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Abstract---The first cable-stayed bridges appeared in Europe in the 

1700s. Cable-stayed bridges have been increasingly popular over the 
past few decades because of its aesthetic appeal, effective use of 

materials, and availability of innovative building techniques. As a 

result of the Sutong Bridge's success, numerous other similar 
bridges have been proposed or are now being built, necessitating 

further study in this area. In recent years, cable-stayed bridges of 

very great spans have been completed, and the goal is to expand the 
span length even further by using girders that are much thinner. As 

a result, accurate methodologies must be devised that can lead to a 

full understanding and realistic forecast of the bridge's structural 
response under diverse load circumstances. Analysis of cable-stayed 

bridges with a single and two equal side spans has been done in the 

present testing to know their seismic response. Static and dynamic 
loads on cable-stayed bridges, as well as the resulting reaction of the 

bridge as span length and pylon shape change, are the focus of this 

study. In order to compare static analysis results for different bridge 

configurations, we compared the mode shapes, time periods and 
frequencies, and the maximum deck deflection. Axial forces in stay 

cables and deck deflection have been studied for various bridge 

configurations under the impact of the seismic reaction spectrum (El 
Centro). 

 

https://sciencescholar.us/journal/index.php/ijhs/article/view/13485
mailto:harshavardan305@gmail.com
mailto:ravipatil777@gmail.com
mailto:anushree9999@gmail.com


         3808 

Keywords---Cable stayed Bridge, static, Dynamic, SAP2000, 

Modeling, Analysis.   
 

 

Introduction  
 

Cable Stay type bridges have been around a lot longer than a lot of people think 

and can be traced back more than four centuries. In recent years, starting 

around the 1970s, cable stay bridges have become increasingly popular, as 
improvements in materials and technology have resulted in cable stays bridges 

becoming a fast and economical way to cross medium to long spans (100 to 1000 

meters), The cable stay bridge system, which is a unique feature of the new 
Indian River Inlet Bridge, was a development of the post tension system invented 

by Mr. Eugene Freyssinet, in France, in the early 1900’s.  The early designs of 

modern cable-stayed bridges essentiality consisted of a stiff girder supported by 
a few cables. The stay forces were rather large and consequently the anchorage 

design was excessively complex. Static and dynamic analyses are performed on 

the cable stayed bridge. Static analysis is performed to find the dead load and 
live load behavior of the structure. The dynamic analysis is to find the dynamic 

properties of the structure. 

 

 
 

 

 
 

 

 
 

 

 
Fig.1. Cable Stayed Bridge 

 

Methodology 

 
The methodology worked out to achieve determined objectives is by following 

pattern to analyze the cable stayed bridge with reviewing the existing literatures 

from many researchers. First by selecting a Cable stayed bridge model for the 
case study and considering the required parameters to analyze the bridge. Later 

the structure is modeled by using SAP2000 software by adopting different pylon 

shapes with different span in the bridge, bridge which is subjected to only dead 
load in modal load combination. The parameters are to studied for different 

spans of different height of pylon in static analysis and in dynamic analysis dead 

load, seismic load and moving load in modal load combination.  
 

After modeling is done the analysis is carried out by adopting two methods such 

as static and dynamic analysis (time history analysis) for bridge considered and 
a comparative study on the results obtained from the analysis. Later the 

observation is done for the comparisons and conclusion is stated. 
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Analytical Program  

 

A. Details of the Bridge 

 Bridge Length:  
i. Type 1 (100m) 

ii. Type 2 (200m) 

iii. Type 3 (300m) 
iv. Type 4 (400m) 

 Shape of pylons: 

i. A-Shape with harp arrangement  
ii. H-Shape with harp arrangement 

 

 Concrete                        
Grade                                                        M-45 

Modulus of elasticity for Concrete           33541.02 kN/m2 

Poisson’s ratio for Concrete                     0.2 

Co-efficient of thermal expansion          1.170* E-05/0C 
Shear modulus                                          12900392 kN/m2 

 Steel 

Grade of Steel                                 250 N/mm2 
Modulus of elasticity for Steel               1.99*108 kN/m2 

Poisson’s ratio for steel                          0.3  

Shear modulus                                        76903069kN/m2 
Link                                                   Rigid link 

 Cables 

Pre-stressed tendons 
Modulus of elasticity                              1.58*108 KN/m2 

Co-efficient of thermal expansion         1.170* E-05/0C 

Shear modulus                                        60769231kN/m2 

Poisson’s ratio                                        0.3 
 Deck  

Concrete box type deck 

Outer width                                              22m 
Total width                                                      3.2m          Flange thickness                                              

1m 

Web thickness                                                 1m 
 

 
Fig. 2. Deck sectionFrame section properties 

 
I Concrete Beam                       

Box type  

           Outer width, T3  :                         2.5m 

           Total depth, T2                            3m 
           Thickness flange, Tf                   1m 
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           Thickness web, Tw              1m 

 

 
Fig. 3. Dimension selection in SAP2000 

 
II Pylon [It is a non-prismatic section so we have to consider two types of section 

i.e. top and bottom section details are given below] 

Pylon Bottom  

 Material   : M 45 concrete 

 Section   : Box/Tube 

 Outside depth T3  : 4m 

 Outside widthT2  : 6m 

 Flange thickness Tf : 1.25m 

 Web thickness Tw  : 2.25m 

 

 
Fig 4 Pylon Bottom Frame Properties 

Pylon Top 

 Material   :M 45 concrete 

 Section   : Box/Tube 

 Outside depth T3  :3m 

 Outside widthT2  :6 m 

 Flange thickness Tf :1 m 

 Web thickness Tw  :2.25m 

 

 
Fig 5 Pylon Top Frame Properties 

 Time History Analysis Data: 

Input - ELCENTRO-Earthquake 
Location: “Imperial Valley” 
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Date: 19th May 1940 

Time: 4:39am 

Station: “El Centro Array #9” 

Direction: Horizontal, 180° 
Units of acceleration: g= 9.81 m/s2 (acceleration of gravity) 

Number of time instants: 4,000 

Sampling time: Δt = 0.01 s (f= 100 Hz) 
Time history type – Modal 

 

 
Fig. 4. Time History Function Definition 

 Moving Load Analysis: 

Code – IRC -6 Class AA Tracked Vehicle  

Vehicle name-IRC-70R-1 
Vehicle class-IRC-70R 

Over the past three decades, the SAP brand has become synonymous with 

cutting-edge methodological approaches. An unparalleled analysis engine and 

design tools for engineers working in the fields of transportation, industrial, 
public works, sports, and other facilities are at the core of SAP2000's user 

interface. Like no other programme, SAP2000 optimizes moving load analysis 

for bridge design. Torque and other reactions can be taken into account by 
simply shifting the lanes away from the beam centerline. Loads may be 

applied or restrictions and supports can be assigned with ease using 

SAP2000, even when they are not parallel to the global axis. 
 

Modeling of Different type of Bridges 

 

 
Fig. 5. Models of a type pylon single and doubble 



         3812 

 
Fig. 6 Model of h type pylon single and doubble 

 
Result and Discussion 

 

The models were analyzed using SAP 2000, the following results like deck box 
deflection, mode shapes for different time period are extracted and max axial 

force in the cable stay were obtained and tabulated 

 

Mode Shape A-Type 
 

Table 1 Mode Shape of A –Type 

 

Span in m 
A type 

Mode 1 
Time period 

Mode 2 
Time period 

Mode 3 
Time period 

100 0.31655 0.24469 0.12249 

200 0.90555 0.83404 0.83138 

300 0.56249 0.44419 0.42758 

400 0.77397 0.73804 0.49983 

 

 
Fig 7 Mode Shape of 100 m Span of A -Type 

 
Fig 8 Mode Shape of 300 m Span of A- Type 
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Mode Shape H Type 

 

Table 2 Mode Shape of H Type 

 

Span in m 
H type 

Mode 1 
Time period 

Mode 2 
Time period 

Mode 3 
Time period 

100 0.29692 0.26474 0.18289 

200 0.77390 0.70258 0.65805 

300 0.49405 0.46101 0.30147 

400 1.05433 0.68673 0.67217 

 

 

 
Fig 9 Mode Shape of 100 m Span of H –Type 

 

 

 
Fig 10 Mode Shape of 300 m Span of H- Type 
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Bending Moment and Shear Force of A Type 

 
Table 3 Bending Moment of Deck 100 m Span [A-type] 

 

 
Fig 11 Bending Moment of Deck 100 m Span [A-type] 
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Table 4 Shear Force of Deck 100 m Span [A-type] 

 

 
Fig 12 Shear Force of Deck 100 m Span [A-type] 
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Table 4 Bending Moment of Deck 300 m Span [A-type] 
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Fig 13 Bending Moment of Deck 300 m Span [A-type] 
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Table 5 Shear Force of Deck 300 m Span [A-type] 
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Fig 14 Shear Force of Deck 300 m Span [A-type] 

 

 
Fig 15 Bending Moment of Deck 100 m Span [H-type] 
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Fig 16 Shear Force of Deck 100 m Span [H-type] 

 

 
Fig 17 Bending Moment of Deck 300 m Span [H-type] 
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Fig 18 Shear Force of Deck 300 m Span [H-type] 

 

Deck Deflection for A Type 

 

 
Fig 19 Graph 1 Deck Deflection 100m Span [A type] 
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Fig 20 Graph 2 Deck Deflection 300m Span [A type] 

 
 

 
Fig 21 Graph 3 Deck Deflection 100m Span (H type) 
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Fig 22 Graph 7 Deck Deflection 300m Span (H type) 

 
Deck Deflection of and H type for 100,200,300m &400m Spans 

 

Single pylon of A type used form deck deflection goes on decreases as the lateral 
load included in the load combination In case of 200m cable stayed bridge 

deflection goes on increases as the lateral force included but since span is 

increasing the deflection is also increasing Double pylon of A type used form 

deck deflection goes on increases as the lateral load included in the load 
combination In case of 400m cable stayed bridge deflection goes on increases as 

the lateral force included but since span is increasing the deflection is also 

increasing 
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Cable Axial Force  

 

 
 

Cable Axial Force 
 

Max Cable Axial Force100 and 200m Span of A and H Type 

 
The table 5.11 shows  the maximum value of cable axial force value of different 

span cable stay bridge for different span i.e. 100,200,300,400m with different, 

pylon shape A and H type with different load case, the maximum axial force goes 
on increases with, Dead Load, DL+ML,DL+ML+EQX-ZII,DL+ML+EQX-

ZIII,DL+ML+EQX-ZIV,DL+ML+EQX-ZV& Time History, & as the span increases 

the axial force in cable also goes on increasing and for single pylon100m span 
the combination of DL+ML+EQ-ZV [7838.371KN] gives the maximum axial force 

in static analysis and combination DL+ML+TH [9873.679]load case gives 

maximum axial force in dynamic analysis. The effect of span can be treated as 

the slenderness effect, in case of single pylon of Shape. The maximum value of 
axial force is observed in load combination, dynamic analysis i.e. DL+ML+TH, 

compare to static case, i.e. DL+ML+EQX-ZV and in 200m span of A shape It has 

been observed that higher slenderness the axial force is maximum in static load 
case [13198.22 KN] compare to dynamic load case [12743.452 KN] in this stage 

we need to consider the slenderness. The above graph shows the variation. 
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Max Cable Axial Force300 and 400m Span of A and H Type 

 

The table 5.11 shows  the maximum value of cable axial force value of different 

span cable stay bridge for different span i.e. 100,200,300,400m with different, 
pylon shape A and H type with different load case, the maximum axial force goes 

on increases with, Dead Load, DL+ML, DL+ML+EQX-ZII,DL+ML+EQX-

ZIII,DL+ML+EQX-ZIV,DL+ML+EQX-ZV & Time History, & as the span increases 
the axial force in cable also goes on increasing and for Double pylon300m span 

the combination of DL+ML+EQ-ZV [11906.963KN] gives the maximum axial force 

in static analysis and combination DL+ML+TH [16943.409KN] load case gives 
maximum axial force in dynamic analysis. The effect of span can be treated as 

the slenderness effect, in case of single pylon of A shape. The maximum value of 

axial force is observed in load combination, dynamic analysis i.e. DL+ML+TH, 
compare to static case, i.e. DL+ML+EQX-ZV and in 400m span of A shape It has 

been observed that higher slenderness the axial force is maximum in static load 

case[16545.74 KN] compare to dynamic load case [15235.643KN] in this stage 

we need to consider the slenderness .The  above graph shows the variation. 
 

Conclusions 

 
Simple method of modeling of cable styed bridge with different pylon has been 

carried and by carrying seismic and moving load analysis has been done.. 

 
Dynamic Analysis: 

 

[1] The dynamic analysis results shows that for the cable stayed bridge with  H 
type pattern pylon will have lesser value of fundamental time period compare 

to A type and this shape is economical in design. 

[2] Even the slenderness effects play an important role in dynamic analysis i.e. 

for span/pylon height the Ratio is higher means the fundamental model time 
period will be usually higher value. 

[3] In case of H shape pylon Cable stayed bridge of higher slenderness ratio the 

modal time period value will be usually less. 
 

Deck Deflection: 

 
[4] As lateral load effect increases the deflection goes on Decreases  

[5] Dynamic analysis such as time history gives the worst effect of lateral load in   

case of deck deflection. 
[6] H-shape pylon is effective to control the deck deflection compare to A shape 

pylon. 

 

Axial Force in Cable: 
 

[7] In case of double pylon of less slenderness ratio the axial force will be 

maximum in time history analysis. 
[8] H-shape pylon will experience lesser axial force in cable stay compare to A 

shape pylon cable stayed bridge. 

[9] In case of single pylon of higher slenderness ratio the axial force will be 
maximum in time history analysis or in worst combination. 



         3826 

References 

 
1. The thesis by Olfat Sarhang Zadeh, Comparison Between Three Types of 

Cable-Stayed Bridges Using Structural Optimization. London, Ontario, 

Canada4 October, 2012 
2. H. Saidi , M. Al-Rawi , A.F. Ali  and A. Adda  

“Response Characteristic of Cable Stayed Bridges under Static Loading and 

Due to the Earthquakes in Longitudinal Direction” 2014 

3. Moeen Sakran and D. S. Prakash Rao, “cable stayed bridges for elegance 
and economy” The University of the West Indies, Trinidad and Tobago-2010. 

4. Chun-Ho H, Yang-Cheng W., “Three –Dimensional Modeling of A Cable 

Stayed Bridge for Dynamic Analysis “Dept. of Civil Engineering, Chinese 
Military Academy, Feng-Shan 83005, Taiwan, China. 

5. Atul K. Desai,” Seismic Time History Analysis for Cable-Stayed Bridge 

Considering Different Geometrical Configuration For Near Field 
Earthquakes” World Academy of Science, Engineering and Technology 79, 

2013. 

6. IRC-6-2000 standard specifications and code of practice for road bridges, 
section II, loads and stresses, Fourth Revision 

7. IS 1983(part-I):2000, Criteria for earthquake resistant design of structures 

 


