grams of the proportioned aggregate 
sample are taken for the Marshall Stability test. 

 Marshall Stability Test is performed initially to 
determine the OBC.  

 Three samples each of different percentages of 
bitumen by weight are tested (4.5%,5%, and 
5.5%) in the Marshall stability test apparatus, 
and the one with the highest stability is taken 
as the OBC. 

 

C. Aggregate Modification and Testing 

 The LDPE bags are cut into squares of the size 
of approximately 1 cm in order to ensure their 
uniform distribution when mixing with the 
aggregate. 

 

Fig 1: LDPE plastic cut in size of approximately 1 cm x 1 cm 

 

 The uniformly cut plastic is then added after 
placing the measured quantity of the 
proportioned aggregates. 

 

Fig 2: Cut plastic mixed with aggregate prior to heating 

 

 The aggregate, along with waste plastic, is 
heated up to the temperature of 160 °C until 
the plastic completely melts and coated 
aggregate. The bitumen is then added in a 
calculated reduced amount (after deducting the 
weight of plastic added) to the mix and is 
blended properly. 

 

Fig 3: Remaining plastic sheets being added to the aggregate while 
heating 

 The prepared samples are then placed in the 
Marshall testing apparatus, and the loading is 
applied until failure for each of the samples 
prepared. 
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Fig 4: Cylindrical sample being placed in the Marshall testing 

apparatus prior to application of load 

 

 

Fig 5: Marshall Sample after maximum load application 

 Three samples each of different 
percentages of plastic to substitute 
bitumen (2.5%, 5%, 7.5%, and 10%) are 
prepared and tested in Marshall stability 
test apparatus. And the one with the 
highest stability is stated as optimum 
plastic replacement content. 

D. Tests on aggregate and bitumens with optimum 

plastic replacement 

The optimum content of plastic with respect to 

bitumen by weight of aggregate is only considered for 

all individual tests on bitumen and aggregates to 

further justify the test results. The tests carried out 

include: 

 LAA test on aggregate 

 AIV test on aggregate 

 Softening point test on bitumen 

 Penetration value test on bitumen 

 

IV. OBSERVATIONS AND RESULTS 

A. OBC determination results 

Table 1: Average Stability values for different bitumen contents 

 

Bitu

men 

Cont

ent 

(%) 

Sample 

no 

Wt. in 

the 

air(g

m) 

Wt. in 

water(

gm) 

Saturated 

wt.(gm) 

Heig

ht 

(cm) 

Volume 

(cc) 

Spec

ific 

grav

ity 

Dial gauge 

reading 

Stabili

ty 

(KN) 

Flow 

(mm) 

 

Avera

ge 

Stabilit

y 

(KN) 

Stab

ility Flow 

4.5 

1 1244 680 1246 7.05 570.60 2.21 367 428 21.83 4.28 

20.35 2 1242 698 1248 6.91 559.11 2.28 318 459 18.93 4.59 

3 1228 692 1230 6.92 559.92 2.29 341 341 20.28 3.41 

5 

1 1234 678 1238 7.12 576.27 2.22 388 461 23.09 4.61 

22.48 2 1256 696 1260 7.19 581.77 2.24 375 480 22.31 4.8 

3 1249 700 1250 7.09 573.52 2.28 372 452 22.04 4.52 

5.5 

1 1232 674 1242 7.12 576.35 2.21 351 430 20.85 4.3 

20.89 2 1250 694 1254 7.06 571.49 2.25 333 360 19.80 3.6 

3 1256 698 1260 7.00 566.24 2.25 371 525 22.02 5.25 
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Table 2: Summarized table of bitumen content 

       and stability for OBC determination 

 

Based on the Marshall Stability test, the stability 

corresponding to 5 % bitumen content is the 

highest; hence 5% of bitumen is deemed as the 

Optimum Bitumen Content (OBC). 

 

 

 

 

 
 

        Fig 6: Average stability vs Bitumen content   

B. Determination of optimum plastic replacement content 

 

Table 3: Stability values for different percentage of plastic partially replacing the OBC 

 

Plastic 

replacem

ent (%) 

Sam

ple 

no 

Wt. in 

the 

air(gm) 

Wt. in 

water(g

m) 

Satur

ated 

wt.(g

m) 

Heig

ht 

(cm) 

Volum

e (cc) 

Spec

ific 

gravi

ty 

Dial gauge 

reading Stabi

lity 

(KN) 

Flo

w 

(m

m) 

Avera

ge 

Stabil

ity 

Stab

ility 
Flow 

2.5 

1 1256 692 1259 7.12 576.27 2.23 267 284 15.99 2.84 

18.24 

2 1248 688 1250 7.21 583.23 2.23 334 472 19.80 4.72 

3 1252 698 1255 7.12 575.86 2.26 318 460 18.93 4.6 

5 

1 1257 686 1260 7.23 585.17 2.20 378 405 22.49 4.05 

22.13 

2 1254 692 1257 7.29 589.70 2.23 370 280 22.01 2.8 

3 1262 702 1268 7.24 586.06 2.25 368 380 21.90 3.8 

7.5 

1 1262 702 1268 7.24 586.06 2.25 313 567 18.64 5.67 

19.47 

2 1237 692 1239 7.06 571.25 2.27 330 578 19.50 5.78 

3 1240 694 1242 7.19 581.77 2.27 340 382 20.27 3.82 

10 

1 1263 702 1265 7.11 575.46 2.25 337 418 20.04 4.18 

18.39 

2 1251 682 1255 7.18 580.56 2.20 238 424 14.30 4.24 

3 1253 706 1257 7.11 574.89 2.29 348 420 20.82 4.2 

 

 

The use of 5% plastic as 

a bitumen-plastic blend only caused the percentage 

decrease in stability by 1.54% w.r.t the original 

sample (0% plastic), i.e., OBC. Since the stability 

is comparable, 5% of plastic was used to find the 

changes in individual properties of bitumen and 

aggregate. 

 

 

 

 

  

Bitumen 

content 

Wt. of 

bitumen(gm) Stability(KN) 

4.5 
54 

20.35 

5 
60 

22.48 

5.5 
66 

20.89 
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Table 4: Average stability values for respective percentage of 

plastic replacement 

 

 
 

 

Fig 7: Stability vs percentage of bitumen replaced with plastic 
waste 

 

C. Softening Point Test

Table 5: Softening point for plain and plastic substituted 
bitumen 

  

Plain 

bitumen 

Bitumen 

Substituted 

with 5% 

plastic 

Softening  

Point(°C) 57.15 63.8 
 

The softening point of bitumen-plastic blend with 

5% bitumen substituted by plastic is found to be 

higher than that of plain bitumen. With the use of 

plastic, the softening point increased by 6.65°C. 

  
 

Fig 8: Softening point for plain and plastic substituted bitumen

 

 

d. Penetration value Test 

Table 6: Penetration value for plain and plastic substituted 

bitumen 

  

Plain 

bitumen 

Bitumen 

Substituted 

with 5% 

plastic 

 

Penetration 

Value(mm) 76 69 
 

The penetration value of bitumen-plastic blend 

with 5% bitumen substituted by plastic is found to 

be lower than that of plain bitumen. With the use of 

plastic, the penetration value decreased by 7 mm.  
 

Fig 9: Penetration value for plain and plastic substituted bitumen

 

% of 

bitumen  

replaced by 

plastic 

Average 

Stability 

(KN) 

Percentage 

change 

w.r.t base 

sample 

2.5 18.24 -18.87 

5 22.13 -1.54 

7.5 19.47 -13.39 

10 18.39 -18.21 
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e. Los Angeles Abrasion Test 

Table 7: LAA value for normal and 5 % plastic coated aggregate 

 

Normal 

Aggregate 

Aggregate 

Coated 

with 

plastic 

Los 

Angeles 

Abrasion 

Value (%) 33.45% 25.70% 
 

The Los Angeles Abrasion value of aggregates 

coated with plastic was found to be lower than that 

of normal aggregates. With the use of plastic, the 

LAA value decreased by 7.75%. 

 
         Fig 10: LAA value for normal and 5 % plastic coated 

aggregate

 

f. Impact Value Test 

Table 8: AIV value for normal and 5 % plastic coated aggregate 

  

Normal 

 Aggregate 

Aggregate  

Coated 

with 

plastic 

Aggregate 

Impact 

Value (%)  26.45% 21.49% 
 

The Aggregate Impact Value of aggregates coated 

with plastic is found to be lower than that of 

normal aggregates. With the use of plastic, the 

Aggregate Impact value decreased by 4.96%. 

 

 
       Fig 11: AIV value for normal and 5 % plastic coated 

aggregate

Approximation of plastic used in 1km of road 

For 1 km of 2 lane road with 15cm thickness 

Volume=1000X7.5X0.15 m3 = 1125 m3 

The density of bituminous mix=2300kg/m3 

For 1 km road, Mass of bituminous 

mix=2300X1125=2587500 kg 

Since, for 1200 gm, 60 gm bitumen is required 

(OBC at 5%) 

Bitumen mass=129375 kg 

Plastic mass=6468.75 kg (Optimum plastic 

replacement content at 5%) 

 

 

 

V. DISCUSSION & CONCLUSION 

 

The plastic of any kind that we use in our daily 

lives for various purposes is a form of non-

biodegradable waste that has serious implications 

on our environment. The stability of 5% plastic 

replacement content is found to be comparable to 

that of stability of OBC with a decrease of only 

1.54%. Hence, that amount of plastic is concluded 

to be feasible to be used in road construction 

without causing the road to lose strength. The 

softening point increased with respect to plain 

bitumen which indicated that the plastic bitumen 

blend can be used in warmer regions of our country 

(Terai) & higher the softening point, lesser the 

temperature susceptibility. The increase in 
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penetration value further supports our conclusion 

of modified bitumen, replaced partially with plastic 

to be used in warmer regions since lower 

penetration grades are preferred to avoid softening 

in warmer regions. In testing of aggregates, the 

decreased LAA and AIV values with the use of 

plastic coating on aggregates concludes that the 

roads built with partially plastic substituted 

bitumen are supposed to be more resistant to 

pounding action or impact due to traffic loads and 

more resistant to abrasion due to traffic load 

respectively. For 1 km of road, about 6468.75 kg of 

plastic is approximated to be, which can cause 

significant harm to the environment if not disposed 

of properly. So, plastic can be considered as an 

excellent partial substitute of bitumen which helps 

to reduce the negative impacts of plastic waste on 

the environment without significantly decreasing 

the stability of the mix, and such mix is also 

concluded to be suitable for warmer reasons, 

especially in Terai region of Nepal because of 

having less temperature susceptibility than plain 

bitumen mix. 
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Abstract—Railway transportation is considered to be 

major transportation system in future in the context of 

Nepal for terai region. soil liquefaction is evaluated 

along Butwal- Lamahi section of proposed east-west 

railway in terms of factor of safety against the 

liquefaction (FS) along the depth of the soil profile for 

the different earthquake scenario using standard 

penetration test (SPT) based on simplified procedure. 

The liquefaction potential is evaluated at 137 bore hole 

sites along the railway track using the borehole 

records from standard penetration test. Factor of 

safety is calculated along the depth of soil profile and 

then Liquefaction potential index is calculated at each 

borehole location from the obtained factor of safety to 

find the potential of liquefaction at the surface level at 

each bore hole location. Spatial distribution of soil 

liquefaction along the railway track is presented in the 

form of line diagram. As the majority of the site along 

the proposed railway track are coarse grained sand, 

gravel vulnerability of liquefaction is observed to be 

low at the majority of location therefore we noted that 

34 % of bore hole sites are in the zone of very high 

liquefaction susceptibility while, 7%,0 % and 59 % 

are in the zone of high low and very low liquefaction 

susceptibility. 

 

Keywords— Earthquake, Liquefaction, Liquefaction 

Potential Index, Liquefaction severity. 

 

I. INTRODUCTION 

Earthquake happen every day all over the world along 

both tectonic plates and interiors. Earthquakes occur 

along faults which are fractures between the blocks of 
rock that allow the rock to move relative to one another. 

Nepal lies in one of the most active tectonic zones of the 

world. Historically Nepal has experienced five 

earthquakes (1255, 1408, 1505, 1833 and 1934) with 

magnitudes exceeding 7.5 since 1255. among them, the 

1934 Bihar-Nepal earthquake (Mw=8.4) is the most 

catastrophic historical seismic event, which caused many 

casualties (greater than 8000 deaths) with widespread 

damage and countless economic loss in Nepal. Gorkha 

earthquake Mw=7.8, 2015 is the largest seismic event in 

II. METHODOLOGY  

There are qualitative and quantitative methods and 

deterministic and probabilistic approaches to assess the 

Nepal  after  1934  Bihar-Nepal  earthquake.  the  Gorkha 
earthquake  2015  enormously  affected  human,  socio 

economic and other sectors and left deep scars mainly in the 

economy,  livelihood  and  infrastructure  of  the  country.  This  

study  area  passes  through  Gangetic  plain  (also  called 

Terairegion) located to south west of Kathmandu valley. It  is  

the  Nepalese  portion  of  the  Gangetic  plain  that extends from 

the south Indian shield in the south to the sub Himalayan 

(Siwalik) zone to the north. The plain is in the south part  of 

Siwalik ranging from elevation of 75 m to  205 m from the 
MSL. The alluvial sediments contain  mainly  boulder, gravel,  

silt  and  clay  (Dahal2010).  This  study  is  about  the evaluation 

of liquefaction potential index with variation of magnitude

 of earthquakes for given peak ground acceleration.  Available 

standard penetration test  (SPT) data were collected for the 

research. these data were analyzed to find out factor of safety

 using  NCEER  guidelines  (L  Youd  &  Idriss,  2001).  In 

addition to factor of safety,  LPI  was  also found out using 

Iwasaki et al. (1982) approach. The LPI thus found  has  been

 used  to  develop  LPI  contour  that  will  help structural and 

foundation designer to check the vulnerability of liquefaction.  

This study is based on the  available information  like 
borehole  data  with  complete  geotechnical  information, 

possible earthquake scenarios. Etc. during the research,  the

 boreholes  without  complete  geotechnical  information  were 

ignored.  Thus,  the  results  obtained  are  only  as  good as  the 

data  available.  Liquefaction  gets  affected  by  the  moment  

magnitude  (Mw)  of  the  earthquake,  peak  ground 

acceleration (PGA) produced by the earthquake, location of  

ground  water  table  and  soil  properties  (type  of  soil,  fineness 

content, Density, SPT number etc.).
 

Hence  the  major  variables  during  the  liquefaction 

potential  measurement  are  soil  type,  GWT,  earthquake 

properties. Here, PGA of 0.25g,0.3g and 0.36g with Mw 

7.5,8.6 and 9.0 are taken for the analysis. This is the 

independent variable of study. From the bore hole data, 

soil properties like fineness content, density and type of 

soil can be found out. From the same bore hole data GWT 

and  SPT  number  can  be  known.  Latter  are  the 

dependent variables and vary from site to site. 
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liquefaction potential. In this research, the stress-based 

approach suggested by Youd et. Al. (2001) and Idris and 

Boulanger (2008) has been adopted to perform an analysis 

of the factor of safety (FS) with respect to liquefaction on 

each layer and Iwasaki et.al. (1982) method has been used 
to estimate the liquefaction potential index (LPI) of the 

sites.  

In general, for clean sand, if the SPT value is less than 30, 

the soil is prone to liquefaction. The increase in fines 

content, however, increases the liquefaction resistance of 

soil. In this research, the soil liquefaction analysis has been 

done based on SPT N value. The factor of safety (FS) 

against liquefaction in terms of CSR (Cyclic stress ratio)  

and CRR (cyclic resistance ratio) is defined by, 

 

Factor of safety (FS) =  
(1) 

 is effective vertical stress; 

 is peak horizontal ground surface acceleration; 

g is acceleration due to gravity; 

 is nonlinear shear stress mass participation factor or 

stress reduction factor and 

MSF is magnitude scaling factor 

This stress reduction factor  accounts for dynamic 

response of soil column and represent the variation of 

shear stress amplitude with depth. As per Liao and 

Whitman (1986b); 
 

 

Eq II.1 

 
Where, z = depth below the ground surface in meters.  

CRR is calucalted by the equation 

  

CRR= +   +    -    (3) 

(N1)60CS = α + β (N1)60  

Figure. 1 Stress reduction coefficient vs depth (Youd 

et. al. ) 

(N1)60=NmCNCECBCRCS                                          (4) 

 

Where Nm = measured standard penetration resistance; 

CN = factor to normalize Nm to a common reference to 

The overburden correction factor can be computed as: 

Wride 1998) as taken from Youd et.al (2001)  

 

effective overburden stress (100KPa) 

CE = Correction for hammer energy ratio; 

CB = Correction factor for bore hole diameter; 

CR =Correction factor for rod length; 

CS = Correction for samplers with or without liners. 

       (5) 

 

The correction to SPT values as listed by Robertsonand 

Where, CRR= cyclic stress ratio 

             CSR= cyclic stress ratio 

 

A. Youd et.al.(2001) Procedue 

  

In January 1996, T.L. Youd and I.M. Idris convened a 

workshop of 20 experts to update the simplified 
procedure and incorporated research findings from the 

previous decade and published paper summarizing 

recommendation as NCEER guidelines 1997. This research 

adopts NCEER guidelines 1997 for assessment of 

liquefaction potential of soil. 

 

CSR= 0.65*                                                           (2) 

Where  is total vertical stress; 

 
This equation is valid for (N1)60 < 30. For 
(N1)60 > 30, clean granular sand too dense to 
liquefy and classed as non-liquefiable. The CRR 
increases with increasing fines content and thus 
(N1)60 should be corrected to equivalent clean 
sand value, (N1)60CS. The 

following equations developed by I.M Idris with R.B.
 Seed for correction of (N1)60 to equivalent clean 
sand value, (N1)60CS. 

α= exp (1.76-(190/FC2) and 

Where α and β = coefficient determined 

from following relations For FC≤ 5%, α= 0 and 

β=1.0 For 5%≤FC≤ 35%, 

 

 

β=(0.99+FC1.5/1000) 

For FC≥35%, α= 5.0 and β=1.2 

Where (N1)60 is the SPT blow count 

normalized to overburden pressure of 

approximately 100KPa and hammer energy of 

ratio of 60 % expressed as: 
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The magnitude scaling factor mentioned above can be found  

using several different equations in the NCEER procedure. 

                            (6) 

where Mw is the moment magnitude of the scenario earthquake. 

Kσ is overburden correction factor. 

                      (7) 

 

 
   

(8) 

Where,  

∆(N1)60  is correction for fine content in percentage  

(FC)  present in the soil and is expressed as: 

(10)          

    II.5 

LPI= dz  

A. Liquefaction potential Index for PGA of 0.36g and 

Magnitude of 8.6 Mw 

The liquefaction potential index values observed along the 
 railway track for PGA of 0.36g and Magnitude of 8.6 Mw.  
Majority of the location along the track are evaluated tohave
 a liquefaction potentialindex values in between 0.00 to 
15.00  and  very  few  locations  are  evaluated  to  have 
liquefaction  potential  index  value  high  above  25,  The 
liquefaction  potential  index  value  0.00  corresponds  to 
liquefaction severity “very low” as  per  Iwasaki  et.al  (1982)
 and  liquefaction  potential inde values in between 0.00 to 
5.00 refer to liquefaction severity “very  low”  as  per  
Iwasaki  et.al  (1982).  The  liquefaction potential index value
 in between 5.00 and 15.00 and above 15.00  refers  the  
liquefaction  severity  “High andvery high”as per Iwasaki 
et.al (1982).

Idriss and Boulanger updated factors which were  

used to compute (N1)60 from measured SPT values 

(N)m. One of updated corrected factor was      , the 

overburden correction factor and is expressed as 

1.7   

II.4 

Where  Pa  is  the  atmospheric  pressure,  σv’  is  effective  

vertical  pressure and α is the parameter  estimated using equation 

and  (N1)60  is  the  corrected  value  for  SPT  value.  From  above 

equations,  it  can  be  observed  (N1)60  and  CN  are  

interdependent  and  are iterative in  nature  and can be easily 

solved  using  spreadsheet  or  computer  program. To  predict  the 

potential of liquefaction to cause foundation damage at a site, 

B.  Idras and Boulanger (2008) 

 

Their procedure was regressed using a slightly different 

database yielding a different set of changes. The changes 

proposed by  Idris and Boulanger were newer correction 

factors for the SPT, updates to the depth reduction factor, 

updates to the CRR equation, and other updates and 

changes. Idris and Boulanger proposed the updated relation on

 cyclic resistance ratio for cohesion less soil with any fines

 content  

Very  Low, LowHigh, and Very High (Iwasaki etal.  1982)

III. RESULTS AND DISCUSSION  

Factor  of  safety  against  the  liquefaction potential  was  

found  out  for  each  site.  NCEER  guidelines  1997  and  

Idriss  and Boulanger  (2008)  was  used  to  carry  out  the  

analysis.  Cyclic Stress  Ratio  and  Cyclic  Resistance  Ratio  

were  found  out  to  determine the factor of safety.These 

factors of safety thus found were used to find the  

Liquefaction Potential Index. The plot of Factor of Safety 

and SPT(N) with depth was also done on some selective 

sites. Though there are many factors that govern the 

liquefaction potential, SPT(N) one  of  the  major  factors.  

Geotechnical  properties  of  the  soil  influence the SPT(N) 

value. And hence increase or decrease of  SPT  blow count  is

 directly  related  with  soil  type  and  its  properties. It was 

found that there is close relationship between liquefaction 

potential and SPT-N value. The liquefaction potential of any 

site with low SPT-N value was found to be high with low 

factor of safety. The  bore  hole  data was  analyzed  for  

the  Peak  ground  acceleration (PGA) of 0.25g,0.3g and 

0.36g and Moment magnitude of 7.5Mw,8.6Mw and 8Mw 

and considering ground water table during monsoon season 

to consider the Liquefaction Susceptibility for severe case. 

Hence, the analysis  has been done for the probable 

worst-case scenario. The liquefaction  potential  index  has  

been  categorized  infour  categories as Very Low, Low, 

High and Very High (Iwasaki et.al.1982). Very low indicates

 the site having no liquefaction potential and very high 

indicates the site having very  high potential  of  liquefaction 

The obtained results were  plotted in GIS.
 

The  liquefaction  severity  map  for  the  earthquake

 of magnitude 8.6 and peak  ground acceleration ( PGA) 

of 0.36g using the methodology  of  both  Youd 
et.al.(2001) and  Idris and  Boulanger  (2008)  are  

shown in figure 2 and 3 Liquefaction  potential  index  

were  calculated  for  other possible  earthquake  

scenarios for different earthquake magnitudes  7.5,  8.6 

and 9.0 and taking  the PGA  values  of 0.25g, 0.30g 

and 0.36g.the liquefaction severity coverage for all 

possible scenarios.  

 

. 

Where z is depth of midpoint of the soil layer (0 to 

20m) and dz is differential increment of depth. The 

weighting factor, w(z), and severity factor, F(z), are

 calculated as  per following expressions (Iwasaki, 

et al., 1982):  

F(z) = 1-FS for FS<1.0 

F(z)= 0 for FS ≥1.0 
W(z)= 10-0.5z for z<20m 

W(z)= =0 for z > 20m 

Based on the LPI value, liquefaction susceptibility 
of the site can be classified into four categories as:  

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal 184



 

 

 

 
  

 

IV. CONCLUSIONS  

(4) Iwasaki, T., Arakawa, T., Tokida. K., (1984). 
 Simplified procedures for assessing soil liquefaction 
 during  earthquakes.  International  Journal  of  Soil  
Dynamics and Earthquake Engineering, 3(1):49–58.. 

 of bore hole locations near the rivers are in the zone of 

very high liquefaction while 8.60%, 17.4% and 26.1% 

of total borehole locations near the river are in the 

zoneof high, low  and very low liquefaction.it was also 
observed that some boreholes near the river did not 

show the high liquefaction susceptibility because in 

those boreholes, there may be presence of boulders in 

soil profile. 
 

 
Figure 2: Liquefaction severity for Mw=8.6 and  
PGA of 0.36g earthquake along the proposed 
 alignment (Youd et.al.(2001)) 

Figure 3 Liquefaction severity for Mw=8.6 and PGA

 of 0.36g earthquake along the proposed alignment 

(Idris and Boulanger  (2008)). 
 

 

B.Comparison with the results obtained from Idris  

and  Boulanger (2008) method 

Study  on  liquefaction  in  Nepal  started  after  the

1988  earthquake.  To  predict  the  behavior  of  soil

particleduring  earthquakes  and  correctly  predict  the

chances  of liquefaction occurrence is a tough task. this 

study attempts to evaluate  the  factor  of  safety  against  

liquefaction  along  the proposed East-West  Railway  

track  Butwal-Lamahi  section  and  to  compute  the  

corresponding  liquefaction  potential  index  along  the  

same  alignment. To  correctly  predict  the  

liquefaction  potential  various  controlling factors  like

geotechnical  properties  of  the  soil,  GWT  were 
analyzed  properly.  The  required  borehole  data  and  

ground motion  data  were  obtained  from  various  

organization  and literatures. For Mw =8.6 earthquake  

magnitude and PGA of0.36g. the factor of safety of 

each soil  layer was also found out. The plot of factor of

 safety vs SPT(N)  value indicated that  chances  of  

liquefaction  occurrence  increase  with decrease in 

SPT (N) value. this is supported by the fact that 

liquefaction occurs in loose saturated soil (sand or silty 

sand)deposit.  But  as  this  study  has  mainly  

focused  on  assessment  of  liquefaction  potential  

index  maps,  the relationship between liquefaction 

potential and SPT (N) value has  not  been  found  

out.the  LPI  values  near  the  rivers  show the  high 

liquefaction  susceptibility for most  of  rivers so  while 

designing the bridge across these rivers, designers 

should  consider the liquefaction of soil. 

 

According  to  the  map  of  Youd  et.al.(2001),  about 
22.18  percent of the total  bore holes  is  covered by 
very  high  susceptible  zone,  about  13.86  percent  
by  High,  5.11  percent by Low  and The remaining 
58.85  percent  bore  holes  is  marked  as  no  
liquefaction  zone (very low). According to the map 
generated  by  Idris  and  Boulanger  (2008),  high  
liquefaction  susceptibility  area  covered  
approximately 24.98 percent of the total bore holes. 
Nearly  17.36  percent  of  the  bore  holes  had  High 
susceptibility,  4  percent  low,  57.66  percent  very  
low.  The  histogram  of  the  comparison  is  shown  
in  figure  4 Since near the river in terai region, there 
is  occurrence ofalluvial  deposits.  Most of this type 
of soil is sandy and so borehole sites near the rivers 
are  very  susceptible  to  liquefaction,.Out  of  137 
boreholes,  23  boreholes  were  located  near  the 
different  rivers.  the  liquefaction  severity  of  these 
boreholes are presented  About 47.9% 
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Abstract— Google Popular Times (GTP) data are a 
novel data source that is open to the public, accessible in 
real-time and available in areas around the world. Our 
goal is to explain and predict travel demand patterns 
for train stations in Kyoto city with this data. A multiple 
linear regression model is developed using popularity 
data to analyse the correlation of the station demand 
patterns and point of interest (POI) visitation rates in 
the station vicinity. The models aim to identify POIs and 
POI types that have the highest impact on the demand 
at each station. Given that there is a sufficient number 
of POIs in the vicinity of the station, the influential POIs 
were identified and their impacts were quantified. Our 
findings suggest that GPT data can enable transit 
planners and transit users to predict station demand in 
real-time. City planners would also gain valuable 
insights in understanding for what type of activities 
travellers alight or board from each station. Moreover, 
the method can be scaled and applied to other types of 
transit stations in other cities. 

Keywords—Transport demand modelling, Point of 
Interest, Google Popular Times, Transit station 

I. INTRODUCTION 
Travel demand modelling is an essential aspect of 

any transportation system. It allows engineers to 
predict the amount of transit users that will use a 
certain station ahead of time. Travel demand 
modelling typically uses a model to find information 
such as number of trips, congested stations, or 
attractiveness of a new service. Two important 
questions a travel demand models attempts to answer 
is why and when people visit each station. In this 
research, a new method of explaining and predicting 
station demands using real-time demand patterns is 
proposed. 

There are two reasons to conduct this research. 
Firstly, it is costly and time-consuming to obtain 
station demand distribution using traditional survey 
data. In addition to that, these surveys usually ask for 
trip purpose without details about the final 

destinations. Secondly, during events such as natural 
disasters, human-made hazards, or viral pandemics, it 
is difficult to obtain firsthand information from transit 
users. In disruptive scenarios, it is vital for transit 
demand models to adapt to sudden changes. Our 
model is going to use Google Popular Times (GPT) 
data as the input. With today’s technology, the dataset 
can be found easily by just looking at Google Maps. 
GPT data are not only open to the public, but it is also 
available in real-time. 

Following our motivations are the two main 
objectives of this study: to explain station demand and 
to predict station demand. To explain station demand, 
it is crucial to identify which points of interest (POI)s 
effect the busyness at each station. POIs that are in 
walking distance from the station are our focus. It is 
assumed that people visit and spend time at the POI 
before using the station as a mean of transit after 
completing their trip purpose. The other objective of 
this research is to predict the busyness at each station 
in one- or two-hours’ time in the future. Our approach 
is to develop multiple linear regression model to 
achieve both goals. 

The findings of this research can provide valuable 
information to all stakeholders of the focusing 
transportations systems, from transit users to transit 
operators. For example, transit users and train 
operators will have access to the busyness forecast at 
stations prior to using. Policy makers can anticipate 
mobility changes in emergency related scenarios. City 
planners will understand the purpose of the station and 
gain insights to influential POIs near each station. 

The remainder of the paper is organized as 
follows. The next section covers other data types that 
has been used to model travel demand. It also includes 
researches related to GPT data. Section 3 describes 
our input data source, namely Google API and GPT 
data. Section 4 is the multiple linear regression model 
to explain and forecast the demand. Section 5 presents 
our results and discussions on our findings. The study 
concludes in Section 6 with discussions on how the 
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results can be helpful to the transportation systems and 
offer suggestions for future works. 

II. LITERATURE REVIEW 
An important consideration to bear in mind when 

modelling travel demand based on data of any sort is 
that the functionality of such models and any 
following solutions are unavoidably limited to the 
quality and characteristics of the chosen input data 
source. In this section, other data types that can be 
used to model travel demand are explored. Then, the 
potential of GPT data is investigated. 

A. Data types for travel demand modelling 
Travel demand modelling methods focuses on the 

movement of passengers and vehicles in cities to 
understand their travel behavior. The modelling 
techniques are developed based on the specific input 
data. Data for demand modelling has been collected 
via two main methods namely: stated preference 
surveys and revealed preference surveys [1]. These 
two major methods collect data about household travel 
records, opinions of users and non-users on services, 
and counting agents using the transport systems [2]. 
Conventional data collection techniques include mail-
out-mail-back, face-to-face, telephone, on-board, and 
web-based surveying methods [3]. Even though the 
data collected through these conventional techniques 
are relatively more detailed, they usually come at a 
significantly large cost. The average cost of one 
complete household travel survey is found to be more 
than USD 200 [4]. As a result, other methods of data 
collection are employed to collect household travel 
survey data in a cost-effective manner. For example, 
web-based surveys and smart phone applications have 
been explored [5]. 

Another potential data source for travel demand 
modelling is social-media data. Social media 
platforms let people share their activity locations or 
“check-ins”. People can announce their location when 
they are at restaurants, shopping malls, movie theaters, 
etc. [6] [7]. In addition to the location, the data also 
provides the geo-tagged associated ‘text’ data in the 
post. It is found that data from platforms such as 
Twitter data, can, for example, help to study highly 
dynamic and disruptive events such as natural 
disasters [8]. However, the challenge of utilizing such 
rich data is the difficult process of extracting useful 
information that can be related to people’s travel 
behavior [9] [10]. 

Mobile network operators (MNO) collect call 
detail records (CDR) for customer billing purposes. 
The CDRs log the connections between the 
telecommunication network and any mobile devices. 
To estimate trip volumes from MNO data, the core 
concept consists of detecting periods of time when a 
device is stationary [11]. When the device leaves a 
location to another location, a trip is formed. This data 
can be analyzed to identify a path which will then be 
used to forecast transit demand. However, mobile 
network data has its limitations and potential errors. 

For example, the market share of a given 
telecommunication company limits the accuracy and 
uniformity of the data [12]. In the case where the 
MNOs re-anonymize data, the data loses its continuity 
which then degrades its usefulness [13]. 

Smart card data stores the daily trip information of 
bus or train passengers. Since 1990, the use of smart 
cards has become significant due to the development 
of the internet and the increased complexity of mobile 
communication technologies [14]. It can be argued 
that smart card technology can provide valuable 
information because it is a continuous data collection 
technique that provides a complete and real-time 
travel diary [15]. However, the data is limited to bus 
stops and train stations. Smart card data lacks the 
locations to provide effective classification of 
activities or trip purpose [16].  

GPS data provides detailed digital traces with both 
location and time. Short or secondary trips that are 
usually not included in trip diary type surveys are 
present in GPS datasets [17]. However, to gain access 
to such data, a researcher must either convince a major 
service provider to impart data which is difficult or 
ask a large enough group of people to download and 
provide data through a dedicated mobile application 
[18]. Additionally, the sample of people who opt in to 
providing GPS data can be biased [19]. 

In summary, conventional household travel data 
collection techniques are expensive and time 
consuming. Social media data faces the challenge of 
extracting useful information. Mobile phone data 
lacks transparency and uniformity. Smart card data do 
not provide trip purpose information. Lastly, GPS data 
can be difficult to obtain. Thus, there is an opportunity 
for Google Popular Times data to close the research 
gap in this area. 

B. GPT data as a potential data source 
Google Popular Times uses aggregated and 

anonymized data from Google location histories to 
provide visitation data for various location and 
businesses. Thus, the location-based service provides 
information about a wide range of geographic places. 
However, the data is only available if there is a 
minimum number of past visits [20]. More details on 
the novel data source can be found in Section 3. 
Despite its potential advantages, there are only few 
researches that are using Google Popular Times data. 
For that reason, this study takes this opportunity to 
conduct a short review on how others approach the 
data while illustrating its capabilities. 
 

Morhring et al. (2020) conceptually and 
empirically demonstrate the practicality and value of 
Google Popular Times to better understand, analyze 
and predict tourist consumer behaviors [21]. 
MacKenzie and Cho (2020) estimated the number of 
walking trips, vehicle miles traveled, and green-house 
gas emissions associated with traveling to dog parks 
using Google Popular Times data [22]. Mahajan et al. 
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(2021) found correlation between POI popularities 
and COVID-19 lockdowns in Munich. They also 
found that POI type and distance-to-station had a 
significant impact on POI popularity [23].  
 

The novelty of this research lies in the usage of 
this new information. From these examples, it can be 
concluded that Google Popular Times data is a 
valuable data source for travel demand modelling. 

III. DATA: GOOGLE POPULAR TIMES (GPT) 
Firstly, information about the POIs in Kyoto is 

retrieved from Google API. This general information 
includes name, location, node type, address, rating 
score, and number of ratings of each POI. Of all the 
POIs from Google API, only some have GPT data. 
For those POIs, a script to access the public webpages 
of each POI every hour and download its GPT data is 
created. 

GPT data is a collection of visitation data on 
various POIs on Google Maps. People who have opted 
in to Google Location History provide the aggregated 
and anonymized data [20]. The data is meant to help 
customers plan visits to businesses. However, not all 
POIs have GPT data. It appears only if sufficient visit 
data is collected by Google. 

 

Fig. 1. GPT graph. Adapted from [20] 

GPT data has four main information for each POI: 

1) Popular times graph: The blue section of the 
graph in Figure 1 is the popular times graph. 
It depicts how busy the POI usually is at 
different hours of a certain day. The data is 
based on average popularity over the last few 
months, which we will refer to as the 
“historical average”. The popularity is given 
relative to the typical peak popularity of the 
business within a period of one week. In 
Figure 1, we see that 8pm to 9pm on 
Saturdays are one of the more active hours of 
this business. 

2) Live visit data: The red bar of the graph in 
Figure 1 is the live visit data. Live data 
shows how busy the POI is right now. In 
Figure 1, we can see how busy the location is 
now compared to its regular level of 
busyness. 

3) Visit duration: This data shows how much 
time people usually spend at the POI. The 
estimated are based on patterns of visits over 
the past several weeks. 

4) Wait time estimates: This data shows how 
much time a customer must wait before 
receiving service. 

It is important to note that GPT data is a relative 
measure of busyness at the POI. Popularity for any 
given hour is shown relative to the typical peak 
popularity for the business for the week. The data is 
presented on a scale of zero to one hundred. One 
hundred is the typical peak popularity of the business 
within a period of one week. Live visit data, however, 
is updated in real-time and can exceed one hundred. 

As of April 2021, Google recognized 60,492 
locations in Kyoto as Google POIs. Of those Google 
POIs, 10,121 POIs have GPT data. Of those with GPT 
data, 1,524 POIs have live visitation data. 

The collection of GPT data of POIs in Kyoto 
started in November 4, 2020. The data used in this 
study will range from November 4, 2020, to April 20, 
2021, which accounts to 4014 hours. However, only 
station operating hours or 6am to 0am will be taken 
into calculation; that leaves us with 3012 hours. From 
the time we started data collection, a CSV file 
containing GPT of all POIs within Kyoto with GPT 
data is created on an hourly basis. Table 1 shows an 
example of an entry of GPT data. Historical average is 
the typical busyness of the POI at that hour of the 
week. Live popularity is the live visitation data at that 
hour. 

TABLE I.  AN EXAMPLE OF AN ENTRY GPT DATA OF 1 POI IN 
KYOTO 

Date and time November 05, 2020, 12:30:11 

Name National Museum of Modern Art, 
Kyoto 

Latitude 35.0124 

Longitude 135.782 

POI type museum 

Address 26-1 Okazaki Enshojicho, Sakyo Ward, 
Kyoto 

Historical average 80 

Live popularity 57 

Rating score 4.1 

Number of ratings 2686 

Average Time spent 
(min) 

120 

 

Of the 1,524 POIs with live data, 64 of them are 
“train stations” and their locations are shown in Figure 
2. There are two local train lines that connect central 
Kyoto to outer lying residential and tourist spots, 
namely the Randen Tram Line and the Eizan Railway. 
The stations served by these lines are small local 
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stations; the trains and trams operating these two lines 
have at most carriages. The other train lines connect 
Kyoto to other areas, namely the JR Japan Railway, 
Hankyu Railway, Keihan Railway, and the Kintetsu 
Railway. The stations served by these lines are 
substantially larger in size as well as demand. It is 
important to note that not all stations on a train line 
have GPT data. Although almost all the stations on the 
Hankyu and the Keihan Main lines have GPT data, 
only two of the Randen Tram Line stations have GPT 
data. As an example, for a larger station, Figure 3 
illustrates Karasuma Station, one of the busiest 
stations in Kyoto, and the POIs within 800 meters 
range of the station. 

 

Fig. 2. Train stations in Kyoto with GPT data 

 

 

 

Fig. 3. POIs with GPT data that are within 800 meters of 
Karasuma Station 

IV. METHODOLOGY 
The study aims to explain travel demand patterns 

and predict travel demand patterns using POI 
visitation from GPT data. Our approach to achieving 
both goals is to develop multiple linear regression 
model: the “station live popularity model”. 

The notations used in this section is as follows. 

TABLE II.  NOTATIONS USED FOR REGRESSION MODELS 

 Live popularity of station  at time  

 Live popularity of POI  at time  

 Regression coefficient of POI  

 Regression coefficient of live popularity of station  

 Time lag for POI  

 

People who use the station to commute will most 
likely come from POIs in the vicinity of the station. 
They could be coming from home, from work, from 
department stores, from tourist attractions or any other 
kind of POI. To explain where travel demand is 
generated, it is assumed that a portion of people 
visiting POIs near the station will use the station to 
commute some amount of time after their visit. 

Firstly, a bounding circle around each station is 
defined. Because of our assumption that the same 
people using the station will be people around that 
station, the threshold distance for POIs within range of 
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the station should not be too large. In this study, 800 
meters is the maximum walking distance around each 
station. POIs that are within 800 meters of the station 
are considered as POIs within range of the station. The 
haversine formula, which calculates distance on a 
sphere, is used to determine which POIs are within 
this range. Since we have the latitude and longitude of 
POIs and stations, their distances can be determined 
with ease. 

Secondly, after identifying the POIs within range 
of the stations, live popularity, historical popularity 
and how much time people spend at each POI are 
recorded. The time-lag  for each POI is defined as the 
average amount of time spent at that POI. The time 
lag is an estimation of the amount of time people take 
from the time that they arrived at a POI to the time 
they get to the station. 

 For example, from Table 1, the average time spent 
at the National Museum of Modern Art is 
approximately 120 minutes. This means, if we assume 
that the same people will be using the station 
afterwards, it will take on average this amount of time 
for them to finish their activity and then walk to the 
station. Walking time from the POI to the station is 
assumed to be negligible and thus, the influence of the 
POI on the station is lagging by the average time spent 
at a POI. 

The station live popularity model examines the 
relationship between popularity of the station and the 
popularity of POIs near the station. In this model, the 
explained variable  is the live popularity data of the 
station at time , while the explanatory variable  is the 
live popularity data of POI  that is within range of the 
station  at time .  is the time lag of POI . 

 
 

(1) 

The influence of each POI  will be represented by 
the regression coefficients .  quantifies the impact of 
POI  on the popularity of station . Since there are 64 
trains stations in Kyoto with GPT data, there will be 
64 cases of the station live popularity model. 

Minimum time lag is introduced to reduce the 
number of “secondary” POIs. “Primary” POIs are the 
POIs people plan to visit on their trips. They represent 
the purpose of the trip. On the contrary, “secondary” 
POIs are those visited by people as an “add-on” from 
their trip. They do not represent the purpose of the 
trip. For example, after visiting the zoo, a traveler 
bought drinks from the convenience store in front of 
the zoo. In this scenario, the zoo is the POI that 
represents the purpose of their trip. Therefore, the zoo 
is a primary POI while the convenience store is a 
secondary POI. For transport planning scenarios, the 
goal is to find their primary POIs. 

Regression analysis is conducted with minimum 
time lags at 0, 15, 30, and 45 minutes. As the 
minimum time lag is increased, the POIs which have 
smaller time lags such as convenience stores will be 

removed from the regression models. Hence, POIs 
that remain are more likely to be POIs people 
typically spend more time at which are more likely to 
be the primary destination of the trip. 

V. RESULTS 
The R-squared of the regression model of all 64 

stations with different minimum time lags are shown 
in Figures 4(a) and 4(b). 

 
(a)  against number of POIs in walking distance 

 

(b)  against number of POIs in the regression 

Fig. 4. The relationship between model fit and number of nearby 
POIs: Station live popularity model 

 Figures 4(a) and 4(b) show that stations with few 
POIs gives low R-squared values. Our regression 
model is not able to explain the station demand at 
stations with a low number of POIs. Correspondingly, 
the model produces higher R-squared values at 
stations with high numbers of POIs. Longer minimum 
time lag filters out more POIs leaving less POIs in the 
regression. Generally, higher minimum time lag 
results in a lower R-squared values. However, the 
remaining POIs are less likely to be secondary POIs. 

VI. CONCLUSION 
Our motivation for this research was to develop a 

model that can explain and predict station demand 
using GPT data. The station live popularity model 
identifies the POIs that have the highest influence on 
the demand of the stations.  

GPT data is open to the public and is available in 
real-time. It is also available in many other cities 
around the world. The model proposed in this study 
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can be applied and scaled to other cities. Since our 
objective is to study station demand patterns,“train 
stations” was chosen as our focus. However, the 
model can also be applied to other types of POIs that 
need demand prediction. The model is most accurate 
at stations with many nearby POIs.  

There are several challenges that need to be 
overcome for this model to be used in practice. The 
popularity presented in GPT data is not absolute. 
Therefore, the actual number of POI visitations could 
not be obtained from this set of data alone. All results 
from the regressions have been relative to the stations’ 
peak busyness. 

The regression model introduced in this study 
matches the mappings of the complete response of the 
station time series with the complete time series of the 
POIs. However, not all POIs are active during the 
entire train station operating hours. For example, 
bakeries are active in the morning while bars and 
some restaurants are only active at night. Therefore, 
even though a certain bakery is highly influential in 
the morning, its regression coefficient is averaged 
throughout the entire day. To overcome this problem, 
regression models for different time periods can be 
introduced or time-of-day dummy variables can be 
added to the existing models. 

Future research should expand sampling to other 
cities and countries as well as other types of stations. 
In doing so, further insights on geographic constraint 
may be realized. There are still many aspects of the 
Google API and GPT data that have not been included 
in our methodology. For example, we tried to reduce 
the number of secondary POIs by introducing the 
minimum time lag. Another approach to remove 
secondary POIs is to use rating score and number of 
ratings to create an attractiveness for each POI. With 
an additional source of data such as the Wi-Fi or 
mobile phone data, the relative popularity of GPT data 
could potentially be converted into an absolute 
visitation data. 
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Abstract— The rapid growth of free-floating sharing
services is seen by some as a key solution to urban
mobility problems. Whether these services are used will
depend critically on the ease of access. In particular, if
there is competition for bicycles, travellers will need to
consider that some bicycles might not be available for
long but be taken or reserved by others. The aim of this
research is to quantify the access distance to free-
floating services considering the density and
distribution of travellers and bicycles. A focus is the
effect of different information seeking and reservation
strategies of travellers. We distinguish those who use
their smartphone actively during traveling to find the
best available bicycle from those who only check the
availability before the journey. To simulate this, an
agent-based discrete-event simulation (DES) is
developed. We find that: 1. All travellers being active in
seeking feasible bicycles does not necessarily lead to
better system performance. 2. Enabling reservation can
lead to longer average travel times, especially longer
walking time. 3. When increasing the bicycle supply or
reservation rate, the reliability of accessing desired
bicycles will first increase then drop.

Keywords — free-floating sharing, simulation,
reliability, uncertain availability

I. INTRODUCTION

Free-floating sharing services have been booming
since 2015, thanks to the rapid expansion of dozens
of start-up companies. In China, the rapid growth of
dockless bicycles has led, in some cities, to a notable
modal shift in that these bicycles are used either end-
to-end or for access and/or egress from public
transport stations. In various countries around the
world furthermore dockless manual bicycles, e-
bicycles, and e-scooters are both used together. These
and other "little vehicles", as they are sometimes
referred to have led to reductions in the "last-mile-
problem" and are seen by some as a key solution to
urban mobility problems [1].

These services are not coming without problems.
One is the low availability of vehicles caused by
uneven distributions. The vehicles often accumulate
around public transport (PT) stations, because of the
unbalance in flows arriving and departing at the
station during different times of the day. It is

particularly significant if commuters are using free
floating services to access PT stations in the morning.

In this research, we aim to understand the access
distance to an available free-floating service as this
will be an important determinant as to how much they
are used and overall user satisfaction with the service.
We focus on free floating bicycles, but our approach
can be used for any dockless, shared service. Demand
and fleet size determine the expected distance.
Furthermore, whether and how much time before
using a vehicle can be reserved will influence the
service quality as well as the time period over which
the demand is spread. Finally, we also consider
“traveller attitudes” in terms of how active they look
for bicycles.

In the next section, we explain and distinguish
these different attitudes. The resulting travel
behaviour are then abstracted and reconstructed in the
simulation. In section 3, settings of the simulation are
introduced, including the structure of the research
area. Simulations with various inputs are conducted
and discussed in section 4. These lead to suggestions
for how it can be avoided that travellers fail to find
bicycles or walk in a direction where they expect a
free bicycle, only to not find available when they
arrive.

II. LITERATURE REVIEW

The main interest of our study is the role of
smartphones in dealing with the uncertainty of where
to find free-floating vehicles and whether these are
available. Smartphones are involved both during
travelling (scanning the QR code of free-floating
vehicle after arriving at the spot) and possibly during
trip planning (using smartphones to find or reserve a
vehicle). There is a wide range of literature dealing
with traveller’s choice behaviour under uncertainty
but relatively less with specific reference to the
availability of free-floating services, the willingness
to wait, and the role of smartphone during this
process.

Smartphone usage on travel is mainly discussed in
terms of making travel less stressful (Tan and Lu,
2020; Raveau et al., 2016), changing activity patterns
and inducing demand (Shaheen et al., 2016). Khan et
al. (2020) explored the effects of individuals’
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smartphone application usage on mobility choices in
terms of their attitudes. Tech savvy auto commuters
are prone to decrease their vehicle kilometres
travelled due to smartphone application usage while
non-tech savvy auto commuters demonstrated an
opposite behaviour. Tech savvy urban area dwellers
also showed less willingness to increase their
mobility. Liu et al. (2022) find that smartphones can
encourage the re-examination and re-arrangement of
pre-trip plans by making physical and social contexts
explicit and by enabling decision-making in much
closer proximity to the time and location of the
activity. Smartphones not only change the contexts
but also afford new interaction possibilities and new
opportunities for optimising trip experiences.

Jamal and Habib (2020) show that activeness in
smartphone usage has profound influences for both
trip planning and travel outcomes. However, to the
best of our knowledge, there is few literature as to
how often and when people use mobile phones during
walking to update their route choice - and in
particular to look for available free-floating vehicles.
The most closely related study we find is Kwon et al.
(2020) who report that more than 90% of young
travellers use smartphones at least ‘sometimes’ while
walking or waiting at a red signal.

Reservation of services will reduce anxiety but
also creates costs, either directly or indirectly by the
need to spend time for reservation and reduced
flexibility as to one’s route choice. Not only for
parking problems, behavioural aspects and system
efficiency connected to reservation systems have
been discussed for other transportation modes. Liu et
al. (2015) analysed the efficiency of a highway use
reservation system under which reservation is
required in advance and can be rejected when using a
highway bottleneck. They find that queuing and
congestion are relieved, the efficiency loss in a
practical system is bounded, and furthermore, the
reservation system approaches the same efficiency as
the first-best time-varying toll in the ideal case. The
transaction behaviour of tradable permits is often
viewed as a type of reservation behaviour under
uncertainty which allocates infrastructure capacity
efficiently. Molnar and Correia (2019) studied the
drawbacks of providing long-term reservation and
proposed a flexible relocation-based reservation (R-
BR) method which locks vehicles only a short time
before the trip departure. The R-BR method is proved
to outperform conventional long reservation in all
problem instances except for the scenarios with very
low number of trips. Wu et al. (2019) conducted a
stated-choice survey to identify the carsharing users’
preference for reservation mechanisms.  Respondents
show positive willingness-to-pay (£0.54 per journey)
for guaranteed advance reservation while negative
willingness-to-pay for virtual queueing. They also
find that socio-demographics and personality
characteristics correlate with carsharing usage and
reservation behaviour. They further proposed a
choice-based optimisation approach to evaluate
dynamic pricing with consideration of users’

preferences to uncertainty (Wu et al., 2021). The
dynamic pricing shows the potential for large gains in
revenue relative to the currently prevailing flat-rate
pricing structure.

To model such uncertainties associated with free-
floating services and user responses we will develop
an agent-based simulation approach to fit our needs.
Such models have been a main tool to model
transportation systems with free-floating vehicle
sharing. The multi-agent transport simulation project,
MATSim, is an activity-based, extendable, multi-
agent, dynamic traffic assignment model which has
been attracting extensive attention worldwide. For
example, Bischoff et al. (2017) integrated shared taxi
services into dynamic simulation based on insertion
heuristics in MATSim. Using a taxi data set from
Berlin, their simulation suggests that the overall
vehicle kilometres travelled may be reduced by 15–
20 % , while travel time increases can be kept at a
relatively low level. Balac et al. (2019) developed a
first implementation of a carsharing relocation
interface for MATSim. They investigated the
interaction of two competing free-floating carsharing
operators in the city. They reported that relocations
are unprofitable in a competitive carsharing market.
Even if every relocation would be turned into a rental,
relocations at best lead to a marginal increase in
revenue.  Similarly, Heilig et al. (2018) proposed the
first one-week simulation considering station-based
and free-floating carsharing with the help of a
modular agent-based travel demand modelling
framework, mobiTopp. Both pieces of research
provide an activity-based, multi-modal approach, and
are seeking user equilibrium under a
microsimulation-based framework. They presume
that users can make infinite long reservations and do
not estimate suitable time spans of reservation.
Moreover, the traveller’s attitude toward smartphone
usage in seeking available vehicles is not modelled,
which we suggest is significant in understanding the
competition for reserving and using of free-floating
vehicles as well as resulting distributions of the
vehicles.

In summary, both traveller’s choice behaviour
under uncertainty and the impact of smartphone
usage for travel patterns are widely acknowledged.
With respect to free-floating services, the smartphone
is the key information source of travellers but how it
is used on a microlevel for such as booking services
and how this then impacts the system performance
appears to be understood. To analyse this, our agent-
based simulation approach described in the following
is hence with respect to some details of the agents’
decisions “nano-scope” whereas a range of network
and multi-modal aspects are simplified.

III. SIMULATION ASSUMPTIONS

A. Basic assumptions

An illustration of the basic problem and of key
notation used subsequently is shown in Figure 1.
is the ratio of vehicles over travellers. A total of
travellers and a fleet size of × vehicles are
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considered. The origin of traveller , , and initial
location of vehicle , , are randomly located in the
zone each obeying ( , ) and ( , ), where
and are the distribution of travellers and the
vehicles. Travellers can either take path by
walking from to , or take path C from to
further to . Travellers always choose the shortest
path among all available paths.

Fig. 1. Illustration of traveller choice and notation

We further specify the following basic
assumptions:

● Free-floating vehicles are limited to be used
by one traveller at a time.

● Free-floating vehicles can be visually
identified on the street. Their location
information can be received through
applications in smartphones.

● Once a vehicle is occupied, it will be marked
as ‘unavailable’ in the application. This means
that access attempts from other travellers will
be blocked until the vehicle is released from
occupation.

B. The categorization of travellers

Travellers are categorized with respect to two
decision dimensions: the ‘level of smartphone
activeness’, and the ability and willingness to make a
reservation. We introduce the concept of “smartphone
activeness” to distinguish different levels of
smartphone usage in seeking available vehicles.
Though there clearly is a continuous scale in how
active the users are in their smartphone usage we
categorize travellers into discrete groups based on the
activeness of smartphone usage during trip planning
and when picking up free-floating vehicles.

a) Casual user: “Use smartphone only if really
needed”

This type of traveller does not utilize smartphone
neither during trip planning nor when walking in
order to pick up free-floating vehicles. These
travellers tend to be less sensitive to travel costs or do
not want to bother checking for the availability of
vehicles. They are assumed to have a low motivation
in seeking available vehicles and will walk toward
one only if s/he spots a free-floating vehicle. In the
simulation, casual users will hence not actively
respond to any change in the fleet status. The

challenge to model these travellers is that one needs
to quantify “spotting a free-floating vehicle”, i.e.
reflect the visibility of vehicles.

b) Static user: “Use Smartphone at home,
otherwise in pocket”

This type of traveller utilizes a smartphone during
trip planning but not during the subsequent walking.
In the simulation they constitute (0 ≤ ≤ 1)
percent of the total travellers. The traveller will
check their smartphone when s/he finishes his/her
activity to make travel plans before they start their
journey and possibly make a reservation. Only when
the traveller finds the scheduled vehicle has been
occupied/reserved by other travellers (because s/he
did not make a reservation or because the reservation
expired), the user will check her/his phone again and
make a new plan. In the simulation, static users will
only react when s/he finds the scheduled vehicle
becomes unavailable for him/her.

c) Active user: “Walk with the smartphone in
hand”

This type of traveller will utilize the smartphone
both during trip planning and the afterwards picking
up process. They constitute (0 ≤ ≤ 1) percent
of the total travellers. This type of traveller is
aiming to find the best alternative in response to
changes in the availability of vehicles. They will
continuously check their smartphone to pick up any
update in fleet status while walking toward the
current target. Once a better available alternative
shows up, the travellers will shift toward the new
target. This means that in the simulation, active users
will immediately react and adjust his choice when a
targeted vehicle becomes unavailable for him/her or
any other, nearer vehicle becomes available.

d) Reservation
Another property of users, and considered

independent to level of activeness, is their willingness
to make a reservation of a specific vehicle. We define

(0 ≤ ≤ 1) as the percentage of the total
travellers who prefer to make a reservation and
consider to be independent of and . In line
with common practice, one vehicle at a time can be
reserved for up to 15 minutes, and a reserved vehicle
will be marked as ‘unavailable’ until the reservation
is expired, or the vehicle is released from usage.
Policies such as additional or reduced prices for
vehicles with prior reservation may be carried out in
order to discourage or encourage reservation.
Travellers may also choose not to make a reservation
if ‘staying flexible’ is considered important. In
general, we expect that in networks with large fleets
and short usage duration the willingness to reserve is
lower. For one, the overall likelihood that a vehicle is
available is higher, and secondly the likelihood that a
vehicle becomes available on one’s walking path that
was not available when the traveller started the
journey is higher so that a reservation at the start of
the journey would be sub-optimal.
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and are the distribution of travellers and the
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any other, nearer vehicle becomes available.
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IV. EVENT SEPARATIONS

Travellers are presumed to be only interested in
their own travel. In a system where competition
among travellers over limited vehicle resources is
fully respected, chronologically earlier events will
interrupt later ones. In order to capture such effect in
a simulation, we merge discrete-event simulation
(DES) with agent-based modelling (ABM) to
represent the competition and time-varying behaviour
of travellers. Because not every time slice has to be
simulated, DES can typically run much faster than a
corresponding fixed-increment time simulation.

The traveller’s heterogeneous decision-making
process is separated into several contextual events.
Events are scheduled dynamically as the simulation
proceeds. In the DES structure, events occur at the
given instant in time and cause a change in the system
state. Between consecutive events, no change in the
system is assumed to occur. Events are executed and
removed in strictly chronological order from the
pending event set regardless of the order in which
they were added. Potential contextual events are
added into the pending event set correspondingly.
The pending event set is generated and organized as
a priority queue, sorted by event timestamp.

Initialization events of each traveller and vehicle
need to be added into before the simulation starts.
In the ‘initialization’ event, the initial location of
vehicles is fixed. The origin of each traveller is also
fixed, together with destination, the type of this agent,
and their random initialization timestamp ≤

, where is the time limit of travellers
joining the simulation. For modelling realistic
scenarios, we further require not only an ordering of
the travellers but a specific generation time.

A. Event separation of static travellers

If traveller is initialized as a static user, we
separate the related decisions into four events:
‘launch_app’, ‘use_veh[icle]’, ‘release [the vehicle]’,
and ‘complete [trip]’. We do not exclude the chance
of some failures to obtain a targeted vehicle. For
example, the scheduled vehicle in a user’s travel plan
may be reserved / occupied by other travellers before
s/he can arrive at the vehicle location. Static users
will only react to interruptions when s/he arrives at a
scheduled vehicle location, but finds the desired
vehicle is unavailable or no longer at that location.

The ‘launch_app’ event includes the trip plan
creation where the user is assumed to compare the
different paths, chooses the shortest path (in terms of
generalised cost). If path is chosen as desired
travel plan, a ‘complete’ event is added into with
the timestamp of when the traveller arrives at the
destination by walking; otherwise, a ‘use_veh’ event
is added into with the timestamp of when the
traveller arrives at the desired vehicle by walking.
If reservation is enabled for static user , extra
reservations can be made on vehicle if the travel
plan includes using vehicle .

In the ‘use_veh’ event, the behaviour when
reaching vehicle is included. If the desired vehicle

is unavailable, or no longer at the scheduled
location, a ‘launch_app’ event is executed
immediately as a new trip plan. Otherwise, will be
occupied by traveller and marked as ‘unavailable’,
and a ‘release’ event will be added into with the
timestamp of when the traveller arrives at the
destination by the vehicle. If vehicle is under
reservation of traveller , reservation is removed.

In the ‘release’ event, the behaviour conducted
when completing using a free-floating vehicle is
simulated. Upon finishing the vehicular trip, the
occupied vehicle becomes available at the current
location and ready for new bookings. If the remaining
unfinished trip involves no more vehicle usage, a
‘complete’ event is added into with the timestamp
of when the traveller arrives at the destination by
vehicle; otherwise, a ‘use_veh’ event is added into
with the timestamp of when the traveller arrives at the
next desired vehicle.

Finally, upon ‘complete’ the travellers will be
marked as ‘trip completed’ and removed from further
simulation. The whole flow chart for Static travellers
is shown in Figure 2.

Fig. 2. The flowchart of decision making for static traveller

B. Event separation of active travellers

The difference between active and static user is
that an active user will respond to changes in the fleet
size fast. In our simulation active users are at the
extreme end of this scale and will react immediately
whenever a vehicle in the fleet is released or
reservation expired, and whenever a scheduled
vehicle becomes unavailable. Therefore, from the
aspect of simulation, an active user will inherit the
same event separation from static users but
‘launch_app’ events are immediately executed when
a new event occurs.

V. SIMULATION SETTINGS

Based on the simulation structure explained
above, in this simulation we focus on the scenario
when commuters are using free-floating services to
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access public transport (PT) stations in the morning.
Following specifications are made correspondingly:

● The research region is set to be a unit square
with side length . The destinations of all
travellers are assumed to be the centroid of the
research region. The centroid could be viewed
as the central business district of the city or a
major PT station which travellers want to
access.

● The free-floating vehicles are assumed to be
bicycles. Significant differences exist between
bicycle sharing and carsharing, for example,
bicycle sharing services are less expensive and
users tend to make shorter journeys with
higher flexibility. We therefore suggest that
our approach is primarily applicable for
bicycle sharing scenarios, but the simulation
framework can also be applied to carsharing
studies.

● Travellers are composed of static and active
users, hence + ≡ 1.

We now discuss the input parameters. Firstly, the
number of travellers M is not varied in the simulation
but set to be 800. Instead we vary the number of free-
floating bicycles in the system. We note that it is
mainly the ratio of vehicles to travellers that
influences the result. Scenarios with higher spatial
demand density and equal ratio of vehicles to
travellers will lead to on average shorter access to
bicycles and an increased usage of the bicycles. Tests
with different M show though that these effects are
not very significant unless the demand becomes very
small.

We vary five parameters in the simulation with
five levels for each of these independent input
variables in this simulation as shown below in Table
1. The service level generally becomes better from
level one to five. The first column in the table, ,
denotes the maximum time within which travellers
are generated. The second column denotes the
supply/demand ratio, , and the number of vehicles( × ).

The ratio ranges from 0.25 to 4.0 so that the
number of available vehicles ranges from 200 to 3200
in this simulation. Clearly in the low scenarios
there is intense and in the high scenarios there is
less competition for bicycles. To note is, however,
that also in high scenarios there is some
competition as travellers might aim for the same
bicycle. The third and fourth column show the
percentage of static ( ), active (1 − ) and
reservation ( ) enabled travellers. Each range from
0% to 100% in order to cover the range of possible
compositions. The distribution of travellers ( ) and
bicycles ( ) are independent and identical except
for the second type (“imbalanced”). The
abbreviations used in Table 1, fifth column, are as
follows:

● “Uniform” ( / ): This is the base case in
the following result discussion. Travellers and
bicycles are uniformly distributed in the
square zone. It is the basic scenario and serves
as a control level.

● “Imbalanced” ( / ): This case is used to
simulate the ‘imbalanced scenario’ where
bicycles are mainly relocated around major
public transport stations. Travellers are
uniformly distributed but bicycles follow a
two-dimensional normal distribution with
peaks at the centroid. The normal distribution
is specified with ( , ~ ( , , , , )
where = = 0.5 , = = 1 and= 0).

● “Centre” ( / ): This scenario is
added to simulate the case of both travellers
and bicycles tending to be accumulated around
the city centre. Both travellers and bicycles
follow two-dimensional normal distributions
with a peak in the centre. The distribution is
specified with ( , ~ ( , , , , )
where = = 0.5 , = = 1 and= 0).

● “Corner” ( / ): This case is meant to
simulate a scenario when a demand hotspot
locates away from the destination, for
example, travellers commute to the centre
from a high-density residential area located
around the corner with well-supplied free-
floating bicycles. Both travellers and bicycles
follow a two-dimensional normal distribution
with peaks near the corner.
( , ~ ( , , , , ) where = =0.25 , = = 1 and = 0).

● “CBD” ( / ): This case simulates
one CBD in the centre while residential
facilities are located in the surroundings. The
bicycles are used to access their homes and no
manual rebalancing was made. Both travellers
and bicycles follow the complementary
distribution of where = 1 −

. This means that travellers are unlikely
to live close to the centre.

To evaluate the simulation results the criteria
shown in Table 2 are used. Three measures of travel
time are used. Besides average travel time, we
distinguish the time spent walking and cycling. For
example, a lower walking time might not necessarily
result in a significantly lower overall travel time for
the traveller if the nearest bicycle is located not in the
direction of the destination. To investigate this further
also “cycle time per ride” is added. Such data can be
obtained because we keep tracking the travel path and
corresponding mode used on such path for each
traveller. is included as it relates to the overall
attractiveness of the service as well as profit for the
operator. describes the level of competition and
potential frustration of users as their targeted bicycle
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is not available. We note that it is not useful for active
users as these will have changed their path before
reaching the bicycle. Instead, for active users, we
include the count of how often they launch the app
and how often they change their path. These two
measures describe how dynamic the system is in
terms of often new options appear and how often
these are taken. These reliability statistics can also be
obtained because for each traveller, every choice they
made and whether such choice turns to be successful
or not, are fully tracked as an auxiliary data.

TABLE I. LEVELS OF THE INDEPENDENT INPUT VARIABLES.

(hou
r)

( ×) ( ×) (× ) ( , ) /( , )
Lev
el 1

0.0 0.25
(200)

0.0
(0)

0.0
(0)

“Uniform”

Lev
el 2 0.25 0.5

(400)

0.25
(200

)

0.25
(200

)

“Imbalance
d”

Lev
el 3 0.5 1.0

(800)

0.50
(400

)

0.50
(400

)
“Centre”

Lev
el 4

0.75
2.0

(1600
)

0.75
(600

)

0.75
(600

)
“Corner”

Lev
el 5

1.0
4.0

(3200
)

1.0
(800

)

1.0
(800

)
“CBD”

TABLE II. TABLE 1 EVALUATION CRITERIA

Abbreviations Definitions, , The average travel time, average walk
time and average cycle time per traveller

Cycle time per ride. = ( ×) / ( × ) = /
Proportion of travellers using bicycles
which equivalent to path C ratio in this

simulation.
The average count of ‘Fail to use desired

bicycle’ among static users
Average count of ‘Launch app’ event

among active users.
Average count of changing to a new

shortest path among active users.

VI. RESULT DISCUSSION

A. The influence of bicycle fleet size ×
In Fig. 3, on the x-axis varies from level one to

five and / is fixed as uniform distribution.
Three curves are shown where the other three
parameters, , are fixed to level one to
five as defined in Table 1. Thus, the curves represent
a change of multiple input parameters and hence are
meant to show the range in variation of the evaluation
measure for different scenarios. We remind that the
service level generally improves from level one to
five as a higher means that demand is more
distributed and hence there is less competition. The
time-related statistics , , , together with

are plotted in Fig. 3. For and , we observe
the spread of result gradually increases from zero
bicycles to a critical point which in Fig. 3 is around
half of the potential demand. After that, the spread of
results gradually converges when the number of
bicycles increases thus showing that the temporal
distribution, smart phone activeness and reservation
behaviour have little influence when the bicycle fleet
is large. However, for and we observe
almost identical results independent of the three other
input parameters. Such consistency suggests is the
main influencer of and .

Fig. 3. The influence of number of bicycles over different
evaluation criteria

Following further noteworthy tendencies can be
observed. An increasing fleet size will lead to
higher , higher , but lower and lower

. This result is expected as increasing the
bicycle ratio leads to less competition in accessing the
bicycles therefore rises. To be noted is that there
is a double effect with respect to the influence of fleet
size on and . An increasing not only
leads to less competition in bicycles, but also shortens
the expected walking distance to access a desired
bicycle. Therefore, more walking is replaced by
cycling therefore falls and rises. The
cycling speed is faster than walking so generally
falls to some extent. On further investigation we find
that the average cycle time per ride in fact slightly
decreases if the bicycle supply rises from 200 to 800
bicycles as some travellers will walk away from their
destination to reach a bicycle. Only if the bicycle
supply is large, more bicycles mean less cycle time
per ride. We note, however, that the effects are minor.

B. The influence of reservation rate

We now vary the reservation rate from level
one to five. / remains fixed as uniform
distribution. We again construct curves for three
levels to illustrate changes with respect to the other
three input parameters ( , , ). The time-related
evaluation measures , and are plotted in
Fig. 6. Counterintuitively, we find that with
increasing reservation rate, the average walk time

and average travel time also increases.
Reservation does not improve system performance in
terms of travel time and higher reservation leads to
longer walking. No clear influence with respect to

is observed.
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service level generally improves from level one to
five as a higher means that demand is more
distributed and hence there is less competition. The
time-related statistics , , , together with

are plotted in Fig. 3. For and , we observe
the spread of result gradually increases from zero
bicycles to a critical point which in Fig. 3 is around
half of the potential demand. After that, the spread of
results gradually converges when the number of
bicycles increases thus showing that the temporal
distribution, smart phone activeness and reservation
behaviour have little influence when the bicycle fleet
is large. However, for and we observe
almost identical results independent of the three other
input parameters. Such consistency suggests is the
main influencer of and .

Fig. 3. The influence of number of bicycles over different
evaluation criteria

Following further noteworthy tendencies can be
observed. An increasing fleet size will lead to
higher , higher , but lower and lower

. This result is expected as increasing the
bicycle ratio leads to less competition in accessing the
bicycles therefore rises. To be noted is that there
is a double effect with respect to the influence of fleet
size on and . An increasing not only
leads to less competition in bicycles, but also shortens
the expected walking distance to access a desired
bicycle. Therefore, more walking is replaced by
cycling therefore falls and rises. The
cycling speed is faster than walking so generally
falls to some extent. On further investigation we find
that the average cycle time per ride in fact slightly
decreases if the bicycle supply rises from 200 to 800
bicycles as some travellers will walk away from their
destination to reach a bicycle. Only if the bicycle
supply is large, more bicycles mean less cycle time
per ride. We note, however, that the effects are minor.

B. The influence of reservation rate

We now vary the reservation rate from level
one to five. / remains fixed as uniform
distribution. We again construct curves for three
levels to illustrate changes with respect to the other
three input parameters ( , , ). The time-related
evaluation measures , and are plotted in
Fig. 6. Counterintuitively, we find that with
increasing reservation rate, the average walk time

and average travel time also increases.
Reservation does not improve system performance in
terms of travel time and higher reservation leads to
longer walking. No clear influence with respect to

is observed.
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Fig. 4. The influence of reservation rate over different evaluation
criteria

We explain this effect as follows: In the case with
competition among travellers, the traveller who uses
the reservation system chronologically earlier will
reserve the bicycle closest to him/her. This bicycle
will be marked as ‘reserved’ and is removed from the
choice set of the later travellers until expiration.
However, from the viewpoint of later travellers,
though s/he might in fact be closer to this bicycle, or
s/he can actually arrive at the bicycle earlier, later
travellers do not have a chance to use this bicycle
anymore. The same effect can also be explained from
the “perspective of bicycles”: Higher reservation rate
means bicycles are more easily reserved and occupied
by reservation-enabled travellers who were randomly
selected by the system, rather than occupied by the
winner of the competition among reservation-
disabled travellers. In other words, the pool of
‘nearby competitors’ shrinks with the increase of
therefore the access distance rises and and
increase accordingly.

C. Demand and supply distribution impacts

Finally, the influence of different city layouts, in
this research abstracted as distribution, is
investigated. The five types of / shown in
Table 1 are distinguished on the x-axis and the
variation between the other four input parameters is
reflected with the Level 1 to 5 curves. In addition, the
“no bicycle usage” scenario is added in the figure,
which serves as a benchmark when there are no
bicycles in the city. It is not presented in the other
three figures because failures cannot be defined,

becomes zero and ≡ .

Fig. 5. The influence of reservation rate over time-related
statistics. Distributions as defined in Table 1.

We firstly investigate average fail count (top
left in Fig. 5).  The “centre” scenario has the lowest

whereas “imbalanced” has the highest as the

distribution of traveller changes from to . We
further find that under an “imbalanced” distribution
when there is no bicycle, is even lower than that
under Level 2 input. In line with our previous
discussion this means that the general travel quality
can decrease when introducing a too low number of
free-floating bicycles.

The low value in “centre” is because all travellers
and bicycles are located around the centroid, which is
also their destinations.  Another noteworthy
observation is made with respect to the remaining
three travel time related subfigures in Fig. 5. We find
that “centre” is still the best scenario with lowest
while “CBD” is the highest. In the “CBD” scenario
setting, both travellers and bicycles are more likely to
start far from the centroid therefore the and
are the highest. However, we observe that the
“corner” scenario has the second lowest . Although
distances in the “corner” case are long, the majority
of the distance is travelled by cycling rather than
walking as the bicycles are distributed closer to the
travellers. Less walking is needed to access desired
bicycles and start cycling. Therefore, from the
viewpoint of travel time, this distribution still ranks
high compared to other scenarios.

Finally, in Fig. 6, we again construct failure
probability curves as in Figure 8. We show figures for
Level 2 to 4 to illustrate changes with respect to the
other three input parameters ( , , ) for the five
distributions. Static travellers face the highest
probability that the desired bicycle becomes
unavailable in the “imbalanced” scenario. Even if the
overall service level raises, this phenomenon remains.
We suggest this is because when more travellers are
heading to the centroid from sub-urban areas rather
than from downtown, an intense competition occurs
for the bicycles in the periphery. The bicycles near
the central part are not effective for travellers from
the periphery, so that they contribute little in raising
the overall service level. Such phenomenon can also
be observed when services are limited to be used in
certain areas, such as free-floating bicycles being
limited within the tourist attraction areas.

Fig. 6. The probability of failure to pick up the desired bicycle in
different input level
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In this research, we construct an agent-based
discrete-event simulation to investigate the influence
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of different information seeking and reservation
strategies of travellers under uncertain availability,
together with the density and distribution of travellers
and vehicles. Travellers with different activeness in
their smartphone usage in seeking available vehicles
are distinguished. To the best of our knowledge, this
is one of the first studies explicitly simulating
different smartphone usage strategies and the impact
on the performance of a transport system with shared
vehicles.

We show that this activeness can indeed influence
the performance of the system. We further quantify
how increasing the bicycle ratio leads to less
competition in accessing free-floating bicycle service.
Increasing the bicycle to traveller ratio also leads to
shorter average travel time. We show that this is not
only due to on average less access time but also
because travellers are more likely to walk in the
direction of their destination to find a bicycle if more
are available. The reservation rate is found to have a
negative influence on average travel time. The
reliability of accessing desired bicycles is also
investigated through the average fail count and
very non-linear effects are found and explained.
Different spatial and temporal distributions for
bicycles and travellers are also investigated that
represent different land-use types.

We suggest our findings and the simulation tool
developed as part of this research can support the
understanding of the impacts of free-floating services.
In particular we suggest following implications are
important: Firstly, the value of reservation for free-
floating services needs to be reconsidered. Adopting
reservation benefits reservation-enabled travellers at
the cost of reducing system performance, such as
increases in the travel time and failures, and further
worsen the service level of reservation-disabled
travellers. In other words, enabling reservation is
good for an individual, but a higher reservation rate
will lead to less competition and therefore longer
average travel time and especially longer walking
time. Secondly, this cost is, however, depending on
the overall percentage of travellers reserving a
vehicle before they start walking towards it as well as
their “smartphone activeness”. Smartphone
activeness cannot be controlled by an operator, but an
operator should be aware that updating the fleet
availability very frequently can lead to some negative
effects in that those who prefer to not check
information very often might encounter more failures
to obtain a bicycle they thought would be available.
We suggest reservation should be viewed and
charged as a value-added service. Imposing
uniformity on all travellers, neither allowing long
reservation for all, nor disabling reservation for all, is
not suggested. Thirdly, we demonstrate the benefit of
the spatial bicycle distribution and the traveller
distribution being similar. We also show that
introducing free-floating bicycles will in many cases
reduce the travel time in the network. There are
however exceptions. In particular the travel time
might increase if there are few bicycles but enough to

trigger a steep competition among the traveller for
these. Furthermore, if bicycle and demand
distributions are not matched this effect can be larger.
Therefore, our study can also be used as a basis to
quantify the value of bicycle rebalancing schemes.

Lastly, although it cannot be controlled by an
operator, we also demonstrate that the highly
dynamic enroute decisions through smartphone usage
can be important for understanding travel patterns.

There are a range of research issues that we
suggest can be addressed in future work. For one, the
manual redistribution, which becomes the main
concern in daily operation, can be evaluated with the
proposed discrete event simulation framework. New
events reflecting the process of vehicles becoming
unavailable, carried to certain location and re-
available can be added. The redistribution strategy is
then split into several events and a cost–benefit
analysis can be made with respect to different
redistribution strategies. Another interesting
extension is to expand the work to multi-zone
simulations and validate adjustments for analytically
obtained access costs. Furthermore, we intend to
obtain some of the input for this simulation from
survey calibrations. We suggest that a better
understanding of the ‘level of activeness’ and the
‘willingness to make detour’ to find available free-
floating vehicles deserves further research. Beyond
such direct model extensions, we believe further
research is needed as to how negative experiences
such as failure to obtain a bicycle will influence the
system demand in the longer term. With appropriate
parameters the framework presented here could also
be extended in such a direction with varying day-to-
day demand.
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Abstract—The consideration of geomorphological dy-
namics in river studies is very important. Especially in
the context of Nepal having rivers with high gradient and
high sediment load, morphological changes can be very
dynamic and can play a major role. The study is divided
into two parts. Firstly, we review some macroscale
morphological studies conducted in the Nepali context.
Then we present microscale morphological considera-
tions particularly from the perspective of the Melamchi
disaster in 2021, introduce a physics-based model for
microscale morphology, and provide a future outlook
of integration of physics-based bedform approaches to
large-scale hydrodynamic modelling.

Index Terms—bedform, hydraulic roughness, Melamchi
disaster

I. INTRODUCTION

Nepal has a large geomorphological variation across
a relatively small width, from the high Himalayas
in the north to flatlands in the south. This presents
a large number of geomorphological variations with
features of headwater zone, transfer zone as well as
deposition zone present in the country. Thus, in the
mountainous regions, we experience large erosion, in
the hills sediment transfer and in the flat plains, sed-
iment deposition. As such, Nepal encounters several
geomorphological challenges in its river management
practices.

This study is divided into the following parts.
In section II, we discuss some macroscopic bed-
form features that affect river systems in Nepal and
need consideration in the disaster risk management
paradigm. In section III, microscopic bedform struc-
tures are introduced, particularly in the context of
Melamchi disaster of 2021. Further, implications of
such microscale bedform features and the difficulty
in incorporation of such features into our engineering

considerations is discussed. In section IV, we intro-
duce physics-based models for microscale bedform
modelling. Further, approaches to develop surrogate
machine learning models to replicate the behaviour of
such physics-based models with lower computational
resource requirements is discussed. In section V, we
conclude our paper and provide a brief discussion on
the implications of geomorphologic considerations in
the disaster risk management paradigm in Nepal.

II. MACROSCOPIC BEDFORM CONSIDERATIONS

Geomorphological features present in river systems
may be in mesoscale (bars), microscale (bedforms) or
in macroscale (channels) [1]. In the southern flatlands
in Nepal, braided rivers dominate. Macroscale bed-
forms such as cyclic steps, alternate bars exist in the
region. The changing river channels present challenges
to human settlements in the vicinity, such as in the
case of Rajapur, Nepal [2]. Morphological changes not
only affect the river system but is also intertwined
with the vegetation dynamics as well as associated
ecology. An interplay of such complex dynamics in
the case of Koshi Taappu wildlife reserve as well
as human-induced changes due to the construction of
the Koshi Barrage has also been previously studied
using remote sensing techniques [3]. Sediment-related
problems can arise in water infrastructure projects
and may require proper monitoring and detection
of geomorphological phenomenon [4]. Morphologi-
cal changes can be induced by human interventions.
Morphological modelling of sediment management in
the case of daily peaking run-of-the-river hydropower
(PROR) reservoirs has been previously studied [5].
A study of cascade effect of two hydropower dam
projects – Middle Marshyangdi and Marshyangdi, and
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its morphological impact has been previously studied
[6].

III. MICRO-SCALE BEDFORM FEATURES

River beds are very rarely plain. They often show
structures such as ripples, dunes, etc known as bed
forms, presented in Fig. 1 [7]. These bedform struc-
tures show a hierarchy of stream power. A brief
description of the different microscale river bedforms
is presented in this paragraph. When the tractive force
on a flatbed river system is increased and leads to
sediment transport, ripples may form. Ripples are
short, triangular sand waves with length and height
in the range of 0.6m and 0.06m, and typically formed
on coarse sediment river beds [7]. When the traction
force is further increased, dunes may form. Dunes
show larger bed geometry and are roughly triangular
in the longitudinal profile. Dunes have a tendency to
increase the hydraulic roughness and consequently the
water level of a river system [8]. A further increase
in stream power may lead to the flattening out of the
river bed, again reducing the hydraulic roughness and
the corresponding water level of the river system. Such
reduction in water level, for an instance, may be an
important consideration while designing inland river
navigation networks [7]. The sub-critical flow regime
is typically accompanied by ripple, dune or wash out
bed structure, while antidune bedform structure may
be present in supercritical flow. Antidunes are typically
near sinusoidal in shape [9].

Fig. 1. Schematic sketch of bedform evolution

A possible case of micro-scale bedform effects
having a significance in disasters in Nepal is in the
case of flooding in Melamchi – Indrawati river in June
2021. The disaster was a cascade of floods, debris flow
and landslide [10], [11], and killed over fifteen people,
injured over 16 people, over 25 people went missing,
as well as lots of damage to property and the national
pride project Melamchi Water Supply [12], [13].

Some pictures (Fig. 2) from the disaster show large
undulations in river surface level, which is often an
indication of microscale river bedforms such as dunes
or antidunes [11]. The existence of such micro-scale
bedforms can lead to added resistance to flow. Bed
resistance is composed of grain friction, form drag,
and sediment transportation [14]. When bedforms
are present, the resistance due to form drag can be
dominant [14], [15]. The additional resistance due to
the presence of micro-scale geomorphologic structures
can lead to an increase in flood depth, inundation
extent and flood risk [16], as well as cause hysteresis
effect in the flow-discharge curve and cause break
in stage-discharge curve [17]. A schematic diagram
representing the two effects is shown in Fig. 3.

Fig. 2. Waveforms in Melamchi Disaster 2021

Further, our understanding of bedforms and the
associated form resistance is limited and is rarely taken
into consideration in large-scale hydrodynamic mod-
elling. It is a convention to assume hydraulic roughness
to not change over the period of the simulation period
in the case of large-scale hydrodynamic modelling
[16]. However, in the case of very dynamically chang-
ing situation such as in a complex flooding scenario in
the high mountains as the Melamchi floods of 2021,
such an assumption can be inadequate.

Bed resistance is typically computed using empirical
formulae. Similarly, bedform state is typically pre-
dicted by developing bedform phase diagrams, relat-
ing bedform type with various flow properties [18],
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Fig. 3. Hysteresis loop and break in stage-discharge curve

[19]. One of the early bed phase diagram associated
bedform type to Froude Number [20]. The error in
the computation of bed resistance can be as high
as over ±50% of the measured bed resistance; and
the corresponding error in water depth over ±20%
[15]. This high error leads to large uncertainty in our
modelling of flood scenarios. A better understanding
of the physical processes associated with the bedform
processes and the associated dynamics in the form
resistance is necessary to reduce this uncertainty [15].

IV. PHYSICS-BASED MODELS FOR RIVER
BEDFORMS

Some physics-based Computational Fluid Dynamics
(CFD) models exist that can capture the bedform
dynamics [21], [22]. In this study, we focus on the
Giri and Shimizu [21] model. Giri and Shimizu [21]
proposed and developed a vertical two-dimensional
physics-based model at the Hokkaido University, Japan
to study microscale bedform dynamics. The model
couples a morphodynamic model with sediment trans-
port model. The hydrodynamic model notably uses
a nonlinear k- turbulence closure model, while the
sediment-transport model treats sediment pick-up and
deposit separately [23]. The model has been tested on
laboratory flumes [21] as well as in large-scale rivers
[24]. An important parameter for the sediment trans-
port model is the mean step parameter. Studies showed
better model prediction ability when the parameter was
used as separate constant values for the rising and
falling limb of a hydrograph [25]. This led to the
further development of the Giri and Shimizu (2006)
model [21] to consider saltation lengths, as a even
more finer resolution sediment transport parameter
than mean step length [26].

The development of physics-based models for river
bedforms have been at a large part in isolation from
the developments in hydrodynamic modelling. This is
because the scale at which large-scale hydrodynamic

modelling is done is incompatible with the scale at
which physics-based bedform models are typically
operated. Recent advances in the computational ca-
pabilities and growing recognition of the importance
of better understanding and better incorporation of
bedform effects on rivers is slowly changing the trend.

V. MACHINE LEARNING MODELS FOR RIVER
BEDFORMS

“Machine learning is the study of computer al-
gorithms that intuitively learn through experience”
[27]. Machine learning problems broadly may be of
the following types: supervised, unsupervised or re-
inforced learning [28]. Machine learning techniques
present numerous advantages, particularly in terms
of speed of execution, capability to perform newer
forms of tasks, higher quality of prediction results, etc.
Some applications of machine learning can be seen
in water sciences, in studying water level – discharge
relationships [29], sediment transport [30], [31], in the
prediction of suspended articulate matter (SPM) [32],
in the modelling of tsunami deposits [33], etc. While
the application of machine learning techniques has
been limited in the study of river bedforms, some re-
cent developments in its application for microbedform
studies is highlighted in the following paragraph.

Recently, a machine learning approach has been
built to predict bedform phases [34]. Further, the
probabilistic nature of the reporting of bedform states
may provide a non-deterministic approach to consider
bivalency of bedform states observed in nature, as
observed in other studies [18]. Given the relatively
low computational cost of the Giri and Shimizu (2006)
bedform model [35] and recent advances in compu-
tational power and computational algorithms, it has
been proposed to apply machine learning techniques
to enable the integration of physics-based bedform
models with large-scale hydrodynamic models [36],
[37]. Some early developments in developing such
machine learning framework is reported in Shakya et
al. [38]. Further, bedform transitions are rarely ob-
served in nature or in laboratory flumes. Physics-based
models however can simulate such transitions. This as
well as a machine learning framework to replicate the
behaviour in Shakya et al. [38]. Development of such
dynamic bed evolution model would allow integrating
non-constant bed resistance parameter into large scale
hydro-dynamic modelling. Further approaches of study
in this direction is required, particularly how best
to couple these surrogate machine learning models
for physics-based bedform models with large-scale
hydrodynamic models.

VI. CONCLUSIONS AND DISCUSSIONS

We have started this paper with a brief introduction
to the various geomorphologic phenomenon of both
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large and small scale that impact different landscapes
in Nepal. The lack of understanding and proper en-
gineering study of these phenomenon is highlighted.
We have then discussed the recent Melamchi disaster
of 2021, and the importance of microscale bedform
models in hydrodynamic modelling. Further, we have
introduced physics-based bedform models, and recent
advances and attempts to develop machine learning
surrogate models for such physics-based models. The
ultimate goal of research in this direction is to enable
the coupling of bedform models with large-scale hy-
drodynamic models.
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Abstract—The Artificial Riffle Structures (ARS) is 

one of the many methods used in river rehabilitation 

projects. ARS provides various advantages such as 

creating complex habitats, regulating water 

temperature and increasing dissolved oxygen (DO) level 

in water. DO level can be increased in water by 

increasing the life-time of air bubbles and entrained air 

volume. This study serves to investigate the effect of 

surface shape of ARS unit and ARS arrangement in 

increasing DO level in water. The performance of the 

ARS in increasing the life-time of air bubble and 

entrained air volume under three different surface 

shapes of ARS unit i.e. the flat, pyramid and sphere 

surface and two different arrangements of ARS were 

investigated in this study. The three-dimensional (3D) 

model of each arrangement with different surface shape 

of ARS unit were produced using AutoCAD-3D. A 

commercial computational fluid dynamics (CFD) 

software, i.e. Flow-3D, was used to simulate the flow 

over the ARS zone. Numerical results showed that the 

ARS unit with the sphere-shaped surface and the second 

type of ARS arrangement produced the highest life-time 

of air bubbles and entrained air volume. 

Keywords—Air bubbles, Numerical model, Artificial 

Riffle Structures, Dissolved Oxygen 

I. INTRODUCTION  

Artificial riffle structures (ARS) are man-made 
structures that replicates the flow hydrodynamics 
found in natural pool and riffles. Amongst other river 
restoration and reclamation techniques, artificial riffle 
structure is gaining popularity and researches on its 
features and benefits are widely documented. There 
have been various past studies on how ARS is able to 
preserve biodiversity in the rivers effectively and 
sustainably. However, there have been less records on 
study of effectiveness of ARS in increasing dissolved 
oxygen (DO) level in water as well as effect of 
arrangement and surface shape of ARS on its 
performance.  

Dissolved oxygen in water can be increased 
through two mechanisms, i.e. air entrainment and 
injection of air bubbles into water body. For riffles, 
the air is mostly entrained through surface 
entrainment. The turbulent water surface will 
continuously renew the surface film of water and 

increase difference in oxygen concentration between 
air and the water surface [1]. This will lead to an 
increase in rate of diffusion of oxygen between air and 
water as depicted in the equation below: 

 
 

() 

where  is the oxygen concentration,  is the 
dissolved oxygen concentration when water is 
saturated with oxygen,  is the measured dissolved 

oxygen concentration,  is the liquid -film coefficient 

and /  is the ratio of the air-water interfacial area 

( ) to water volume ( ). Turbulence also tends to 
break the water surface, hence trapping air and 
bringing it back to the water [2]. 

The usage of fine bubble aeration in water 
treatment facilities to promote aeration has been 
prominent for the past few decades [3]. Oxygen 
transfer occurs via diffusion from regions of higher 
concentration to regions of lower concentration 
through the surface of air bubbles [1]. It has been 
proven that this method is able to effectively increase 
oxygenation performance and hence increasing  DO 
level in water [4]. The higher the residence time of air 
bubbles in the flow, the greater the rate of oxygenation 
as there is a higher chance for mass transfer across 
bubble surface to take place [5]. Hence, in this study, 
the residence time of air bubbles in the flow will be 
used to measure the efficiency of ARS in increasing 
DO level in the water.  

II. METHODOLOGY 

A. Numerical Model 

In this study, Flow-3D, a commercial software 
used for numerical modelling is used to simulate the 
flow over artificial riffle zone. The incompressible 
three-dimensional continuity and Navier-stokes 
equation are used to solve motion of fluids in Flow-
3D. The equations are denoted in Einstein’s 
summation convention form as shown below: 

Numerical Simulation Of Aeration 

Phenomenon In Artificial Riffle Zone 
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() 

 
where  is the velocity,  is the gravitational 

acceleration,  is the fluid density,  is the pressure 

and  is the deviatoric stress. The two-equations RNG 
k-epsilon turbulence model is used to model the 
turbulence stress. In the RNG k-epsilon model, the 
turbulence diffusion coefficient is evaluated explicitly 
as compared to the standard k-epsilon model (where 
the turbulence diffusion coefficient is evaluated based 
on the specified turbulence length scale).  

Volume of Fluid (VOF) Method is used in FLOW-
3D for free surface configuration [6]. The fluid 
fraction in a each cell in the staggered mesh system is 
defined as a function F. The advection equation for 
VOF function F is as follow: 

 
() 

FAVOR method is used in representing obstacles 
in the domain in FLOW-3D [6]. FAVOR equation can 
be written as follows: 

 
 

() 

where A is the open area fraction, V is an open volume 
fraction and u is the velocity vector. When a cell is 
fully occupied by an obstacle, the function V will be 
zero. When the cell contains boundary of an obstacle, 
it indicates function V will have a value between 0 to 
1. 

B. Verification of Numerical Model 

Viability of Flow-3D in developing three-
dimensional numerical models is first verified before 
carrying out actual simulation of this study. 
Verification is necessary to prove that Flow-3D is 
capable of developing satisfactory numerical models. 
Secondly, this verification ensures that a free surface 

model is properly setup before it is used for the 
simulation of flow over ARS zone. For this study, 
verification of numerical model is done with three-
dimensional dam break problem. This is due to the 
fact that dam break flow problems are widely 
documented with proof of experimental data available. 
Dam break flow is also considered as a challenging 
free-surface problem to be simulated [7].  

A numerical model was setup with Flow-3D to 
simulate the three-dimensional dam break flow 
problem. Verification for the Flow-3D model was 
carried out by comparing to the numerical results with 
the results obtained from the experiment carried out 
by Lobovský in 2014 [8]. The settings of the 
simulation parameter, initial and boundary conditions 
are summarized in TABLE I.  Fig. 1 shows the final 
meshing and geometry setup for the model, where red 
lines denote the outlines for boundary of the domain 
and the fluid region is represented by the cyan colored 
region. 

 

Fig. 1. Final meshing and geometry setup for dam break flow 

problem 

TABLE I.                                                                              

SIMULATION PARAMETER AND INITIAL BOUNDARY  CONDITION FOR 

THREE-DIMENSIONAL DAM BREAK FLOW PROBLEM 

Parameter Value/Option 

1.Gravitational    
   acceleration 

 

    In x-direction, gx 0 

    In y-direction, gy 0 

    In z-direction, gz -9.81 ms-2 

2. Mesh size  

    Mesh size in x-direction 0.02 m 

    Mesh size in y-direction 0.02 m 

    Mesh size in z-direction 0.02 m 

3. Domain size  

    Length of domain in x- 
    direction 

1.61 m 

    Length of domain in y- 
    direction 

0.15 m 

    Length of domain in z- 
    direction 

0.6 m 

4. Initial condition  

    Length of water   
    reservoir, x-dam 

0.6 m 

    Length of water  
    reservoir, y-dam 

0.15 m 

    Length of water  
    reservoir, z-dam 

0.3 m 

5. Boundary condition  

    All walls, ceiling and  
    floor 

Zero normal velocity on the wall 

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal
208

https://arxiv.org/search/physics?searchtype=author&query=Lobovsk%C3%BD%2C+L


C. CREATION OF 3D MODEL OF ARS 

Artificial Riffle Structures (ARS) units are drawn 
and prepared using AUTOCAD 3D software. The 
shape of the base of each unit is modelled based on 
NUCLeuS ARS model developed by National 
Hydraulics Research Insitute of Malaysia (NAHRIM) 
as shown in Fig. 2. Two different heights of ARS 
were used as shown in Fig. 3, where the red colored 
ARS is 5 cm and the yellow colored ARS is 15 cm. 

 

Fig. 2. Base shape of ARS unit. 

 

Fig. 3. Two different ARS heights. 

The ARS units are then arranged in 2 distinct 
manners in a rectangular domain to form 2 different 
artificial riffle zones as shown in Fig. 4 and Fig. 5. 
Three different surface shape of ARS unit were also 
considered for each arrangement. The surface shape 
considered are flat surface, pyramid surface and 
spherical surface. The side view for each type of 
surface of ARS unit is shown in Fig. 6, Fig. 7 and Fig. 
8. 

 

Fig. 4. Arrangement 1 

 

Fig. 5. Arrangement 2 

 

Fig. 6. Side view of flat-ARS unit 

 

Fig. 7. Side view of pyramid-ARS unit 

 

Fig. 8. Side view of sphere-ARS unit 
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D. Setup of Numerical Model 

The model is setup according to mainly three 
components in Flow-3D, which are physics, fluid 
properties and meshing and geometry. The type of 
flow simulated is set to be incompressible flow and 
the simulation duration is set to 60 seconds for each 
run. A total of 6 simulation cases are carried out 
according to different ARS arrangements and with 
different surface shapes of ARS units as summarized 
in TABLE II. A single simulation case without ARS 
unit present will also be considered. 

TABLE II.                                                                                             

SIMULATION CASES DIFFERENTIATED BY ARS ARRANGEMENT IN 

ARS ZONE AND SURFACE SHAPE OF ARS UNIT 

Case Arrangement Surface Shape 

Case 1 

Arrangement 1 

Flat-ARS 

Case 2 Pyramid-ARS 

Case 3 Sphere-ARS 

Case 4 

Arrangement 2 

Flat-ARS 

Case 5 Pyramid-ARS 

Case 6 Sphere-ARS 

 

The simulation parameters are first considered and 
defined when setting up the model. It defines and 
specifies components and properties such as 
gravitational force, air entrainment, particle 
distribution, viscosity and turbulence. The summary 
of the simulation parameters is shown in TABLE III.  

TABLE III.                                                                                             

SUMMARY FOR SETUP OF SIMULATION PARAMETERS 

Parameters Value/Option 

1. Gravity components Activated 

    In x-direction, gx 0 

    In y-direction, gy 0 

    In z-direction, gz -9.81 ms-2 

2. Density evaluation Second order 
monotonicity preserving 
approximation to density 
transport equation 

3. Viscosity and  
     turbulence 

Activated 

    Viscous options Viscous flow 

    Turbulence options Two-equation (k-e) 
model 

    Maximum turbulent  
    mixing length 

Dynamically computed 

4. Air entrainment  
    model 

Activated 

    Bulking Activated 

    Buoyancy Activated 

    Entrainment rate  
    coefficient 

0.5 

    Surface tension  
    coefficient 

0.073 kg/s2 

    Density of air 1.274 kg/m3 

 

 

The properties of the fluid used in the simulation 
of flow is then defined. The fluid chosen to be used is 
water at 20°C. The fluid’s properties such as density, 
viscosity, specific heat and thermal conductivity are 
defined according to default values obtained from 
Flow-3D’s fluid database. Density of the fluid is 1000 
kg/m3 and viscosity is constant at 0.001 kg/m/s 

The Fractional Area-Volume Obstacle 
Representation (FAVOR) method is used to represent 
object or obstacles. The ARS structure is treated as a 
solid obstacle using the FAVOR method where  flow 
cannot flow through the solid obstacle. The geometry 
of the model is developed by importing the 3D shape 
of the ARS units in Stereolithography (STL) format 
created in AutoCAD 3D. Settings for the meshing and 
geometry of the model are then defined as 
summarized in TABLE IV.  

TABLE IV.                                                                                                 

SUMMARY OF SETUP FOR MESHING AND GEOETRY COMPONENT 

Parameter Value/Option 

1. Mesh type Non-conforming 
Cartesian 

2. Mesh size  

    Mesh size in x-direction 0.05 m 

    Mesh size in y-direction 0.05 m 

    Mesh size in z-direction 0.05 m 

3. Domain size  

    Length of domain in x-direction 3.5 m 

    Length of domain in y-direction 9.0 m 

    Length of domain in z-direction 0.6 m 

 

Boundary conditions for the simulation domain are 
then defined. An inflow velocity of 1.5 m/s with fluid 
elevation of 0.225m was set in the Y-min boundary 
and outflow boundary type was specified at its 
opposite end, which is the Y-max boundary. Wall 
boundary condition is set for both X boundaries and 
the Z-min boundary. Symmetry boundary condition is 
set for the Z-max boundary. The boundary condition 
described are shown in Fig. 9. The summary of 
boundary conditions is shown in TABLE V.  

 

Fig. 9. Boundary condition setup 
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TABLE V.                                                                                            

SUMMARY OF BOUNDARY CONDITIONS 

Boundary  Option 

X-min Wall 

X-max Wall 

Y-min Specific velocity = 1.5 m/s 

Y-max Outflow 

Z-min Wall boundary 

Z-max Symmetry 

 

Initial fluid region is then introduced with fluid 
elevation of 2.25m. Air bubble generator is finally 
placed at the upstream of the artificial riffle zone. 
Only one species of air bubble is injected into the flow 
by using the gas particle generator feature in Flow-3D. 
Setup of the air bubble generator is summarized in 
Table 7. The final setup for meshing and geometry is 
shown in Fig. 10. 

TABLE VI.   

Parameter Value/Option 

1. Particle class Gas 

2. Generator size  

    Generator length in x-direction 3.5 m 

    Generator length in y-direction 0.4 m 

    Generator length in z-direction 0.225 m 

3. Concentration 100% 1 species 

 

 

Fig. 10. Final setup for meshing and geometry 

III. RESULT AND DISCUSSION 

A. Verification of numerical model 

The results for verification of numerical model are 
presented in Fig. 11, where the dotted line denotes 
results from Lobovský’s experiment while the solid 
line denotes the results obtained from the numerical 
simulation with Flow-3D. It can be observed that the 
simulation results are close to the results from 
Lobovský’s experiment. This indicates that the model 
produced by Flow-3D was able to recreate and solve 
three dimensional dam break flow problems with good 
accuracy. Besides, this also shows that the setup for a 
free-surface model using Flow-3D was carried out 
correctly. 

 

Fig. 11. Propogation of surge front after dam break flow is initiated 

for the numerical model and experiment by Lobovský et al. (2014). 

B. Simulation of Flow Over ARS 

Flow-3D was used to simulate the flow over ARS. 
The effectiveness of different ARS arrangement in 
improving aeration in river is discussed from two 
different perspectives, i.e. in terms of the life time of 
air bubbles and the amount of air entrainment. The 
longest life-time of air bubble and total air 
entrainment volume for each cases are then 
summarized in TABLE VII.  

TABLE VII.                                                                                               

LONGEST LIFE-TIME OF AIR BUBBLE AND HIGHEST ENTRAINED AIR 

VOLUME FOR EACH SIMULATION CASES 

Case Longest life-time of 
air bubble (s) 

Highest entrained 
air volume (m3) 

Without ARS 2.729 4.935× 10-4 

Case 1 5.448 1.493 × 10-5 

Case 2 6.336 1.741 × 10-5 

Case 3 6.589 1.394 × 10-3 

Case 4 5.502 8.023 × 10-2 

Case 5 5.208 6.609 × 10-5 

Case 6 9.459 1.080 × 10-1 

 

C. Efficiency in increasing life-time of air bubble 

Numerical results (TABLE VII. ) shows that the 
air bubble has significantly longer life-time for the 
cases with ARS unit installed in the channel. This 
observation can be explained by longitudinal velocity 
vector plots shown in Fig. 12. Without the ARS, the 
flow is almost parallel to the channel bed. However, 
with the installation of ARS, the flow pattern is altered 
and form vortices in the flow, which traps air bubbles 
in the flow for a longer duration before the bubbles 
escape through the water surface. It can be observed 
that there are no vortices formed in simulation without 
ARS whereas for Case 1 (with presence of ARS), 
vortices can be observed in the flow. 
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Fig. 12. Velocity vector in zy-plane (at x = 1.75m) cross section for 

simulation without ARS and Case 1 

Sphere-ARS produces flow with the longest life-
time of air bubbles. Arrangement 2 with sphere-ARS 
recorded a longest life-time of air bubble of 9.459 
seconds. By comparing flow pattern in the xy-plane 
induced by flat-ARS (Fig. 13) and sphere-ARS (Fig. 
14), arrangement with sphere-ARS tends to produce 
more vortices in the flow as shown in the regions 
encircled in Fig. 14. A zoomed in view on one of the 
vortices is shown in Fig. 15. The rounded shape 
surface also has less flow resistance. Thus the flow 
velocity was not reduced substantially throughout the 
ARS zone, and the air bubbles are trapped and drifted 
for a longer duration in the ARS zone.  

 

Fig. 13. Flow pattern induced by flat-ARS in xy-plane (at z = 

0.15m) 

 

Fig. 14. Flow pattern induced by sphere-ARS in xy-plane (at z = 

0.15m) 

 

Fig. 15. Vortex formed by sphere-ARS 

As shown in the results shown in TABLE VII. , 
arrangement 2 displays a greater effectiveness in 
terms of prolonging the life-time of air bubbles, only 
with the exception of pyramid-ARS in arrangement 1 
being better than that of arrangement 2. Formation of 
vortices in the flow is one of the main reasons that 
influence the life-time of air bubbles in the flow. 
Although both arrangements have shown significance 
in inducing formation of vortices in the flow, the 
magnitude of the vortices in arrangement 2 is greater 
than that in arrangement 1. Fig. 16 shows the flow 
pattern induced in xy-plane in Case 3 (arrangement 1 
with flat-ARS). The flow pattern induced by 
arrangement 2 forms large vortices centered in the 
concaved section of the J-shaped arrangements shown 
in Fig. 13 and Fig. 14. On the other hand, only very 
small vortices are formed in between each artificial 
riffle unit in arrangement 1 as shown in the zoomed in 
view (Fig. 17). It can be concluded that the larger 
vortices in arrangement 2 was able to trap air bubbles 
in the flow more effectively than the small dispersed 
vortices in arrangement 1.  

 

Fig. 16. Flow pattern induced by arrangement 1 in xy-plane (at z = 

0.15m) 

 

Fig. 17. Small vortice formed between ARS unit in arrangement 1 

D. Efficiency in increasing total amount of entrained 

air 

For all simulations, a spike in entrained air volume 
is observed at the initial stage. This is caused by the 
rough wave surfaces generated at the initial stage as it 
travels over the still water in the simulation zone. 
After the initial spike, the amount of air entrained 
begins to stabilize. From results shown in TABLE 
VII. , arrangements with sphere-ARS showed higher 
amounts of air entrained compared to other surface 
shapes. Pyramid-ARS had the poorest performance, 
with both cases for arrangement 1 and arrangement 2, 
while also performing worse than the case without 
ARS present. With arrangement 1 as an example, the 
velocity vectors in x-plane cross section of each 
simulation with different surface shape was shown in 
Fig. 18. Sphere-ARS created rougher free surface 
compared to the other shapes. The rough free surface 
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encouraged air-entrainment as the free surface tends to 
break and coalesce. 

 

Fig. 18. Velocity vectors in zy-plane (at x = 1.75m) for Case 1, 

Case 2, Case 3 and Case 6. 

From results shown in TABLE VII. , arrangement 
2 outperformed arrangement 1 significantly in terms 
of increasing total entrained air volume. This is due to 
the abrupt drop after each taller artificial riffle units in 
arrangement 2 as shown in velocity vector plot of 
Case 6 in Fig. 18. This creates a greater turbulence on 
the free water surface compared to arrangement 1. 
Using this case as an example and compared to 
simulation of Case 3 (arrangement 1 with sphere-
ARS), it can be observed that arrangement 2 has a 
more turbulent surface after the abrupt drop. 

 

IV. CONCLUSION 

The effect of surface shapes of ARS unit and the 
ARS arrangement on the life-time of air bubble and 
entrained air volume was investigated in this study by 
numerical simulation with Flow-3D. Firstly, the effect 
of ARS on the life-time of air bubble and entrained air 
volume was investigated. It was found out that ARS 
does increase the life-time of air bubbles and the 
entrained air volume. This proves that ARS could 
contribute towards increasing DO level in the flow. 

From the study, it was found out that ARS with 
sphere-ARS was able to increase the life-time of air 

bubbles more effectively than flat-ARS and pyramid-
ARS. Sphere-ARS unit was able to induce flow 
patterns that has higher proneness to formation of 
vortices, which helped to trap air bubbles longer in the 
flow, hence increasing its life-time. The effect of ARS 
arrangement on life-time of air bubbles was also 
studied. Out of the two proposed arrangements, 
arrangement 2 performed better in terms of increasing 
life-time of air bubbles. The formation of larger 
vortices in arrangement 2 was able to trap air bubbles 
in the flow more efficiently. 

Another approach used to investigate the 
effectiveness of the ARS in increasing DO level in 
this study is by measuring the amount of air entrained 
in the flow. It was found that sphere-ARS unit was the 
most efficient in entraining air in the flow. Sphere-
ARS caused higher turbulence on the free water 
surface compared to the flat-ARS and pyramid-ARS. 
The effect of ARS arrangement was also investigated.  
Arrangement 2 produced significantly better results 
compared to arrangement 1 due to the presence of 
abrupt drops after each artificial riffle units which 
generate more turbulent water surface.  

Therefore, it can be concluded that sphere-ARS in 
arrangement 2 is the most efficient option in 
promoting aeration in artificial riffle zone.     
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Abstract— Hydraulic jump is an effective energy 
dissipation mechanism in hydraulic structure. It is 
essential to develop a numerical model which could 
accurately predict the flow profile. Therefore, in this 
study, a numerical model is developed to simulate the 
formation of hydraulic jump occurring 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/ Multi-Moment Finite Volume Method (CIP/MM 
FVM) scheme, which is a higher-order numerical 
framework, was used to solve the governing equations. 
The numerical model was first verified against the 
analytical solution of dam-break flow problem over wet 
bed of inviscid fluid. Close agreement was observed 
between the numerical and analytical results. The 
numerical model was then compared with dam-break 
flow with discontinuous bottom topography. Lastly, the 
numerical model is then used to simulate one-
dimensional hydraulic jump. The numerical model is 
able to reproduce the formation of hydraulic jump with 
𝑭𝒓=2.3 until steady state. However, this model failed to 
simulate hydraulic jump with higher Froude number. 

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 [1-
5]. 

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 [2]. 

In this study, a one-dimensional numerical model is 
developed to simulate the formation of hydraulic jump 
in a rectangular channel. The numerical model is coded 
in FORTRAN 95 programming language.  A higher-
order conservative numerical framework, CIP/MM 

FVM was used to solve the one-dimensional governing 
depth-averaged continuity and momentum equations. 

CIP/MM FVM was developed by Akoh et al. in 
2008. It is of third order accuracy in both time and 
space derivative. Besides that, the framework is highly 
conservative and it has been proved to be superior as it 
can capture discontinuities without severe numerical 
oscillation, in other words, possesses shock-capturing 
ability [7]. 

CIP/MM FVM framework utilizes two physical 
parameters as the model variables: the volume-
integrated average (VIA) over a control volume and 
Point Values (PVs) which located at the cell boundary. 
VIA and PVs are used in the spatial interpolation 
reconstruction in CIP-CSL3 scheme in order to get high 
accuracy result with small grid stencil. VIA and PVs 
are separately advanced in time. Conservative moment, 
VIA is computed by a flux-form formulation. 
Meanwhile, non-conservative moment, PVs is updated 
by semi-Lagrangian solution along the characteristic 
lines. 

The numerical model is first verified against the 
Stoker’s solution which is the analytical solution for the 
one-dimensional dam-break flow over wet bed 
problem. The existence of discontinuity at the flow 
front in dam-break flow problem served as a 
convenient target for numerical studies [8]. 
Furthermore, the numerical model is used to simulate 
dam-break flow with discontinuous bottom topography 
to evaluate the source term. Lastly, the validation of the 
numerical model is carried out to ensure that the model 
could reproduce experimental results [10]. 

II. METHODOLOGY 

A. Development of numerical model 

The governing equations solved in the numerical 
model are the one-dimensional 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 1. 

𝜕𝑼

𝜕𝑡
+

𝜕𝑭

𝜕𝑥
= 𝑺 (1) 

Keywords— Hydraulic jump, Depth-averaged 
equation, Constrained Interpolation Profile/ Multi-
moment Finite Volume Method (CIP/MM FVM) 
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𝑼 =
ℎ

ℎ𝑢
, 𝑭 =

ℎ𝑢

ℎ𝑢 + 𝑔ℎ ,  

𝑺 =
0

−𝑔ℎ
𝜕ℎ

𝜕𝑥
+ 𝑆

 

(2) 

Here, 𝑢= depth-averaged velocity in 𝑥-direction, ℎ = 
water surface elevation where ℎ is defined as ℎ =
ℎ(𝑥, 𝑡) 𝑐𝑜𝑠 𝜃  + 𝑧 , ℎ = flow depth and 𝑧 = bed 
elevation from the datum, 𝜏 = bottom shear stress in 
𝑥-direction, 𝑔= gravity acceleration, 𝑆  is the bottom 
shear stress term. 

 Fig. 2 illustrate the M grid system utilized by 
the CIP/MM FVM algorithm where the VIA ( ℎ   and 

𝑢 ) are defined at the cell centre. Meanwhile, the PVs 

( ℎ /  and 𝑢 / ) are defined at the cell 
boundaries. Assuming that the 𝑖 th cell is bounded 
by 𝑥 / , 𝑥 / ,  and the VIA over a control volume 
𝜙(𝑥, 𝑡) over cell 𝑖 is defined as follows: 

 𝜙 =
1

∆𝑥
𝜙(𝑥, 𝑡)𝑑𝑥

/

/

 (3) 

 
with ∆𝑥 = 𝑥 / − 𝑥 / . SIA which is 
corresponding to the PV values is defined at the cell 
boundary as shown below: 

 
 

𝜙 / = 𝜙(𝑥 / , 𝑡) 
(4) 

B. Numerical framework: CIP/MM FVM 

 The departure point 𝑋(𝒞 ) of cell boundary x_(i-
1/2) for the characteristic lines 𝒞  are obtained by 
solving the following initial value problem for the 
characteristic speed 𝜆 : 

         
𝑑𝑋

𝑑𝑡′
𝑖−1/2

= −𝜆𝑚(𝑥,𝑡) for m=1,2 

𝑋(𝑡 = 0) = 𝑋 ≡ 𝑥 /  

(5) 

 Eq. 5 is solved by using third order Runge-Kutta 
method [9] to obtain the upwind points, 𝑋  at each 
Runge-Kutta sub-step, 𝑙 = 0, 1, 2, 3 as follows: 

         𝑋 (𝒞 ) = 𝑋 − 𝜆 (𝑋 , 𝑡 )∆𝑡 

𝑋 (𝒞 ) = 𝑋 + 𝑋 (𝒞 ) − 𝜆 (𝑋 , 𝑡 )∆𝑡  

𝑋 (𝒞 ) = 𝑋 + 𝑋 (𝒞 ) − 𝜆 (𝑋 , 𝑡 )∆𝑡  

(6) 

for 𝑚= 1,2 

 
Fig. 1. Variables in flow along open channel 

 
Fig. 2. M grid system used to define the location of  

flow variables used in the numerical model 

 ℎ /
⟨ ⟩  and 𝑢 /

⟨ ⟩  for each Runge-Kutta sub-
step ( 𝑙 = 1, 2, 3) are solved by using the semi-
Lagrangian solutions as shown in Eq. 7 and Eq. 8. 

ℎ /
⟨ ⟩

=
1

2

𝑐

𝑔
𝒰 𝑋 (𝒞 ) + 𝒰 𝑋 (𝒞 )

+
1

𝑢 + 𝑐
𝑐ℋ 𝑋 (𝒞 )

+ 𝑢𝒽 𝑋 (𝒞 ) − 𝑐𝑧 /  

−
1

𝑢 − 𝑐
𝑐ℋ 𝑋 (𝒞 )

− 𝑢𝒽 𝑋 (𝒞 ) − 𝑐𝑧 /  

(7) 

𝑢 /
⟨ ⟩

=
1

2
𝒰 𝑋 (𝒞 ) + 𝒰 𝑋 (𝒞 )

+
𝑔

𝑐(𝑢 + 𝑐)
𝑐ℋ 𝑋 (𝒞 )

+ 𝑢𝒽 𝑋 (𝒞 ) − 𝑐𝑧 /

+
𝑔

𝑐(𝑢 − 𝑐)
𝑐ℋ 𝑋 (𝒞 )

− 𝑢𝒽 𝑋 (𝒞 ) − 𝑐𝑧 /  

(8) 

where 𝒽 , 𝒰  and ℋ  represent the CIP-CSL3 reconstruction 
interpolation function for ℎ, 𝑢 and 𝐻, respectively. 

 Numerical flux at each cell boundary is 
approximated using the PVs obtained at different sub-
steps of the Runge-Kutta method (Eq. 7 and Eq. 8) as 
shown below, 

         ℱ
𝑖+1

2
ℎ,  𝑢 ≈ ℱ

𝑖+1
2
 

= 
ℱ

⟨ ⟩
,

⟨ ⟩
ℱ

⟨ ⟩
,

⟨ ⟩
ℱ /

⟨ ⟩
, /

⟨ ⟩

 

(9) 

 By using Eq. 9 to calculate the numerical fluxes, 
Eq. 10 is obtained. 

𝑼 = 𝑼 −
∆𝑡

∆𝑥
ℱ / − ℱ / − 𝑺  (10) 

where the source term, 𝑺 in Eq. 10 is approximated by 
Eq. 11 as shown below. 

𝑺 =
𝑆

𝑆

=
0

−
𝑔

2
ℎ + ℎ 𝐻 − 𝐻 +

𝑔

2
ℎ / − ℎ /    

(11) 
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Fig. 3. Solution algorithm for CIP/MM FVM 

C. Numerical testing 1: Dam-break flow over wet 
bed 

 Numerical model is used to simulate one-
dimensional dam-break flow over wet bed problem. 
The simulation results obtained from the numerical 
model are compared with an analytical solution, 
Stoker’s solution. Stoker’s solution is an analytical 
solution for wave structure in a sudden dam break of 
flow propagating from a dam reservoir to a wet 
downstream channel bed [8].  

 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,  is 

neglected and the bed slope is equal to zero (𝑧 =0). The 
initial condition for the simulation of dam-break flow 
is shown in Figure 4. In the simulation, time increment, 
∆𝑡 = 0.1 s, cell size, ∆𝑥  = 1.0m, and domain size of 
200.0 m are used.  

 
ℎ (𝑥) =

ℎ ,          0.0 ≤ 𝑥 < 100.0

   ℎ ,        100.0 ≤ 𝑥 < 200.0 
 

𝑢 (𝑥) = 0.0 m/s 

(12) 

 

 Two different ratios of initial flow depths are 
simulated: ℎ / ℎ = 10 (mild shock) and ℎ / ℎ = 100 
(strong shock). In both cases, a shock wave moves to 
the right and a rarefaction wave moves to the left after 
the instantaneous collapse of the dam. This numerical 
test is computed until t= 20.0 s. 

 
Fig. 4. Initial condition of dam-break flow over wet bed problem 

(Numerical testing 1) 

D. Numerical testing 2: Dam-break flow over a 
rectangular bump 

 
 Numerical model is used to simulate dam-break 
flow over wet bed with discontinuous bottom 
topography. The robustness and accuracy of the source 
term are evaluated here. In this simulation, time 
increment, ∆𝑡 = 0.01 s, domain size of 1500.0 m are 
used. Two cases with different cell sizes of ∆𝑥 = 3.75 
m, and ∆𝑥 = 0.375 m with number of cells of 400 and 
4000 respectively are used. The initial condition is 
defined as 

H (𝑥) =
   20.0 m,       𝑥 ≤ 750.0

   15.0 m,       otherwise
  

u (𝑥) = 0.0 m/s 

(13) 

 

The bottom topography is given by 

 
𝑧(𝑥) =     8.0 m    if |𝑥 − 750.0| ≤

1500.0

8.0
0.0 m                 otherwise        

  

𝑢 (𝑥) = 0.0 m/s 

(14) 

 

 
Fig. 5. Initial condition of dam-break flow over a  

rectangular bump (Numerical testing 2) 

ℎ  

ℎ  
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Fig. 6. Initial condition of hydraulic jump problem (Numerical 

testing 3) 

E. Numerical testing 3: 1D Hydraulic jump 

 The one-dimensional numerical model is then used 
to simulate hydraulic jump problem to evaluate the 
performance of the model. Here, a flat channel bottom 
is assumed, therefore 𝑧 = 0. Besides that, the bottom 
shear stress term  is evaluated in the model by using 

Manning’s n as follows, 

𝜏

𝜌𝑔𝑅
=

𝑢|𝑢|𝑛

ℎ /
 (15) 

where n is the Manning’s roughness coefficient.  

 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. The simulation conditions of the hydraulic jump 
problem (based on Chaudhry and Gharangik [6] 
experiment) are shown in Table 1. 

 For clarification, this numerical test is an attempt to 
simulate the hydraulic jump using CIP/MM FVM. The 
capability of CIP/ MM FVM to simulate hydraulic 
jump under steady flow condition is evaluated 

TABLE I.  SIMULATION CONDITIONS OF THE HYDRAULIC 
JUMP PROBLEM CARRIED OUT BY CHAUDHRY AND GHARANGIK [6] 

Parameters Value 

Domain size, 𝑥 [m] 95.0 

Mesh size, ∆𝑥 [m] 0.1 

Time interval, ∆𝑡 [s] 1.0 x 10-4 

Froude number, 𝐹𝑟  2.3 

Inflow depth, ℎ  [m] 0.064 

Outflow depth, ℎ  [m] 0.168 

 

III. RESULT AND DISCUSSION 

A. Dam-break flow over wet bed 

The result for the simulation of one-dimensional 
dam-break flow problem are shown in Figure 6. As 
shown in Figure 6, the flow depth and the velocity of 
the leading wave agrees with Stoker’s solution. The 
negative wave propagating towards the upstream wall 
is also well reproduced in the numerical model. Besides 
that, an oscillation is observed at the discontinuities at 

the front wave. However, the oscillation does not grow 
in the simulation. Hence, it can be said that the model 
is very stable and was well verified against the Stoker’s 
solution.  

 

Fig. 7. Numerical results (mild shock) of (a) water depth and  
(b) velocity at 𝑡= 20.0 s 

 
Fig. 8. Numerical results (strong shock) of (a) water depth and  

(b) velocity at 𝑡= 20.0 s 

(a) 

(b) 

(a) 

(b) 
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Fig. 9. Numerical results of water surface profile at 𝑡= 15.0 s, 

numerical solution using 400 mesh (circle) and 4000 mesh 
(long dash), and results by Akoh et al. (solid line) 

 
Fig. 10. Numerical results of water surface profile at 𝑡= 60.0 s, 

numerical solution using 400 mesh (circle) and 4000 mesh 
(long dash), and results by Akoh et al. (solid line) 

 
Fig. 11. Flow profile for HJ 1 (𝐹𝑟 =2.3) at steady state (𝑡 = 400.0 s) 

B. Dam-break flow over a rectangular bump 

The numerical results with 400 mesh cells and 4000 
mesh cells and the results by Akoh et al. (2008) are 
shown in Fig. 9 and Fig. 10 for 𝑡= 15.0 s and 𝑡= 60.0 s 
respectively for comparison purpose. The numerical 
results show a good agreement with the numerical 
results by Akoh et al. (2008) for 𝑡= 15.0 s and 𝑡= 60.0 
s. These results show that the robustness and accuracy 
are well solved by the numerical treatment of source 
term using CIP/MM FVM. 

Even with discontinuous bottom topography, CIP/ 
MM FVM is still able to reproduce an accurate and 
well-balanced numerical solution without any spurious 
oscillation and numerical diffusion. 

C. 1D Hydraulic jump 

 Fig. 11. shows the numerical results of hydraulic 
jump at steady state (𝑡 = 400.0 s). From the results, the 
gradient of the hydraulic jump is very steep and the 
values of upstream and downstream depth at the 
vicinity of the hydraulic jump is same as the inflow and 
outflow depth respectively. This shows that the 
CIP/MM FVM could reproduce upstream and 
downstream depth that agree well with the theoretical 
results. However, we could not calibrate our result by 
using Manning’s coefficient. Hence, the result is not 
able to validate with the experiment result. 

 From the results, we can conclude that this model is 
able to simulate the formation of hydraulic jump with 
𝐹𝑟=2.3. However, we failed to simulate hydraulic jump 
with higher Froude number. We would like to reserve 
this problem for future investigation. 

IV. CONCLUSION 

A higher-order one-dimensional depth-averaged 
model was developed in this study. The CIP/MM FVM, 
which is a third order accuracy numerical framework 
was used to solve the depth-averaged continuity and 
momentum equation.  

The numerical model was first verified against 
Stoker’s solution in a dam-break flow over wet bed 
problem. A close agreement was observed between the 
result of numerical model and Stoker’s solution in term 
of velocity and flow depth. 

The numerical model was then used to simulate 
dam-break flow with discontinuous bottom 
topography. The numerical results are compared with 
numerical results by [7]. The model can reproduce an 
accurate and well-balanced numerical solution without 
any spurious oscillation and numerical diffusion. 

Lastly, the numerical model was then used to 
simulate 1D hydraulic jump. It was shown that the 
numerical model developed in this study is able to 
simulate the formation of hydraulic jump with 𝐹𝑟=2.3. 
However, we failed to simulate hydraulic jump with 
higher Froude number. We would like to reserve this 
problem for future investigation. 
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Abstract – Drought is one of the major natural 

hazards. It is a deficient of significant 

rainfall/precipitation over a long period. It is silent and 

has an extensive spatial dimension. It has a serious and 

devastating impact on agriculture, water supply, eco-

system socio-economic stability of an entire region. It is 

not possible to avoid drought but can be monitored and 

drought preparedness can be developed for the 

management of its impact. Remote Sensing is one of the 

tools for monitoring drought over a large area. There are 

different types of droughts: Meteorological, 

Agricultural, Hydrological and Socioeconomic drought. 

Drought occurs whenever the links in the hydrological 

cycle got broken. There are different working methods 

for monitoring drought. We can analyze precipitation, 

NDVI, soil moisture, evapotranspiration, and 

groundwater anomalies for drought monitoring. We 

used TRMM Multi-Satellite Precipitation Analysis 

(TMPA) for the monthly precipitation data and MODIS 

NDVI data for the Vegetation Index. The precipitation 

data from the years 2005-2015 were downloaded and 

precipitation anomaly was obtained for all year. 

Similarly, MODIS NDVI images from 2005 – 2015 were 

downloaded, averaged, and NDVI anomaly was obtained 

with the help of average NDVI. Anomaly was obtained 

by the departure of NDVI from the long-term average, 

normalized by long-term variability. It was generated by 

subtracting the long-term mean from the current value 

for that month of the year for each grid cell. Finally, we 

compared the precipitation anomaly images to the 

vegetation anomaly images. We concluded that most of 

the negative precipitation anomalies were occurring 

where the negative vegetation anomalies had occurred. It 

suggests that the TMPA SPI data and MODIS NDVI 

data can be used for monitoring the occurrence of 

drought in Gandaki Province. 

I. INTRODUCTION 

Drought is an insidious natural hazard that 
originates from deficiency of precipitation over certain 
period of time, resulting in a shortage of water for some 
activity, group, or environmental sector etc. It is a 
common climatic phenomenon in most climatic 
regimes [1]. The water scarcity is being further 
compounded by droughts which affect both surface 
water and groundwater resources and can lead to 
reduced water supply, deteriorated water quality, crop 
failure, and disturbed riparian habitats [2]. Therefore, 
understanding drought and modeling its components 

have drawn attention of ecologists, hydrologists, 
meteorologists, and agricultural scientists. Droughts 
are of great importance in water resources planning and 
management [3]. According to Saji & Yamagata [4] 
Indian Ocean Dipole mode index (DMI) is a recently 
noticed player for precipitation variability along 
peninsular and western Indian subcontinent. Therefore, 
hydroclimatic variability around Nepal cannot be 
distant from the influence of these indices like ENSO 
and DMI [5]. Wilhite & Glantz [6] classified drought 
in four major categories. They are: (i) Meteorological 
drought, (ii) Hydrological drought (iii) Agricultural 
Drought, and (iv) Socio-economic Drought. 
Meteorological drought simply implies rainfall 
deficiency where the precipitation is reduced by more 
than 25% from normal in any given area. 
Meteorological drought basis on the degree of dryness 
and dry period. Agriculture drought connects various 
characteristics of metrological and hydrological 
droughts like as: precipitation shortages, soil, soil water 
deficits, and reduced ground water or reservoir levels 
and evapotranspiration.  

Statistical Information on Nepalese Agriculture 
2075/76 reported that 21% of total land was cultivated 
agricultural land and 7% of total land was uncultivated 
agricultural land. By reviewing MoALD Statistical 
Information on Nepalese Agriculture report between 
2070/71-2075/76 amount of production of cereal crops 
was increased by small percentages but total cultivated 
area was fluctuated. In 2014 cultivated area was 
decreased by 2.96% than 2013, but in 2015 total 
cultivated area was increased by 3.3% than 2014. This 
pattern goes to till 2019. So, fluctuation in cultivated 
area and production of crops due to population growth 
in arable zone and lack of rainfall. 

There have been some studies on precipitation 
patterns over Nepal e.g. the study concerning on 
drought is very limited and new [7]. Summer monsoon, 
June to September (JJAS) is associated with around 80 
percent of total precipitation while winter season's 
western disturbance has relatively weak effects on 
precipitation which lies from December to February 
[5]. In Nepal, drought disasters have been occurring 
frequently in recent years. It was not only experienced 
by the country in 2020, caused by climate change and 
global warming.  It has occurred more frequently in 
duration from 2005 to 2015, every year. The average 
level of humidity is quite high making no difference 
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between extreme minimum and maximum temperature 
levels.  Winter season is basically dry, reduction in rain 
fall may have a serious impact on cultivation and crop 
production. Large number of farmers depends on 
precipitation so, dependency on precipitation may lead 
serious consequences on the national economy of 
Nepal due to long term drought situation. So, careful 
monitoring as well as early warning for dryness is a big 
challenge for drought management in Nepal. From the 
historical observations, this country has noticed that the 
serious droughts gave enormous nationwide impacts. 
With this condition, the high level of temperature does 
not determine the life and death of crops being 
cultivated, but it is more determined by water 
availability [8]. 

In this research RS and GIS techniques will used for 
drought detection by using temporal images from 
MODIS terra surface reflectance (resolution 250m) 
based NDVI (2005-2015) and meteorological 
information based SPI. SPI was developed by Mckee 
as an alternative to the Palmer Index in Colorado 
[9;10]. Although SPI is a comparatively new index, it 
has been used in Turkey, Argentina, Canada, Spain, 
Korea, Hungary, China and India for real time 
monitoring or retrospective analyses of droughts [11]. 
It suggests that the TMPA SPI data and MODIS NDVI 
data can be used for monitoring the occurrence of 
drought in Nepal. In this regard, special attention to 
monitor the condition is encouraged to reduce the 
damage. An early warning of drought hazard would be 
very useful in the planning stage of agricultural 
development settings [8]. The present study aims at 
focusing on the drought index (SPI) over the country, 
Nepal, and focuses on the analysis of spatial pattern and 
temporal progression of the drought events. Some 
components, such as multi-leveled equations, graphics, 
and tables are not prescribed, although the various table 
text styles are provided. The formatter will need to 
create these components, incorporating the applicable 
criteria that follow. 

II. OBJECTIVES 

The study is being carried out to is to develop a 
method of using RS/GIS for agricultural and 
metrological drought monitoring and assessment by 
applying multi temporal and multi resolution remote 
sensing data. General objectives of this research 
project can be listed as follows. 

i. To identify agricultural and metrological drought 
in Gandaki province. 

ii. To generating agricultural and metrological 
drought risk map based on its severity levels using 
NDVI and SPI. 

iii. To examining the combine drought risk from 
agricultural and metrological drought.  

iv. To suggest the he relevant policy makers for 
appropriate and timely actions and provide the 
information about for maintaining food-security in the 
country whenever drought prevails 

III. DROUGHT INDICES  

A. Standardized Precipitation Index (SPI) 

SPI is the most commonly used indicator worldwide 
for detecting and characterizing meteorological 
droughts. The SPI indicator, which was developed by 
by McKee et al., [9] and described in detail, measures 
precipitation anomalies at a given location, based on a 
comparison of observed total precipitation amounts for 
an accumulation period of interest (e.g. 1, 3, 12, 48 
months), with the long-term historic rainfall record for 
that period. For any given region, increasingly severe 
rainfall deficits (i.e., meteorological droughts) are 
indicated as SPI decreases below ‒1.0, while 
increasingly severe excess rainfall are indicated as SPI 
increases above 1.0. Because SPI values are in units of 
standard deviation from the long-term mean, the 
indicator can be used to compare precipitation 
anomalies for any geographic location and for any 
numbers of time-scales. Note that the name of the 
indicator is usually modified to include the 
accumulation period. Thus, SPI-3 and SPI-12, for 
example, refer to accumulation periods of three and 
twelve months, respectively. Classification of SPI 
value is shown below. 

Table 1:  Classification of SPI values [9] 

SPI Values  Class Probability 

2.0 and more Extremely wet 0.977-1.00 

1.5 to 1.99 Very wet 0.933-0.977 

1.0 to 1.49 Moderately wet 0.841-0.933 

-.99 to .99 Near normal 0.159-0.841 

-1.0 to -1.49 Moderately dry 0.067-0.159 

-1.5 to -1.99 Severely dry 0.023-0.067 

-2 and less Extremely dry 0.000-0.023 

 

 In this table positive SPI values indicate greater 
rainfall than mean value and negative SPI value 
indicate less value than mean value. In dry condition 
monitoring, the drought part of the SPI range is divided 
into near normal conditions (0.99 < SPI <-0.99), 
moderately dry (-1.0 < SPI < -1.49), severely dry (-1.5 
< SPI <-1.99) and extremely dry (SPI < -2.0). A 
drought event starts when SPI value reaches -1.0 and 
ends when SPI becomes positive again. By using SPI 
value and GIS environment the geospatial analysis and 
spatial extents can be developed. 

B. Normalized Difference Vegetation Index (NDVI) 

NDVI is indicator that can be used to analysis of 
different remote sensing measurements, often from a 
space platform, assessing whether or not the target 
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being observed contains live green vegetation. Tucker 
first suggested NDVI in 1979 as an index of vegetation 
health and density [12]. NDVI is widely used in 
drought assessment due to its simplicity in calculation, 
easy to interpret and its ability to partially compensate 
for the effects of atmosphere, illumination geometry 
etc. NDVI is a transformation of reflected radiation in 
the visible and near infrared bands of a sensor system 
and is a function of green leaf area and biomass. 
Computation of NDVI is given by: 

NDVI= 
(NIR reflectance – Red reflectance) 

(NIR reflectance + Red reflectance)
 ……….. (1) 

 The severity of drought situation is assessed by the 
extent of NDVI deviation from its long - term mean. 
Maps produced using relative greenness is quite useful 
to assess drought situation and hence this indicator is 
being used widely [13]. NDVI is a good indicator of 
green biomass, leaf area index, and patterns of 
production. NDVI is the most commonly used 
vegetation index. It varies from +1 to -1. NDVI can be 
seen from its mathematical definition. NDVI values 
ranges from 0.3 to 0.8 containing a dense vegetation 
canopy. Free standing water like: oceans, seas, lakes, 
rivers, ponds have low reflectance in both spectral 
bands (at least away from shores). Very low positive 
or slightly negative NDVI values indicates soil. 

C. Vegetation Condition Index (VCI) 

Vegetation condition index was first suggested by 
Kogan [14]. It shows, effectively, how close the current 
month’s NDVI is to the minimum NDVI calculated 
from the long-term record of RS images. VCI enables 
to separate the short-term signal from the ecological 
signal.  

VCI= 
(NDVI−NDVI Min) 

(NDVI Max−NDVI Min) 
*100 ……….. (2) 

Where, NDVI is the actual value of NDVI, NDVI 
max and NDVI min are smoothed weekly. NDVI 
absolute maximum and its minimum. The VCI values 
between 50 to 100 % indicate optimal or above-normal 
conditions. At the VCI value of 100% the NDVI value 
for this month (or week) is equal to NDVImax. Different 
degrees of a drought severity are indicated by VCI 
values below 50%. The resulting VCI percentage 
assigned to respective grid cell was reclassified into 
seven drought severity classes. The VCI allows climate 
impact on different vegetation types and ecosystems to 
be compared and has been widely used for this purpose 
in various countries, including the USA [15;16]. 

IV. STUDY AREA 

 Gandaki Province is one of the seven federal 
provinces established by the current constitution of 
Nepal. Pokhara is the province's capital city. It is 
bordered by Trishuli River, Budhi Gandaki River and 
Bagmati Province in the east, Lumbini Province in the 
west, China in the north and Lumbini Province and 
Uttar Pradesh of India in the south. It lies between 82º 
52' 45" & 85º 12' 01" east longitude and 27º 26' 15" & 
29 º12 '01" North latitude. It has an area of 

21914.97sq.km and that is 14.75% of the total area of 
the country. According to MoF report 38.01% of 
provincial land is covered by forest. 17.8% land is 
arable and 24.7% of the Province land is covered by 
snow, and 0.4% of land is covered by water. 
Sometimes mustang is called desert of Nepal. Apart 
from the topographical divisions, administratively 
there are 11 Districts. As per the new constitutional 
provision there are 85 local governments composed of 
1 Metropolitan City, 26 municipalities and 58 rural-
municipalities with 757 wards. Location map of 
gandaki province is presented below in figure 1.  

 

Figure 1: Study area map  

V. METHODOLOGY 

 Methodology consists of three parts: 1) Data 
acquistion and preparation 2) Data processing and 
analysis, and 3) Result and field verification. Where 
NDVI Anomaly and VCI (2005 – 2015) are used to 
detect agricultural drought and SPI used to detect 
metrological drought. For better result, district wise 
NDVI Anomaly correlated with district wise VCI, SPI 
and crop yield data. After finding the Agricultural and 
Metrological drought, these droughts were integrated 
to find out the drought in study area. A schematic 
presentation of the methodology that has been 
followed is mentioned in (figure: 2) 

Figure 2: Research methodology 
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Preprocessing of Satellite data includes many 
intermediate steps they are: a) Conversion of HDF 
format to TIFF format b) Reprojection and Subset  c) 
Scale factor  d) Computation NDVI from Batch 
tool/Model Maker e) Inherited cloud problem with 
NDVI & f) Layer stacking. 

To derive the seasonal pattern of NDVI for 2005-2015, 
firstly, average NDVI for each month was computed 
from following algorithm. 

NDVIyear = (Average NDVIm1+ Average 

NDVIm2+…..+Average NDVIym12)/12 ……….. (3) 

Mean NDVI from 2005 – 2015 are computed from 
following equations 

NDVImean = (Average NDVIy1+ Average NDVIy2+…..+ 

Average NDVIy11)/ 11  ……….. (4) 

Where, Average NDVIy1……….. Average NDVIy11 
stands for the yearly average NDVI value for 11 years. 
To derive NDVI Anomaly, Maximum NDVI from 
2005 – 2015 was calculated from  

NDVImax i = (NDVI1, NDVI2 ………NDVIn) ……….. (5) 

Where, NDVI max i is maximum NDVI in ith year and 
NDVI1…..NDVIn is NDVI in month 1 to NDVI in n 
month in ith year. 

After computing NDVI max, from 2005-2015, an 
average of these NDVI max images was computed to 
get the mean NDVI max values during past 11 years. 
Anomaly was then computed as:  

Anomaly NDVIi = (NDVI maxi – mean NDVI max) … (6) 

Where, NDVI max = Maximum NDVI of the year and 
Mean NDVI max = Long term mean maximum NDVI 
of the range of year.  

 Then the computation of district wise NDVI 
anomaly for all 11 images, images are subset as district 
wise for 11 districts of Gandaki Province. SPI tool is 
used developed to quantifying precipitation at 
different time scales. A SPI value has been 
interpolated by Inverse Distance Weighted (IDW) 
method. The interpolated maps are reclassified into 
different drought severity classes. The 3-month SPI 
was found to have the best correlation with the NDVI, 
indicating lag and cumulative effects of precipitation 
on vegetation, but the correlation between NDVI and 
SPI varies significantly between months [17].  

The SPI calculated from CRU gridded 
precipitation shows similar results, with some 
discrepancies at longer scales [18]. The SDF curves 
were developed using the minimum cumulative 12-
month precipitation values fitted to the Gamma 
distribution for 1, 3, 6, 9 and 12-month drought 
durations [19]. Mathematically, SPI is calculated 
based on equation 

SPI = (Xi – Xm)/σ ……….. (7) 

 

Where, Xi is monthly rainfall record of the station; Xm 
is rainfall mean; and σ is the standard deviation. 
Monthly rainfall data from 2005 to 2015 in rainfall 
stations Gandaki Province are used as an input to SPI 
program. 

The raster image produced using any sort of data is 
obtained in the stretched form which needs to be 
reclassified for further computation or analysis. So, it 
needs to be reclassified. Reclassification is the process 
of classification of stretched images into the desired 
class.  

Table 2: Rank and Weights of Different Parameters  

S.N. Criteria Classes Rank Influences 

1  SPI 

Extremely 

Dry 
1 

50% 

Very Dry 2 

Moderately 

Dry 
3 

Near 

normal 
4 

Moderately 

Wet 
5 

Severely 

Wet 
6 

Extremely 

Wet 
7 

2 VCI 

Extremely 

Low 
1 

25% 

Very Low 2 

Moderately 

Low 
3 

Near High 4 

Moderately 

High 
5 

Severely 

High 
6 

Extremely 

High 
7 

3 
NDVI 

Anomaly 

Extremely 

Low 
1 

25% 

 
Very Low 2  

Moderately 

Low 
3  

Near High 4  

Moderately 

High 
5  

Severely 

High 
6  

Extremely 

High 
7  

 

VI. RESULT AND DISCUSSION 

 The rainfall pattern shows that the northern part 
north east part i.e. Himalayas of the Gandaki province 
has lower rainfall area. Average NDVI of gandaki 
province can be seen, where NDVI ranges from -
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0.1026 to +0.8103. Most of the area of kaski, tanahun, 
syangja, parbat, nawalpur is Positive NDVI and upper 
part of gorkha, manang, mustang district has negative 
NDVI value. 

Meteorological drought risk has been identified by 
interpolating SPI value over 11 years. SPI values 
selected over all the 11 years to show the pattern of SPI 
during these years. On comparison all the study period 
2011 is wet year then other years. In these years annual 
average rainfall is higher. 2005, 2009 are severe 
drought year. 2014 is most of the dry year among study 
period. Other remaining years 2006, 2007, 2008, 2010, 
2012, 2013 and 2015 are normal years. 
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Figure 3: 12 months SPI of different rainfall station  

 It can be seen that during the drought years of 
2005, SPI values are low for the northern part of the 
Gandaki province and in 2014 most of area shows low 
SPI value. This low SPI value indicates there has been 
low precipitation in these areas during monsoon 
season. Severe drought years 2005 & 2009 where SPI 
of large area was found to be below 1.48 and negative 
SPI value goes to -2.00, which is considered to be a 
situation of severe drought. For normal years the SPI 
value reached up to a value greater than1.99 at large 
area of Gandaki province. For normal years 2006 and 
2007 most of the station has negative SPI value then 
other normal years. 

A. NDVI Anomaly 

 The vegetation indicator NDVI anomaly provide 
alternative measures of the relative vegetation health. 
These indices can be used to monitor the areas where 
vegetation may be stressed, as a proxy to detect 
potential drought. NDVI anomaly of study period is 
presented below. NDVI anomaly ranges from -100% 
to +100% or -1 to +1. Positive value represents the wet 
and negative value represent dry region. NDVI 
anomaly (2005 – 2015) is presented in map. 

 

Figure 4: NDVI Anomaly of study period (2005 – 2015) 

 Most of area of northern part of Gandaki province 
has negative value of NDVI anomaly. Himalayan 
region of Manang, Mustang, Gorkha, Kaski has 
negative value of NDVI anomaly, which represent bad 
vegetation condition and dry region. 

B. NDVI Anomaly, VCI based Agricultural Drought 

Risk Map 

 Percentage of VCI (0%, 12%, 24%, 36%, 50%, 
72%, 88%, 100%) and the related NDVI anomalies 
have been computed to define the severity of 
agricultural drought. 0% to -10% yield equivalent 
NDVI anomalies have been classed into slight 
drought, 12% to 24% yield equivalent NDVI 
anomalies as moderate drought, 24% to 36% yield 
equivalent NDVI anomalies as severe drought and 
above 36% of yield equivalent NDVI anomalies very 
severe drought. But these computations based on 
district level yields gave a wrong picture of agriculture 
drought.  

 

Figure 5: Agricultural drought risk map 

Therefore, approximate NDVI equivalent threshold 

from VCI for the region as a whole was computed and 

agriculture drought risk was thus delineated as slight, 

moderate and severe drought which is presented in 

figure 5. From mean SPI values during the study 

period, meteorological drought risk map has generated 

which is presented below in figure 6.   

 

 

Figure 6: Meteorological drought risk map 

The total area covered by agriculture and 

meteorological drought is given below in table 3.   
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Table 3: Agricultural and Meteorological Drought area 

 

Combine drought risk map, which has been obtained 
by superimposing the risk maps generated from 
agriculture and meteorological drought. 

 

Figure 7: Combine drought risk map 

Table 3 and Figure 7 shows the percentage area 
affected by the combined risk. Slight and moderate 
risk areas encompass 29.74% and 19.40% of total 
geographical area. Severe and very severe risk prevails 
in nearly 19.25% and 2.38% of the area which 
comprises of province that are major producers of 
cereal crops as well as different vegetable. 

Table 4: Combine Drought affected area 

Drought Class Area (km2) Area in (%) 

Very Severe Risk 521.19 2.38 

Severe Risk 4219.33 19.25 

Moderate Risk 4252.1 19.4 

Slight Risk 6518.38 29.74 

No Risk 6403.57 29.22 

Total 21914.54 100 

VII. FIELD VERIFICATION 

For the verification of the result found I have visited 
six study areas areas in four classes drought coverage 
area. I had visited Namjung, Satrasaya Phant, 

Tanahun, Gurjakhani, Lamachaur, kaski and Beganas 
Kaski.  

 

 

Figure 8: Location of Visited Places 

Slight Drought: Namjung and Manbu Gorkha face 
slight drought risk facing area in the Gandaki province. 
The drought duration is not so high. At the time of low 
precipitation people irrigate their land by canal.   

Moderate drought:  I have visited Gurja khani, myagdi. 
Drought occurs in this region mainly in the 
transplanting period and in heading period. For short 
time period drought occurs frequently. People irrigate 
their land by surface water or ground water. Irrigation 
facilities is not adequate agricultural crop production 
is reduce by drought. 

No drought: I have visited Satrasaya phant, Begnas 
and Lamachaur kaski. No drought occurs in this 
region. This area has healthy vegetation and land 
irrigated by surface water. 

VIII. CONCLUSION 

The seasonal pattern of rainfall and NDVI obtained 
from 2005 – 2015 of data, suggest that the northern and 
north-west part of Gandaki province is a low rainfall 
area, where SPI value is low and the corresponding 
NDVI values is also low. Thus, it can verify that 
NDVI/SPI shares a strong correlation where water is a 
major limiting factor for plant growth.  

From the research it is justify that the north western 
and northern part is water limiting areas which are 
suspect by drought. It is also achieved that SPI had 
shown significant relation with NDVI anomaly and 
VCI, where SPI can be used as crop production 
indicator and vegetation health condition. 
Combination of drought risk states Slight and 
moderate risk areas encompass 29.74% and 19.40% of 
total geographical area. Severe and very severe risk 
prevails in nearly 19.25% and 2.38% of the area which 
comprises of province that are major producers of 
cereal crops as well as different vegetable. Due to 
uneven temporal variation of drought with respect to 
crop production and vegetation health status, drought 
planning is necessary for better production. This 
planning will help tom decrease massive losses of crop 

Drought 

Class 

Meteorological 

Drought 

Agricultural 

Drought 

Area 

(km2) 

Area 

in 

(%) 

Area 

(km2) 

Area 

in 

(%) 

Severe 

Drought 
5450.89 24.87 4518.48 20.62 

Moderate 

Drought 
7052.8 32.18 4100.45 18.71 

Slight 

Drought 
6650.47 30.35 10568.84 48.23 

No 

Drought 
2760.37 12.6 2726.75 12.44 

Total 21914.54 100 21914.54 100 
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production. In some places metrological drought 
occurred, where agricultural drought has not been 
influenced due to adequate irrigation facility, well 
management. The research methodology gives better 
spatial information from satellite data, which help for 
accurate mapping, analysis of the spatial extent of 
drought conditions and temporal variation of drought 
risk over the different time frame. 

IX. RECOMMENDATION 

 This research work described and deals with 
meteorological and satellite indices. Some 
recommendations are given below for future research.  

1.NDVI, VCI and SPI value for only 11 years. But for 
better result extra parameters like EVI, SPEI, TCI 
should be needed and these parameter value should be 
more than 25 years. 

2. Drought from socio-economic aspect should be 
studied. Because these aspects play vital role in 
delineating drought prone areas.  

3. Less rainfall station is not appropriate to represent 
the whole Gandaki province rainfall condition. Thus, 
it is recommended to use maximum number of rainfall 
station data to identify meteorological drought. 
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Nepal is topographically classified into three 

regions as Himalayan, Central hills and Plain. The 

Himalayan region is high altitude with glacier and 

snowmelt and low population density. The Central 

hills are deep valleys, steep slope with terraced 

agriculture and livestock farming. The Plain region 

is a flat, lowland and well suited for agriculture and 

dense in population. There are more than 6,000 

rivers in Nepal which are drain from north to south 

to the Ganges. The Karnali, Narayani, Koshi, and 

Southern Rivers Basins have huge quantity of 

surface water yields ranging from 44,000 to 65,000 

million m
3
[1]. Although water is a crucial resource 

for socio economic development of Nepal [2] as it is 

connected to food security, energy security and 

environmental security [3]. Although the country has 

225 billion cubic meters of water available annually, 

only less than 7% has been utilized [4]. Nepal’s 

economy is largely based on agriculture; it 

contributes 24% to Gross Domestic Product (GDP) 

and employs two-thirds of the population. Nepal was 

self-sufficient in food grain production until 1990. 

Due to drought conditions in 2005/06, production 

fell short by 21,553 metric tonnes and by 179,910 

metric tons in 2006/07 due to drought and natural 

calamities [5]. However, Nepalese agriculture is 

mainly rain fed and agriculture production is badly 

affected by droughts, foods, erratic rainfall and other 

weathers events in both rain fed as well as irrigated 

areas. Thus, the influence of climate on major crops 

often shapes the food security situation at the national 

and sub-national levels [6]. 

Climate change is a global phenomenon which 

impacts may be different in different level. The 

local hydrology is likely to be affected by climate 

change in many ways such as the timing of water 

availability, quantity and quality which will induce 

risks to water resources in the form of flooding, 

landslides, sedimentation from more intense 

precipitation events and greater unreliability of dry 

season flows [5]. Many studies on hydrology and 

water resources in Nepalese basins are conducted on 

climate change impacts [2], [4], [7]–[9]. 

Those studies have shown spatiotemporal 

variation in water balance components. For example, 

Bharati et al. [4] in Koshi Basin water balance 

analysis showed a large temporal and spatial 

variability in precipitation, actual evapotranspiration  

and water yield. Similarly, In Nepal's Kaligandaki 

Basin, climate change has a significant impact on the 

I. BACKGROUND 

A Review On Irrigation Water Demand  
And Availability in Panchkhal Valley, Nepal 

Abstract-Nepal is rich in water resource as it has more 

than 6000 rivers. Nepal’s economy is mostly based on 

rain fed agriculture and about 24% is contributed in 

gross domestic product (GDP). The water demand in 

crop production is varied according to season and 

region. The demand of irrigation water is increased 

due to rapidly rising of population, urbanization and 

people life’s standard. Climate change in rise in 

temperature increase in water demand in dry season 

and rise in temperature also increase in river flow in 

snow fed river. The lack of crop water requirement is 

not only insufficiency of water but also due to lack of 

management. One of the solutions to meet the crop 

water requirement is changing the crop pattern. 

Panchkhal valley in Kavrepalanchowk district, Nepal is 

a small valley popular in agriculture but since few 

year, the valley facing water scarcity in crop 

production because of population growth and climate 

change impact. Thus, a comprehensive study on varies 

water demand and availability in Panchkhal valley is 

required  to develop strategies in improving the deficit 

of water demand for future crop production and social 

economic development and management of water 

resources.  
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temporal and spatial variance of water balance 

components. [9]. 

The amount of water required to produce the 

food for a balanced diet per person per year is 

around 2,000 m3, which indicates that Nepal has 

several times more water availability than its 

requirements. However, the increased production to 

satisfy the food demand of the future must come 

from intensification, not from the expansion of 

agricultural area. An estimate suggests that by the 

year 2025/26, Nepal’s population will be around 41 

million and the corresponding grain requirement will 

be 11.45 million tons. By comparison, the current 

population is 28 million, and the current level of 

food grain production is said to be around 7.14 

million tons. The intensification potential of irrigated 

agriculture is much higher as compared with rain fed 

agriculture [12]. A study in Dabus sub-basin which 

is one of the tributaries of Blue Nile with a high 

potential on surface water for use on power 

generation, irrigation, and water supply, water 

potential and water demand with using Water 

Evaluation and Planning (WEAP) model 

constructing four different scenarios starting from 

the current account (2020) wherein all the data is 

filled into the model to estimate the surface water 

potential and demands for different sectors. The 

applied four scenarios i.e. considering scenario; 

change in population growth rate; projection of 

irrigation water demand and increase in domestic 

water demand. For all the scenarios, overall demand 

coverage and unmet demand were analyzed based on 

three-time horizon as 2020-2030, 2030-2040, and 

2040-2050. The study showed 100% demand 

coverage for all the scenarios except the irrigation 

demand projection scenario which have unmet 

demand on April and May of the months of the year 

[13].  

B. An Issue of Water Scarcity in Irrigation 

Water insecurity became one of essential [14] 

and a crucial geopolitical issue that affects the entire 

global economic development system [15] in 21
st
 

Effective policy instrument is necessary to 

improve water use efficiency. As irrigation water 

shortage will significantly reduce the sizable water 

scarcity by water price in irrigation water [20]. Even 

in the area where scare ground water data, the 

estimation of ground water recharge can be done 

with using empirical equations from rainfall and 

stream flow records [21]. Still there are no global 

model method for all cases in water balance in water 

demand and water supply [22], some of operational 

action tools such as standard statistical techniques 

like linear regression or time series analysis or 

techniques based soft computing, global climate 

model (GCM) and water availability index (WAI)  

are used to determine demand and supply balance 

water [22], [23]. Similarly, different parameters are 

used in different water forecasting model and result 

in South Asia was accounted for double cropping as 

typical practice of multiple-cropping. The water 

demand in crop production is varied to seasons and 

regions such as in Pakistan the irrigation water 

demand for winter (Rabi) and summer (Kharif) are 

almost equal, whereas in Bangladesh the irrigation 

water demand in the Rabi is almost 100 times higher. 

In comparatively the importance of irrigation supply 

is more from west to east as rainfall is decreasing 

from west to east.  Global water demand is also 

considered to estimate the food production and water 

demand in South Asia [10]. The estimation of water 

withdrawals are not depended on irrigated area but 

also indirectly by uncertainties of spatial distribution 

of factors that influence the demand for irrigation 

water such as soil hydraulic parameters, crop areas, 

weather and growing season timing and how it 

correlates with water availability [11].   

century because of population growth, people living 

standard, urbanization, increase the industries and 

climate change [14]. There is a higher demand in 

irrigation but lesser availability because of rapidly 

increase in urbanization and climate change [16]. In 

Iraq, water is deficit in all season and surplus in the 

northern highlands in all season except summer [17]. 

In most of the towns in Pakistan, about 85% 

households are dependent in groundwater source of 

water because of insufficient of water availability 

[16]. Although multiple uses water system (MUWS) 

has been implemented in different parts of Nepal to 

address water security [18]. Water scarcity affects in 

Kathmandu valley, Nepal is reached about 40% and 

alternative water source like ground water, tanker 

water and jar water are searching in Kathmandu 

valley [19]. Shortage of water resources and climate 

change is sign of increase in water demand during 

dry periods which helps to predict climate change 

and manage water resource particularly in 

agriculture sector [14]. 

C. Common Used Tools and Models in Water 

Demand Analysis 

II. LITERATURE REIEW 

A. Water Demand in Irrigation 

The seasonal pattern of irrigation water demand 
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showed irrational relationship between water 

demand and predictor variable due to presence of 

high degree of corrections among the predictor 

variables [24]. Spatially explicit model (SEM) also 

used in water scarcity assessments to reflect the past, 

present, and future to know the relation on existing 

water scarcity indicators [15]. MODFLOW, 

BROOK90, global climate models (CanESM2 and 

IPSL-CM5A-MR) models were also used to identify 

and address the challenges water supply and water 

scarcity [25]. Soil and water assessment tool 

(SWAT) model is one of most used tool in water 

demand forecast. The data used in the model are 

meteorological data, DEM (digital elevation model), 

soil, land use, runoff, catchment, daily temperature, 

precipitation, evapotranspiration, populations, snow 

and soil moisture and stream flow [23], [26], [27]. 

SWAT was used in Yangtze river in China, a humid 

and semi humid zones to determine water shortage 

and water crisis [26]. Similarly, it was used to 

determine the future impact of water availability due 

to climate change in agriculture, hydropower, 

ecosystem functioning and its services availability to 

the people living in Karnali river basin (KRB) [27] 

and in Kaligandaki basin, 50% increase in discharge 

at outlet and 90% snowmelt increase by 2090 [9] are 

expected due to climate change in Nepal. GCM and 

WAI model showed underestimation in precipitation 

amounts in spring months (March, April and May) 

and overestimation in summer months (June, July 

and August) was the main cause of water 

vulnerability [23] and the study in KRB showed that 

the atmospheric temperature is rising throughout the 

basin but highly spatial variability in precipitation 

[27]. 

 

Table 1: Some hydrological models used in watersheds 

Types of 

Model 

Category 

of model 

Description Reference 

HYDROTEL Distributed 

hydrologic al 

model 

HYDROTEL model can be applied to a wide range of 

watersheds with due account for available data 

 [28] 

HBV-ETH model Semi- 

distributed 

HBV-ETH model was developed for rainfall-runoff processes 

in the mountainous catchments. 

 [29] 

HEC-HMS 

hydrological model 

Semi- 

distributed 

The HEC-HMS 3.5 model was used to simulate the 

precipitation runoff processes of the watershed. Sub-basins, 

stream network, and other basin properties were generated 

using HEC-GeoHMS and HEC-HMS model. 

 [30] 

SWAT Semi- 

distributed 

SWAT model is a complex physically based model and was 

designed to test and forecast the water and crop production. 

 [2], [8] 

Snowmelt Runoff 

Model (SRM) 

Semi- 

distributed 

This model is designed to simulate daily runoff especially in 

mountainous terrain where snowmelt contribution is a major 

factor. Developed by Jaroslav Martinec in 1975. 

 [31] 

 

D. Management in Water Scarcity in 

Irrigation 

The water scarcity is not only due to scarcity of 

water but also scarcity of management [32]. 

Although Nepal is rich in water resource, it is more 

challenge to achieve because of weak financial 

capabilities, poor infrastructures and highly 

population growth and mismanaged of water [16], 

[33]. Assessing the impact of climate change on 

water demand is fluctuating. Increase the 

temperature is increase in water demand changes 

depending on the social characteristics of the users 

[34] and more vulnerable region by climate change 

in precipitation and temperature [9]. Impacts of 

climate change on water scarcity on health are 

complex as about 80% illnesses in developing 

countries are due to unsafe drinking water and 

waterborne diseases [35]. 

Water scarcity will cause challenges for a 

developing and a mountain country like Nepal where 

its economy is substantially supported by agriculture 

[36]. Only 24% of arable land is irrigated, crop 

productivity is significantly lower than in the rest of 

South Asia. Over 80% of Nepal’s population 

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal
230



depends on subsistence agriculture for livelihoods 

and agriculture consumes; [4]. 

E. Climate Change Impacts on Water 

Resources of Nepal  

Climate change especially impact on natural 

resources for the economy and livelihoods of the 

country. Nepal is one of these countries, being 

landlocked, with diverse physiographical 

characteristics within a relatively small territory and 

with rugged terrain. Poverty is widespread and the 

capacity of people and the country to cope with 

climate change impact is low [37]. The adverse 

impacts of climate change and extreme events will 

exacerbate the vulnerability, existing poverty and 

inequalities in the developing countries like Nepal 

[38].   

 

Table 2: SWAT application in Nepalese basins 

S.N. 

 

Reference Purpose Basin/Watershed 

1 [27] Impacts of climate change on water availability Karnali 

2 [2] Simulated the current and future hydrological system of 

Chamelia 

Chamelia; Mahakali Basin 

Tributary 

3 

 

[9] For a future projection of changes in the hydrological regime 

of the Kaligandaki basin.  

Kaligandaki 

4 [4] The Projected Impact of Climate Change on Water 

Availability and Development in the Koshi Basin 

Koshi 

5 [7] To investigate the effect of prospective climate change (until 

2100) on hydrology and productivity of rain-fed crops 

Indrawati 

6 [40] Water balances in different cropping patterns under current 

and future climates 

West Seti 

 

F. Essential Study in Panchkhal Valley 

As water is a importance resource for the socio-

economic development of Nepal, it is imperative to 

understand likely impacts of climate change on 

future water availability and incorporate them in 

future water resource planning  [2]. Therefore, it is 

important to develop a database of water demand, 

water availability and water scarcity for 

management, planning, decision and policy making 

to bring it in the kind of sustainable development. 

Proper planning, design and management of water 

resources need adequate knowledge base and 

information on the current and future water 

sufficiency in the Panchakhal valley. 

Panchkhal valley is a good for agricultural, the 

soil is fertile and the valley is economically very 

active in term of agriculture because of near market 

to Kathmandu and Arniko highway connected 

market districts i.e. Dhulikhel and Banepa. 

According to the study by ICIMOD in 2007 [41], 

The population increase in the Panchkhal valley has 

been about 6% which is much higher than other 

district in Jhikhu Khola watershed. A growing 

population in the valley leads to increasing water 

demand for drinking and crop production even the 

water demand and supply survey showed that people 

of the valley used 23 litres per day per person for 

domestic purposes i.e. nearly a half the guideline of 

45 litres per day for rural water supply schemes and 

the estimated total water demand almost doubled 

between 1996 and 2006 [41]. 

The annual average precipitation over 

Nepal is fluctuating. The trend of the annual 

discharge of three major River basins Koshi, 

Gandaki and Karnali indicates that the discharges in 

these major basins are decreasing annually but, the 

annual discharges in southern basins were in 

increasing trend [5]. A study of “Impact of Climate 

Change on River Flow and Hydropower Production 

in Kulekhani Hydropower Project of Nepal” shows 

that decrease in discharge during the wet months of 

May to September and an increase during the dry 

months i.e. October to April [30]. Such a many 

studies have been conducted on climate change 

impacts on Nepalese river basins [2], [9], [37], [39] 

indicate the significant role of climate change in 

hydrology and water resources.   
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Fig.1: Panchkhal valley (A review area) 

 

The main subsistence activity of the people 

in Panchkhal is agriculture and animal husbandry. 

Although the valley’s soil is fertile, it is becoming 

increasingly difficult for farmers to cultivate 

vegetables due to lack of water for irrigation. They 

are using electric water pumps in excavated trenches 

as a coping strategy during periods of drought. The 

impact of the drought became quite serious in the 

summer of 2009 [42]. Panchkhal, a small valley in 

Nepal showed that people are convinced that 

temperature is changing and Panchkhal is not getting 

the share of rainfall it used to have in earlier years.  

The annual rainfall pattern of Panchkhal shows the 

decreasing rainfall pattern. The ill effect of 

decreasing and irregular rainfall has already seen in 

agriculture of Panchkhal i.e. crop production is 

decreasing. However, it was observed that people are 

more concerned in irrigation and bringing water 

from distant source rather that conserving rain water 

[36]. 

Jhikhu Khola, the only one river in 

Panchakhal valley is the lifeblood [42] of the valley, 

did not have a normal flow even in rainy season of 

the year. The monsoon has been arriving late by up 

to about two weeks in some of the last few years, 

which made impact on delaying rice plantation, 

reducing ripening time and harvests. Farmers in 

Panchakhal has to use water pumps because natural 

springs, which should had been gurgling with water 

were dried and rain in rainy season did not come to 

life even in the middle of the monsoon [36], which 

indicate that Panchakhal valley is facing rainfall 

variability. 

Thus, drying sources of water resources and 

climate change is sign of increase in water demand 

during dry periods and increase of temperature is 

increase of water flow in snow fed river. The water 

scarcity is not only due to scarcity of water but also 

scarcity of management which helps to predict 

climate change and manage water resource 

particularly in agriculture sector. In addition, the 

present cropping pattern will demand more water for 

optimum crop production. The existing irrigation 

canal and rainfall do not meet the crop water 

demand. One of the way to reduce the additional 

crop water requirement is modifying the cropping 

pattern in various ways with integrating efficient 

irrigation methods and water harvesting techniques. 

Population growth, agricultural intensification, and 

gradual advancement of people’s lifestyles, have 

increased water demand in Panchkhal valley. 

As Panchkhal valley is one of the good land for 

agriculture, especially cash crop is popular for 

multiple crop production in a year but the trend of 

multiple cropping is declining due to availability of 

water. Thus, it is required for a comprehensive study 

in Panchakhal valley on different types of water 

demand and availability which helps us to 

understand water availability status and develop 

strategies and improving the deficit between water 

supply and demand for future economic, 

environmental and social developments and also will 

be helpful for the formation of policy and 

development and management of water resources in 

Panchakhal. 
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I. INTRODUCTION  

A. Background 

The availability of freshwater is indispensable for the 

well-being of humankind. Rapid population growth, 

increment in irrigated agricultural areas, and 

economic progress are leading to extremely increased 

freshwater demand worldwide. Although the global 

freshwater demand can be fulfilled by the surface 

water sources (rivers, streams, and lakes), there is a 

wide regional alteration causing immense water stress 

in various areas of the globe. In Nepal, the problem of 

freshwater resources depletion/deterioration has 

become widely prevalent, both in urban centers and 

remote areas. The surface water resources of the 

country have become adversely polluted and hence 

not suitable for drinking purposes [1]. In such a 

scenario, the dependence of inhabitants on 

groundwater for personal, domestic, and industrial 

use has extensively increased in recent times, and so 

has the pressure on the groundwater reserves [2]. 

Especially in the core settlement areas of Kathmandu, 

Bhaktapur, and Lalitpur districts, the number of dug 

wells is very high, and the residents heavily rely on 

the groundwater to fulfill their daily water demands. 

 

The advancement of groundwater extraction to 

mechanized form has caused extreme depletion of 

shallow groundwater sources in urbanized regions of 

the country, like the Kathmandu Valley (KV). About 

half of the total water supply from Kathmandu 

Upatyaka Khanepani Limited (KUKL) is acquired 

from groundwater sources during the wet season, 

while about 60-70% is derived from the resource 

during the dry season [1]. The rate of extraction of 

groundwater in the KV has abruptly increased from 

2.3 Million-Liters-a-Day (MLD) in 1979 to 80 MLD 

in 2011 [1]. The current groundwater extraction rate 

of the KV is far beyond the sustainable limit of 

groundwater extraction (26 MLD), indicating extreme 

exploitation of groundwater resources [3]. The 

recharge of groundwater aquifers in the KV is 

predominantly dependent upon the natural 

percolation of rain and surface water through the 

ground surface. The efforts made for the artificial 

groundwater recharge by the utilization of recharge 

zones in the KV is minimal and the rate of extraction 

Abstract— Groundwater resources in the 

Kathmandu Valley (KV) are extremely depleted owing 

to the extensive extraction of water from groundwater 

reserves. Several factors, including rainfall and landuse 

type, also have the potential to alter the natural 

recharge capacity of groundwater resources. As such, 

understanding the spatio-temporal variation of 

groundwater levels along with the factors influencing it 

is prominent to support groundwater resources 

planning and management. Therefore, the present study 

intends to evaluate the linkage of rainfall, landuse type, 

and groundwater fluctuations of the Bhaktapur district. 

We analyzed the data from 13 selected groundwater 

monitoring wells of the Bhaktapur district collected by 

citizen scientists in 2021. The groundwater level was 

known to be shallower in the monsoon season (average 

= 2.66 m) and deeper in the pre-monsoon season 

(average = 4.43 m), indicating the direct relationship 

between rainfall and groundwater levels. The 

groundwater levels in the north-eastern part of the 

district with dominant agriculture land use type were 

high throughout the study period. Moreover, the 

negative correlation between rainfall and groundwater 

levels was found to be higher in agricultural landuse 

(median = -0.51) than in the built-landuse (median= -

0.27). The lower negative correlation in the built-

landuse can be attributed to the surface concretization 

and immense groundwater extraction rates limiting 

groundwater recharge. This study highlights that the 

conversion of landuse from natural/agriculture to built 

will have a significant impact on the groundwater levels 

of that area. Hence, the sustainable management of the 

abruptly depleting groundwater resources in the 

Bhaktapur district must be prioritized.   
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of groundwater has reached far beyond the natural 

replenishment capacity of the aquifers [4].  

 

Under such conditions, there is an urgent need to 

understand the groundwater level fluctuations and 

factors influencing them. Groundwater recharge 

basically involves the infiltration of water in the 

ground surface through the subsurface soil layers into 

the groundwater reserves [5]. Several aspects such as 

the magnitude of rainfall, land use type, infiltration 

capacity of the land, soil and vegetation type, 

topography, and climate can alter the groundwater 

recharge rate [6]. The frequency and intensity of 

rainfall are essential factors for determining the 

recharge potential of groundwater. The findings of 

the previous studies indicate that the precipitation 

rates highly control the recharge rate of groundwater 

reserves [7]. Additionally, landuse type also 

tremendously influences the recharge of groundwater. 

Percolation of water into the ground surface occurs 

more in natural and agricultural areas, while in the 

built areas, lower chances of percolation tend to cause 

slower recharge of groundwater.  

 

In recent years, the landuse pattern of the Bhaktapur 

district is changing swiftly, which is also assumed to 

have altered the recharge potential of the shallow 

aquifers of the district. Therefore, the present study 

aims to evaluate the influence of rainfall and landuse 

type on the groundwater fluctuation of the Bhaktapur 

district. 

II. MATERIAL AND METHOD 

A. Study Area  

Located between 27°36′-27°44′ N latitude and 

85°21′-85°32′ E longitude, the Bhaktapur district lies 

in the eastern side of the KV [8]. It occupies an area 

of 119 square kilometers, ranging from an altitude of 

1,331 meters to 2,191 meters above sea level. The 

district has a warm, moderate climate with an average 

temperature ranging from 2 to 15℃ in winter and 19 

to 35℃ in summer [1]. About 1500mm of rainfall is 

received by the district annually [2]. Streams, rivers, 

groundwater wells, ponds, and stone spouts are the 

main sources of water in Bhaktapur. Along with a 

range of small streams, some major rivers such as 

Hanumante and Manohara flow across the district. 

There are 43 ponds in the district including 

Siddhapokhari, Kamalpokhari, and Nagpokhari, 

mainly utilized for fishery and aesthetic gains. 

Similarly, there are 220 dug wells, 87 stone spouts, 

and 185 taps, which serve as the main sources of 

drinking water, particularly in the core areas [9]. 

According to the Census of 2021, the population of 

the Bhaktapur district is 4,30,408, and its annual 

population growth rate is 3.32% [10]. Along with the 

growth of population, the land use and land cover 

pattern of the district have undergone drastic changes 

over the years. Major portions of the natural areas of 

the district have been converted into agricultural 

areas in recent years, and the built-up areas have been 

expanded significantly, especially in the core areas 

[11]. Simultaneously, the water demand in the district 

is very high, owing to the abrupt population growth. 

In the Bhaktapur district, 74.2% of water demand is 

fulfilled by the surface water and groundwater 

sources, and the remaining 25.8% is met by the 

municipal supply system [11]. Since the district does 

not have a regular water supply facility, these 

resources have been immensely exploited in the 

process of sustaining the water demands of the huge 

population. 

 

 
Fig. 1. Location of groundwater sites and Department of 

Hydrology and Metrology (DHM) stations in the map of Bhaktapur 

district. 

B. Data collection 

Groundwater levels data used in this study were 

collected from the 13 spatially distributed wells of the 

Bhaktapur district by using the Citizen Science 

approach. The Citizen Scientists of Smartphones For 

Water Nepal (S4W-Nepal) took the groundwater 

level measurement below ground level (bgl) at the 

mid of each month with the help of a 30 meters 

measuring tape and a user-friendly android 

application called Open Data Kit (ODK Collect). In 

addition, rainfall data of the DHM from three stations 

(Bhaktapur, Changu Narayan, and Nangkhel) was 

used in the present study to check the interaction with 

the selected wells. Out of four DHM stations located 

at Bhaktapur district, data of one station located at 

Nagarkot were not considered due to the absence of 

groundwater monitoring sites in that area. 

 

Apart from that, the land use type of the KV 

classified by [13] based on ground observations was 

used for the study. Referring to [14], the largest 

percentage landuse type in the zone of contribution 

(ZOC) for recharge of each monitoring location was 

regarded as the dominant land use type of the site. 

The monitoring locations of the district were 
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predominantly found to be located in agriculture and 

built land use. Out of the 13 stations, the ZOC of nine 

sites were found to have agriculture landuse and four 

were found to be located in built land. 

 

C. Data analysis 

a. Variation of rainfall and groundwater level 

The acquired rainfall data from DHM stations were 

categorized into the pre-monsoon, monsoon, and 

post-monsoon seasons. Then, an interpolated map of 

the seasonal rainfall amount in the Bhaktapur district 

was prepared in the Quantum Geographic 

Information System (QGIS) to understand the spatio-

temporal alteration of rainfall. Similarly, the seasonal 

interpolated groundwater level (m bgl) fluctuations 

map of 13 groundwater sites was generated. Also, the 

boxplot depicting the seasonal average groundwater 

level was generated using R studio software. 

 

b. Correlation between rainfall and groundwater 

levels 

First of all, the co-located rainfall station for each 

groundwater monitoring site was determined by 

developing Thiessen polygons in QGIS.  Then, the 

Pearson correlation coefficient (R) for each site was 

calculated. A boxplot was generated in Python by 

plotting the data of correlation coefficient under 

different landuse types (agriculture and built) to gain 

insights regarding the influence of rainfall and land 

use on groundwater recharge. 

 

III. RESULTS AND DISCUSSIONS 

A. Spatio-temporal variation of rainfall 

The total rainfall amount of the Bhaktapur district for 

the study period (March to December of 2021) was 

1624 mm. The rainfall in pre-monsoon, monsoon, and 

post-monsoon ranged from 268 to 298 mm, 1101 to 

1439 mm, 71 to 105 mm respectively (Fig. 2). The 

monsoonal rainfall contributed 76.52% of the total 

rainfall throughout the study period, which was 

followed by pre-monsoon (17.69%) and post-

monsoon (5.77%). It was observed that the northern 

station of Bhaktapur district recorded comparatively 

higher rainfall (i.e., 1812 mm) than other stations 

(i.e., 1505 and 1554 mm). This spatial alteration in 

rainfall can be attributed to the elevation and other 

topographic/orographic factors [15]. According to 

recent research by [16], the rainfall amount and 

frequency are considerably higher in the mountains 

surrounding the KV than in the valley floor. 

 

 
Fig. 2. Seasonal variation of rainfall in Bhaktapur district in 2021 

(pre-monsoon, monsoon, and post-monsoon). 

B. Spatio-temporal fluctuation of groundwater levels 

The depth of water level from the ground surface in 

the Bhaktapur district ranged from 0.91 to 7.93 m,     

-0.062 to 7.69 m, and 0.414 to 7.75 m in the pre-

monsoon, monsoon, and post-monsoon, respectively 

(Fig. 3). The groundwater level was noticed to be 

shallow in the monsoon season (average = 2.66 m), 

while it was deep during the pre-monsoon season 

(average = 4.43 m). This indicates the direct 

influence of monsoonal rainfall on the groundwater 

level of the study area. In non-monsoon seasons, the 

groundwater level was found to decrease steeply 

because of the lower recharge rates and massive 

extraction of water from the groundwater reserves 

[15]. Furthermore, the water retention on the 

groundwater is also reduced during the pre- and post-

monsoon seasons as a result of higher evaporation, 

transpiration, etc.[17].  

 
Fig. 3. Boxplot showing seasonal groundwater level variation of 

13 groundwater sites in the Bhaktapur district in 2021 (pre-

monsoon, monsoon, and post-monsoon). 

The groundwater level in the Bhaktapur district was 

observed to alter spatially in all seasons (Fig. 4). The 

groundwater level in the north-eastern part of the 
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Bhaktapur district remained shallow in all seasons 

(i.e., depth of water from the ground surface less than 

3m). This can be linked with the land use pattern of 

the north-eastern part of the district as it is dominated 

by natural and agricultural landuse, with a scarce 

settlement. In addition, groundwater extraction is 

lower compared to other parts of the district due to 

the availability of alternative sources of water 

(headwater streams, Kathmandu Upatyaka Khanepani 

Limited (KUKL) water supply, etc). On the other 

hand, the groundwater level in most of the areas on 

the western side of the district was known to be deep 

(i.e., depth of water from the ground surface more 

than 6m) over the study period. This is likely due to 

the dominant built-landuse type, surface water 

contamination, and enormous dependence on 

groundwater resources [18] [14]. Another factor for 

the spatial variation of groundwater might be the 

uneven distribution of the groundwater resources in 

the study area [19]. 

 

Fig. 4. Seasonal fluctuations of groundwater levels in the 

Bhaktapur district in 2021 (pre-monsoon, monsoon, and post-

monsoon). 

C. Correlation between rainfall and groundwater 

levels 

 
Fig. 5. Correlation between rainfall and groundwater levels in the 

different landuse types (agriculture and built). 

The interlinkage between the rainfall and 

groundwater levels on two different landuse types 

(agriculture and built) was evaluated through monthly 

rainfall data and groundwater levels data. Figure 5 

shows the correlation between groundwater and 

rainfall in both agriculture and built-landuse. The 

correlation values in the agriculture and built landuse 

ranged from -0.22 to -0.7 and -0.05 to -0.64 

respectively. The median of the correlation between 

the rainfall and groundwater levels in agricultural 

landuse was -0.51, whereas it was -0.27 in the built-

landuse. The higher negative correlation between 

rainfall and groundwater in agriculture is reasonable 

as the recharge of the shallow groundwater in 

agriculture landuse increases remarkably during 

monsoonal rainfall. On the contrary, the built-landuse 

showed no significant correlation between rainfall 

and groundwater levels because of the low 

groundwater recharge rate. The recharge rate is 

usually low in the built-landuse as the concretization 

of the ground surface reduces the infiltration and 

percolation of water. No strong negative correlation 

between rainfall and groundwater level in the study 

area suggests the decrease in rainfall-induced 

variations of groundwater levels with an increase in 

the anthropogenic interventions [20].  

IV. CONCLUSION 

This study investigated the influence of the rainfall 

and landuse on the groundwater levels of the 

Bhaktapur district by using the monthly rainfall data, 

landuse pattern map, and monthly groundwater level 

data collected by citizen scientists. Based on the 

DHM’s data, the rainfall amount in the northern side 

of the Bhaktapur district was comparatively higher 

than in the other parts. The monsoonal rainfall 

accounted for 76.52% of the total rainfall of all three 

seasons. The groundwater levels were found to be 

intricately linked with the monsoon rainfall as the 

groundwater levels were shallow in monsoon 

(average = 2.66m) and deep in pre-monsoon (average 

= 4.43 m). Additionally, the north-eastern region of 

the district had shallow groundwater (i.e., depth of 

water from the ground surface less than 3m) 

throughout the study period, while most of the areas 

of the western region had a deeper groundwater level 

(i.e., depth of water from the ground surface more 

than 6 m). Furthermore, it was found that the negative 

correlation between rainfall and groundwater levels 

on different landuse was not significantly strong 

suggesting a decrease in rainfall-induced variations 

with increased anthropogenic interventions. However, 

the negative correlation between rainfall and 

groundwater was higher in agriculture-landuse 

compared to built-landuse. This can be linked with 

higher recharge potential in agriculture-landuse, and 

increased groundwater extractions and surface sealing 

from rapid and haphazard urbanization in the built-

landuse. In general, the findings of this study can 

provide a general understanding of the groundwater 

resources of Bhaktapur. Moreover, it can serve as an 

important frame of reference in designing the 

groundwater resources management strategies in 
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order to reduce groundwater stress and facilitate its 

conservation.  
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Abstract— Surface water streams in the Kathmandu

Valley (the urban center of Nepal) are in an advanced
state of deterioration owing to unmanaged urban
sprawl and assorted anthropogenic activities. Hence, the
regular monitoring of the water quality of streams is
pivotal to understanding the feasibility of water for
irrigation uses. The present study intends to assess the
quality of the water of the Hanumante river, one of the
polluted and highly exploited rivers for irrigation
purposes. In this study, the water samples were
collected from nine different monitoring sites of the
Hanumante river during non-monsoon (January,
February, and November) and monsoon (July, August,
and September) of 2021. Nine water quality parameters;
pH, Total Dissolved Solids (TDS), Total Suspended
Solids (TSS), turbidity, Dissolved Oxygen (DO),
Biological Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), phosphate, and fecal coliform were
determined for the current study. The water quality
parametric values were compared with the Food and
Agricultural Organization (FAO) standards to assess
suitability for agricultural purposes. WQI values were
then calculated by following the weighted arithmetic
index method and the water quality status for each site
for both monsoon and non-monsoon was categorized
based on those values. The overall water quality status
of the Hanumante river was found to be unsuitable for
agriculture as 55.55% of the samples had unsuitable for
irrigation use water quality status over the study period.
The findings of this study may serve as an important
frame of reference for developing management
strategies to protect the surface water resources and
prevent further degradation of the resources.

Keywords— Hanumante river, Water quality, and Water
Quality Index

I. INTRODUCTION

A. Background

Freshwater resources, accounting for 2.5% of the
globe's water, are crucial for sustaining global

ecosystems and all human needs [1]. Freshwater
ecosystems are an integral part of the overall
hydrological cycle and are fundamental for the local
generation of freshwater flows [2]. Freshwater
resources are intimately linked with the components
of land via surface water and base flows. Although
surface water sources constitute a small fraction of
freshwater, they are regarded as the direct source of
water because of their easy accessibility [3]. Surface
water is pivotal for human communities as it provides
several provisioning, regulatory, supporting, and
cultural ecosystem services [4]. In general, surface
water serves as a paramount source of water in
several agricultural regions of the globe as 62% of the
water used for irrigation is derived from surface
water. In Nepal, surface water (streams/rivers in
particular) is crucial for fulfilling the irrigation water
demands of the country. The use of river water for
irrigation purposes is a long-run practice in Nepal
[5],[6],[7]. However, the surface water resources in
the Kathmandu Valley (KV), i.e., the urban center of
the country, have become extremely depleted and
adversely polluted owing to uncontrolled population
growth and haphazard urbanization.

In the KV, the major sources of river contamination
include direct discharge of untreated household
sewage and industrial effluents, pesticides from
agricultural runoff, disposal of waste, etc [8],[9],[10].
Consequently, the river water includes a significant
amount of toxic elements that not only pollute the
water quality but also threaten human health if used
for irrigation purposes. But, less attention has been
paid to improving the water quality of rivers in the
KV. So, there is a pressing need to assess the water
quality of rivers to understand the extent of river
contamination and facilitate proper management of
the river. Assessment of river water quality for
irrigation purposes is quite a challenge as multiple
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parameters (physicochemical and microbiological)
govern the overall water quality. Water Quality Index
(WQI) is one of the effective methods to monitor the
water quality of surface water. WQI simply gives a
single numerical value that manifests the overall
water quality by considering a number of parameters
[11]. It categorizes water in different water classes
ranging from excellent to unsuitable for the intended
purpose, which can be clearly perceived by the
general public and associated policymakers [12].

Among the eight tributaries of the Bagmati river, the
Hanumante river of the Bhaktapur district is
extremely depleted and the river contains an
enormous amount of toxic elements. Moreover, the
inhabitants of the Bhaktapur district entirely depend
upon the Hanumante river to fulfill their irrigation
demands. Long-term use of the water from the
polluted river can have detrimental effects on human
health and the environment. Hence, there is a pressing
need to assess the water quality of the Hanumante
river for irrigation purposes. Therefore, the present
study intends to evaluate the water quality of the
Hanumante river by using the WQI and determine the
suitability of water for irrigation uses.

II. MATERIAL AND METHOD

A. Study Area

The study was carried out at the Hanumante river of
Bhaktapur district, which is located in the eastern part
of the KV. The district extends from 27°36' to 27°44'
North latitude and 85°21' to 85°32' East longitude and
its elevation ranges from 1300 to 2191 meters above
sea level. The watershed of the Hanumante river
covers an area of approximately 143 km2. The river
originates from Mahadev Pokhari of Nagarkot
(Mahabharat hill). The river is drained by mainly
three tributaries: Bira Khola originated from
Nagarkot, Madhu khola from Sipadol, and
Kasangkusung khola from Changu Narayan. The
average annual rainfall is about 1500mm, although
this significantly varies spatially within the district.
The mean daily temperature over this area ranges
from 2°C to 15°C in winter and from 19°C to 27°C in
summer [13]. The watershed experiences a warm and
temperate climate with a wet monsoon season
followed by post-monsoon, dry winter, and a hot and
warm summer [14].

Fig. 1. Map of study area Hanumante watershed showing water
quality monitoring sites (red dots).

B. Data collection

In the current study, the water samples were collected
at nine different sites of the Hanumante river. The
water samples were collected from different sites of
Hanumante in the non-monsoon (January, February,
and November) and monsoon (July, August, and
September) seasons of 2021. Nine water quality
parameters; pH, Total Dissolved Solids (TDS), Total
Suspended Solids (TSS), turbidity, Dissolved Oxygen
(DO), Biological Oxygen Demand (BOD), Chemical
Oxygen Demand (COD), phosphate, and fecal
coliform were measured for the current study. The
collected samples were analyzed in the laboratory of
the High Powered Committee for Integrated
Development of Bagmati Civilization (HPCIDBC).

C. Data analysis

a. Comparison with standards

The parametric values of each monitoring site were
compared with the standard values (Table 1) given by
the Food and Agriculture Organization (FAO) to
determine the suitability of water quality for
irrigation purposes. A bar graph representing the sites
exceeding the standard values for each parameter was
prepared using python.

b. Calculation of WQI

WQI was used to determine the suitability of water
for irrigation purposes. The WQI values were
calculated based on FAO standards, where only six
physicochemical parameters with prescribed standard
values were taken into consideration (Table 1). The
microbiological parameter i.e., fecal coliform was not
taken into consideration in WQI as the concentration
of coliform in all samples was extremely high.
Likewise, due to data gaps in DO, it was also not
used in the analysis. WQI was calculated as per the
weighted arithmetic index method given by [15] in
the following three steps:
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calculated based on FAO standards, where only six
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values were taken into consideration (Table 1). The
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● Determination of unit weightage (Wi)
The Unit weight (Wi) for the nth parameter based on
the following formula:= ∑
Where, wi = weightage of individual parameter
n= number of parameters

In the present study, equal weightage was given to all
parameters because the standard weightage has not
been developed for the streams of KV. Therefore,
Wi= 1/6*1= 0.167 (Table 1).

Table 1: Standard values for water quality parameters and
recommending agency

S.N. Parameter Standard
Value (Si)

Unit
weightage

1. pH 6.5-8.4 0.167

2. TDS (mg/l) < 2000 0.167

3. TSS (mg/l) 45 0.167

4. Turbidity
(NTU)

5. DO (mg/l)

6. BOD (mg/l) 30 0.167

7. COD (mg/l) 90 0.167

8. Phosphate
(mg/l)

0-2 0.167

9. Fecal coliform
(CFU/100 ml)

1000

Total
weightage:
1

● Determination of Quality rating (qi)
The quality rating (qi) for the ith parameter was
determined by using the following formula:= 100 ( − )( − )
Where,

Vo = Obtained value of the nth parameter at a specific
sampling location
Si = Standard permissible value for the nth parameter
Vi= Ideal value of the nth parameter in pure water [7
for pH and 0 for all remaining parameters]
● Calculation of WQI

The WQI values were calculated based on the
following equation:= ∑
Then, the overall Water Quality Status (WQS) was
categorized based on WQI values (Table 2). The
distribution of the WQI class and barplots were
prepared using python.

Table 2: WQS based on the WQI range [16]

S.N. Water Quality Index (WQI)
range

Water Quality
Status (WQS)

1. 0 – 25 Excellent

2. 26 - 50 Good

3. 51 – 75 Poor

4. 76 – 100 Very Poor

5. 100 and above Unsuitable for
intended use

III. RESULTS AND DISCUSSION

A. Comparison with standards

Fig. 2. Comparison of the water quality parameters with FAO
standards

pH: pH is the measure of the acidity or basicity of
ions present in water at a given temperature [17]. The
pH of water samples from the Hanumante river in the
study period ranged from 7.2 to 7.65. All of the
samples were found to be within the optimum range
of 6.5 to 8.4 set by the FAO. The pH of the water has
a potential influence on the microbiology of the soil,
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1
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disrupts the plant root system, and decreases the
cationic exchange process of the soil [18]. Higher pH
has the potential for the precipitation of calcium
carbonate salt whereas, lower pH of the irrigational
water can result in the precipitation of iron and also
alter the solubility/availability of micronutrients [19].
In general, plants can be affected abnormally if the
pH value is not pertinent.

Total Dissolved Solids (TDS): Total Dissolved
Solids (TDS) mainly indicates the presence of
inorganic substances/salts and a small amount of
organic matter that is dissolved in water [20].
According to the Food and Agriculture Organization,
the standard level of total dissolved solids for
agriculture is less than 2000 mg/l. None of the
samples exceeded the permissible limit given by
FAO. The value of TDS ranged from 38.5 to 303
ppm. A higher level of TDS in the irrigational water
can lead to increased soil salinity and steeply
decrease the available water for plant uptake. Less
water is available to plants, even though the soil may
appear wet [21],[22].

Total Suspended Solids (TSS): Total Suspended
Solids (TSS) represent the concentration of inorganic
and organic matter, typically composed of fine
particulate matter with a diameter of larger than 2 μm
in diameter [23]. The value of TSS of water samples
ranged from 17.75 to 236 mg/l. The minimum and
maximum concentration of TSS were found to be
47.33 and 236 mg/l respectively in the monsoon,
while it was 17.75 and 234.75 mg/l respectively in
the non-monsoon season. According to the FAO, the
permissible level of TSS standard for agricultural use
is 45 mg/l. All the water samples in the monsoon
season exceeded the permissible limit whereas 55%
of samples exceeded the standard limit in the non-
monsoon season. The TSS levels were higher in the
monsoon season as TSS is positively correlated with
rainfall and discharge flow [24].

Turbidity: Turbidity simply means the cloudiness of
water due to the presence of suspended particles such
as clay and silts, chemical precipitates (manganese
and iron), and organic particles such as plant debris
and organisms [25]. The turbidity of the sample was
found to be minimum in non-monsoon (i.e., 7.25
NTU) in the W1 site, while it was maximum in
monsoon (i.e., 235 NTU) in the W9 site. A higher
level of turbidity can be linked with the decreased
conductivity of the soil, and alteration in the
performance of the irrigation equipment. Likewise,
the particles present in the turbid water can act as a
route for the various microorganisms, which can have
several negative effects on agricultural crops resulting
in decreased agricultural productivity [26].

Biological Oxygen Demand (BOD): It is the
measure of the amount of molecular oxygen

necessary for microorganisms in order to biologically
oxidize the organic matter present in the water. The
major sources of organic matter responsible for
higher BOD are agricultural runoff, urban and
industrial wastewater discharges [27]. The
permissible limit for the BOD level in the surface
water for agricultural purposes is 30 mg/l. It was
found that 55% of the sample exceeded the given
permissible limit by FAO for BOD in both monsoon
and non-monsoon seasons. The sample exceeding the
permissible limit was mostly located downstream of
the Hanumante river. Besides, the BOD level was
found to be comparatively higher in the non-monsoon
season.  A higher level of BOD  in the water indicates
the significant external organic pollution in the river.
The long-term use of irrigation water with high BOD
may result in overloading with organic matter,
physically clogging soil pores, favoring anaerobic
soil microbes and blocking pores, and closing up
cracks [28].

Chemical oxygen demand (COD): COD represents
the amount of oxygen required to oxidize an organic
compound to carbon dioxide, ammonia, and water,
and it is used as one of the main surface water quality
parameters [29]. According to FAO, the standard
level of COD concentration for irrigation purposes is
90 mg/l. During the monsoon season, out of nine
sampling sites, four of the samples were found to
exceed the given standard while five samples were
exceeded in the non-monsoon. The COD values
ranged from 17.66 to 319.75 mg/l. The presence of a
higher level of COD in the studied samples suggests
the possible introduction of effluents from the small
width of canals, low movement of water, human
sewage, agricultural runoff, and rubbish [30].

Phosphate: Phosphate is an indicator of pollution, as
its higher amount is responsible for eutrophication in
freshwater and it acts as a growth-limiting factor [31].
The average value of phosphate in the sample was
found to be 0.909 mg/l and 2.125 mg/l in the
monsoon and non-monsoon respectively. According
to FAO, the standard concentration level of phosphate
for irrigation purposes is 2 mg/l. None of the samples
exceeded the standard level of phosphate as per FAO
in the monsoon season. While in the non-monsoon
season, 55% of the sample exceeded the given
permissible level of phosphate. The higher level of
phosphate in the surface water might be due to
agricultural runoff, animal waste, mixing of sewages,
and interactions with groundwater rich in phosphorus
content. According to [32], enhanced concentrations
of phosphate can be specifically observed during low
rainfall periods when the discharge of the streams is
low.

Fecal coliform: Fecal coliform such as Escherichia
coli in the water environment indicates sewage
contamination of water sources and the presence of
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other disease-causing harmful pathogens [33].
According to FAO, the permissible level of fecal
coliform count in the water for irrigational purposes
is 1000 CFU/100ml. In the present study, the fecal
coliform count in all the samples was extremely
higher in both the monsoon and non-monsoon
seasons indicating the unsuitability of the water for
irrigation purposes. The use of river water with a
higher fecal coliform count could pose a serious
threat to agricultural production and human health
[34].

B. Water quality Index (WQI)

The present study compares the water quality at
different sites of the Hanumante river in the monsoon
and non-monsoon seasons of 2021 based on WQI.
The water quality status of the different sampling
locations is presented in Figure 3. As per the findings,
in the monsoon season, 22% of the samples have
good quality water for irrigation, 22% have very poor
quality water, and the remaining 55% have water that
is unsuitable for irrigation use. Likewise, in non-
monsoon, 55%, 11%, 22%, and 11% of sites have
water that is unsuitable for irrigation uses, excellent,
good, and poor quality water respectively. The water
quality status/values of the sampling sites were found
to increase significantly downstream. The difference
in the water quality status of the sampling locations
can be directly linked with increased anthropogenic
interventions, intrusions of the sewage, and
agricultural runoff from upstream to downstream as
the sewages directly mix into the Hanumante river
after the first site located at the upstream (W1). The
classification of the water quality based on the WQI
will help in gaining a general understanding of the
fitness of the water of the Hanumante river for
irrigation uses. WQI will also provide farmers and
locals with information about the water quality of the
river in a simple and understandable form. It will also
provide local government and concerned stakeholders
with the baseline data necessary for developing and
adopting the various surface water quality
improvement projects such as wastewater treatment
plants and other management strategies/plans.

Fig. 3. Barplot showing Water Quality Index values of all the
monitoring sites

Table 3: Water quality status of all the monitoring sites
S.
N.

Season Water quality status
Excellent Good Poor Very

Poor
Unsuitable

1. Monsoon 0 2 0 2 5
2. Non-

monsoon
1 2 1 0 5

IV. CONCLUSION

The present study evaluated the water quality at the
nine different sites of the Hanumante river based on
the water quality index. The water quality and its
suitability for irrigational use were determined by
using WQI considering the nine different parameters
ie., pH, TDS, TSS, turbidity, DO, BOD, COD,
phosphate, and fecal coliform. All the parameters
except pH and TDS exceeded the standard values
given by the FAO. Based on the WQI classification,
in the monsoon season, none of the samples have
excellent water for agriculture, 22% of the samples
have good quality water for irrigation, 22% have very
poor quality water, and the remaining have water that
is unsuitable for irrigation use. In non-monsoon, 55%,
11%, 22%, and 11% of sites have water that is
unsuitable for irrigation uses, excellent, good, and
poor quality water respectively. The overall water
quality of the Hanumante river was found to be
unsuitable for irrigational uses based on six water
quality parameters considered. The unsuitable water
quality of the Hanumante river for irrigation purposes
is primarily because of the mixing of sewage,
industrial effluents, agricultural runoff, animal waste,
etc. This study has attempted to evaluate the water
quality status of the Hanumante river and its
suitability for irrigation use, and the findings of this
study can serve as an important reference in the
forthcoming days for the implementation of
management strategies for improving the water
quality of Hanumante river.
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Abstract— The construction of Kulekhani 

Hydropower project was started in 1977 AD and 

commissioned in 1982 AD. This 38 years old dam has an 

installed capacity of 60 MW electricity generating 211 

GWh energy annually. The gross storage capacity of 

Kulekhani reservoir is 85.3 MCM with 73.3 MCM live 

storage and 12 MCM dead storage. There are rapid 

developmental activities taking place at downstream of 

the Kulekhani river stretch. There are more human 

settlements, roads, schools, hydropower project and so 

on in the vicinity of the river channel. If this dam 

breaks, there will be a huge loss of lives and properties. 

So, the hypothetical dam break scenario of the 

Kulekhani reservoir was performed and analysed using 

Hydrological Engineering Centre's River Analysis 

System (HEC-RAS). The unsteady flow simulation was 

performed to generate the flood inundation map and 

predict the outflow hydrograph at various sections of 

downstream stretches.  The result showed that many 

houses and areas are prone to flood. This study will help 

prevent  loss of lives and prepare for emergency disaster 

preparation programs in case of dam break. 

the downstream edge of the crest at the knick point 

current. In some cases, at the downstream edge of the 

crest at the knick point current. As it advances 

upstream it will widen and assume a semi-circular 

shape that improves headcut stability by arching soil 

mass (Wahl,1998). In some cases, on the downstream 

face of a dam, multiple stairstep headcuts may form. 

The headcuts propagate when the protective cover on 

an embankment fail, causing localized erosion  for 

overfall ( Yuan et al., 2015). The support for soil 

lying above is removed as the material is eroded from 

the area, causing a sudden collapse of the soil block. 

The aeration of the nappe and tailwater situation at 

the base of the overfall are the major factors in the 

advancement of headcut (Robinson et al., 2000) 

.There have been several decades of occurrence of 

dam break events.  Many researchers have studied 

one and two-dimensional hydraulic models from 

HER-RAS, FLOW-2D, BOSS DAMBRK, MIKE 2, 

ANSYS and SOBEK for dam break analysis. 

(CollinsFosu et al., 2012). ANSYS can be used in 

three dimensional simulation (Shilpakar et al., 2017). 

HEC-RAS was applied in this study of 'Kulekhani 

Dam break'. This version can connect the two-

dimensional hydraulics with variable time step 

capabilities of simulation. It provides the realistic 

view of using arc GIS analysis and its display 

abilities combined with hydraulic modelling tools to 

develop flood inundation map (Johnson, 2016).There 

is a huge significance of conducting HEC RAS dam 

break study. As some incidents like: The dam failure 

of Tiware Dam of India in July, 2019 has claimed 23 

fatalities .The heavy rainfall overtopped and breached 

the dam  (Cohen, 2011). The Brumadinho dam 

disaster of Brazil in January 2019 has claimed 247 

deaths and 23 people missing (Lumbroso et al., 

2019).  Hence HEC-RAS application can be used as a 

tool for predicting disaster from dam failure. A dam 

failure analysis was performed for the City of 

Laiyang to determine the flood inundation extents 

and the breach velocities of a hypothetical failure of 

the Muyu Reservoir Dam in Shandong Province, 

China. The study analysed the estimation of 

inundation levels causing damages of societies and 

loss of lives at downstream ( Changzhi et al., 2014). 

The paper about the details of the Ajwa Dam and 

further about the scenario of the breaking of Ajwa 

Dam  Gujrat, India has helped in minimization of the 

future flood disasters. The attempt was made to study 

Keywords— Dam break, Inundation map, Outflow 

                            hydrograph, HEC-RAS  

A Dam is an artificial structure, meant as a source of 

water supply for various purposes like generating 

electricity, irrigation, drinking water, navigation, 

recreation purposes and other activities. They provide 

many benefits to our society in different ways. 

However, the failure of the dam causes extensive 

damages to properties and loss of lives. Dam breach 

is an opening in dam body causing the concentrated 

water stored behind the dam to propagate 

downstream (Glotov et al., 2018). There are many 

causes of a dam breach. Some of them are 

earthquake, piping, extreme floods, landslide, 

structural damages, foundation failure, sabotage, 

malfunctioning of equipment, etc. Piping or 

overtopping are considered as the main modes of dam 

failure. The actual failure mechanics is complex for 

either concrete or earthen dam ( Singh, 1996). Several 

researchers have proposed that headcutting is a 

predominant mechanics for dam-break for a cohesive 

embankment or rock fill embankment with a cohesive 

core (Powledge et al., 1989). In overtopping dam 

break, a small headcut is formed at the toe of a dam 

which then advances upstream of a dam until a dam 

crest is breached (Walder et al., 2015). It may start at 
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I. THE STUDY AREA 

Kulekhani dam lies at 25km southwest of 

Kathmandu, the capital of Nepal. It is the first 

reservoir dam of Nepal and operates in the peaking 

hour for voltage improvement and electrical system 

stability. The catchment area of the plant at dam site 

is about 126 km
2
. Kulekhani dam is a rockfill dam 

consisting of an inclined core material, filter material, 

quarry rock and random material. The dam height is 

114m with 397m crest length and 10m width. The 

maximum supply level EL is 1530 m with 4m 

additional free board and minimum fluctuating level 

EL 1476m. The spillway is located at left abutment 

consisting of gate controlled weir, ungated side 

channel weir, open chute way and plunge pool. The 

crest of the ungated side weir is set at EL 1530 m 

with 65m length. The gated controlled weir is set at 

1519m with two flow section, each section is with 

radial gate of 9m wide and 11.5m high. The chute 

channel is a concrete open channel with a flip bucket 

at its end. The 30m wide plunge pool is located at the 

downstream of the flip bucket. Its bottom is set at EL 

1418 m. Kulekhani reservoir has the surface area of 

about 2.2 km
2
 at highest water level with 7km far 

stretch at full level. The initial Gross storage capacity 

of the reservoir is 85.30 M m
3
. Similarly, the 

effective storage capacity is 73.3 M m
3
 at EL 1530 

masl. The location of the study area is given in fig.1 

 

 

Fig. 1. Location Area 

The open software HEC-RAS 5.0.7 is used as a 
tool for generation of flood map of Kulekhani dam 
break. The DEM file of required study area is 
obtained from the USGS.gov as SRTM 30m DEM.  
The DEM is loaded in to HEC RAS and the required 
storage dam area and inundation perimeter of about 50 
km downstream is drawn in HEC-RAS. The 
hypothetical dam break for piping is performed 
assuming, the piping failure start from the EL 1530 m 

instead of EL 1534m and closing the both spillway 
gates. The demarcation of dam and 50 km 
downstream river stretch is shown in figure 2. The 
dam breach parameters for piping is shown in figure 
3.  

 

Fig. 2. Area Demarcation in Digital Terrain 

Fig. 3. Dam break parameters for piping 

The downstream demarcated perimeter is meshed 

with meshing number of 117,322 cells. The Reservoir 

volume-elevation data is given as input in storage 

area. The dam is inserted between storage area and 

flood inundation area with all breaching geometries 

per manual of HEC RAS 5.0. The dam breach of 

piping method is selected with following breaching 

parameters for rockfill dam. The initial level for 

storage area of EL 1530m is computed as initial 

boundary condition for unsteady flow analysis. The 

model is simulated for 24 hours with all the breaching 

parameters set  according to the USBR Corps of 

Engineer. 

Results and discussions 

The 2D flood resulting from a dam break was 

simulated for 50 km downstream river stretch of the 

dam. There are numbers of houses in the vicinity of 

inundation at downstream stretch. The average slope 

II. METHODOLOGY 

the disaster effect in the event of the breaking of 

Ajwa Dam and compared it with the effects of 

flooding without dam break ( Sharma and Mujumdar, 

2016). 
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of 50 km river stretch is calculated to be 1:38.  The 

flood took 2 hours to reach 49 km river stretch. The 

maximum water surface elevation, ground level and 

arrival time of the flood at different distances from 

kulekhani dam are listed in the table 1.  
 

TABLE I.  HEC-RAS SIMULATED RESULT AT DIFFERENT 

CHAINAGE FROM THE DAM TOE  

D/s 

distance 

from 

dam 

(km) 

 Max. 

WSE 

 (masl) 

River Bed 

Level 

(masl) 

Arrival 

Time  

(min) 

 

Remarks 

0.48 1423.7 1407.5 6  

1.01 1394.5 1378.51 8  

1.40 1372.44 1357.43 9 Some 

Households 

will be 

inundated 

2.01 1362.45 1340.53 10 Some 

Households 

will be 

inundated 

4.01 1297.45 1279.33 15 Some 

Households 

will be 

inundated 

4.08 1297.28 1276.90 16 Some 

Households 

will be 

inundated 

4.93 1270.71 1259.51 17 Some 

Households 

will be 

inundated 

5.546 1263.96 1245.93 19 Some 

Households 

will be 

inundated 

6.41 1247.89 1231.92 20 Some 

Households 

will be 

inundated 

7.546 1216.50 1204.47 22 Some 

Households 

will be 

inundated 

8.151 1199.64 1189.51 23 Some 

Households 

will be 

inundated 

8.783 1186.50 1176.32 24 Some 

Households 

will be 

inundated 

9.274 1177.23 1165.18 25 Some 

Households 

will be 

inundated 

D/s 

distance 

from 

dam 

(km) 

 Max. 

WSE 

 (masl) 

River Bed 

Level 

(masl) 

Arrival 

Time  

(min) 

 

Remarks 

9.848 1167.59 1151.85 26 Some 

Households 

will be 

inundated 

11.587 1132.34 1117 29 Some 

Households 

will be 

inundated 

12.147 1125.90 1108.18 30 Some 

Households 

will be 

inundated 

14.231 1039.80 1027.91 33 Some 

Households 

with power 

house will be 

inundated 

19.317 864.36 841.06 39 Some 

Households 

will be 

inundated 

21.362 811.06 785.0 46  

23.554 742.48 732.00 59  

24.70 723.84 711.87 62  

26.093 701.88 690.711 66  

49.64 411.033 388.60 122  

 

There are human settlements from 1.4 km to 19.3 
km distances as shown in the table 1. These are the 
vulnerable areas of the kulekhani dam break. Rest of 
the areas are cultivated lands, forest areas and others.  
The River profile of Kulekhani stretch with  
maximum flood level after dam breach is given in 
figure 4. 

 

Fig. 4. River profile with maximum water surface elevation 

There is a very steep slope of river up to 50km. 
The average slope of the river bed as measured from 
HEC RAS is 0.023 ( 1 in 38). The brown line shows 
the river bed profile and blue line shows the maximum 
surface water level observed during the dam break. 
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The Google image of inundated area at downstream 
stretch with maximum velocity and maximum water 
surfaces are given in figure 5 & figure 6. The 
maximum river depths and velocities in 50 km 
downstream river stretch are shown in figure 7 & 
figure 8 respectively. The figure 9 (a) , 10(a), 11(a) & 
12(a) shows the households before flood. The figures 
9 (b) , 10(b), 11(b) & 12(b) shows the inundated area 
after dam-break. 

 

Fig. 5. Flood at downstream stretch with maximum water surface  

 

Fig. 6. Flood at downstream stretch with maximum velocity 

ranges 

 

Fig. 7. Maximum depths observed along the river stretch 

 

Fig. 8. Maximum velocities observed along the river stretch 

 

Fig. 9. River Stretch at 1+400 m from dam before Failure  

 

Fig. 10.  River Stretch at 1+400 m from dam after Failure  

The peak flood hydrographs at 5 m downstream of 

dam, at 13.5 km, at 23.5 km, at 30km and at 49.36 km 

downstream locations of river stretch are observed. It 

is found that peak discharge of 15,363 cms (cubic 

meter per second), 13,757 cms, 9,936 cms, 9,197 cms 

and 8,624 cms are observed at above locations in 18 

minutes, 38 minutes, 71 min, 96 min and 122 min  

respectively as given in the graph 1. All the 

hydrographs have quick rising limbs and gradual 

falling limbs that implies the quick peak flood coming 

within the short span of time and gradual arrival of 

flood at downstream of the river stretch. 
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Fig. 11. River Stretch At 9+840 m from dam before Failure  

 

Fig. 12. River Stretch At 9+840 m from dam after Failure  

 

Fig. 13.  River Stretch At 13+000 m from dam before Failure  

 

Fig. 14. River Stretch At 13+000 m from dam after Failure 

 

Fig. 15. River Stretch At 15+500 m from dam before Failure  

 

Fig. 16. River Stretch At 15+500 m from dam after Failure  

 

Fig. 17. Flood Hydrographs at different chainages of river 

 

III.CONCLUSION 
Dam break is a complex phenomenon and its actual
 failure mechanism is difficult to well understood. The
 dam  break  of  Kulekhani  dam  was  performed  in 
HEC-RAS  for  piping  and  the  flood  inundation 
map  with  maximum  depth,  maximum  velocity, 
arrival  time,  maximum  water  surface,  flood 
hydrographs are 
obtained. There are numbers of households, certain 
portion of Pharping-Kulekhani roads, a hydropower 
headwork area, power house are highly vulnerable. 
The map and outcomes of the simulation will be 
useful for pre and post disaster management plan. 
The 50 km river reach has sleep slope of about 1:38 
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and flood will take 2 hours to reach at downstream 

with an average velocity of 11.6 m/s. Most of the 

houses are within 40 minutes reach of the flood. So, 

Rapid and quick flow of the information will be 

required if dam breaks to that communities. This 

study can be make more refined by acquiring actual 

survey data of that area or using high resolution 

DEM, physical modelling and computing different 

computational algorithms by using different dam 

breach and flood models. Hence, there is the 

necessity of regular monitoring of the dam should be 

performed. If any problems noticed, should be 

presented quickly in the panel of experts. 

 

 

The authors are highly indebted to Mr. Rajendra 

Narsingh Pradhan for providing the necessary data 

for the study. Mr Pradhan is the former project head 

of the Kulekhani Hydro-power project. He is a retired 

officer of NEA and actively working in different 

hydropower projects in Nepal. 
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Abstract— In this study, a questionnaire survey was 
conducted to assess the river awareness and factor 
affecting the willingness to pay (WTP) for the 
improvement of water quality in Melaka river. The 
contingent valuation method was applied to explain the 
factors influencing the residents’ WTP. Although most of 
the respondents were aware of the river rehabilitation 
and beautification work, results showed that only age 
and income level are significant in determining the WTP 
for the water quality improvement.   

Keywords— contingent valuation method (CVM), 
willingness to pay (WTP), river awareness, water quality, 
Melaka 

I. INTRODUCTION  
The Melaka city is the capital of Melaka state and it 

is situated in the West Coast of Peninsular Malaysia, 
next to the Straits of Melaka (Figure 1). The Melaka 
empire,  being one of the earliest Malay sultanates was 
founded in Melaka, specifically around the river mouth 
of the Melaka River [1]. It had since flourished as trade 
centre between Asia and Middle East in the 15th 
century. Melaka City has been listed in the UNESCO 
World Heritage list for its rich multicultural heritage 
since year 2008 [2]. 

The Melaka River flows through the city centre of 
the historical Melaka city. It was the artery of Melaka 
city during its heyday as entrepôt, with trading 
activities conducted around the river mouth. The river  
served as a transportation means to ferry goods 
between in land warehouses and the seaport, as well as 
serving as local transportation between villages which 
mushroomed along its banks.  

Today, the Melaka River and its corridor have 
become one of the major tourist spots in Melaka city, 
owing to the many pre-historical buildings, which some 
have been converted into cafes, museum, boutique 
hotels and souvenir shops. However, like many other 
rivers in urban area in Malaysia, the Melaka River is 
not spared from pollution problem.  Depending on the 
location along the river, the water quality in Melaka 
River ranges from Class II to Class IV [3], based on the 
classification method by the Department of 
Environment of Malaysia (Table 1). Hua (2006), 
pointed out upstream activities, such as agricultural,  

 
Fig. 1. Location of Melaka River (2°11'15.4"N 102°14'36.6"E) 

industrial activities and animal husbandry as pollution 
sources. In addition, sewage treatment plant and 
municipal waste also contributed to the pollution of the 
river [3]. 

TABLE I.  CLASSIFICATION OF WATER QUALITY IN RIVER [4] 

Class Uses 

Class I 

Conservation of natural environment. 
Water Supply I – Practically no 
treatment necessary. 
Fishery I – Very sensitive aquatic 
species. 

Class IIA 
Water Supply II – Conventional 
treatment required. 
Fishery II – Sensitive aquatic species 

Class IIB Recreational use with body contact. 

Class III 

Water Supply III – Extensive 
treatment required. 
Fishery III – Common, of economic 
value and tolerant species; livestock 
drinking. 

Class IV Irrigation 
Class V None of the above 

How Tion, Puay 
River Engineering and Urban Drainage Research 

Centre University Sains Malaysia 
Nibong Tebal, Malaysia 

redac_puay@usm.my 

An  Assessment  Study  On  River  
Awareness And Willingness To Pay For 

Improvement Of Water Quality In Melaka 
River, Malaysia    

KEC Conference 2022

KEC Conference 2022, April 2022

International Conference on Engineering & Technology

Kantipur Engineering College, Lalitpur, Nepal
254



The Melaka River and its corridor are culturally, 
historically and economically significant, and the 
Malaysian government has invested heavily on the 
rehabilitation and beautification project of the river 
since 2001 [5]. Ismail (2013) pointed out that public 
awareness, education and sense of ownership are 
factors that influence the success of river clean-up 
project. Besides that, project acceptance by the broader 
public and stakeholder participation are also important 
for the success for river restoration projects [7].  

The contingent valuation method (CVM) is a 
method used to estimate the value a person places on a 
non-market good [8]. CVM elicits the willingness to 
pay (WTP) of respondents for the protection or 
provision of a non-market goods. Examples of non-
market goods are provision of clean air, clean rivers, 
clean water supply and green energy. CVM is often 
conducted through survey method where respondent is 
presented a hypothetical question regarding a provision 
or protection of non-market goods to elicit their WTP. 
CVM methods have been widely used to investigate 
and decipher public interest in environmental goods 
and public goods.  

Shang et al. (2012) examined the residents’ 
awareness of the value of the river network using 
logistic regression analysis based on the CVM. CVM 
method was used to elicit people’s WTP to improve the 
water quality in Pavana river, India [10]. Meanwhile, 
Xiong et al. (2018) examines the residents’ willingness 
to pay (WTP) for the protection of the ecological 
environment of the Ganjiang River Basin, China. The 
CVM and conjoint analyses were used to evaluate 
people’s awareness to the river improvement work with 
the planning of dam construction for Kitagawa river in 
the Fukui prefecture [12]. The CVM method was by 
Wahid et al. (2015) [14] to determine the factors 
household WTP for water consumption in Malaysia. 
Sakurai et al. [13] investigated the factors influencing 
the willingness of public to participate in conservation 
activities in the city of Yokohama, Japan using the 
same method. 

River rehabilitation and beautification of Melaka 
River is critical to the tourism industry in the Melaka 
city. However, public perception, awareness and the 
factor influencing the willingness of the people to 
contribute to the improvement of water quality in 
Melaka River have not been investigated. Therefore, 
this study employs the CVM with dichotomous choice 
(DC) format to assess the public awareness and factors 
affecting the willingness to pay for the improvement of 
water quality in Melaka River.  

II. METHODOLOGY 

A. Research Area 
A questionnaire survey was conducted in an area 

within 3km radius from the river mouth of Melaka 
River, in the month of August and November in 2019. 
This area mainly consists of pre-colonial shop houses, 
residential area and commercial area. The Melaka 
River is situated in the Central Melaka district, which 

has a population of 536,600 [15xx]. A total of 224 
respondents were obtained from the survey. The survey 
was conducted using face-to-face method. Although it 
is the most expensive method, face-top-face method is 
the most efficient and representative [16].  

B. Modelling the Willingness to Pay  
A logit function [17] is used to model the probability 
of contributing to the improvement of water quality in 
Melaka River. 
 

 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) = 𝑙𝑙𝑙𝑙 �
𝑝𝑝𝑖𝑖

1− 𝑝𝑝𝑖𝑖
 � 

= 𝛼𝛼 + 𝛽𝛽1𝑋𝑋1 + ⋯+ 𝛽𝛽𝑛𝑛𝑋𝑋𝑛𝑛 + 𝜖𝜖 
(1) 

Here, 𝑝𝑝𝑖𝑖  is the probability of agreeing to contribute 
and takes the value of ‘1’ for a ‘Yes’ answer and ‘0’ 
for a ‘No’ answer. The logit of the probability𝑝𝑝  is 
modelled with a linear function shown in Eq. (1) where 
𝛼𝛼 is the intercept, 𝛽𝛽1 to 𝛽𝛽𝑛𝑛 are the coefficients for the 
independent variables 𝑋𝑋1 to 𝑋𝑋𝑛𝑛. ϵ is the error term. 
 

C. Questionaire and survey design 
The survey was conducted in two stages. In the first 
stage, a pretest study was conducted to obtain a suitable 
bid amount through open-ended question. This pretest 
study can reduce bias in the study. In the second stage, 
the questionnaire survey was conducted based on the 
NOAA procedure [18] to elicit the willingness of the 
respondents to pay an amount (which was decided from 
the pretest) to increase and maintain the river water 
quality from Class III to Class II. The main question to 
elicit the WTP is as follows, 

1. Would you like to contribute Ringgit Malaysia 
(RM) 2.00 through your monthly water bill to 
improve the water quality in Melaka River from 
Class III to Class II? 

During the survey, the respondents were also asked on 
their age, occupation, income level and highest 
education level, awareness on river rehabilitation and 
beautification work, engagement with the river 
(frequency of engaging any activity in the river or at the 
riverfront), perception on the water quality, their 
residential building UNESCO status and distance to the 
river front and duration of residency.  

III. RESULT AND DISCUSSION 

A. Socioecomonic characteristics 
Result from the survey found that about 26% of the 
respondents are in the age group of 20-30 years old, as 
shown in Table II. The second largest group is in the 
range of 51-60 years old (17%) followed by 31-40 
years old (16%), 41-50 years old (13%), 61-70 years 
old (13%). About 8% of the respondents are younger 
than 20 years old. Respondents older than 70 years old 
made up the smallest group (7%). Therefore, it can be 
said that about 47% of the respondents are in the 
working age group (31-60 of age). Occupation wise, 
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those with own business made up the largest group, 
approximately 37% of the total respondents (Table III). 
This is followed by those working in private sector 
(34%). Retiree and students made up approximately 
14% and 10% respectively. Those in government sector  

TABLE II.  AGE GROUP OF RESPONDENTS 

Age No. of 
response 

% 

<20 18 8.0 
21-30 58 25.9 
31-40 36 16.1 
41-50 30 13.4 
51-60 38 17.0 
61-70 28 12.5 

>70 16 7.1 
Total number of responses 224 100.0 

TABLE III.  OCCUPATION OF RESPONDENTS 

Occupation No. of 
response 

% 

Government sector 10 4.6 
Own business 79 36.6 
Private sector 75 34.7 

Retiree 30 13.9 
Student 22 10.2 

Total number of respondents 216 100.0 
 

made up the smallest group, about 5% of the total 
respondents. The household income of the respondents 
ranged is not uniformly distributed. The RM1000-
RM2000 range is the largest income group (33%), as 
shown in Table IV. Those with income less than 
RM1000 made up the second largest group (28%). 
Almost 86% of the respondents is in the B40 group, 
which represents the bottom 40% of the Malaysian 
household income. The B40 monthly income is below 
RM4850 per month [18].  The overall education level 
is good with 37% of the respondents have at least a 
diploma qualification (Table V). Almost 89% of the 
respondents completed their secondary school 
education.  

 The survey found that almost 76% of the 
respondents have less than 6 household members, with 
4 household members being the most common among 
the respondents (20%), as shown in Table VI. 
However, almost 68% of respondents have 2 or less 
dependents in the household as shown in Table VII.  

B. UNESCO status and duration of residence  
A building is said to have UNESCO status if it is within 
the UNESCO Heritage core zone [19]. The survey 
found about 27% of the respondents were staying in a 
building listed in UNESCO zone, while 20% of 

respondent were not sure about the status of their 
building. Almost 66% of the respondents have stayed 
in the current residence for more than 20 years, while 
near to 80% of the residence have stayed for more than 
10 years at their current residence. This shows that the 
data sample is highly representative of the local 
community. 

C. Distance to the nearest riverfront 
Almost 94% of the respondents lives within 3 km from 
the nearest riverfront of Melaka River. In addition, 74% 
of the respondent’s residence is within 1 km away from 
the riverfront (Table XI).  

TABLE IV.  INCOME LEVEL OF RESPONDENTS 

Monthly income (in Ringgit 
Malaysia, RM) 

No. of 
response 

% 

<1000 57 28.2 
1000 – 2000 66 32.7 
2000 – 3000 32 15.8 
3000 – 4000 18 8.9 
4000 – 5000 9 4.5 
5000 – 6000 9 4.5 
6000 – 7000 2 1.0 
7000 – 8000 1 0.5 

8000 – 10000 2 1.0 
> 10,000 6 3.0 

Total number of responses 202 100.0 

TABLE V.  HIGHEST EDUCATION LEVEL OF RESPONDENTS 

Highest education level No. of 
response 

% 

Degree 42 18.9 
Diploma 36 16.2 

Master and Ph.D. 5 2.3 
Secondary school 114 51.4 
Primary school 25 11.3 

Total number of responses 222 100.0 

TABLE VI.  NUMBER OF HOUSEHOLD 

Household number No. of 
response  

%  

1 17  7.6  
2 38  17.0  
3 42  18.8  
4 44  19.6  
5 30  13.4  
6 20  8.9  

>6 33  14.7  
Total number of responses 224  100.0  
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D. Awareness and river engagement 

River engagement refers to the any activity which is 
related or held at the riverfront. The survey found that 
almost 51% of the respondents did not have any river 
engagement activities within a week’s time (Table X). 
This means that 49% of the respondents have at least 
one river engagement activity in a week’s time. On the 
other hand, about 18% of the respondent have river 
engagement activity 6 to 9 times in a week’s time.  

TABLE VII.  NUMBER OF DEPENDENT 

Number of dependents No. of response  %  
0 23  10.3  
1 64  28.7  
2 66  29.6  
3 28  12.6  
4 16  7.2  

>4 26  11.7  
Total number of responses 223  100.0  

 

TABLE VIII.  UNESCO STATUS OF RESPONDENT’S RESIDENTIAL 
BUILDING 

UNESCO Status No. of response % 
Not sure 19 8.7 

No 141 64.4 
Yes 59 26.9 

Total responses 219 100.0 

TABLE IX.  DURATION OF RESIDENCE 

Duration of residence No. of 
response 

% 

<1 year 15 6.7 
1-5 years 18 8.1 

5-10 years 13 5.8 
10-20 years 31 13.9 

more than 20 years 146 65.5 
Total number of responses 223 100.0 

TABLE X.  RIVER ENGAGEMENT 

No. of visits per week No. of response %  
0 114 50.9  
1 23 10.3  
2 12 5.4  

3-5 18 8.0  
6-9 40 17.9  

10-25 7 3.1  
>25 10 4.5  

Total number of responses 224 100.0  

E. Awareness, preception and willingness to pay  
The survey found that the awareness on the river 
rehabilitation and beautification work in Melaka River 
was high, with almost 80%, while 20% of them were 
not aware (Table XII). On the other hand, majority of 
the respondents think that the Melaka River is very 
dirty or dirty (63%) as shown in Table XIII. However, 
34% of the respondents have the perception that the 
Melaka River is clean or very clean. However, multi-
collinearity analysis (Table XV) showed that there is no 
correlation between the awareness of rehabilitation and 
beautification of the river with the perception on its 
water quality.  Out of 225 respondents, 68% are willing 
to pay at least RM 2 to improve the water quality in 
Melaka River from Class III to Class II. The remaining 
32% are not willing to pay that amount as shown in 
Table XIV. 

TABLE XI.  DISTANCE TO RIVER FRONT FROM RESPONDENT’S 
RESIDENCE 

Distance (in kilometre) No. of 
response  

%  

<1 166  74.1  
1-3 44  19.6  
4-7 7  3.1  

8-10 4  1.8  
>10 3  1.3  

Total number of responses 224  100.0  

TABLE XII.  AWARENESS OF REHABILITATION AND 
BEAUTIFICATION OF MELAKA RIVER 

Awareness of rehabilitation and 
beautification of Melaka River 

No. of 
response  

%  

Yes 181  80.8  
No 43 19.2  

Total number of responses 224  100.0  

TABLE XIII.  PERCEPTION ON MELAKA RIVER WATER QUALITY 

Perception on water quality 
in Melaka River 

No. of 
response 

% 

Very Clean  6 2.7 
Clean 71 31.8 
Dirty 97 43.5 

Very Dirty 44 19.7 
Not Sure 5 2.2 

Total number of responses 223 100.0 

TABLE XIV.  RESPONDS TO BID 

Willing to pay RM 2 for 
water quality improvement 

No. of 
response 

% 

Yes 153 68.0 
No 72 32.0 

Total number of responses 225 100.0 
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F. Test of multicollinearity 
One of the requirements for the binomial logistic 

regression is that the data must not show 
multicollinearity. Multicollinearity is the phenomenon 
when an independent variable is correlated with one or 
more of the other independent variables in multi-
regression model.  It causes inaccurate inferences on 
the relationships between the dependent and 
independent variables [20]. The result of collinearity 
statistics (Table XV) and collinearity diagnostics 
(Table XVI) from SPSS were used to examine the 
collinearity of the independent variables. The 
maximum variation inflation factor (VIF) among the 
independent variables is 2.164 which is less than the 
threshold value of 3.0. Therefore, it is unlikely to have 
multicollinearity issues in the data. Further analysis 
shows that the conditional index is less than the 
threshold of 30 (Table XVI). Conditional index larger 
than 30 shows strong sign of collinearity [21]. 

G. Factor affecting willingness to pay 
 Table XVII shows the result of binomial logistic 
regression using SPSS. The significance value (p-
value) of the independent variables is shown in the Sig. 
column. Therefore, based on p=0.05 as threshold value, 
only 2 independent variables significantly influence the 
respondent’s decision to pay for the improvement of 
water quality in Melaka River. Age (p=0.019) and 
income level (p=0.047) are the only factors which were 
found to be significant in influencing the willingness of 
respondent to contribute to water quality improvement 
in Melaka River. The number of household member 
and dependent member did not affect the willingness to 
contribute. Sakurai et al. [13] also observed that age is 
a factor influencing the willingness to contribute, albeit 
through participation in conservation activities in 
Yokohama, Japan. 

 Factors such as education level, occupation and 
awareness on river rehabilitation work, which were 
hypothesized to affect the willingness to contribute, 
contrary to the observation of Sakurai et al [13], in were 

found to be insignificant. It was also found that 
perception on water quality did not affect the 
respondent’s willingness to pay. This finding is which 
the willingness of public to participate in conservation 
activities is influenced by the perception on the current 
condition in the study area. Respondent’s resident 
building UNESCO status, duration of residence and 
distance of resident building to the nearest riverfront 
were found to be insignificant in influencing the 
willingness to contribute to the improvement of Melaka 
River water quality. 

TABLE XV.  COLLINEARITY STATISTICS 

Independent variables Tolerance VIF 

Duration of engagement 0.951 1.052 
Age of respondents 0.462 2.212 

UNESCO status 0.894 1.119 
Occupation of respondents 0.651 1.537 

Income of respondents 0.902 1.109 
Highest education level 0.705 1.419 
The length of time one 

stay at its current resident 0.714 1.400 

Number of household 
member 0.594 1.683 

Number of dependent 0.637 1.570 
Distance from residents to 

nearest riverfront 0.899 1.112 

Perception on water 
quality 0.933 1.072 

Awareness on river 
rehabilitation and 

beautification 
0.915 1.093 

Notes: VIF (variation inflation factor) = 1/Tolerance 

 

 

TABLE XVI.  RESULT OF COLLINEARITY DIAGNOSTICS 

Independent 
variables 

Variation proportions 
Dimensions 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

Eigenvalue 9.17 0.99 0.78 0.59 0.44 0.31 0.23 0.17 0.11 0.08 0.06 0.04 0.01 
Condition 

Index 1.00 3.04 3.43 3.94 4.56 5.44 6.29 7.45 9.05 10.80 12.03 14.38 24.76 

(Constant) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.98 

Duration of 
engagement 0.00 0.22 0.70 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.02 0.03 

Age of 
respondents 0.00 0.00 0.00 0.00 0.02 0.01 0.09 0.01 0.03 0.00 0.11 0.68 0.04 

UNESCO 
status 0.00 0.04 0.05 0.67 0.05 0.04 0.05 0.03 0.00 0.02 0.04 0.01 0.00 
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TABLE XVI.  CONTINUED 

Independent 
variables 

Variation proportions 
Dimensions 

Occupation of 
respondents 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.02 0.01 0.05 0.59 0.15 0.15 

Income of 
respondents 0.00 0.00 0.00 0.01 0.03 0.83 0.00 0.02 0.01 0.07 0.00 0.02 0.00 

Highest 
education level 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.32 0.02 0.04 0.55 

The length of 
time one stay 
at its current 
resident 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.27 0.61 0.07 

Number of 
household 
member 

0.00 0.00 0.00 0.01 0.06 0.00 0.04 0.00 0.52 0.19 0.06 0.10 0.01 

Number of 
dependent 0.00 0.01 0.00 0.00 0.28 0.00 0.24 0.00 0.24 0.10 0.07 0.03 0.02 

Distance from 
residents to 
nearest 
riverfront 

0.00 0.45 0.20 0.21 0.05 0.03 0.00 0.00 0.02 0.02 0.00 0.01 0.01 

Perception on 
water quality 0.00 0.00 0.00 0.00 0.00 0.03 0.04 0.07 0.35 0.39 0.04 0.05 0.03 

Awareness on 
river 
rehabilitation 
and 
beautification 

0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.87 0.06 0.02 0.01 0.00 0.00 

TABLE XVII.  RESULT OF BINOMIAL LOGISTIC REGRESSION USING SPSS SOFTWARE FOR WILLINGLNESS TO PAY FOR WATER QUALITY 
IMPROVEMENT IN MELAKA RIVER 

Independent variables B S.E. Wald Sig. Exp(B) 

Amount of time spent at the riverfront 0.000 0.001 0.620 0.431 1.000 

Age of respondents -3.425 1.464 5.476 0.019 0.033 

UNESCO status(YES=1) 0.660 0.439 2.264 0.132 1.935 

Occupation of respondents -0.020 0.198 0.010 0.919 0.980 

Income of respondents -1.921 0.966 3.954 0.047 0.146 

Highest education level -0.262 0.234 1.259 0.262 0.769 

Duration one stay at its current resident 1.894 2.195 0.745 0.388 6.648 

Number of household member 0.447 0.781 0.328 0.567 1.564 

Number of dependent 0.049 0.761 0.004 0.949 1.050 
Distance from resident to the nearest 
riverfront -0.420 0.511 0.675 0.411 0.657 

Perception on water quality 0.039 2.061 0.000 0.985 1.039 
Awareness on river rehabilitation and 
beautification (YES=1) 0.163 0.521 0.098 0.754 1.177 

Constant 6.521 4.233 2.374 0.123 679.235 
Notes: B is the coefficient the direction of influence, with Exp(B) as the odds ratios of the independent variables.  
S.E is the standard error and Sig. is the statistical significance (p-value) 
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IV. CONCLUSION 
In this study, a questionnaire survey was conducted 

to assess the awareness of the people on river 
awareness and the willingness to pay for the 
improvement of water quality in Melaka River. The 
CVM was applied to investigate the factors affecting 
the willingness to pay for the improvement of water 
quality from Class III to Class II. 

The study found that most respondents were aware 
of the river rehabilitation and beautification work. 
However, logistic regression analysis showed that this 
factor did not influence the willingness to pay for water 
quality improvement in the Melaka River. The study 
showed that age and income level were the factors 
influencing the willingness to pay for the improvement 
of water quality in Melaka River. However, the study 
can be further extended to investigate the influence of 
age group and income level group on the willingness to 
pay for the improvement of water quality in Melaka 
River. 

This findings in this study can be used by 
stakeholders to obtain an insight on the public 
perception on river rehabilitation in Melaka River and 
promote public participation in river rehabilitation and 
beautification work in Melaka River.   
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Abstract— Citizen Science has an important role to
play in engaging the general public in scientific
research. In this study, we scope the landscape of
current citizen science initiatives in Nepal. We highlight
that, academic publications may not be the primary
objective of a significant number of citizen science
initiatives. Nonetheless they need to be considered while
analyzing the citizen science ecosystem in any region.
This paper presents a review of existing citizen science
initiatives in Nepal. Further, this work analyzes citizen
science repositories from around the globe and provides
the list of key factors which need to be considered when
developing a citizen science repository. It is hoped that
the study can provide support in developing national
citizen science repositories in Nepal and other countries.

Keywords— Citizen Science, Citizen Science Repos-
itories, Nepal

I. INTRODUCTION

Citizen science is the engagement of citizen-
scientists to collaborate with scientists in scientific
pursuits [1]. Citizen science includes but is not limited
to activities such as participatory action research,
digital volunteerism, participatory mapping,
volunteered geographic information (VGI), citizen
observatories, crisis mapping, or citizen generated
data [2]. The citizen-scientists may be individuals,
communities, or members of an organization such as
an NGO. The engagement of citizen-scientists can be
in varying degree, from merely data contributors to
lively engagement in the design of the citizen science
project. Depending on the scale of engagement of
non-scientists in the citizen science projects, the
citizen science project may range from participatory to
collaboratory to extreme citizen science [3]. While the
engagement of non-scientists in scientific research has
gone on for a long time from the past [4], the formal
definition of citizen science started to take place only
recently. Further, citizen science has been mostly
documented in Europe, in northern America and in
Australia [5]. As such, they have, in a way, developed
as a niche hobby of the rich world . For example, most
contributors to Wikipedia and Open Street Map are
from the developed countries [6,7]. A non-uniform
engagement of geographic regions and communities
in citizen science risks its validity and its claim as a
medium and a tool of community engagement and
community empowerment. Citizen science
repositories are platforms where citizen science

projects are compiled [8]. These platforms may
present citizen science projects and their activities,
display citizen science data, pro-vide tools and
guidelines for citizen science projects, present good
practices or other relevant information on citizen
science [8]. Citizen science platforms may be
dedicated to particular projects, to a theme of projects
– e.g. Zooniverse [9], or may be dedicated to
geographic coverages say countries, continents, etc.
Some citizen science platforms that stand out in the
European scale are EU-citizen.science [10] and
European Commission’s Joint Research Centre (JRC)
citizen science repository [11]. Some citizen science
repositories of national scale of relevance are Burger¨
schaffen Wissen (Germany), Osterreich forscht
(Austria), Schweiz forscht (Switzerland),
CitizenScience.gov [12] and Australian citizen science
association [8]. Similarly, citizen science portals can
also be found for Canada [13] and Scotland [14]. A
brief review of some of the citizen science repositories
is provided in the following section. It may be argued
that citizen science repositories have developed in
regions where historically there has been a good
practice of citizen science projects. Conversely, it may
also be argued that the formation of citizen science
repositories enables an ecosystem of citizen science
projects and novice users, that help further reinforce
the culture of citizen science practices in a geographic
coverage. In this paper, we enlist some of the citizen
science projects from Nepal. We highlight that many
citizen science projects from Nepal, in broadly from
the developing countries, have a low digital presence
or low academic publications, and as such emphasize
in looking beyond citizen science projects from an
academic lens and more as a community movement.
Furthermore, we highlight the role of national citizen
science repositories in mainstreaming citizen science
initiatives in a country. We provide a review of some
national citizen science repositories from around the
globe, and also recommend the establishment of a
national citizen science repository in Nepal.

II. METHODOLOGY

This study presents a two-tier analysis. Firstly, a
list of citizen science projects in Nepal is compiled as
per the familiarity of the authors . The review is by no
means an exhaustive list of all citizen science projects
in Nepal. Details of the citizen science projects such
as name of the project, project reference (academic
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paper, grey literature or secondary citation source),
project website, whether the project has a mobile app,
whether the project has scientific publications and
what type of organization is hosting the project
(NGOs, universities, private companies) is identified.
Our hypothesis is that most projects are done either
through NGOs or universities (domestic or
international), most projects have poor digital
presence (websites, mobile apps, etc) and have a poor
number of academic publications. We test this
hypothesis.

Secondly, we review few national (and EU-scale)
citizen science repositories from around the world.
We then build our argument for the need of a national
citizen science repository in the case of Nepal and
how this could help systemize the citizen science
practice in the country and build a citizen science
ecosystem.

III. REVIEW

A. Citizen Science Projects in Nepal

Some citizen science projects from Nepal are
enlisted in the Table 1.

Smartphones For Water Nepal (S4W-Nepal) is
a research-based non-profit organization focused on
mobilizing citizen science, mobile technology, and
young researchers. They specialize in surface water,
ground water and precipitation measurement. They
have engaged more than 600 citizen scientists in
Nepal and has developed partnership with academic
partners in Nepal and beyond. As such, they have a
fairly high research productivity, including
development of the citizen science methodology [15],
comparison of the citizen science approach with other
standard approaches of precipitation measurement
[16], research into participant motivation [17].

DrinkPani is a research initiative to enable youth
empowered by information and communication
technology to make evidence-based decision making
for drinking water supply and its quality [18]. The
initiative is focused in Pokhara, Nepal. The initiative
has some research publications in press (personal
communication with A. Gautam).

{Urban Environment Management Society
(UEMS) has a citizen science project operated by an
NGO since 2002 to assess the quality of drinking
water [17]. The project has some research publication
[19].

Congregational Transboundary Flood
Resilience (C-TBR) is a participatory transboundary
flood early warning system operated by NGOs in the
bordering regions of Nepal and India [17]. As far as
we (the authors) know, the project does not have any
academic publication.

A citizen science project in collaboration between
Kyushu University and Environmental and Public
Health Organization (ENPHO) is also mentioned in
literature [17]. As far as we (the authors) know, the
project does not have any academic publication.

Web-Based Natural Dam-Burst Flood Hazard
Assessment and Forecasting System (WeACT) is a
participatory mapping and modelling project of
Glacial Lake Outburst Floods (GLOFs) in the Nepali
Himalayas [17]. The authors could find some
publications based on the project [20].

Blue-Green Infrastructures (BGI) for
Sustainable Cities is an initiative to train, capacitate
and mobilize citizens to identify collect map and
promote the BGI in urban and urbanizing
municipalities in Nepal . The initiate started with
mapping hitis (traditional water spouts) in the
Kathmandu Metropolitan City (KMC) under a
research fund from the Metropolitan city office . It is a
joint initiative by the Institute of Himalayan Risk
Reduction (IHRR) - a nonprofit social enterprise
working on disaster risk reduction and Naxa private
limited a tech consulting company.  While the project
has published grey literature, it does not yet have
research publication (personal communication with U.
Pudasaini). After KMC, the project team is now
working with Changunarayan municipality and
mapping the blue infrastructures within entire
municipality.

Greenway Nepal is a digital initiative which
gamifies cycling and encourages people to cycle in
and around their surroundings for better access. It
consists of a mobile application that records rides and
lets the riders know the amount of carbon dioxide
saved by riding inside the city. Secondly, it provides
incentives on completing various schemes provided in
the mobile application. Thirdly, to enhance the urban
lifestyle towards sustainability the team is creating an
ecosystem of green partners and motivates the users to
go with different environment friendly products and
services. The project is operated in collaboration with
private company and NGO in Nepal. While the project
has published grey literature, it does not yet have
research publication (personal communication with U.
Pudasaini). The project does not have a dedicated
website as of date.

Chhimeki Chara is a crowdsourcing application
to engage the population in Nepal to capture the
pictures of birds in the locality, run by an NGO. The
project has some publications in grey literature but as
far as we know, the project does not have any
academic publication.

Digital Volunteers Open Street Map is a project
run by an NGO to train participants in contributing
data to open street map, while also engaging them to
map in the platform. The project has some research
publications [21].

It is observed from our analysis of Table 1 that
most citizen science projects in Nepal have limited
academic publications, and a low digital presence.
Further, most projects are conducted by independent
academic or non-governmental organizations. As
such, information on citizen science projects in the
country is scattered and difficult to compile.
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TABLE I. LIST OF CITIZEN SCIENCE PROJECTS IN NEPAL

SN CS Project
Name

Project
reference

Project website
Mobile

application
Scientific

publications

Host
organization

type
1 Smartphones

for Water –
Nepal

(Davids,
2019) [15] https://smartphones4water.org/ Yes Yes NGO

2 DrinkPani (Youth for
water and
climate,
n.d.) [22]

https://drinkpani.net/ Yes Yes
Research
initiative

3 Urban
Environment
Management
Society
(UEMS)

(Gautam O
et al, 2010)
[19] http://uems.org.np/ No Yes NGO

4 Congregational
Transboundary
Flood
Resilience (C-
TBR)

(Sahamati,
n.d.) [23]

- No No NGO

5 Kyushu
University /
Environmental
and Public
Health
Organization
(KU/ENPHO)

(Walker et
al, 2021)
[17]

- No No
University,

NGO

6 Web-Based
Natural Dam-
Burst Flood
Hazard
Assessment
and
Forecasting
System
(WeACT)

(Qiuhua
Liang,
2018) [20]

https://gtr.ukri.org/projects?ref=NE%2FS005919%2F1 No No
University,

NGO

7 Blue-Green
Infrastructures
(BGI) for
Sustainable
Cities

(Prevention
Web, 2021)
[24] https://bgi.utilitymaps.org/ No No

Private
company,

NGO

8 Greenway
Nepal

(UNDP
Nepal,
2022) [25]

- Yes No
Private

company,
NGO

9 Chhimeki
Chara

(The Rising
Nepal,
2022) [26]

- Yes No NGO

10 Digital
Volunteers
Open Street
Map

(Khanal et
al, 2019)
[21]

https://www.youthinnovationlab.org/osm Yes Yes NGO

A common repository for citizen science projects
could help organize these projects, enabling co-
learning between projects and meta-analysis of such
project initiatives.

B. Citizen Science Repositories Review

In the recent years, the potential of citizen science
as a scientific data source has received good
recognition. Currently, there are many ongoing or
finished projects which are using crowdsourced data
for various purposes. However, the idea of a single
platform which leads to all the existing citizen science
projects and relevant information is not very common.

Only a handful of countries have citizen science
repositories where the general public can access all the
projects from one common source. Some of these are
enlisted in Table 2.

CitizenScience.gov - The United States of America
Citizen science and crowdsourcing both are great

tools for the general public to address real-world
problems. This participation can happen from self-
motivation or through some incentives from different
organizations. Realizing the potential of citizen data in
innovation and scientific research, the government of
the United States of America decided to boost up the
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utilization of this data source. In November 2016, the
Senate and House of Representatives of the United
States passed the Crowdsourcing and Citizen Science
Act of 2016. The goal of the bill was “To encourage
and increase the use of crowdsourcing and citizen
science methods within the Federal Government to
advance and accelerate scientific research, literacy,
and diplomacy, and for other purposes” [27]. So, as
per this bill, the federal agencies will be using citizen
science data more in scientific works.

To speed-up process, the U.S. General Services
Administration launched an official website called
CitizenScience.gov. The website is an online portal
which provides all the necessary information of
ongoing and finished citizen science projects [12]. The
portal has three major components - a catalog, a
toolkit, and a gateway to connect with different
communities.

 The federal crowdsourcing and citizen
science catalog shows a searchable list which
includes the federally supported citizen
science projects. All of the listed projects are
checked and validated by federal employees.

 The toolkit is provided to help in planning
and designing crowdsourcing or citizen
science projects.  This includes five basic
steps – setting up the goal of the projects,
planning and designing, building community,
data management and maintaining
sustainability of the project. The toolkit also
has external links to many helpful resources
to assist users in each step.

 The gateway helps to build up connections
between different stakeholders and ensures
the implementation of the Crowdsourcing
and Citizen Science Act of 2016.

This web portal involves multiple communities like
the Federal Community of Practice for Crowdsourcing
and Citizen Science, Agency Citizen Science and
Crowdsourcing Coordinators and the Federal
Crowdsourcing Webinar Series etc. Each of these
communities serve multiple purposes like funding
citizen science projects, implementing project plans,
promoting community engagement etc. Currently
there are 493 projects listed on the web portal. 153 of
them are finished and 242 are ongoing [12]. Citizens
can browse through the projects based on their status,
responsible agency, field of science, geographic scope
etc. The web portal is helping the federal government
and non-governmental organizations to encourage
public participation for solving different social and
environmental issues.

EU-Citizen.Science: European Union
The European Union launched a research and

innovation program called “Horizon 2020” to
revolutionize science and technology. A project of
interest under the Horizon 2020 funding scheme is
Science with and for Society (SWAFS) [28]. Under
the project, a EU-scale citizen science repository was

built called EU-Citizen.Science [10]. This platform
includes information on citizen science projects from
all over Europe. For anyone who wants to work with
citizen science, this platform works as a “Knowledge
Hub”. It assists the general public, researchers, and
policy makers - all different kinds of stakeholders to
exchange their knowledge on different scientific areas
in Europe [10].

The EU-Citizen.Science platform appears to be a
“reference point” for different citizen science projects
in Europe. The major contents of the platform include
list of citizen science projects, 187 resources for
practitioners and consultants, 61 training resources
and modules, 197 involved organizations, major
events, calendar, a user community of 2090 people,
blogs and forums to promote discussion between
different communities. 222 projects are listed on the
platform among which are 177 active, 28 completed, 2
on hiatus, 11 periodically active and 4 will initiate in
future [29]. By providing a mean of exchanging the
information on so many areas of science between
different stakeholder groups, this website has become
a center of citizen science knowledge “for the people
and by the people” of Europe.

Citizen science portal: Canada
The citizen science portal of Canada is a web

portal where the general public can access certain
number of citizen science projects in Canada.
Compared to the USA and EU portals, the Canadian
citizen science portal contain limited options for the
citizens to browse through. It currently shows links of
49 projects [13]. Citizens can access each of the
projects from these links. However, this portal do not
offer any trainings or provide useful resources and
detailed information like the status of the projects,
funding organizations etc.

Citizen science portal: Scotland
The citizen science portal of Scotland is a single

platform which shows a number of projects using
public participation to generate useful databases. The
projects mentioned in the platform gather information
on weather, soils, air and water quality, invasive and
protected species. These information play important
roles in managing Scotland’s environment. Two main
communities are involved in the projects in this portal
– the volunteers who are eager to participate in citizen
science projects and the organizers of citizen science
projects in the Scottish Environment Protection
Agency (SEPA) [14]. The portal currently shows only
the names and external links to seven citizen science
projects. It does not have any detailed information on
these projects.

To make a comparison between the citizen science
repositories discussed so far, useful information are
summarized in Table 2.
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TABLE II. SUMMARY OF CITIZEN SCIENCE REPOSITORIES IN THE USA, EU, CANADA AND SCOTLAND

IV. DISCUSSIONS

From the first part of our analysis, Table 1 shows
that indeed most citizen science initiatives in Nepal
(covered in this research by the authors) do not have a
good digital presence or academic publications.
However, many are run by NGOs whose primary
objectives are social impact rather than contribution to
science. As such, scientific publications in itself do
not present a whole picture of the existing citizen
science practices in the country. It must however also
be noted that most of the projects covered are
currently in operation, and some may indeed result in
academic publications in a future date. Further, most
of them are run by different NGOs or universities, and
they are not run with central planning at a national
level.

Table 2 shows the citizen science repositories in
different countries vary quite a lot. Regardless, the
main goal of all these repositories is to facilitate
public participation in citizen science projects in a
region. However, the contents and specific features of
each the portals differ from others deriving from a
number of factors.

To develop a citizen science repository for any
country or region, the following factors need to be
considered carefully.

The region
The goals and objectives of the citizen science

projects in a region/ country will vary greatly based on
its geographical location, climate and weather, socio-
economic conditions, disaster risk, etc. The repository
should reflect the local needs of the geographic or
political boundaries, and facilitate services as required
by the local context. For example: if a country is
prone to certain types of natural disasters, a good
number of the citizen science projects will focus on
gathering information on disasters to manage the risks.
So, the repository may contain materials to educate
and train volunteers on disaster management.

The funding organization and system developers
Development of citizen science portals in any

country/region can be funded by government, local
non-governmental organizations or donor agencies.
Funding organization and their priorities have a big
say in the system architecture of any citizen science
repository. Portal which are managed by government
organizations usually get updated based on surveys or
assessment reports (e.g. the citizen science portal of
the USA). On the other hand, some portals require
information on newly introduced projects to be
reported by the citizens. Local citizens can report/
send information on citizen science projects in their
communities through contact form and thus help to
update the portal. So, the design of the portal will
depend on what the interests of the funding agency.

S
N

CS Repository
Name

Repository
reference

Country/
region

Funding
organization

Number of
projects in

display
Available features

1 CitizenScience.gov www.citizenscie
nce.gov

USA
The federal
government of
the USA

493
[Active -

242
Completed

-153]

- Information on the status of the projects,
funding sources, goals of projects, resources

for designing new projects, community
engagement.

- Projects cover 31 fields of science.
- Includes a toolkit to design a new citizen

science projects.
- Well-documented and can be easily

downloaded and analyzed.
2 EU-

Citizen.Science
https://eu-
citizen.science/

Europe

European
Commission
Horizon 2020
Programme

222
[Active -

177,
completed -

28, on
hiatus - 2,
periodicall
y active -

11,
upcoming –

4]

- Information on the status, training
resources and modules, funding sources

events, calendar, users, blogs and forums.
- Projects cover 29 fields of science.

- Information are categorized based on
difficulty levels are available in 13 different

languages.

3 Citizen Science
Portal: Canada

www.ic.gc.ca/eic
/site/063.nsf/eng/
h_97169.html Canada

Government
of Canada

49

- List of projects including their working
areas.

- The projects included are focused on only
environment and water resources

management.
4 Citizen Science

Portal: Scotland
www.envscot-
csportal.org.uk/

Scotland

Scottish
Environment
Protection
Agency
(SEPA)

7

- List of projects
- The projects included are focused on only

environment and water resources
management.
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Conversely, funding agencies need to ensure proper
stakeholder consultation and prioritize the
understanding of the needs and demands of the
regional context while designing the citizen science
repository.

User engagement
The design of citizen science repositories should

take into account the engagement strategies for its
users. It is also important to take into consideration the
target user group of such repositories. Do we want a
repository mainly for government-led citizen science
initiatives? Do we want general public to voluntarily
report citizen science initiatives from their
communities? These are the questions the architects of
citizen science repositories should ask while designing
the platform architecture. Especially if such a
repository expects any user to be willing to contribute
to be able to contribute, the platform should be user-
friendly, visually appealing, and with good
community support. Similarly, a robust validation
system becomes necessary if the repository is to be
open to public for addition of data to it.

Multi-stakeholder consideration
While designing any citizen science repository, it

is important to consider the multistakeholder setup for
any citizen science project. Different stakeholders are
typically involved in any citizen science initiative: the
donors, the government, the scientists, the citizen
scientists, and the public. Different stakeholders
contribute differently to a citizen science initiative.
Similarly, different stakeholders may have different
needs from the citizen science initiative. For example,
government organizations may be more interested in
extracting policy implications, the scientific
organizations may be more concerned about scientific
rigor and furthering scientific efforts, while non-
government organizations may be more interested in
ensuring local societal impact. The citizen science
repository should identify all possible stakeholders to
such platform, and ensure their needs are being
addressed.

Based on the discussions, we understand that if a
citizen science repository is to be made for Nepal,
comprehensive assessments of the focused region
should be done based on the factors mentioned above.
Citizen science repository developed in such a way
will be helpful to address different local issues
through scientific innovations.

V. CONCLUSIONS

From our analysis, we make the following
conclusions. Firstly, most citizen science projects in
Nepal have low digital presence and presence in
scientific publications; nonetheless they need to be
accounted for while analyzing the citizen science
research in the country. The conclusion could be
generalized for the global context. Secondly, most of
the citizen science researches are conducted either by
NGOs/INGOs or academic institutions (often non-

Nepali universities). As such, their outcomes and
project details are often scattered and difficult to
access.

Further, it is highly recommended to establish a
national repository for citizen science in Nepal, either
by the government or by the private sector. Such an
initiative would allow for a systematic compilation of
citizen science projects, ensure co-learning between
different citizen science initiatives, and ensure the
development of a long-term citizen science ecosystem
in Nepal.

Lastly, it must be noted that the citizen science
projects selected for this study are based upon the
familiarity of the authors to the projects. As such, the
projects analyzed have mostly been related to water,
environmental studies and disaster resilience.
Furthermore, most of the projects selected are fairly
new initiatives, as such some of the projects analyzed
may perhaps in time have academic publications.
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