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ABSTRACT

Application of cable-stayed bridge types in Malaysia is getting higher demands 
by the developer due to its cost-effectiveness. However, its high flexibility and low 
damping behaviour may exhibit a critical response due to earthquake loads. In 
addition, there are challenges for the bridge authorities to decide the severity of bridge 
condition in post-earthquake events. Therefore, the objectives of this research are, (i) 
to assess the seismic performance o f a cable-stayed bridge under the earthquake time 
history loading in terms of dynamic behaviour and acceleration response, (ii) to 
establish fragility curves as guidelines o f potential damage level o f the cable-stayed 
bridge components under various earthquake loadings, and (iii) to investigate the 
applicability o f Artificial Neural Network (ANN) as a prediction tool o f damage level 
for cable-stayed bridge’s intelligent decision -making tool in Bridge Health Monitoring 
System (BHMS). The seismic performances o f cable-stayed bridge were obtained by 
developing the 3D Finite Element Model (FEM). Two types of seismic analyses were 
implemented in this research, Free Vibration Analysis (FVA) and Non-Linear Time 
History Analysis (NTHA). Earthquake loads scaled to Peak Ground Acceleration 
(PGA) with low, moderate, and strong earthquake loads were utilised. The obtained 
results from the NTHA was then fed to the Feedforward Artificial Neural Network 
model to obtain a damage level prediction model for the cable-stayed bridge. The 
acceleration data o f structure response were used as input in the ANN model. 
Meanwhile, the output of training network used the damage levels from the analysis 
which were Immediate Occupancy (IO), Life Safety (LS), and Collapse Prevention 
(CP). Data used for the ANN training was 70% of total data, while data used for testing 
and validation were 15% of the whole data, respectively. The results showed that the 
proposed artificial intelligent prediction model could provide prediction o f up to 
83.54% rate of accuracy and the least mean squared error o f 0.1549. Next, the fragility 
curves o f each component subjected to earthquake time history parameter were 
determined. Scaling factors for 14 time histories were calculated to generate IDA 
curves, which were needed to develop fragility curves. The pushover analysis and 
NTHA also needed to build the IDA curve. From the fragility curves, it was concluded 
that different bridge components have different probabilities of damage level 
occurrence due to specified earthquake time history parameters. This research was 
verified using on-site modal testing to compare the modal parameter with the FEM. 
The studied dynamic behaviour of cable-stayed bridges, as well as damage assessment 
through fragility curves and ANN approach, will greatly assist authorities in 
maintaining the structural integrity of their bridges by detecting and predicting the 
likelihood of damage under earthquake loads.
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ABSTRAK

Aplikasi jenis jambatan kabel-penahan di Malaysia mendapat permintaan yang 
lebih tinggi oleh pemaju kerana keberkesanan kosnya. Walau bagaimanapun, 
kelenturannya yang tinggi dan tingkah laku redaman yang rendah mungkin 
menunjukkan tindak balas kritikal kerana beban gempa. Di samping itu, terdapat 
cabaran bagi pihak berkuasa jambatan untuk menentukan tahap kerosakan jambatan 
dalam kejadian pasca gempa. Oleh itu, objektif kajian ini adalah (i) untuk mengkaji 
prestasi seismik jambatan kabel-penahan akibat dari beban sejarah masa gempa, dari 
segi tingkah laku dinamik dan tindak balas pecutan, (ii) untuk membina lengkung 
kerapuhan sebagai garis panduan untukjangkaan tahap kerosakan komponen jambatan 
kabel terhadap pelbagai muatan gempa demi, dan (iii) untuk menyelidik 
kebolehgunaan Rangkaian Saraf Buatan (ANN) untuk meramalkan tahap kerosakan 
jambatan kabel-penahan sebagai alat membuat keputusan pintar dalam BHMS. 
Prestasi seismik jambatan kabel penahan diperoleh dengan membina Model Elemen 
Terhingga 3D (FEM). Dua jenis analisis seismik yang dilaksanakan dalam kajian ini 
adalah Analisis Getaran Bebas (FVA) dan Analisis Sejarah Masa Bukan Linear 
(NTHA). Beban gempa yang diskalakan dengan Pecutan Tanah Maksima (PGA) 
rendah, sederhana, dan kuat digunakan. Hasil yang diperoleh dari NTHA kemudian 
dimasukkan ke Model Rangkaian Saraf Suap-Hadapan untuk mendapatkan model 
ramalan tahap kerosakan untuk jambatan kabel-penahan. Data tindak balas pecutan 
struktur digunakan sebagai input dalam model ANN. Sementara itu, output untuk 
latihan ANN adalah tahap kerosakan dari analisis iaitu ringan (IO), sedang (LS), dan 
teruk (CP). Data yang digunakan untuk latihan ANN adalah 70% dari jumlah data, 
sementara data yang digunakan untuk pengujian dan pengesahan masing-masing 
adalah 15% dari keseluruhan data. Hasil kajian menunjukkan bahawa model ramalan 
cerdas buatan yang dicadangkan dapat memberikan ramalan kadar ketepatan sehingga 
83.54% dan ralat kuasa dua min terendah adalah 0.1549. Seterusnya, lengkung 
kerapuhan setiap komponen yang dikenakan parameter sejarah masa gempa 
ditentukan. Faktor penskalaan untuk 14 sejarah masa dikira untuk menghasilkan 
lengkung IDA, yang diperlukan untuk membina lengkung kerapuhan. Analisis 
pushover dan NTHA juga diperlukan untuk menghasilkan lengkung IDA. Menuju 
lengkung kerapuhan, dapat disimpulkan bahawa komponen jambatan yang berlainan 
mempunyai kebarangkalian tahap kerosakan berlainan kerana parameter sejarah masa 
gempa yang ditentukan. Kajian ini disahkan menggunakan pengujian modal di lokasi 
untuk membandingkan parameter modal dengan FEM. Tingkah laku dinamik kajian 
jambatan kabel-penahan, serta penilaian kerosakan melalui lengkung kerapuhan dan 
pendekatan ANN, akan lebih membantu pihak berkuasa dalam mengekalkan integriti 
struktur jambatan mereka dengan mengesan dan meramalkan kerosakan terhadap 
beban gempa.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Bridges are essential parts o f urban infrastructure that play a vital role in the 

development o f an effective transport network around the globe. They exist in different 

types and designs where each serves a specific purpose. For instance, the arch, simply 

supported, simple beam, and cantilever bridges typically connect shorter distances 

using short to medium bridge spans. Meanwhile, cable-stayed and suspension bridges 

use longer spans to connect longer barriers. Certain circumstances, such as site 

geological and environmental conditions, aesthetic value, and economic aspect, also 

determine the type o f bridges that are built. Since the late 20th century, cable-stayed 

bridges have risen to prominence in major cities around the world. They are the most 

cost-effective options for engineers when a longer span is required, but the span is 

short enough that the suspension bridge becomes economically impractical. Figure 1.1 

shows the illustrations of basic cable-stayed elements, which consists o f span, main 

span, pylon or tower, stayed cables, and pier. With a longer main span, the bridges can 

carry a large amount o f traffic, consisting of automobiles, trucks, bicycles, and 

pedestrians, daily.
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Figure 1.1 Cable Stayed bridge elements,(Sham and Wyatt, 2016)
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Usually, continuous usage from the bridge users causes the bridge structure to 

consequently experience a degradation process during its service life. Besides that, 

there are several types o f loading acting on bridge structures that can induce 

deterioration phase, as shown in Figure 1.2.

Figure 1.2 Types o f loads on a bridge (Ryall, 2009).

It can be seen from the figure that when bridges are often subjected to severe 

conditions such as earthquakes, some of their critical structural elements, particularly 

cables, could collapse. In general, earthquake load is known as one o f the transient 

loadings, and its effects are the most disastrous. Figure 1.3 depicts some of the bridge 

failures due to earthquake loads: (a) Hanshin Expressway failure due to Kobe, Japan 

earthquake in January 1995 (a) Hanshin Expressway failure due to Kobe, Japan 

Earthquake in January 1995. (Venton and Writer, 2016), (b) Tubul Bridge failure due 

to Chile Earthquake on 27th February 2010. (Yen et al., 2011), (c) Chi Lu Cable- 

Stayed Bridge failure due to Chi-Chi, Taiwan earthquake on 19th September 1999 

(Wenzel et al., 2011), and (d) Showa Bridge collapse during the 1964 Niigata 

Earthquake (Bhattacharya et al., 2014). Overall, these series o f bridge failures
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emphasised the importance o f seismic criteria (as a baseline design) and performance 

updates (throughout the service life) o f bridges.

(a) (b)

*  ________ 1_________________________

(d)

Figure 1.3 (a -  d) Bridge failures due to earthquake loads

During the San Fernando earthquake in 1971, the most disastrous damage 

occurred to the overpass structures at three major interchanges in the region of strong 

shaking. A total o f 42 bridges were tremendously affected by the tremors. As a result, 

the National Earthquake Hazard Reduction (NEHRP) was established in 1977 by the 

US Congress after the earthquake event (Sims, 2000). Meanwhile, the Kobe
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earthquake in 1995 affected up to 325 bridges, out of which about 27 were severely 

damaged, as reported by the Japan Road Association (JRA). During this tremor, the 

famous Shinkansen railway and three expressways were completely interrupted by 

some collapsed viaducts (Wang, Zhu and Cui, 2017). During this tremor, the famous 

Shinkansen railway and three expressways were completely interrupted by some 

collapsed viaducts (Wang, Zhu and Cui, 2017). Known as the greatest earthquake of 

September 21, the Chi-Chi earthquake caused a number of bridges to collapse in the 

central region of Taiwan, while several others underwent structural damages. Finally, 

during the Loma Prieta earthquake on October 17, 1989, the two Caltrans-designed 

structures were severely damaged, a segment of the San Francisco-Oakland Bay 

Bridge was knocked down, and a long section o f the double-deck Cypress viaduct in 

Oakland was devastatingly demolished (Sims, 2000). It was reported that 41 people 

were killed due to the collapse of Cypress viaduct structures (ims, 2000).

In Malaysia, the construction o f cable-stayed bridges to connect two significant 

locations across the stream, rivers, and ocean has increased. For example, the 

Langkawi Sky Bridge, Muar Second Bridge, Penang Bridge, Prai River Bridge, Seri 

Saujana Putrajaya Bridge, Seri Wawasan Putrajaya Bridge, Sultan Abdul Halim 

Muadzam Shah Bridge, and Senai Desaru Bridge. The Senai Desaru Bridge, for 

instance, was built as an expressway bridge across a significant distance (500 m) of 

Johor River. It is also the longest single plane cable-stayed bridge. In general, the 

cable-stayed bridge structures in Malaysia are not designed to withstand seismic 

loading but are designed solely for gravity loading. As reported by Ramli and Adnan, 

(2016), in Malaysia, only two bridges have considered the long-distant earthquake 

effect in their baseline designs: the Penang Bridge, which officially started to operate 

for public on 14th September 1985, and the Second Penang Bridge, which has a total 

length of 13.5 km, making it the longest bridge in Malaysia to apply seismic design 

criteria.

Even though Malaysia is not in the Pacific Ring of Fire and the chances of 

earthquake occurrence are remote, there is still a possibility o f moderate to strong 

earthquakes hitting Malaysia (Noorliza Lat and Ibrahim, 2009 and Abas, 2001). 

Malaysia is considered at risk because it is surrounded by active and moderately active
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tectonic plates, with the highest threat from far-field ground motion from Sumatera 

earthquakes (Adnan, Marto and Hendriyawan, 2004). Moreover, Peninsular Malaysia 

is situated about 400 km from Sumatera and is a neighbour to Borneo, which are 

regions of the Pacific Ring o f Fire with high seismic activities. Thus, theoretically, the 

high magnitudes o f seismic waves from the Sumatran earthquake would shake the 

structures that have high natural period including long bridges and high-rise buildings 

in Penang, Kuala Lumpur, Putrajaya, and Johor Bahru. In November 2007, Peninsular 

Malaysia felt a series o f tremors in Bukit Tinggi, recorded by the Malaysian 

Meteorological Department’s seismic stations, which ranged in local magnitude from

2.5 to 3.5 (Noorliza Lat and Ibrahim, 2009). Therefore, seismicity in Malaysia is 

categorised as low to moderate, with uncommon damaging earthquakes. However, in 

recent years, East Malaysia (Sabah) has witnessed a rise in low to moderate seismic 

events due to a few active local fault lines, including Belait, Crocker, Jerudong Fault, 

Mensaban, Mulu, and Pegasus Tectonic Line (Harith and Adnan, 2017).

The importance o f monitoring the existing bridges in Malaysia should not be 

disregarded since the structures’ vulnerability to earthquake tremors can cause 

catastrophic damages. Therefore, a substantial study on a long cable-stayed bridge’s 

vulnerability is essential to understand the potential seismic responses under 

earthquake loading. At present, numerous finite element models have been developed 

to assess the seismic response o f bridge structures. However, little work has been 

carried out to understand the seismic response o f cable-stayed bridges. A common 

approach for evaluating bridge seismic vulnerability is the generation o f vulnerability 

function in the form of fragility curves. Fragility curve is a conditional probability that 

gives a likelihood in which a structure will meet or exceed a specified damage level 

for a given ground motion intensity measure. It is a useful tool for estimating the extent 

of structural damage of a specified bridge and assessing the capacity o f a bridge 

structure under the earthquake load. Furthermore, fragility study is crucial to identify 

the vulnerable parts of a bridge structure. Hence, this type o f bridge assessment could 

provide beneficial information to bridge authorities when deciding on retrofitting and 

other rehabilitation works.
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Meanwhile, a properly structured health monitoring of long cable-stayed 

bridges is crucial since an earthquake event would not only threaten the users, but also 

cause economic losses. Regular monitoring, like site inspection, is thereby required, 

but it is highly challenging and costly for large-scale bridges because of the high 

complexity o f their structure. Generally, inspection is essential for ensuring safety, 

maintaining inventory, and collecting statistics on planning in Malaysia. Robert and 

King (1984) highlighted the importance o f inspection and strength assessment of 

existing bridges in Malaysia. The study noted that the scheduled inspection carried out 

by qualified personnel and assisted by design data, including drawings o f structure, is 

necessary to get proper results for future road planning and upgrading. The results of 

inspection provide useful data for bridge authorities and designers to resolve the 

recurrent causes of problem. Later on, Public Works Department (PWD) performed a 

series o f bridge inspection studies. King, Heng and Mahamud (2000) reported on the 

study o f Annual Mandatory Bridge Inspection (AMBI) from bridge inspections done 

from 1995 to 1998. The study highlighted the Working Committee of Bridge 

Inspection formed under the Road Engineers Association o f Malaysian (REAM) to 

develop National Guidelines for Bridge Inspection. The inspection guide was based 

on PWD’s work of practice and has been adopted by all the bridge agencies in the 

country and has become a national guide for bridge inspection by default (Ng and 

King, 2010).

Apart from the lack o f regular inspection implementation as the effort to 

monitor bridge conditions in Malaysia, poor decisions (resulting from the lack of 

proper information), the conventional inspection method is also suffered from 

inconsistence results due to subjective judgement by the inspectors. Therefore, the 

application of intelligent bridge assessment method is able to ensure the overcome the 

problem. As for bridge health monitoring system, some critical decisions are necessary 

to be precise (for example, the current extent of damage). In essence, the current 

condition of a bridge should be given the highest priority to ensure its safety and 

serviceability to the bridge’s users. In recent years, the neural network has been widely 

applied as a decision support algorithm for various ranges o f civil engineering 

problems. The decision-making tools are needed to improve the accuracy of decisions
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made by a system. The availability o f such bridge assessments would help to ensure 

the safety of bridge users and would also be useful for bridge authorities.

1.2 Problem Statements

Based on the overview and research background discussed in the previous 

section, there are several problem statements that can be stated as follows:

(i) Application o f cable-stayed bridge type in Malaysia is getting higher demands 

by the developers. Therefore, a few aspects need to be taken into consideration 

to ensure the safety of bridge users. The important aspect includes the 

durability, serviceability, structural health, bridge maintenance, and special 

monitoring of bridges. Limited work has been carried out to study the 

performance of local structures under various earthquake loads. Thus, the 

safety of cable-stayed bridge users upon the earthquake effects is neglected.

(ii) Cable bridges are vulnerable to earthquakes due to their high flexibility and 

low inherent damping. If a cable-stayed bridge collapses in an earthquake or 

post-earthquake event, it may cause immense loss of life and property. 

Therefore, the seismic vulnerability o f cable-stayed bridges at different levels 

o f damage should be explicitly measured in order to ensure protection.

(iii) Monitoring system equipped with a decision-making tool has not been 

investigated by researchers in detail. In addition, there are challenges for bridge 

authority to decide the severity o f bridge condition in post-earthquake events. 

The long cable-stayed bridge usually carries a high traffic load with more users, 

and the prediction o f damage under earthquake loads is thereby important. 

Thus, this research would help eliminate the difficulty of predicting the damage 

level o f a cable-stayed bridge due to the earthquake load if the conventional 

method, such as routine inspection, continues to be used.

(iv) The use o f a decision tool in machine learning (using MATLAB software) is 

rather complicated to incorporate in bridge health monitoring systems and
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requires some modifications before using it in real-time systems. The idea of 

simplifying intricacies o f the tool into equations is thereby crucial.

1.3 Research Objectives

(i) To assess the seismic performance o f a cable-stayed bridge under the 

earthquake time history loading in terms of dynamic behaviour and 

acceleration response.

(ii) To establish fragility curves as guidelines of potential damage level o f the 

cable-stayed bridge components under various earthquake loadings.

(iii) To investigate the applicability o f Artificial Neural Network (ANN) as a 

prediction tool o f damage level for cable-stayed bridge’s intelligent decision­

making tool in Bridge Health Monitoring System.

1.4 Scopes and Limitations

The outcomes of the study can be affected by several variables and factors

involved. Therefore, the scope and limitations should be defined clearly to conduct

good experiments as mentioned in the objectives of study. The scope and limitations

of this study are:

(i) The case study was the Senai Desaru Expressway (SDE) Bridge, a cable-stayed 

bridge that is 1708 m long.

(ii) Analysis used was the dynamic non-linear method on CSI Bridge software 

(version 20). The bridge was analysed based on five earthquake data from 

Pacific Earthquake Engineering Research (PEER) database and the two time 

histories were gathered from the Meteorological Department o f Malaysia. The 

local earthquake time histories o f Ranau earthquake events, which occurred in 

June 2015, were obtained from seismic stations in Kota Kinabalu.
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(iii) Fragility curves were developed using 14 earthquakes data.

(iv) Damage level occurred was based on Federal Emergency Management Agency 

(FEMA) 356. The damage levels were Immediate Occupancy (IO), Life Safety 

(LS), and Collapse Prevention (CP) and all used Non-Linear Time History 

Analysis.

(v) Development of damage level prediction on bridge structure used feedforward 

ANN to train the cable-stayed bridge’s data.

(vi) Input data for training the feedforward neural networks algorithm were time 

series, accelerations, and damage level output from the finite-element 

modelling results. A total o f 16620 data samples were used, in which 70% of 

the total data was used for the training data, while another 15% was for testing 

and the rest was for validation. Data was trained using MATLAB Programming 

software (2013 version) under University Technology Malaysia (UTM) 

license.

1.5 Organization of Thesis

The study is divided into seven chapters. The content of each chapter is 

summarised as follows:

Chapter 1: Introduction describes the research background, problem 

statements, and objectives of this study. The scope and limitations o f study, 

organisation o f thesis, and outcome of research to be conducted are explained at the 

end of this chapter.

Chapter 2: Literature Review discusses the seismic behaviour, and seismic 

vulnerability of a cable-stayed bridge, and applications o f damage prediction model 

for civil structures. In addition, the chapter provides a review o f the available 

information, research gaps, and answers to the issued problems. The end ofthis chapter 

is a summary o f the literature works in similar research area.
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Chapter 3: Research Methodology explains the step-by-step solution to the 

problems which is required to achieve the objectives o f the study.

Chapter 4: Cable-Stayed Bridge’s Seismic Performance and Vulnerability 

describes the bridge m odel’s response from earthquake excitation data obtained from 

Pacific Earthquake Engineering Research Centre (PEER) and Malaysian Meteorology 

Department (MMD). This chapter includes behaviour of the bridge model that was 

analysed based on non-linear time history analysis to find the bridge acceleration 

response and the result of vulnerability study of cable-stayed bridge.

Chapter 5: Decision Support Tool Development explains the development of 

prediction model using ANN. This chapter includes description o f the trial-and-error 

experiments and investigation to get the best model prediction for cable-stayed bridge, 

and the final damage-level prediction equation based on the weightages and biases 

obtained by the ANN model.

Chapter 6: Field Modal Testing as Validation explains the field modal testing 

carried out to validate the finite element method and numerical analysis accuracy. This 

chapter includes the methods used to execute the testing and results o f the field modal 

parameters.

Chapter 7: Conclusions and Recommendations concludes and summarises the 

results o f previous chapters and explains the advantages of feedforward- 

backpropagation in bridge monitoring software. The end o f the chapter consists of 

recommendation for further study.

10



REFERENCES

Aagaard, B.T., Brocher, T.M., Dolenc, D., Dreger, D., Graves, R.W., Harmsen, S., 

Hartzell, S., Larsen, S., McCandless, K., Nilsson, S., Petersson, N.A., Rodgers,

A., Sjogreen, B. and Zoback, M. Lou (2008). Ground-motion modeling of the 

1906 San Francisco Earthquake, part II: Ground-motion estimates for the 1906 

earthquake and scenario events. Bulletin o f  the Seismological Society o f  

America. 98(2), 1012-1046.

Abas, M.R.C. (2001). Earthquake Monitoring in Malaysia. Seismological Division .

Adnan, A., Marto, A. and Hendriyawan (2004). Lesson Learned From the Effect of 

Recent Far Field Sumatra Earthquakes to Peninsular Malaysia. 13th World 

Conference on Earthquake Engineering, Vancouver Canada.

Akhoondzade, V., Bargi, K. and Heidary-Torkamani, H. (2014). Seismic Fragility 

Assessment o f Cable-Stayed Bridge Using Incremental Dynamic Analysis and 

Uniform Design Method. International Journal o f  Earthquake Engineering 

and Hazard Mitigation. 2, 80-88.

Alaydrus, H.A.H. (2018). Seismic fragility curve fo r  bridge in malaysia subjected to 

fa r  fie ld  earthquake. Universiti Teknologi Malaysia.

Allam, S.M. and Datta, T.K. (2000). Analysis o f cable-stayed bridges under multi­

component random ground motion by response spectrum method. Engineering 

Structures. 22(10), 1367-1377.

Alvarez, Jesus (2012). Seismic Response o f Cable-Stayed Bridges for Different 

Layout Conditions: A Comparative Analysis. 15th World Conference on 

Earthquake Engineering (15 WCEE).

Aoki, Y. (2014). Analysis o f  the Performance o f  Cable-Stayed Bridges under Extreme 

Events. University of Technology, Sydney Faculty.

Aparicio, A.C. (2006). Seismic Behaviour of Cable-Stayed Bridges : Astate-of-the-Art 

Review. In 4th International Conference on Earthquake Engineering . Taipei, 

Taiwan.

Arangio, S. and Bontempi, F. (2015). Structural health monitoring of a cable-stayed 

bridge with Bayesian neural networks. Structure and Infrastructure 

Engineering. 11(4), 575-587.

279



Aravindhababu, P. and Balamurugan, G. (2012). ANN based online voltage 

estimation. Applied Soft Computing Journal. 12(1), 313-319. Available at: 

http://dx.doi.org/10.10167j.asoc.2011.08.041.

Arjuna, N., Adnan, A., Ramli, M.Z., Aizon, N.H., Alel, N., Muhammad Yuzir, M.A. 

and Bakar, N.A. (2020). Seismic fragility curves o f steel structure industrial 

building using IDA method. IOP Conference Series: Earth and Environmental 

Science. 479(1).

Assi, R. (2006). Seismic Analysis o f  Telecommunication Towers Mounted on Building 

Rooftops,

Atmaca, B., Yurdakul, M. and Ate§, §. (2014). Nonlinear dynamic analysis o f base 

isolated cable-stayed bridge under earthquake excitations. Soil Dynamics and 

Earthquake Engineering. 66, 314-318.

Avitabile, P. (2001). Back to Basics. Experimental Techniques. 25(1), 13-14.

Available at: https://doi.org/10.1111/j.1747-1567.2001.tb00001.x.

Bai, Q. and Bai, Y. (2014). Seismic Design. In Subsea Pipeline Design, Analysis, and 

Installation. pp.435-450.

Bandara, K.M.K., Bandara, S.S. and Jayasinghe, M.T.R. (2009). Importance of 

Accurate Modeling Input and Assumptions in 3D Finite Element Analysis of 

Tall Buildings. Engineer: Journal o f  the Institution o f  Engineers, Sri Lanka. 

42(2), 5.

Barnawi, W.T. and Dyke, S.J. (2014). Seismic Fragility Relationships of a Cable- 

Stayed Bridge Equipped with Response Modi fi cation Systems. (2001), 1-12.

Basheer, I.A. and Hajmeer, M. (2000). Artificial neural networks: Fundamentals, 

computing, design, and application. Journal o f  Microbiological Methods. 

43(1), 3-31.

Bayraktar, A., Altuni§ik, A.C., Sevim, B. and Turker, T. (2009). Modal Testing, Finite - 

Element Model Updating, and Dynamic Analysis o f an Arch Type Steel 

Footbridge. Journal o f  Performance o f  Constructed Facilities. 23(2), 81 -89.

Bedon, C., Dilena, M. and Morassi, A. (2016). Ambient vibration testing and structural 

identification of a cable-stayed bridge. Meccanica. 51(11), 2777-2796.

Benedettini, F. and Gentile, C. (2008). F . E . modelling of a cable-stayed bridge based 

on operational modal analysis. , 0-9 .

280

http://dx.doi.org/10.10167j.asoc.2011.08.041
https://doi.org/10.1111/j.1747-1567.2001.tb00001.x


Benedettini, F. and Gentile, C. (2011). Operational modal testing and FE model tuning 

o f a cable-stayed bridge. Engineering Structures. 33(6), 2063-2073. Available 

at: http://dx.doi.org/10.1016/j.engstruct.2011.02.046.

Bhattacharya, S., Tokimatsu, K., Goda, K., Sarkar, R., Shadlou, M. and Rouholamin, 

M. (2014). Collapse of Showa Bridge during 1964 Niigata earthquake: A 

quantitative reappraisal on the failure mechanisms. Soil Dynamics and 

Earthquake Engineering . 65, 55-71. Available at:

http://dx.doi.org/10.1016/j.soildyn.2014.05.004.

Bhkari, N.M. (2005). Modal analysis of concrete bridge decks subjected to free 

vibration. , 178.

Bolt, B.A. (1971). The San Fernando Valley, California, earthquake of February 9 

1971: Data on seismic hazards. Bulletin o f  the Seismological Society o f  

America. 61(2), 501-510.

Brownjohn, J.M.W., Lee, J. and Cheong, B. (1999). Dynamic performance of a curved 

cable-stayed bridge. Engineering Structures. 21(11), 1015-1027.

Bruno, D., Greco, F. and Lonetti, P. (2013). Static and Dynamic Nonlinear Modelling 

o f Long-Span Cable-Stayed Bridges. 1(1), 3 -27.

Camara, A. (2019). Seismic behavior of cable-stayed bridges: a review. M O J Civil 

Engineering. 4(3), 161-169.

Carlos Miguel, C.C. (2011). Structural Design o f Cable-Stayed Bridges. Universidade 

Tecnica de Lisboa, Portugal.

Casado, A.C. (2011). Seismic Behaviour o f Cable-Stayed Bridges: Design,Analysis 

and Seismic Devices. Universidad Poltecnica de Madrid. (October 2011).

Cavdar, O., Cavdar, A. and Bayraktar, E. (2017). Earthquake Performance of 

Reinforced-Concrete Shear-Wall Structure Using Nonlinear Methods. Journal 

o f  Performance o f  Constructed Facilities. 32(1), 04017122.

Chang, K.C., Mo, Y.L., Chen, C.C., Lai, L.C. and Chou, C.C. (2004). Lessons Learned 

from the Damaged Chi-Lu Cable-Stayed Bridge. Journal o f  Bridge 

Engineering. 9(4), 343-352.

Chen, X. (2020). System Fragility Assessment o f Tall-Pier Bridges Subjected to Near­

Fault Ground Motions. Journal o f  Bridge Engineering. 25(3), 1-14.

281

http://dx.doi.org/10.1016/j.engstruct.2011.02.046
http://dx.doi.org/10.1016/j.soildyn.2014.05.004


Cheng, J. and Dong, F. (2016). A simplified method for free vibration analysis of 

cable-stayed bridges. International Journal o f  Steel Structures. 16(1), 151­

162.

Chopra, A.K. (2000). Dynamic o f  Structures: Theory and Application to Earthquake 

Engineering L. Curless, ed., Parentice Hall.

Chourasia, A., Cutchin, S. and Aagaard, B. (2008). Visualizing the ground motions of 

the 1906 San Francisco earthquake. Computers and Geosciences. 34(12), 

1798-1805.

Clemente, P., Celebi, M., Bongiovanni, G. and Rinaldis, D. (2004). Seismic analysis 

o f the Indiano cable-stayed bridge. In 13 th World Conference on Earthquake 

Engineering .

Colapietro, D., Netti, A., Fiore, A., Fatiguso, F. and Marano, G.C. (2014). 

Interventions in R . C . Buildings By Non-Linear Static and Incremental 

Dynamic Analyses. 8, 216-222.

Computers & Structures Inc. (2016). CSI ETABS v.2015. SAP2000 Reference 

Manual. (July), 556. Available at:

http://docs.csiamerica.com/manuals/etabs/Analysis Reference.pdf.

Cornell, C.A., Asce, M., Jalayer, F., Hamburger, R.O., Asce, M., Foutch, D.A. and 

Asce, M. (2000). Management Agency Steel MGuidelinesoment Frame. (May 

2010), 526-533.

Davalos, E. (1998). Structural Behaviour of Cable-stayed Bridges by Structural 

Behaviour o f Cable-stayed Bridges. Thesis work, MIT.

Demuth, H. (2002). Neural Network Toolbox, Available at: 

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1. 1. 123.6691&amp;rep 

=rep 1 & amp ;typ e=p df.

Desai, A.K. (2013). Seismic Time History Analysis for Cable - Stayed Bridge 

Considering Different Geometrical Configuration For Near Field Earthquakes. 

World Academy o f  Science, Engineering and Technology International Journal 

o f  Civil, Environmental, Structural, Construction and Architectural 

Engineering. 7(7), 1377-1384.

Eberhart-Phillips, D., Haeussler, P.J., Freymueller, J.T., Frankel, A.D., Rubin, C.M., 

Craw, P., Ratchkovski, N.A., Anderson, G., Carver, G.A., Crone, A.J., 

Dawson, T.E., Fletcher, H., Hansen, R., Harp, E.L., Harris, R.A., Hill, D.P.,

282

http://docs.csiamerica.com/manuals/etabs/Analysis
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1


Hreinsdottir, S., Jibson, R.W., Jones, L.M., Kayen, R., Keefer, D.K., Larsen, 

C.F., Moran, S.C., Personius, S.F., Plafker, G., Sherrod, B., Sieh, K., Sitar, N. 

and Wallace, W.K. (2003). The 2002 Denali fault earthquake, Alaska: A large 

magnitude, slip-partitioned event. Science.

Elbayoumi, M., Ramli, N.A. and Yusof, N.F.F.M. (2015). Development and 

comparison of regression models and feedforward backpropagation neural 

network models to predict seasonal indoor PM 2.5-10and PM2.5concentrations 

in naturally ventilated schools. Atmospheric Pollution Research . 6(6), 1013­

1023. Available at: http://dx.doi.org/10.1016/j.apr.2015.09.001.

Elkady, A.Z., Seleemah, M.A. and Ansari, F. (2018). Structural response of a cable- 

stayed bridge subjected to lateral seismic excitations. Journal o f  Civil 

Structural Health M onitoring . 8(3), 417-430. Available at:

https://doi.org/10.1007/s13349-018-0282-7.

F. M. Nazri (2018). Fragility Curves. In Seismic Fragility Assessment fo r  Buildings 

due to Earthquake Excitation. Springer Briefs in Computational Mechanics, 

pp.3-29.

Fariborz and Vahid L (2004). Development o f Fragility and Reliability Curves for 

Seismic Evaluation of a Major Prestressed Concrete. 13 th World Conference 

on Earthquake Engineering. (1351), 1-11.

Farsangi, E.N., Rezvani, F.H., Talebi, M. and Hashemi, S.A.H. (2014). Seismic Risk 

Analysis of Steel-MRFs by Means o f Fragility Curves in High Seismic Zones. 

Advances in Structural Engineering . 17(9), 1227-1240. Available at:

https://doi.org/10.1260/1369-4332.17.9.1227.

FEMA-273 (1997). Seismic Rehabilitation o f Buildings. (October).

FEMA (2000). FEMA356 Prestandard and Commentary fo r  The Seismic 

Rehabilitation o f  Buildings. Federal Emergency Management Agency.,

FEMA356 (2000). Prestandard and Commentary for the Seismic Rehabilitation of 

Buildings. Rehabilitation Requirements. (1), 1-518.

Gavin, H.P. (2014). Numerical Integration in Structural Dynamics. CEE 541. 

Structural Dynamics.

Gi-Hun, P., Ju-Hyuck, H., Chung-Gil, K., Gwang-Hee, H. and Yong-Suk, K. (2021). 

Development o f a cable damage detection deep learning method based on

283

http://dx.doi.org/10.1016/j.apr.2015.09.001
https://doi.org/10.1007/s13349-018-0282-7
https://doi.org/10.1260/1369-4332.17.9.1227


acceleration response o f cable-stayed bridge. Turkish Journal o f  Computer and 

Mathematics Education. 12(6), 638-647.

Harith, N.S.H. and Adnan, A. (2017). Estimation o f peak ground acceleration o f ranau 

based on recent eartqhuake databases. Malaysian Journal Geosciences. 1 (2), 

06-09.

Harris, R.A. (1998). Forecasts o f the 1989 Loma Prieta, California, earthquake. 

Bulletin o f  the SeismologicalSociety o f  Am erica . 88(4), 898-916.

Hokmabadi, A.S., Fatahi, B. and Samali, B. (2012). Recording inter-storey drifts of 

structures in time-history approach for seismic design o f building frames. 

Australian Journal o f  Structural Engineering. 13(2), 175-180.

Holzer, T.L., Barka, A.A., Carver, D., Celebi, M., Cranswick, E., Dawson, T., 

Dieterich, J.H., Ellsworth, W.L., Fumal, T., Gross, J.L., Langridge, R., Lettis, 

W.R., Meremonte, M., Mueller, C., Olsen, R.S., Ozel, O., Parsons, T., Phan, 

L.T., Rockwell, T., Safak, E., Stein, R.S., Stenner, H., Toda, S. and Toprak, S. 

(2000). Implications for earthquake risk reduction in the United States from the 

Kocaeli, Turkey, earthquake o f August 17, 1999. US Geological Survey 

Circular.

Huang, Q., Sobolev, G.A. and Nagao, T. (2001). Characteristics of the seismic 

quiescence and activation patterns before the M = 7.2 Kobe earthquake, 

January 17, 1995. Tectonophysics. 337(1-2), 99-116.

Ibrahim, Y.E. and El-Shami, M.M. (2011). Seismic fragility curves for mid-rise 

reinforced concrete frames in Kingdom of Saudi Arabia. IES Journal Part A: 

Civil and Structural Engineering. 4(4), 213-223.

Ioannou, I., Douglas, J. and Rossetto, T. (2015). Assessing the impact o f ground- 

motion variability and uncertainty on empirical fragility curves. Soil Dynamics 

and Earthquake Engineering . 69, 83-92. Available at: https://www.

sciencedirect. com/science/ article/pii/S0267726114002267.

Iwasaki, T. (1984). A Case History o f Bridge Performance During Earthquakes in 

Japan A Case History o f Bridge Performance During Earthquakes in Japan. 

(May).

Jain, A.K. and Mao, J. (1996). Artificial Neural Network: A Tutorial. 

Communications. 29, 31 -44 . Available at: http:// ieeexplore. ieee.org/ xpls/ 

ab s_ all .j sp ? arnumb er=4 85891.

284

https://www


Javanmardi, A., Ibrahim, Z., Ghaedi, K., Jameel, M., Khatibi, H. and Suhatril, M. 

(2017). Seismic response characteristics o f a base isolated cable-stayed bridge 

under moderate and strong ground motions. Archives o f  Civil and Mechanical 

Engineering. 17(2), 419-432. Available at:

http://dx.doi.org/10.1016Zj.acme.2016.12.002.

Jian Li, Spencer, J.B.F. and Elnashai, A.S. (2013). Bayesian Updating o f Fragility 

Functions Using Hybrid Simulation. Journal o f  Structural Engineering. 

139(7), 1160-1171. Available at: https://doi.org/10.1061/(ASCE)ST.1943- 

541X.0000685.

Jones, L., Aki, K., Boore, D., Celebi, M., Donnellan, A., Hall, J., Harris, R., Hauksson,

E., Heaton, T., Hough, S., Hudnut, K., Hutton, K., Johnston, M., Joyner, W., 

Kanamori, H., Marshall, G., Michael, A., Mori, J., Murray, M., Ponti, D., 

Reasenberg, P., Schwartz, D., Seeber, L., Shakal, A., Simpson, R., Thio, H., 

Tinsley, J., Todorovska, M., Trifunac, M., Wald, D. and Zoback, M.L. (1994). 

The magnitude 6.7 Northridge, California, earthquake of 17 January 1994. 

Science.

Joyner, M.D. and Sasani, M. (2020). Building performance for earthquake resilience. 

Engineering Structures. 210(February), 110371. Available at: https:// doi.org/ 

10.1016/ j.engstruct.2020.110371.

Kappos, A.J. and Panagopoulos, G. (2010). Fragility curves for reinforced concrete 

buildings in Greece. Structure and Infrastructure Engineering. 6(1-2), 39-53. 

Available at: http s:// doi.org/10.1080/15732470802663771.

Karim, K.R. and Yamazaki, F. (2001). Effect o f earthquake ground motions on 

fragility curves o f highway bridge piers based on numerical simulation. 

Earthquake Engineering & Structural D ynamics. 30(12), 1839-1856. 

Available at: http:// doi.wiley.com/10.1002/eqe.97.

King, N.S., Heng, L.C. and Mahamud, K.M.S.K. (2000). A National Guide on Bridge 

Inspection. 4th Malaysian Road Congress, October 2000, Kuala Lumpur. 

Kiremidjian, A., Moore, J., Fan, Y.Y., Yazlali, O., Basoz, N. and Williams, M. (2007). 

Seismic risk assessment of transportation network systems. Journal o f  

Earthquake Engineering. 11(3), 371-382.

Kuleli, M. and Elnashai, A. (2013). Cable-Stayed Bridges Subjected To Near-Fault 

Vertical Motion. In M. Papadrakakis, V. Papadopoulos, & V. Plevris, eds. 4th

285

http://dx.doi.org/10.1016Zj.acme.2016.12.002
https://doi.org/10.1061/(ASCE)ST.1943-


ECCOMAS Thematic Conference on Computational Methods in Structural 

Dynamics and Earthquake Engineering. Kos Island, Greece, pp. 1941-1957.

Lay, T., Kanamori, H., Ammon, C.J., Nettles, M., Ward, S.N., Aster, R.C., Beck, S.L., 

Bilek, S.L., Brudzinski, M.R., Butler, R., Deshon, H.R., Ekstrom, G., Satake, 

K. and Sipkin, S. (2005). The great Sumatra-Andaman earthquake of 26 

December 2004. Science.

Lee, G.C., Mohan, S.B., Huang, C. and Fard, B.N. (2013). A Study o f  U.S. Bridge 

Failures, Available at: https://mceer.buffalo.edu/pdf/report/13-0008.pdf.

Li, C., Li, H.N., Hao, H., Bi, K. and Chen, B. (2018). Seismic fragility analyses o f sea- 

crossing cable-stayed bridges subjected to multi-support ground motions on 

offshore sites. Engineering Structures. 165(November 2017), 441 -456. 

Available at: https://doi.org/10.1016/j.engstruct.2018.03.066.

Li, L., Hu, S. and Wang, L. (2017). Seismic fragility assessment of a multi-span cable- 

stayed bridge with tall piers. Bulletin ofEarthquakeEngineering. 15(9), 3727­

3745.

Li, Q., Xu, Y. lin, Zheng, Y., Guo, A. xin, Wong, K. yuen and Xia, Y. (2011). SHM- 

based F-AHP bridge rating system with application to Tsing Ma Bridge. 

Frontiers o f  Architecture and Civil Engineering in China . 5(4), 465 -478.

Li, S., Dezfuli, F.H., Wang, J.Q. and Alam, M.S. (2018). Seismic Fragility of a Long- 

Span Cable-Stayed Bridge Isolated By Sma Wire-Based Lead Rubber 

Bearings. In Proceedings o f  the 11th National Conference in Earthquake 

Engineering, Earthquake Engineering Research Institute, Los Angeles, CA. 

2018.

Lin, H., Xiang, Y. and Jia, Y. (2018). Study on Health Monitoring System Design of 

Cable-Stayed Bridge Heng. In Sustainable Civil Infrastructures. Available at: 

http://link.springer.com/10.1007/978-3-319-61914-9.

Luco, N. and Cornell, C.A. (1998). Effects o f random connection fractures on the 

demands and reliability for a 3-story pre-Northridge SMRF structure. 6 th U.S. 

National Conference on Earthquake Engineering., 1-12.

Maffei, J., Comartin, C.D., Kehoe, B., Kingsley, G.R. and Lizundia, B. (2000). 

Evaluation of Earthquake-Damaged Concrete and Masonry Wall Buildings. 

Earthquake Spectra. 16(1), 263-283.

286

https://mceer.buffalo.edu/pdf/report/13-0008.pdf
https://doi.org/10.1016/j.engstruct.2018.03.066
http://link.springer.com/10.1007/978-3-319-61914-9


Mansor, M.N.A., Siang, L.C., Ahwang, A., Saadun, M.A. and Dumatin, J. (2017). 

Vulnerability Study of Existing Buildings Due To Seismic Activities in Sabah. 

International Journal o f  Civil Engineering and Geo Environmental. (Special 

Publication NCWE 2017). Available at: http://ijceg.ump.edu.my.

Maria Polese, Ludovico, M. Di, Prota, A. and Manfredi, G. (2014). Damage-dependent 

vulnerability curves for existing buildings. (November 2007), 467-485. 

Available at: http://arxiv.org/abs/1403.5481.

Marquardt, D.W. (1963). An Algorithm for Least-Squares Estimation o f Nonlinear 

Parameters. Journal o f  the Society fo r  Industrial and Applied Mathematics. 

11(2), 431-441. Available at: http://www.jstor.org/stable/2098941.

Mitchell, D., Tinawi, R. and Sexsmith, R.G. (1991). Performance of bridges in the 

1989 Loma Prieta earthquake - lessons for Canadian designers. Canadian 

Journal o f  Civil Engineering . 18(4), 711 -734.

Mohammad Hashemi Yekani and Bahar, O. (2017). A new methodology for health 

monitoring o f cable-stayed bridges; identifying the major features sensitive to 

damage/failure. International Journal o f  Engineering and Applied Sciences. 

4(4), 1-17.

Morgenthal, G. (1999). Cable-Stayed Bridges - Earthquake Response and Passive 

Control.

Mosleh, A., Razzaghi, M.S., Jara, J. and Varum, H. (2016). Seismic fragility analysis 

of typical pre-1990 bridges due to near- and far-field ground motions. 

International Journal o f  Advanced Structural Engineering. 8(1), 1 -9 .

Muntasir Billah, A.H.M. and Shahria Alam, M. (2014). Seismic fragility assessment 

of highway bridges: a state-of-the-art review. Structure and Infrastructure 

Engineering. 11(6), 804-832.

Naderian, H., Cheung, M.M.S., Shen, Z. and Dragomirescu, E. (2015). Seismic 

Analysis o f Long-Span Cable-Stayed Bridges by an Integrated Finite Strip 

Method. Journal o f  Bridge Engineering. 21(3), 04015068.

Nairn, I.A. and Beanland, S. (1989). Geological setting o f the 1987 edgecumbe 

earthquake, New Zealand. New Zealand Journal o f  Geology and Geophysics.

Nazmy, A.S. and Abdel-Ghaffar, A.M. (1992). Effects of ground motion spatial 

variability on the response of cable-stayed bridges. Earthquake Engineering & 

Structural Dynamics. 21(1), 1-20.

287

http://ijceg.ump.edu.my
http://arxiv.org/abs/1403.5481
http://www.jstor.org/stable/2098941


Nazri, F.M. and Alexander, N.A. (2012). Predicting the Collapse Potential of 

Structures. 15th World Conference on Earthquake Engineering (15WCEE). 

(Dm).

Nazri, F.M. and Pang, Y.K. (2014). Seismic performance of moment resisting steel 

frame subjected to earthquake excitations. Frontiers o f  Structural and Civil 

Engineering. 8(1), 19-25. Available at: https://journal.hep.com.cn/fsce.

Nazri, F.M. and Saruddin, S.N.A. (2015). Seismic Fragility Curves for Steel and 

Reinforced Concrete Frames Based on Near-Field and Far-Field Ground 

Motion Records. Arabian Journalfor Science and Engineering. 40(8), 2301­

2307. Available at: http://link.springer.com/10.1007/s13369-015-1758-y.

Neves, A.C., Gonz, I. and Leander, J. (2018). A New Approach to Damage Detection 

in Bridges Using Machine Learning A.C. 5(October). Available at: 

http ://link.springer.com/10.1007/978-3-319-67443 -8.

Neves, A.C., Gonzalez, I., Leander, J. and Karoumi, R. (2017). Structural health 

monitoring of bridges: a model-free ANN-based approach to damage 

detection. Journal o f  Civil Structural Health Monitoring. 7(5), 689-702.

Ng, I. and King, S. (2010). MANAGING STRUCTURAL FAILURE: BRIDGES 

UNDER SURVEILLANCE. In UTM/JKR Seminar on M anaging Structural 

Failure, 18-19 January, 2010, PWTC, K.L. pp.18-19.

Nielson, B.G. (2005). Analytical fragility curves fo r  highway bridges in moderate 

seismic zones. Georgia Institute ofTechnology. Available at: 

http://smartech.gatech.edu/handle/1853/7542.

Noorliza Lat, C.H.E. and Ibrahim, A.T. (2009). Bukit tinggi earthquakes: November 

2007 - January 2008. Bulletin o f  the Geological Society o f  M alaysia .

Oppenheimer, D., Beroza, G., Carver, G., Dengler, L., Eaton, J., Gee, L., Gonzalez,

F., Jayko, A., Li, W.H., Lisowski, M., Magee, M., Marshall, G., Murray, M., 

McPherson, R., Romanowicz, B., Satake, K., Simpson, R., Somerville, P., 

Stein, R. and Valentine, D. (1993). The Cape Mendocino, California, 

earthquakes of April 1992: Subduction at the triple junction. Science.

Pacheco, B.M., Fujino, Y. and Sulekh, A. (1993). Estimation Curve for Modal 

Damping in Stay Cables with Viscous Damper. Journal o f  Structural 

Engineering. 119(6), 1961 -1979. Available at:

https://doi.org/10.1061/(ASCE)0733-9445 (1993) 119:6(1961).

288

https://journal.hep.com.cn/fsce
http://link.springer.com/10.1007/s13369-015-1758-y
http://smartech.gatech.edu/handle/1853/7542
https://doi.org/10.1061/(ASCE)0733-9445


Pang, Y. (2017). Seismic Fragility Assessment of an Isolated Multipylon Cable-Stayed 

Bridge Using Shaking Table Tests. Advances in Civil Engineering . 2017, 1­

12.

Pang, Y., Wu, X., Shen, G., Yuan, W. and Asce, A.M. (2014). Seismic Fragility 

Analysis o f Cable-Stayed Bridges Considering Different Sources of 

Uncertainties. , 1-11.

Pawirodikromo, W. (2019). On the capacity of high, moderate and low earthquake 

frequency content to cause global drift ratio at level-2 o f structural 

performance. In MATEC Web o f  Conferences. p.05027.

Pnevmatikos, N., Konstandakopoulou, F. and Koumoutsos, N. (2020). Seismic 

vulnerability assessment and loss estimation in Cephalonia and Ithaca islands, 

Greece, due to earthquake events: A case study. Soil Dynamics and Earthquake 

Engineering. 136(April), 106252. Available at:

https://doi.org/10.1016Zj.soildyn.2020.106252.

Polese, M., Di Ludovico, M., Prota, A. and Manfredi, G. (2013). Damage-dependent 

vulnerability curves for existing buildings. Earthquake Engineering and 

Structural Dynamics.

Premalatha, N. and Valan Arasu, A. (2016). Prediction of solar radiation for solar 

systems by using ANN models with different back propagation algorithms. 

Journal o f  Applied Research and Technology. 14(3), 206-214. Available at: 

http://dx.doi.org/10.1016/jjart.2016.05.001.

Rahman Bhuiyan, M.A. and Alam, M.S. (2012). Seismic Vulnerability Assessment of 

a Multi-Span Continuous Highway Bridge Fitted with Shape Memory Alloy 

Bars and Laminated Rubber Bearings. Earthquake Spectra. 28(4), 1379-1404.

Rahul, M. and Baldev, S. (2020). Prediction o f scour depth around bridge piers in 

tandem arrangement using M5 and ANN regression models. Archives o f  

Materials Science and Engineering. 102(2), 49-5 8.

Ramli, M.Z. and Adnan, A. (2016). MALAYSIAN BRIDGES AND THE 

INFLUENCE OF SUMATRAN EARTHQUAKE IN BRIDGE DESIGN. 

Malaysian Construction Research Journal. Vol. 18(No. 1), 132-143.

Rebelo, N., Radford, R., Zipse, A., Schlun, M. and Dreher, G. (2011). On modeling 

assumptions in finite element analysis o f stents. Journal o f  M edical Devices, 

Transactions o f  the ASME. 5(3), 1-7.

289

https://doi.org/10.1016Zj.soildyn.2020.106252
http://dx.doi.org/10.1016/jjart.2016.05.001


Reza, M.A. and Kamrani, M.P. (2019). Probabilistic Approach to Performance-Based 

Seismic Design o f RC Frames. Vulnerability, Uncertainty, and R isk ., 1736­

1745. Available at: https://doi.org/10.1061/9780784413609.174.

Robert, M. and King, N.S. (1984). The Need for Bridge Inspection and Strength 

Assessment. In Indian Road Congress, 1984, India.

Rockwell, T.K. and Klinger, Y. (2013). Surface rupture and slip distribution o f the 

1940 Imperial Valley earthquake, Imperial fault, Southern California: 

Implications for rupture segmentation and dynamics. Bulletin o f  the 

Seismological Society o f  America . 103(2 A), 629-640.

Rossetto, T. and Elnashai, A. (2003). Derivation of vulnerability functions for 

European-type RC structures based on observational data. Engineering 

Structures. 25(10), 1241-1263. Available at: https:/ /www. sciencedirect 

.com/ science/ article/pii/ S0141029603000609.

Rosyidi, A.P., Jamaluddin, T.A., Sian, L.C. and Taha, M.R. (2011). Earthquake 

impacts o f the Mw 7.6, Padang, Indonesia, 30 september 2009 | Kesan Gempa

7.6 Mw Padang Indonesia, 30 September 2009. Sains Malaysiana.

Rumelhart, D.E., Hinton, G.E. and Williams, R.J. (1986). Learning representations by 

back-propagating errors. Nature. 323(6088), 533-536.

Ryall, M.J. (2009). Bridge Management 2nd Editio., Taylor & Francis.

Savaliya, G.M., Desai, A.K. and Vasanwala, S.A. (2016). the Influence of Cable Sag 

on the Dynamic Behaviour o f Cable-Stayed Suspension Bridge With Variable 

Suspension To Main Span Ratio. International Journal o f  Research in 

Engineering and Technology. 04(11), 290-294.

Schlune, H., Plos, M. and Gylltoft, K. (2009). Improved bridge evaluation through 

finite element model updating using static and dynamic measurements. 

Engineering Structures. 31(7), 1477-1485. Available at:

http://dx.doi.org/10.1016/j.engstruct.2009.02.011.

Seed, F.K.A., Ahmed, H.H., Abdel Raheem, S.E. and Abdel Shafy, Y. (2013). 

Dynamic non-linear behaviour of cable stayed bridges under seismic loadings. 

Life Science Journal. 10(4), 3725-3741.

Senai-Desaru Expressway Berhad (2020). SDE, Senai-Desaru Expressway (E22). 

Available at: https://www.klia2.info/trips/highways/sde-senai-desaru-

expressway/.

290

https://doi.org/10.1061/9780784413609.174
http://dx.doi.org/10.1016/j.engstruct.2009.02.011
https://www.klia2.info/trips/highways/sde-senai-desaru-


Shahin, M., Maier, H.R. and Jaksa, M.B. (2000). Evolutionary data division methods 

for developing artificial neural network models in geotechnical engineering 

Evolutionary data division methods for developing artificial neural network 

models in geotechnical engineering by M A Shahin M B Jaksa Departmen. 

(May 2014).

Sham, S.H.R. and Wyatt, T.A. (2016). Construction aerodynamics o f cable-stayed 

bridges for record spans: Stonecutters Bridge. Structures. 8, 94-110. Available 

at: http://dx.doi.org/10.1016/j.istruc.2016.08.010.

Shamisi, M. Al, Assi, A. and Hejase, H. (2009). Using MATLAB to Develop Artificial 

Neural Network Models for Predicting Global Solar Radiation in Al Ain City- 

UAE. Intechopen.Com., 219-238. Available at:

http://www.intechopen.com/source/pdfs/21382/InTech- 

Using_matlab_to_develop_artificial_neural_network_models_for_predicting 

_global_solar_radiation_in_al_ain_city_uae.pdf.

Shin, T.C. and Teng, T.L. (2001). An overview o f the 1999 Chi-Chi, Taiwan, 

earthquake. Bulletin o f  the Seismological Society o f  Am erica .

Shinozuka, M., Member, H., Member, A., Lee, J. and Naganuma, T. (2001). Statistical 

Analysis o f Fragility Curves. Journal o f  Engineering Mechanics. 

126(12)(December), 1224-1231.

Silva, V., Crowley, H., Varum, H., Pinho, R. and Sousa, R. (2014). Evaluation of 

analytical methodologies used to derive vulnerability functions. Earthquake 

Engineering & Structural Dynamics. 41(11), 1549-1568. Available at: http:// 

onlinelibrary. wiley.com/doi/10.1002/eqe.2230/full.

Silva, W.R.L. da and Lucena, D.S. de (2018). Concrete Cracks Detection Based on 

Deep Learning Image Classification. Proceedings. 2(8), 489.

Sims, B.H. (2000). On Shifting Ground: Earthquakes, Retrofit and Engineering 

Culture in California. University o f California, San Diego.

Soneji, B.B. and Jangid, R.S. (2007). Passive hybrid systems for earthquake protection 

of cable-stayed bridge. Engineering Structures. 29(1), 57-70.

Soyluk, K. and Sicacik, E.A. (2012). Soil-structure interaction analysis o f cable-stayed 

bridges for spatially varying ground motion components. Soil Dynamics and 

Earthquake Engineering. 35, 80-90. Available at: http://dx. doi.org/ 10.1016/ 

j.soildyn.2011.11.003.

291

http://dx.doi.org/10.1016/j.istruc.2016.08.010
http://www.intechopen.com/source/pdfs/21382/InTech-
http://dx


Stefanidou, S.P. and Kappos, A.J. (2017). Seismic capacity and demand assessment in 

bridge-specific fragility analysis. COMPDYN 2017 - Proceedings o f  the 6th 

International Conference on Computational Methods in Structural Dynamics 

and Earthquake Engineering. 1 (September).

Suhatril, M. (2011). Nonlinear Seismic Performance o f  Integral Prestressed Concrete 

Boxgirder Bridge In Malaysia.

Suryanita, R. (2014). Integrated bridge health monitoring, evaluation and alert system 

using neuro-genetic hybrids. Universiti Teknologi Malaysia.

Suryanita, R. (2016). The Application of Artificial Neural Networks in Predicting 

Structural Response of Multistory Building in The Region of Sumatra Island. 

KnE Engineering . 1(2015), 1-6. Available at:

http://knepublishing.com/index.php/KnE-Engineering/article/view/526/1619.

Taiwo Amoo, O. and Dzwairo, B. (2016). Trend analysis and artificial neural networks 

forecasting for rainfall prediction. Environmental Economics. 7(4), 149-160.

Tirelli, D. and Vadillo, I. (2013). A Fast Automated Impact Hammer Test Method for 

Modal Parameter Extraction: Implementation on a Composite Bridge Beam. In 

Gune§ O., Akkaya Y. (eds) Nondestructive Testing o f Materials and  Structures. 

RILEMBookseries, vol 6. pp.999-1006.

Tohidi, S. and Sharifi, Y. (2016). A new predictive model for restrained distortional 

buckling strength o f half-through bridge girders using artificial neural network. 

KSCE Journal o f  Civil Engineering . 20(4), 1392-1403.

Tran, Q.H., Huh, J., Nguyen, V.B., Haldar, A., Kang, C. and Hwang, K.M. (2018). 

Comparative study of nonlinear static and time-history analyses o f typical 

Korean sts container cranes. Advances in Civil Engineering . 2018.

Umar, S. (2015). Response Surface Methodology fo r  Damage Detection Using 

Frequency And Mode Shapes. Universiti Teknologi Malaysia.

USGS (1971). The San Fernando, California, earthquake o f  February 9, 1971; a 

preliminary report published jointly by the U.S. Geological Survey and the 

National Oceanic and Atmospheric Administration , Available at: 

http://pubs.er.usgs.gov/publication/pp733.

Vafaei, M. (2013). Seismic damage identification based on integrated artificial neural 

networks and wavelet transforms mohammadreza vafaei universiti teknologi 

malaysia. Universiti Teknologi Malaysia.

292

http://knepublishing.com/index.php/KnE-Engineering/article/view/526/1619
http://pubs.er.usgs.gov/publication/pp733


Vafaei, M., Alih, S.C., Shad, H., Falah, A. and Halim, N.H.F.A. (2018). Prediction of 

strain values in reinforcements and concrete o f a RC frame using neural 

networks. International Journal o f  Advanced Structural Engineering. 10(1), 

29-35. Available at: https://doi.org/10.1007/s40091-018-0178-0.

Vamvatsikos, D. and Cornell, C.A. (2002). Incremental dynamic analysis. Earthquake 

Engineering & Structural Dynamics. 31(3), 491 -514. Available at:

https://doi.org/10.1002/eqe.141.

Venkateswarlu, B. and Raju, P. (2016). Performance Analysis and Validation of 

Clustering Algorithms Using Soft Computing Techniques. International 

Joural o f  Computer Science and Information Technology and Security 

(IJCSITS). 6(2), 55-61. Available at:

http://ijcsits.org/papers/vol6no22016/12vol6no2.pdf.

Venton, D. and Writer, S. (2016). Tectonic tremors could offer insights into the big 

shakers. 113(29), 7930-7931.

Vona, M. (2014). Fragility Curves o f Existing RC Buildings Based on Specific 

Structural Performance Levels. Journal o f  Civil Engineering. 17(1), 120-134.

Wang, G.B., Zhou, X., Ma, X.F. and Wu, J. (2017). Numerical Study on the Seismic 

Response of Structure with Consideration of the Behavior of Base Mat Uplift. 

Shock and Vibration. 2017.

Wang, X., Zhu, B. and Cui, S. (2017). Research on Collapse Process o f Cable-Stayed 

Bridges under Strong Seismic Excitations. Shock and Vibration. 2017.

Wei, L., Cheng, H. and Li, J. (2012). Modal analysis o f a cable-stayed bridge. Procedia 

Engineering. 31, 481-486. Available at: http://dx. doi.org/ 10.1016/ j.proeng. 

2012.01.1055.

Wenzel, H., Veit-egerer, R., Lin, T., Lee, Z., Widmann, M. and Stoger, M. (2011). 

Application o f  IRIS Technologies on the Earthquake Damaged Chi Lu Cable- 

Stayed Bridge,

Wilson, J.C. and Gravelle, W. (1991). Modelling o f a cable-stayed b ridge for dynamic 

analysis. Earthquake Engineering & Structural Dynamics. 20(8), 707-721.

Witten, I.H., Frank, E., Hall, M.A. and Pal, C.J. (2017). Chapter 10 - Deep learning. 

In I. H. Witten, E. Frank, M. A. Hall, & C. J. B. T.-D. M. (Fourth E. Pal, eds. 

Morgan Kaufmann, pp.417-466. Available at: https:// www. sciencedirect 

.com/science/ article/pii/B9780128042915000106.

293

https://doi.org/10.1007/s40091-018-0178-0
https://doi.org/10.1002/eqe.141
http://ijcsits.org/papers/vol6no22016/12vol6no2.pdf
http://dx


Wu, W., Li, L. and Shao, X. (2016). Seismic Assessment o f Medium-Span Concrete 

Cable-Stayed Bridges Using the Component and System Fragility Functions. 

Journal o f  Bridge Engineering. 21(6), 04016027.

Xie, X., Li, X. and Shen, Y. (2014). Static and dynamic characteristics o f a long-span 

cable-stayed bridge with CFRP cables. Materials. 7(6), 4854-4877.

Xu, B., Wu, Z.S. and Yokoyama, K. (2003). Neural Networks for Decentralized 

Control of Cable-Stayed Bridge. , 229-236.

Yamazaki, F., Motomura, H. and Hamada, T. (1997). Damage assessment of 

expressway networks in japan based on seismic monitoring. In pp. 1-8.

Yen, W.-H.P., Chen, G., Buckle, I., Allen, T., Alzamora, D., Ger, J. and Arias, J.G. 

(2011). Post-Earthquake Reconnaissance Report on Transportation 

Infrastructure: Impact of the February 27, 2010, Offshore Maule Earthquake in 

Chile. (FHWA-HRT-11-030), 1-214. Available at: http://www. fhwa.dot.gov/ 

publications/ research/ infrastructure/structures/11030/.

Yen, W.P., Ghasemi, H. and Cooper, J.D. (1999). Lessons Learned from  Bridge 

Performance o f  the 1999 Turkish & Taiwan Earthquakes,

Yi, J. and J. Li (2017). Longitudinal Seismic Behavior of a Single-Tower Cable-Stayed 

Bridge Subjected to Near-Field Earthquakes. Shock and Vibration. 2017.

Yin, C., Rosendahl, L. and Luo, Z. (2003). Methods to improve prediction 

performance o f ANN models. In Simulation Modelling Practice and Theory. 

pp .211-222.

Yin, G.U., Hua, Z., Weidong, Z., Hypercube, L., The, I., Reduction, D., Hwang, 

H.H.M., Mander, J.B. and Cong-chun, C. (2012). Seismic Risk Analysis of 

Low-Tower Cable-Stayed. 15th World Conference on Earthquake 

Engineering, Lisbon Portugal. (2007).

Yusuf, K. and Hamid, R. (2018). Developing a Bridge Condition Rating Model Based 

on Limited Number o f Data Sets. In Bridge Engineering.

Zhang, R., Chen, Z., Chen, S., Zheng, J., Buyukozturk, O. and Sun, H. (2019). Deep 

long short-term memory networks for nonlinear structural seismic response 

prediction. Computers and Structures. 220, 55-68. Available at: https:// 

doi.org/ 10.1016/ j.compstruc.2019.05.006.

294

http://www


Zhong, J., Jeon, J.S., Yuan, W. and DesRoches, R. (2017). Impact of spatial variability 

parameters on seismic fragilities o f a cable-stayed bridge subjected to 

differential support motions. Journal o f  Bridge Engineering.

Zwolski, J. and Bien, J. (2011). Modal analysis o f bridge structures by means of Forced 

Vibration Tests. Journal o f  Civil Engineering and Management. 17(4), 590­

599.

295




