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Abstract - Seismic Protection is a fundamental issue when it
comes to high seismic risk areas design. This protection
becomes even more important when we talk about crucial
structures such as bridges. Cable-stayed bridges are
obviously included in this crucial group of structures. There
are several seismic protection systems available and it’s
important to make the right choice when one of them is
needed. The right approach to this subject is to make an
exhaustive comparison between the systems considered
relevant in a particular case. When dealing with a cable-
stayed bridge the designer should first of all understand
correctly the dynamic behavior of the structure. Ground
motions force the deck, the pylons and the stays to oscillate.
This article provides information on time history analysis of
a cable stayed bridge for various spans of the bridge and
pylon height.

Key Words: Cable-stayed bridges, Time History, Pylon
shape, Peak Acceleration, Peak Deflections, deck
deflections.

1. INTRODUCTION

Cable-stayed bridges are popular since the sixteenth century
and effectively utilizing till the nineteenth. A cable-stayed
bridge is having a minimum one no. of tower (or a pylon),
from which cables hold the bridge deck. The cables will run
parallel like a fan like structure, from pylon to the deck. This
is quite different from suspended type of bridge, where the
cable supports the deck are suspended by main cable which
isrunning between the towers. The cable-stayed bridges are
ideal for ranges longer than cantilever bridges and shorter
than suspension bridges. This is where cantilever bridges
would quickly become heavier if the range were stretched,
while suspension bridge cabling would not be more
conservative if the range were abbreviated.

1.1 OBJECTIVES

e Tomodel and analyses a cable stayed bridge using
SAP 2000 for A shape of pylon configuration

subjected to static load.

To understand the behavior of a cable stayed bridge
subjected to dynamic time history loads and moving
loads.

To study the effect of increase in span on the
response of a shape pylon.

To explore and understand the variation of key
results like deformation of pylon, axial stresses in
pylon, forces in cables, deck deflection, due to static
loads and peak acceleration, peak displacement due
to dynamic time history loads.

To determine the suitable configuration of A Shape
pylon for specific span length based on the results
obtained in static and dynamic analysis.

1.2 METHODOLOGY

This Cable-Stayed bridge is modelled with concrete
structural elements. The models are further studied different
spans and pylon height. The cable-stayed bridge containing
A-shaped pylon has been modelled as three dimensional R.C.
frame. Finite element software SAP 2000 v14.0 is used for
the modelling of bridge and performing finite element
analysis to determine the seismic responses. Modelling,
material properties, frame sections, loads applied and
analysis method used in present study are described below.

Time History Analysis:

M1 - A-Type - Span 110 m - Pylon Ht. Span/3
M2 - A-Type - Span 110 m - Pylon Ht. Span/2
M3 - A-Type - Span 220 m - Pylon Ht. Span/3
M4 - A-Type - Span 220 m - Pylon Ht. Span/2
M5 - A-Type - Span 320 m - Pylon Ht. Span/3
M6 - A-Type - Span 320 m - Pylon Ht. Span/2
Moving Load Analysis:

M7 - A-Type - Span 110 m - Pylon Ht. Span/3
M8 - A-Type - Span 110 m - Pylon Ht. Span/2
M9 - A-Type - Span 220 m - Pylon Ht. Span/3
M10- A-Type - Span 220 m - Pylon Ht. Span/2
M11 - A-Type - Span 320 m - Pylon Ht. Span/3

M12 - A-Type - Span 320 m - Pylon Ht. Span/2
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2. MODELLING

In the present dissertation work, Cable-stayed bridges of
concrete structural elements with varying pylon height and
spans.

2.1 MODEL 1 SPECIFICATION:
Type of pylon = A-shaped pylon

Span=110m

Pylon height = 36.6m
Figure 3: Model 3

2.4 MODEL 4 SPECIFICATIONS:
Type of pylon = A-shaped pylon
Span =220m

Height of pylon = 110m

Figure 1: Model 1
2.2 MODEL 2 SPECIFICATIONS:
Type of pylon = A-shaped pylon

Span=110m

Height of pylon = 55m
Figure 4: Model 4

2.5 MODEL 5 SPECIFICATIONS:
Type of pylon = A-shaped pylon
Span = 320m

Height of pylon = 106.6m

Figure 2: Model 2

2.3 MODEL 3 SPECIFICATIONS:

Type of pylon = A-shaped pylon

Span =220m

Figure 5: Model 5

Height of pylon = 73.3m
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2.6 MODEL 6 SPECIFICATIONS:
Type of Pylon = A-shaped pylon
Span = 320m

Height of pylon = 160m

Figure 6: Model 6

3. ANALYSIS
3.1GENERAL

Static, dynamic and moving load analysis of cable stayed
bridge with A-Shape pylon has been done. In order to
understand the behavior of cable stayed bridge, different
spans are chosen (110,220 m and 320 m) with two different
heights of pylon (Span/2, Span/2).

3.2TIME HISTORY ANALYSIS

“Nonlinear Dynamic Analysis It is known as Time history
analysis. It is an important technique for structural seismic
analysis especially when the evaluated structural response is
nonlinear. To perform such an analysis, a representative
earthquake time history is required for a structure being
evaluated. Time history analysis is a step-by step analysis of
the dynamic response of a structure to a specified loading
that may vary with time. Time history analysis is used to
determine the seismic response of a structure under dynamic
loading of representative earthquake.”

3.3MODAL ANALYSIS

To find the vibrational characteristics of cable stayed
bridge, modal analysis has been carried out and time period
and frequency of the cable stayed bridge for different spans
and height of the bridge is tabulated in Table 5.1 and Table
5.2 respectively. “Modal analysis uses the overall mass and
stiffness of a structure to find the various periods at which it
will naturally resonate. The goal of modal analysis in
structural mechanics is to determine the natural mode shapes
and frequencies of an object or structure during free

vibration” The response in each mode of natural vibration
can be computed independently with respect to the other
modes. The structure can be modeled as a discrete or
continuous system and depending on this ordinary
differential equations or partial differential equations can be
used as governing equations respectively.

4. RESULTS AND DISCUSSION

Mode vs. Frequency (Hz.)
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Figure 7: Mode vs. Frequency

TABLE 1: Mode vs. Frequency

© 2018,IRJET | ImpactFactor value: 7.211

Modal Analysis - Frequency (Hz.)
Span 110 m Span 220 m Span 320 m
" Mode/Pylon
kit 5m 366m [ 110m | 73.3m 160 m | 1066 m
1 244 307 0.52 0.72 0.15 0.23
2 267 394 0.63 0.89 0.20 0.38
3 281 475 067 090 0.21 046
Rl 3.20 579 067 090 0.30 0.51
5 4.85 808 0.68 0.93 0.32 0.51
6 5.02 843 0.68 093 0.46 0.63
7 549 1001 0.68 054 0.46 0.65
8 636 1036 069 054 0.47 0.67
9 863 10.65 0.69 0.97 0.47 0.67
10 896 12.05 0.72 0.98 0.47 0.67
11 9.53 12.28 0.73 1.07 0.48 0.67
12 9.78 12.65 0.74 111 048 0.67
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4.1 TIME HISTORY ANALYSIS

Time history analysis has been done for ELCENTRO dynamic
input. From the analysis, peak displacements and peak
acceleration has been extracted at pylon top, maximum deck
deflection has been found for (DL+TH) combination. Cable
forces are done for dead load of the bridge.

Table 2: Deck Deflection

Deck Deflection mm (DL+TH)

Span 110 m Span 220 m Span 320 m
Figure 8: Deformed Shape at Mode 1 (3D) HtS5m | HL36.6m | HL110m | HL733m | HL160m | HL106.6 m
24.39 1391 125.00 107.00 496.00 334.00

Deck Deflection (DL+TH)
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Figure 12: Deck Deflection Graph

From Table 2, it is evident that, deck deflection is maximum
for 320 m span, and pylon height of 160m (496 mm) which is
found to be 48% more in comparison with span/3 (106.6 m)

pylon height.
Table 3: Pylon Displacement
Pylon Displacement mm (DL+TH)
Span 110 m Span 220 m Span 320 m

Ht55m | HL366m | HL110m | HL733m | HL160m | HL106.6m

19.40 7.0 105.00 6100 175.00 212.00

Figure 11: Deformed Shape at Mode 2 (Plan)
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Pylon Displacement (DL+TH)
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Figure 13: Pylon Displacement Graph

Pylon top deflection is found to be less for 36.6 m height and
maximum for span/3 where span is 320 m. For span 220 m
pylon top deflection is found to be 105 mm i.e., 40% less
than that of span/2 of 320 span cable stayed bridge.

Table 4: Cable Forces

Cable forces
Span 110 m Span 220 m Span 320 m
Ht55m | He366m | HL11I0m | HL733m | HLl60m | HL106.6 m
27144.00 | 24953.00 11817800 | 99837.00 | 484618.00 | 280244.00

Cable Forces (Dead Load) kN

600000.00
500000.00
400000.00
300000.00

200000.00

Deck Deflection (mm)
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Span 110 m Span 220 m Span 320 m

Figure 14: Cable Forces Graph

Cable forces are found to be extremely high for large span
cable stayed bride and pylon height of 160 m.

4.1.1 PEAK DISPLACEMENT RESPONSES
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Figure 15: Peak Displacement response - Span 110 (Pylon
Ht. 55 m)
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Figure 16: Peak Displacement response - Span 110 (Pylon
Ht. 36.6 m)
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Figure 17: Peak Displacement response - Span 220 (Pylon
Ht. 110 m)
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[ Display Plot Function Trsces: (TH) X Table 4: Time History Results for peak displacements
File
Time History Results (Peak Displacements) mm
TIME

Span 110 m Span 220 m Span 320 m

Ht55m | Ht36.6m | Ht.110m Ht73.3m Ht.160 m Ht106.6 m

12,05 4.35 46.50 30.45 122.20 81.15

Jolntl 28

TR T TR Figure 15 to 20 shows the peak displacement response for
' different spans and for different heights of pylon and results
are summarized in Table 4. From the table it is clear that,
due to dynamic time history input, peak displacements is
found be high in case of 320 m span cable stayed bridge for
Figure 18: Peak Displacement response - Span 220 (Pylon span/2 pylon height. The variation is plotted in Fig. 21. And
Ht. 73.3 m) also from time history response plots, it can be observed

that, where deflection is less, the vibrations are more and for
X higher deflections vibrations are less pylon top portion.
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Figure 19: Peak displacement response - Span 320 (Pylon Figure 21: Peak Displacement Summary graph
Ht. 160 m)
4.1.2 PEAK ACCELERATION RESPONSES
M Displyy Plot Function Traces (TH) o _
Ea 3¢ Display Plet Function Traces (THX) X
File
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Figure 20: Peak diSplacgimleggrgz))onse - Span 320 (Pylon Figure 22: Peak Acceleration response - Span 110 (Pylon

Ht. 55 m)
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Figure 23: Peak Acceleration response - Span 110 (Pylon Figure 26; Peak Acceleration response - Span 320 (Pylon
Ht. 36.6 m) Ht. 160 m)
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Figure 24: Peak Acceleration response - Span 220 (Pylon Figure 27: Peak Acceleration response — Span 320 (Pylon
Ht. 110 m) Ht. 106.6 m)
:I Display Plot Function Traces (TH) . Table 5: Time History Results for peak acceleration
TIME Legend

Time History Results (Peak Acceleration) N’

Span 110 m Span 220 m Span 320 m

Joint128

HtSSm | Ht366m | Ht110m | Ht733m | Htl60m | HL1066m

437 3.09 1.72 1.63 1.58 151

o ) Acceleration is found to be high i.e., 4.37 N/m? in case of 55
m height pylon of span 110 m and goes on decreases with
the increase in span and pylon height. Peak acceleration
decrease 29% with the decrease in pylon height from span/2
to span/3. In further increase in span and pylon height peak
acceleration is found to be constant as shown in Fig.28.

VO
10 20 30 40 50 60 70 80 90 100

Figure 25: Peak Acceleration response - Span 220 (Pylon
Ht. 73.3 m)
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Figure28: Peak acceleration Graph

4.2 MOVING LOAD ANALYSIS

Figure 30: 3D Picture of 320 m Cable Stayed Bridge with

four lane road

Figure 31: Picture of 320 m Cable Stayed Bridge with four
lane road (Plan)

Table 6: Deck Deflection due to Moving Loads

Deflection - Moving Loads

Span 110 m

Span 220 m

Span 320 m

Ht55m | Ht.36.6 m

Ht110 m Ht.73.3 m

Ht.160 m Ht106.6 m

20.70 23.00

154 16.00

Deflection - Moving Loads (mm)
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Figure 32: Deck Deflection due to Moving Loads Graph

Deck deflection due to moving loads is found to be high in
case of high in case of span 220 m and pylon height of 73.3 m
(Span/3) i.e., 23 mm. For large span cable stayed bridge,
deck deflection is found to be less of about 30% compared to
maximum deflection.

5. CONCLUSIONS
5.1 GENERAL

Based on the results and discussions following conclusions
are listed below.

e  From the modal analysis it can be concluded that, time
period and frequency is dependent on over all span of
the structure and also pylon height. And frequency is
found to be high in case of short span bridges and less
pylon height. Hence short span bridges are stiffer than
that of long span cable stayed briges.

e  From the dynamic time history analysis deck deflection
is found to large in case of cable stayed bridge with large
span. And specifically for span 320 m, deck flection is
found to be 496 mm which is found to be higher than the
limits (Span/1000).

e Pylondeflectionis also found to be more in case of large
span cable stayed bridge. Cable forces are found to be
very high in case of large span cable stayed bridge.

e Peak acceleration is found to be high for lower span
bridges and short pylons. Whereas peak deflection is
found to be more in high span cable stayed bridge.

e From the present study it can be concluded that, cable
stayed bridge with medium span is preferable since
deflections are vibrations are within the limits.
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e Also from present study it can be suggested that, more
than 2 pylons can be provided for large spans, hence
pylon height can be reduced and thereby reducing the
deflections and cable forces.

5.2 SCOPE OF FUTURE WORK

The present study can be extended with the
incorporation of dampers to reduce the vibrations
and overall deformations.

The present study can be done for different shapes
of pylon and different heights.

REFERENCES

1.

10.

11.

SAP2000, “Structural Analysis Programe”
Integrated Finite element Analysis and design of
structures, Computers and Structures Inc. Berkeley,
California, 1998.

SP Guidelines (1990), “Specification for highway
bridges”, Japan Road Association,

IS: 456:2000, Plain and reinforced concrete code of
practice, Bureau of Indian Standards, New Delhi.
IS: 6:2000Standard Speciation and code of practice
for Road Bridges sec-II Loads and Stresses, The
Indian Roads Congress, New Delhi.

[S: 18:2000Design Criteria for Pressurized Concrete
Road Bridges (Post Tensioned Concrete), the Indian
Road Congress, and New Delhi.

Siddharth G. Shah, Desai.J.A&Solanki.C.H 2010,
“Effect of Pylon Shape on seismic response of Cable
stayed bridge with soil structure interaction”, ISSN:
0976-4399 Volume 1, Issue 3.

Atul K. Desai 2013, “Seismic Time History Analysis
for Cable Stayed Bridges considering different
geometrical configuration for near field
earthquakes”, Volume 7.

Olfat Sarhang Zadeh 2012, “Comparison between
three types of Cable Stayed Bridges using Structural
Optimisation”, M.E. thesis, School of Graduate and
Postdoctoral Studies, The University of Western
Ontario London, Ontario, Canada.

AM.S. Freire, ].H.O. Negrap & A.V. Lopes 2006,
“Geometrical Nonlinearities on the static analysis of
highly flexible steel Cable Stayed Bridges”, ISSN:
2128-2140.

Prof. G. M. Savaliya, A. K. Desai AND S. A. Vasanwala
STATIC AND DYNAMIC ANALYSIS OF CABLE-
STAYED SUSPENSION HYBRID BRIDGE &
VALIDATION International Journal of Advanced
Research in Engineering and Technology (IJARET)
Volume 6, Issue 11, Nov 2015, pp. 91-98, Article ID:
IJARET_06_11_009

Wei-Xin Ren (1999), presented “Ultimate behaviour
of long span cable-stayed bridges JOURNAL OF
BRIDGE ENGINEERING / AUGUST 1999

12.

1Umang A. Koyani, 2Kaushik C. Koradia
PARAMETRIC STUDY OF CABLE STAYED BRIDGE
JETIR1605025 Journal of Emerging Technologies
and Innovative Research (JETIR) www.jetir.org 1

. Hussain Hararwalal Dr. Mrs. Savita Maaru?2 Effect

of the Different Shapes of Pylons on the Dynamic
Analysis of Cable Stayed Bridge using SAP 2000
IJSRD - International Journal for Scientific Research
& Development| Vol. 3, Issue 11, 2016 | ISSN
(online): 2321-0613

AUTHORS

&
G

Yogesh B Jankar

M.Tech, Structural Engineering, Dr.
Ambedkar Institute of Technology,
Bangalore, Karnataka, India.

Suresh M R

Associate Professor, Dr. Ambedkar
Institute of Technology, Bangalore,
Karnataka, India.

© 2018, IRJET |

Impact Factor value: 7.211

IS0 9001:2008 Certified Journal |

Page 174



