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ABSTRACT 

In the present study, a simplified finite element model of under construction Pandit Dindayal Upadhyay cable 

stayed bridge on Tapi river at Surat,Gujarat,India is used for investigation. The seismic response of the bridge 

isolated with Friction Pendulum System (FPS) and Triple Friction Pendulum System (TFPS) are investigated 

under near fault ground motions.The dynamic analysis is carried out by using the SAP2000 software. The 

response quantity of interest are the deflection pattern of deck, tension generated in cables, base shear as well 

as the load transmission through pylon to the earth. In order to verify the efficiency of FPS and TFPS in the 

cable stayed bridge, the comparison between response of FPS and TFPS has been made. From the study, it is 

found that theTFPS is more effective as compared to FPS in cable stayed bridge subjected to near fault ground 

motions. 

 

Keywords: Cable Stayed Bridge, Friction Pendulum System, Seismic Isolation, Triple Friction 
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I. INTRODUCTION 

 

Cable stayed bridge is an innovative structure which has received more attention due to their stability, optimum 

use of structural materials, aesthetic, low damping, high flexibility, relatively low design and maintenance cost 

as well as efficient structural characteristics. A cable stayed bridge is a statically indeterminate structure having 

a large degree of redundancy consists a system of cable provided above the deck and are connected to the tower. 

Whenever the vehicle passes through the deck, the vehicular live load is going to transfer in the form of tension 

to the cable. This tension via pylon in form of compression is going to get transfer to the earth. The cable 

arrangements is of different type like fan, harp, and semi fan type. As compared to conventional bridges, the 

analysis of these types of bridges is more complicated because of their large size and nonlinear structural 

behavior. From the literature survey, it is concluded that there is the lack of research is found particularly in 

seismic analysis of cable stayed bridge with Triple Friction Pendulum System(TFPS).The objectives of the 

study are, 
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(i)To investigate the behavior of TFPS in cable stayed bridge under the near fault ground motions and 

(ii) To compare the response of cable stayed bridge isolated with FPS and TFPS in order to verify the efficiency 

of TFPS. 

 

II. SALIENT FEATURES OF CABLE STAYED BRIDGE 

 

The example bridge studied here is Pandit Dindayal Upadhyay cable stayed bridge under construction on Tapi 

river at Surat, Gujarat, India. The total length of the bridge is 300 m with 150 m central span.The bridge pylon is 

of 35m height above the deck level and 12 m below deck level as shown in Fig.1.The schematic diagram of plan 

of cable stayed bridge is as shown in Fig.2.The diaphragm of deck cross section is of twin box type consisting 

23.5 m wide and 3 m high concrete girder as shown in Fig.3.The stay cable arrangement is a single plane system 

with fan type containing 10 numbers of cable at a side.The diameter of cable and material data for the example 

bridge is listed in tables  

 

 

 

 

 

Table 1 and Table 2 MATERIAL DATA OF EXAMPLE BRIDGE 

 

 

 

 

 

 

. 

 

Figure.1Schematic diagram of cable stayed bridge 
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Figure.2Plan view ofcable stayed bridge 

 

 

 

 

 

 

Table 1CABLE DATA 

 

 

 

 

 

 

 

 

Table 2 MATERIAL DATA OF EXAMPLE BRIDGE 

 

 

 

 

 

 

III. FRICTION PENDULUM SYSTEM (FPS) 

 

The Friction Pendulum bearing consists of a base-plate with an articulated slider and a spherical concave dish 

and the shear force-horizontal deformation behavior is as illustrated in Fig.4.Under the horizontal motion the 

spherical concave dish displaces horizontally relative to the articulated slider and base-plate as shown in Fig.5. 

Sr. 

No. 

Cable No Diameter(m) 

1 C1,C1’,C2,C2’,C4,C4’,C5,C5’,C6,C6’ 0.381 

2 C3,C3’ 0.457 

3 C7,C7’,C8,C8’ 0.324 

4 C9,C9’,C10,C10’ 0.273 

Ci = ith Outer cable Ci’ = ith Inner cable 

 Material E (kN/m
2
) Poisson’s Ratio Density (kN/m

3
) 

Girder Concrete (M60) 38729833 0.2 25.5 

Pylon Concrete (M60) 38729833 0.2 25.5 

Cable Steel 2 Х 10
8
 0.3 76.98 

Figure. 3Cross section of deck 
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Figure.4 Schematic diagram and Hysteresis loop of FPS 

 

(a)                                                                                  (b) 

Figure. 5 Possible position of FPS (a) Center position (b) Maximum credible earthquake 

 

 

IV. TRIPLE FRICTION PENDULUM SYSTEM (TFPS) 

 

The Triple Pendulum bearing is modern sliding system containing better seismic performance with three slider 

as the rigid slider, articulated slider and plate as shown in Fig.6. As the ground motions become stronger, the 

bearing displacements increase as shown in Fig.7. 

 

Figure. 6 Schematic diagram and Hysteresis loop of TFPS 

 

                (a)                             (b)                                  (c)    (d) 

Figure. 7 Possible position of TFPS  (a) Center position (b) Inner pendulum motion service level earthquake    

(c)Lower pendulum motion design basis earthquake (d) Upper pendulum motion maximum credible earthquake 

FPS maintains the constant friction, lateral stiffness, and dynamic period for all levels of earthquake motion and 

displacements where as in TFPS, the three pendulum mechanisms are sequentially activated as the earthquake 
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motions become stronger. The small displacement, high frequency ground motions are absorbed by the low 

friction and short period inner pendulum. For the stronger design level earthquakes, both the bearing friction and 

period increase, resulting in lower bearing displacements and lower structure base shears. For the strongest 

Maximum Credible Earthquakes, both the bearing friction and lateral stiffness increase, reducing the bearing 

displacement. 

 

V. FINITE ELEMENT MODEL IN SAP 2000 

 

The finite element model has been generated and analyzed using SAP 2000 software by considering all 

necessary dimensions and property as mentioned above. The diaphragm is provided at 3.5 m center to center. 

Each cable is treated as a plane truss element and the bridge dead load is applied, which is its own weight. The 

boundary condition for the pier as well as abutment are assumed to be fix.The isolator is placed in such a way 

that it connects deck and pylon.The property assigned for FPS and TFPS is illustrated from [2]and[4] 

respectively and assigned as mentioned in  

 

 

 

 

Table 3.The Vertical stiffness for both system must be higher than stiffness assigned in lateral direction. 

 

 

 

 

Table 3LATERAL DIRECTIONAL PROPERTIES FOR FPS AND TFPS 

Parameters FPS  

TFPS 

Outer Top 
Outer 

Bottom 
Inner Top 

Inner 

Bottom 

Effective Stiffness (kN/m) 6447.901 1694.3523 1694.3523 1694.3523 1694.3523 

Effective Damping 0 0 0 0 0 

Elastic Stiffness (kN/m) 1001000 525380.6 525380.6 525380.6 525380.6 

Friction Coefficient, Slow 0.05 0.065 0.035 0.015 0.015 

Friction Coefficient, Fast 0.05 0.13 0.07 0.03 0.03 

Rate Parameter (sec/m) 1 100 100 100 100 

Net Pendulum Radius (m) 1.5531 2.0955 2.0955 0.1905 0.1905 

Stop Distance (m) 0 0.4572 0.4572 0.0508 0.0508 

 

VI.  NEAR-FAULT GROUND MOTIONS USED IN STUDY 
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To evaluate the seismic response of cable stayed bridge, threenear fault ground motions such as Kobe 

(1995),Loma Prieta(1989) and Northridge (1994)are used for analysisof cable stayed bridge.The acceleration, 

velocity and displacement time history of all the ground motions used in study along with their pseudo-

acceleration spectra for  

5 %damping is shown in Fig. 8 to 11. TheN-S component of earthquake is applied in longitudinal direction of 

the bridge. Table 4 shows the magnitude,Peak ground acceleration(PGA),Pear ground velocity(PGV) and Peak 

ground displacement(PGD) for near fault ground motion. 

Table 4 GROUND MOTION DATA 

Earthquake Magnitude PGA (g) PGV (m/sec) PGD (m) 

Kobe,1995 6.9 1.09106 1.60347 0.40039 

Loma Prieta,1989 7 0.71785 1.72877 0.65108 

Northridge,1994 6.7 0.89018 1.74531 0.39107 
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Figure.8 Acceleration,Velocity and Displacement time histories of NS component of Kobe Earthquake,1995 
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Figure.9Acceleration, Velocity and Displacement time histories of NS component of Loma prieta 

Earthquake,1989 
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Figure.10Acceleration, Velocity and Displacement time histories of NS component of Northridge 

Earthquake,1994 
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Figure. 11Pseudo-Accelerationspectra of NS component of near fault ground motion for 5% damping 

VII. RESULTS 
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Figure. 12Comparison of Time period of uncontrolled and controlled bridge 

0 5 10 15 20 25
-300000

-200000

-100000

0

100000

200000

Ba
se 

Sh
ea

r (
KN

)

Time (sec)

Non-isolated

 FPS

 TFPS 

LOMA PRIETA,1989

 



 

210 | P a g e  

0 10 20 30 40 50 60

-200000

-100000

0

100000

200000

300000

Ba
se 

Sh
ea

r (
kN

)

Time (sec)

 Non-isolated

 FPS

TFPS

KOBE,1995

0 2 4 6 8 10 12 14
-400000

-300000

-200000

-100000

0

100000

200000

300000

Ba
se 

Sh
ea

r (
KN

)

Time (sec)

Non-isolated

 FPS

 TFPS

NORTHRIDGE,1994

Figure.13 Comparison of Base Shear for Non-isolated and Isolated Bridge 
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Figure. 14Response of bearing displacement for FPS and TFPS 
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Figure.15Obtained force deformation relation loop for FPS and TFPS for ground motion 
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Figure.16Comparison of base shear for Non-isolated and Isolated Bridge with FPS and TFPS 

 

Figure.17 Comparison of deck acceleration for Non-isolated and Isolated with FPS and TFPS 

 

Figure.18% Reduction in base shear for Non-isolated and Isolated with FPS and TFPS 
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Figure.19 % Reduction in Deck acceleration for Non-isolated and Isolated with FPS and TFPS 

Table 5COMPARISON BETWEEN THE RESPONSE OF NON-ISOLATED AND ISOLATED 

Response 
Non-

Isolated  
FPS TFPS 

Percent 

Reduction 

(%) for FPS 

Percent 

Reduction 

(%) for 

TFPS 

Remark 

Base Shear (kN) 

257848.48 118199.19 99554.04 54.16 61.39 
Kobe,1995 

-211136.41 -115722.45 -120907.33 45.19 42.73 

186411.96 136872.42 133436.31 26.58 28.42 
Loma Prieta,1989 

-179145.14 -204462.62 -257256.70 12.38 30.36 

263882.90 86363.18 80292.89 67.27 69.57 
Northridge,1994 

-336089.83 -99509.53 -98240.71 70.39 70.77 

Deck 

Acceleration 

(m/sec
2
) 

11.47 5.02 4.22 56.23 63.26 
Kobe,1995 

-9.59 -4.54 -4.92 52.69 48.71 

-11.07 9.09 5.30 41.33 41.72 
Loma Prieta,1989 

-8.73 5.23 -8.12 7.01 21.11 

12.87 3.84 3.77 70.13 70.72 
Northridge,1994 

-15.90 -3.77 -3.81 76.29 76.05 
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Table 6AXIAL FORCE IN CABLE 

Outer Cable Inner Cable 

Cable 

No. 

Non- 

Isolated FPS TFPS 

Cable 

No. 

Non-

Isolated FPS TFPS 

C1 7488.812 8176.058 8304.134 C1' 7071.37 6948.316 6894.157 

C2 8194.853 8560.958 8648.045 C2' 8094.969 8131.169 8153.57 

C3 11265.9 11362.07 11520.38 C3' 1147.98 11569.77 11744.38 

C4 9388.581 9187.739 9200.214 C4' 9730.818 9757.085 9823.484 

C5 9861.465 9349.6 9307.856 C5' 10304.94 10160.26 10192.96 

C6 10285.62 9352.164 9224.626 C6' 10768.62 10272.07 10223.21 

C7 8971.625 7657.589 7348.115 C7' 9368.696 8434.474 8176.758 

C8 9694.432 7512.305 6960.922 C8' 10057.35 8242.539 7733.096 

C9 9149.695 6143.052 5286.724 C9' 10002.25 6668.564 5832.291 

C10 10952.82 5924.288 4715.188 C10' 11109.77 6307.327 5107.583 

 

VIII. CONCLUSION 

 

The seismic response of a simplified finite element model of cable stayed bridge under construction at Tapi river 

is studied under the three longitudinal component of near fault earthquake motions. From the dynamic analytical 

investigation of the bridge with seismic isolation system, the following conclusion may drawn: 

1. The response modal fundamental time period for isolation system is increased. 

2. Reduction in base shear response and deck acceleration response of the tower is more in case of TFPS as 

compare to FPS.On the other hand, increased in bearing displacement is observed in TFPS 

4. Reduction of the seismic responses depends on the type of isolator as well as type of earthquake ground 

motion. 

5. The performance of TFPS is found to be better than that of FPS. 
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