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Abstract— During the last few decades, cable-stayed bridges 

have proven to be first-class structures providing vital 

transport links. For this reason more researches about these 

types of bridges are of vital importance since the concerned 

engineers and relevant academicians need to understand 

clearly the behavior of these bridges under seismic loading 

with different cable configurations. In this paper, a 269m 

span cable-stayed bridge has been studied; the fan and 

radiating types of cable configuration have been considered 

as study parameters for the purpose of evaluating the effect 

of cable configuration in cable-stayed bridges under seismic 

loading. The earthquake force was considered to act in 

longitudinal direction and then in the transverse direction of 

the bridge, the analysis results like axial forces, shear forces, 

bending moments, torsion moments, deck and tower 

displacements have been presented and compared for both 

fan and radiating cable layouts. 
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I. INTRODUCTION 

In the family of bridge systems, the cable supported bridges 

are distinguished by their ability to overcome large spans. 

Nowadays, cable supported bridges are enabled for spans in 

the range from 200 m to 2000 m (and beyond), thus 

covering approximately 90 per cent of the present span 

range (Gimsing, 1997). 

Furthermore, as demands for improved 

infrastructure increase around the world, civil engineers 

continue to be challenged to develop large bridges that must 

perform well even under extreme loading. An effective 

means of bridging large distances in both seismic and non-

seismic regions is through the use of cable-stayed bridges. 

The decks of a cable-stayed bridge are supported using 

cables that climb diagonally to strong stiff towers, which act 

as the main load-bearing elements for the bridge. The 

orientation and construction methodology adopted for the 

bridges is such that under uniform loading the static 

horizontal forces imposed by the cables on the decks are 

typically balanced. Consequently, the towers will be 

designed to resist the vertical component of the gravity load 

and additional lateral loads associated with live loads, wind 

and seismic actions, impact from colliding objects, drag 

from water flow, and possibly others.  

Cable-stayed bridges can be a very effective means 

of bridging large distances in both seismic and non-seismic 

regions. The rapid progress of this kind of bridges is mainly 

due to the development of computer technology, high 

strength steel cables, orthotropic steel decks and 

construction technology. Because of its aesthetic appeal, 

economic grounds and the ease of erection, the cable-stayed 

bridge is considered as most suitable for medium to long 

span bridges with spans ranging from 200 to about 1000 m 

(Fleming, 1979). 

As a matter of fact, the longer span length is, the 

more flexible the bridge structural system behaves. Because 

of their huge size and complicated nonlinear structural 

behaviors, the analysis of cable-stayed bridges is much more 

complicated than that of conventional bridges. Their design, 

analysis, and construction can be very challenging.  

Gravity loading on the bridge will have a strong 

influence on the peak compression forces that develop in the 

longitudinal axis of the deck. Therefore, one might consider 

a strong heavy deck to resist the compression but of course 

the gravity loads themselves are a function of the weight of 

the deck. In addition, while a heavy deck may not be 

problematic for wind loading, it would certainly be an issue 

for seismic loading. As such, the ideal deck section is a 

strong but lightweight deck. One might also consider the 

benefits of a flexural stiff deck for non-seismic loads. An 

extensive parametric study undertaken by Walther (Walther, 

1999) showed that for static loads, the use of a stiff deck 

section is not ideal for cable-stayed bridges, since it attracts 

significant bending moments at three critical zones: deck-to-

pier, abutments, and mid spans (Virlogeux, 2001). However, 

this observation comes from static considerations, and a stiff 

deck can instead be quite beneficial when dynamic wind and 

earthquake loads are considered. Also note that vertical 

displacements of the deck may be most significantly 

affected by the stiffness of the cable-pier system. This can 

be appreciated simply considering the typical span-to-depth 

ratios of decks in cable-stayed bridges, which tend to be in 

the range of 100–200, well above normal ratios used to 

control deformations associated with beam flexure. As such, 

the deck stiffness will be more relevant for local 

deformations between cable support points and for dynamic 

vibrations associated with wind and seismic response. 

A. Cable Arrangements 

Cable-stayed systems are classified according to the 

different longitudinal and transverse cable arrangements. 

Cable layout is fundamental issue that concerns cables 

stayed bridges. It not only affects the structural performance 

of the bridge, but also the method of erection and the 

economics. (Walther, 1999) 

B. Longitudinal Arrangement 

Basically, there are four longitudinal cable configurations: 

harp-type, fan-type, radiating-type and star-type. The harp-

type cable arrangement has the cable parallel and spaced 

along the girder and the pylon. The radiating-type is a 

converging system where the cables intersect at a common 

point at the top of the pylon. The fan-type cable arrangement 

combines the radiating type and the harp-type. In the star-

type arrangement, the cables are placed along the pylon and 
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converge at a common point on the girder. Only three of 

these are considered in the present study, the fan-type, 

radiating-type and harp-type configurations. 

The arrangement of the cables involves a number 

of considerations. It depends on the bridge requirements, 

site conditions and aesthetics appearance. The idealized 

arrangements are indicated in figure 1, and it may also be 

assumed that all the configurations or types are applicable to 

either the single- or double planar cable systems. These 

basic systems are referred to as radiating, harp, fan, and star 

systems. 

 

 
Fig. 1: Longitudinal cable arrangements: (a) Radiating, (b) 

Fan, (c) Harp, (d) Star (Walter ,Podolny) 

Some engineers prefer the radiating cable 

arrangement- where all cables converge at the top of the 

tower-because the cable stays are at a maximum angle of 

inclination to the bridge girders. In this arrangement, the 

cables are nearly in an optimum position to support the 

gravity dead and live loads and simultaneously produce 

minimum axial component acting on the girder system.  

When using a double-plane cable system, the harp 

configuration may be preferred over the radiating type 

because it mimimizes the visual intersection of cables when 

viewed from an oblique angle. Thus the motorist may find 

the harp system more attractive. The harp system, with the 

cable connections distributed throughout the height of the 

tower, results in an efficient tower design compared with the 

radiating system, which has all the cables at the top of the 

tower. 

The concentrated load at the top of the tower 

produces large shears and moments along the entire height 

of the tower, thus increasing its cost. In addition, the large 

concentrated cable force at the top of the tower usually 

presents difficulties in anchoring the cables to the tower or 

over a saddle, thus complicating the transfer of the vertical 

loads. 

The fan arrangement represents a compromise 

between the extremes of the harp and radiating systems and 

is useful when it becomes difficult to accommodate all the 

cables at the top of the tower. 

The example of the star system is the one used on 

the Norderelbe Bridge in Hamburg, Germany. The principal 

reason for its use is its unique aesthetic appearance. The 

additional tower height above the cable connection is purely 

decorative; it serves no structural purpose whatsoever. 

C. Transverse Arrangement 

For the transverse arrangement the classification is made 

according to the positioning of the cables in different planes. 

Two basic classifications follow (Gimsing, 1997): 

1) Single-Plane System: 

This system is composed of a single cable layout along the 

longitudinal axis of the superstructure. This kind of layout is 

governed by torsional behaviour. The forces are created by 

unsymmetrical loading on the deck. The main girder must 

have adequate torsional stiffness to resist the torsion force. 

2) Two-Plane System: 

If the tower is of the shape of an H-Tower, the layout is a 

two-plane vertical system. If only one tower is provided in 

the middle of the superstructure, then the layout is a two-

plane, inclined system. 

The transverse layout has two options for the 

anchorage. The anchorage is located either outside of the 

deck structure or inside the main girder. 

The spacing of the cables varies according the 

chosen layout and the aesthetics requirements. The current 

trend is to employ many cables (Walther, 1999). 

Increasing the number of cables reduces the 

required stiffness of the girders, and results in more slender 

superstructure sections. Consequently, the load in each cable 

decreases, and the construction process is simplified. 

II. ANALYSIS OF CABLE-STAYED BRIDGE 

SAP2000 version 14 is utilized in this study for analysis. 

SAP2000 is a powerful and versatile tool for analysis and 

design of structures based on static and dynamic finite 

element analysis. Nonlinear analysis can also be performed 

in SAP2000. The analytical capabilities are just powerful 

representing the latest research in numerical techniques and 

solution algorithms. The program is structured to support 

wide variety of the latest national and international codes for 

both steel and concrete designs. 

A. Method of Analysis 

A cable-stayed bridge is a statically indeterminate structure 

with a large degree of redundancy. The girder is like a 

continuous beam elastically supported at the points of cable 

attachments and supported on rollers at the towers. If the 

nonlinearity due to factors such as large deflections, 

catenary action of cables, and beam-column interaction of 

the girder and tower elements are neglected, the structure 

can be assumed to be linearly elastic. In such a case, the 

linear methods of analysis can be applied and the principle 

of superimposition is admissible. Troitsky and Lazer (1970) 

developed a load balancing method of analysis of cable-

stayed bridges suitable for hand computations. A mixed 

force displacement method was developed by Smith (1967), 

while Lazer et al. (1972) used a flexibility approach for 

theoretical analysis, and Tang (1971) illustrated use of the 

transfer matrix approach. Smith (1968) extended his 

technique to analysis of double-plane cable-stayed bridges 

and treated the deck as a plate. Kajita and Cheung (1973) 

illustrated use of the finite-element technique. The well-

known stiffness approach seems to be the most commonly 

employed tool for analyzing such structures and is the one 

used in this paper. 
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B. Modeling of Deck and Girder 

In this study, a frame element has been used to model the 

longitudinal and transverse beams while the deck was 

modeled using shell element. 

C. Modeling of Cables 

For modeling cables, a straight frame element has been 

used; this was in order to neglect the effect of caternary 

action due to the self-weight of cables; however, one can 

consider the nonlinearities of cables arising due to cable sag 

by using the modified modulus of elasticity calculated from 

the equation of H. J. Ernst: 

𝐸𝑒𝑞 =
𝐸

1+
(𝑤𝐻)2𝐴𝐸

12𝑇3

                                 (1) 

Where: 

Eeq =Equivalent modulus of elasticity of the cable 

E =Modulus of elasticity of the straight cable 

w =Weight of the cable per unit length 

A =Cable sectional area  

T=cable tensile stress 

H =Horizontal projected length of the cable 

D. Modeling of Pylon 

Function of Pylon or tower is to support the cable system 

and transfer the forces to foundation. Therefore, it is 

subjected to high axial forces and bending moments and also 

depends upon support conditions. The material of 

construction can be concrete or steel depending upon soil 

condition and construction speed required. Towers are of 

different types to accommodate different cable 

arrangements, bridge site condition, design features and 

aesthetics. Pylon modeling is done as beam elements. 

E. Assumptions Made 

In the analysis of the study of cable-stayed bridges 

contained in this paper, the following assumptions have 

been made: 

1) The models for linear analysis were the equilibrium 

configuration of the bridge under the effect of the 

dead loads. Deformations and forces were 

computed for the structure under seismic load. The 

initial configuration was assumed not to be affected 

by the deformations. 

2) All joints between members in the structure were 

assumed to be rigid. 

3) The joint between cable and girder or tower is, in 

effect, a pinned joint. 

4) Cables were assumed to be straight members, that 

is, the effect of caternary action due to the self-

weight of cables was neglected. Podolny (1971) 

has shown that the effect of catenary action for 

moderate sag to span ratio is not large. However, 

this effect can be incorporated by modifying the 

modulus of elasticity (Ernst 1965) in the equation 

(1). 

5) The structure was assumed to remain linearly 

elastic. 

6) The effect of change in geometry, beam-column 

interaction of girder and tower elements was 

neglected. 

7) No traffic load was considered while applying 

earthquake force. 

III. MATHEMATICAL MODEL OF THE CABLE-STAYED BRIDGE 

A. Problem Data (Geometry and Material properties) 

Deck type: Rectangular 

Deck size: 14m x 0.23m 

Height of deck from ground: 17m 

Height of pylon: 71m 

Material of pylon: RCC  

Modulus of elasticity: 25000 MPa 

1) Cable Properties:  

Modulus of elasticity: 210000MPa 

Ultimate strength of the cables: 1600MPa 

Diameters: 

Cable 1: 0.24m  

Cable 2: 0.20m 

Cable 3: 0.16m 

Cable 4: 0.12m 

Total Cables number: 28 

Cable spacing at tower: 2.75m 

Cable spacing at deck level: 19.20m 

The bridge deck is assumed to be a continuous 

beam rigidly connected to the tower, the tower is considered 

to be fixed at the base.     

 
Fig. 2: Cross-section of composite deck 

 
Fig. 3: Elevation view of bridge tower 

S.

N 

Structural 

member 
Dimension 

Materi

al 
Shape 

1 Cable 

0.12m,0.16m,0.

20 m,0.24m 

diameter 

Steel Circular 

2 Deck 
Depth =0.23m 

Width = 14m 
RCC 

Rectangul

ar 

3 
Longitudin

al Beams 

1m x 0.4m tw = 

0.15m tf = 

0.15m 

Steel I –section 
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4 
Cross  

Beams 

0.7m x 0.25m 

tw = 0.10m tf = 

0.10m 

Steel I -section 

5 
Pylon 

Bottom 
4.42mx2.2m RCC 

Rectangul

ar 

 

Pylon 

Intermediat

e at deck 

level 

4.42 m x 2.2m RCC 
Rectangul

ar 

6 Pylon Top 
(4.42m x2.2m) -

(2.20mx 1m) 
RCC 

Hollow 

Rectangul

ar Box 

Table 1: Details of Cable stayed bridge material and sections  

 
Fig. 4: Elevation view of fan cable-stayed bridge 

 
Fig. 5: Elevation view of radiating cable-stayed bridge 

 
Fig. 6: 3-D extrude view of fan cable-stayed bridge 

 
Fig. 7. 3-D extrude view of radiating cable-stayed bridge 

B. Seismic analysis 

Cable-stayed bridges have low structural damping; increase 

in span lengths of these flexible structures raises many 

concerns about their behavior under environmental dynamic 

loads like wind, earthquake and vehicular traffic load. These 

bridges occasionally experience extreme loads, especially 

during a strong earthquake or in a high wind environment. 

To evaluate estimated earthquake loads on the cable-stayed 

bridge there are three approaches: 

 Pseudo- dynamic or static approach. 

 Response spectrum analysis, and 

 Time-history response analysis. 

In this study, the time history response is 

considered, whereby the function of El-Centro ground 

motion was taken for the study purpose as shown in fig. 8. 

 Fig. 8: El-Centro ground motion input 

IV. RESULTS AND DISCUSSIONS  

The analysis results are due to self-weight of the bridge and 

the seismic force which was applied in X-direction 

(longitudinal) and then in Y-direction (transverse) of the 

bridge. To find out the best cable configuration for the given 

conditions of loading, response quantities like axial forces, 

bending moment, shear force, and torsion are plotted for 

comparison. The study was carried out for cables, 

longitudinal girder, deck and pylon which form major 

structural components of the bridge system. 

The following figures show the cable axial forces 

for both fan and radiating cable configurations.  

 
Fig. 9: Cable axial forces due to earthquake in X-direction 
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 Fig. 10. Cable axial forces due to earthquake in Y-direction 

From the above figures (fig.9 and fig.10) it can be 

seen that the effect of the stay cable layout on the axial 

forces in the cables is such that cable axial forces for bridge 

with fan pattern are little bit higher than cable axial forces 

for bridge with radiating pattern. But for the cables located 

nearby the tower (centre of span), the axial forces for 

radiating pattern are higher than the axial forces for fan 

pattern. These observations are same for both longitudinal 

and transverse directions. 

The following figures show the tower response 

quantities for both fan and radiating cable configurations. 

 
Fig. 11: Tower displacement in X-direction due to 

earthquake in X-direction 

 
Fig. 12: Tower displacement in Y-direction due to 

earthquake in Y-direction 

 
Fig. 13: Tower axial force due to earthquake in X-direction 

 
Fig. 14: Tower axial force due to earthquake in Y-direction 

 
Fig. 15: Tower torsion due to earthquake in X-direction 

 
Fig. 16: Tower torsion due to earthquake in Y-direction 

 
Fig. 17: Tower moment due to earthquake in X-direction 

 
Fig. 18: Tower moment due to earthquake in Y-direction 
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Fig. 19: Tower shear due to earthquake in X-direction 

 
Fig. 20: Tower shear due to earthquake in Y-direction 

 
Fig. 21: Girder axial force due to earthquake in X-direction 

 
Fig. 22: Girder axial force due to earthquake in Y-direction 

 
Fig. 23: Girder torsion due to earthquake in X-direction 

 
Fig. 24: Girder torsion due to earthquake in Y-direction 

 
Fig. 25: Girder shear due to earthquake in X-direction 

 
Fig. 26: Girder shear due to earthquake in Y-direction 

 
Fig. 27: Girder moment due to earthquake in X-direction 

 
Fig. 28: Girder moment due to earthquake in Y-direction 
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Fig. 29: Deck displacement about Z-axis due to earthquake 

in X-direction 

 
Fig. 30: Deck displacement about Z-axis due to earthquake 

in Y-direction 

From the above figures, it is observed that: 

The maximum tower displacement seems to be 

more in fan pattern in longitudinal direction of earthquake 

force while in transverse direction of earthquake the 

maximum displacement is more for radiating pattern. 

The maximum tower axial force is almost same for 

both fan and radiating patterns in transverse and longitudinal 

directions of earthquake force. 

The tower torsion value is more for radiating 

pattern for earthquake in longitudinal direction, while this 

value of maximum torsion is high for fan in transverse 

direction of earthquake. Torsion values for radiating pattern 

are very small for transverse direction of earthquake. 

The Tower maximum moment is high for radiating 

case when considering the earthquake in longitudinal 

direction, while the maximum tower moment is high for fan 

by considering earthquake to act in transverse direction. 

Maximum shear value of torsion is more for 

radiating pattern in both directions of earthquake. 

Girder axial forces are almost same for both fan 

and radiating patterns in all directions of earthquake; 

however at the centre of span axial forces seem to be high 

for fan pattern. 

The deck displacement values are almost same for 

both fan and radiating layouts in X and Y directions of 

earthquake force. However, the maximum displacement 

value of deck seems to be in fan pattern. 

V. CONCLUSION 

In this present study of cable-stayed bridge, we can 

conclude with the help of the analysis results given in 

previous chapters that either the fan or radiating 

configuration of cables can perform better depending upon 

the lateral direction of earthquake force namely longitudinal 

or transverse. But since the earthquake force may come 

from any direction we can then finally conclude that: 

 For the tower displacement, the fan configuration 

of cables performs better than radiating 

configuration. 

 When considering the tower torsion, the fan pattern 

performs better than radiating. 

 It is seen that for the tower moment, the radiating 

layout of cables performs better than fan. 

 For the tower shear, the performance of fan is good 

as compared to the one of radiating pattern. 
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