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Abstract: This study presents a detailed seismic analysis of a cable-stayed bridge subjected to moving vehicular loads using both IRC
(Indian Roads Congress) and AASHTO (American Association of State Highway and Transportation Officials) loading standards. The
structural behavior of the bridge was evaluated using SAP2000 software, with a specific focus on the influence of different pylon shapes
on the dynamic performance of the structure under combined imposed and seismic loading conditions.

The analysis reveals that the diamond-shaped pylon offers superior performance compared to other geometries. It exhibits up to 17%
lower natural time period, leading to reduced natural frequency and thereby minimizing fatigue-related displacement. The base shear is
also observed to be 22% lower than that of the single-shaped pylon, contributing to better energy dissipation during seismic events. In
terms of displacement, the diamond pylon demonstrates a 22% reduction, confirming its stability under both lateral and vertical loads.
Comparing the two loading standards, displacement values under AASHTO loading are approximately 7% lower than those under IRC,
highlighting the impact of load definitions on bridge response. Additionally, axial forces and bending moments in the pylons are
significantly reduced with the diamond shape—16% and 19% lower respectively under IRC, and 12% and 16% lower under
AASHTO—further indicating the structural advantages of this geometry. The distribution of tensile forces in the stay cables also aligns
with expectations, with higher forces in outer cables and 10% to 7% lower forces under IRC and AASHTO, respectively, for the
diamond-shaped pylon compared to the single shape.

The study concludes that the diamond-shaped pylon configuration enhances structural performance and resilience, making it a favorable
choice for seismic-prone and high-traffic regions when evaluated under both IRC and AASHTO standards.
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LINTRODUCTION: two decades of the 20th century. Due to their highly appreciable

A bridge is a structure which provides a passage over an obstacle
without closing the way beneath. There are six basic forms of
bridge structures: beam bridges, truss bridges, arch bridges,
cantilever bridges, suspension bridges and cable stayed bridges.

Man’s achievements in structural engineering are most evident in
the World’s largest Bridge spans. With the rate of increase of
development of India’s economic, the bridge spans increase day
by day. The cable-stayed bridge is one of the popular styles of
the long-span bridges. Compared with the suspension bridge,
cable-stayed bridge is preferable in rigidity, economy, wind
resistant stability, erection and so on. Even though they are
gaining more popularity because the design of cables stayed
bridges is governed not only by financial, practical and technical
requirements but also by a great extent, by aesthetical
appearance and architectural considerations. It is an important
element in a transportation system, as its capacity governs the
capacity of the system, its failure or defective performance will
result in serious disruption of traffic flow, and also the cost of the
bridge structure. Therefore, it is very predominant to devote the
special attention in design of such bridges to ensure adequate
strength and durability, consistent with safety and cost.

The rapid growth of the modern Cable Stayed Bridge throughout
the world afterwards is due to the many advances in bridge
engineering leading towards better understanding of the behavior
and performance. The cable stayed bridge is especially suited in
the span range of 200 m. to 900 m. Many cable stayed bridges
have been successfully built around over the world in only last
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appearance & significantly utilized structural materials, cable
stayed bridges have been taken as one of the most popular type
of bridges in last decades. With increasing span length, the
modern cable stayed bridges are more acceptable & flexible
strong enough to the effect of wind as compare to ever. The
cable stayed bridge is one of the modern bridges which were
built for the longer spans and for better enhancement of the work
in the field of aesthetic appearance and durability. The design of
long span cable stayed bridges always possesses a challenge to
the ingenuity and to the perseverance of the designer. Every long
span bridge brings new problems in design concepts and in new
construction details. The designer chose his solution with full
freedom of decision, but with full responsibility for the success
of work.

ILOBJECTIVE
The main objectives of this study are —

1. To determine the behavior of Cable Stayed bridge using
different shapes of Pylons.

2. To evaluate the behavior of such system with different
shapes of Pylons under the effect of vehicular loading as
per different standard codes.

3. To study the combined effect of vehicular loading and
lateral loading under seismic condition for the cable stayed
bridge with different shapes of Pylons
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INI.MODELLING APPROACH
3.1Modeling Procedure -

In recent years, several cable-stayed bridges have been
constructed with different shapes of pylons which results in a
great demand to evaluate the effects of different shapes of pylon
on cable stayed bridges under the consideration of vehicular and
wind effects. Therefore, there is a need to study the behaviour of
the bridge system having conventional pylons under vehicular
and wind loading. It can be done by the computational analysis
of bridges using finite element programmes.

SAP 2000 is a finite element based program and is recognized by
international community for the research purpose. The modeling
of cable stayed bridge in SAP is prepared as per following
procedure in SAP2000:

Modelling Procedure on SAP

a.Draw the geometry of the bridge either by inserting coordinates
or by linking the nodes through member length.

Define Grid System Data
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b.Define the materials and sections for the members.
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c.Define the loading values and load combinations to be applied
on the structures.

d.Now assign the defined section as the members.
e.Assign the loads to the joints or members as per the case.

f.After assigning everything, set the analysis to be carried out
and press run analysis.

SAP program will generate the various results like joint
displacements, joint forces, joint reactions, base reactions, deck
force, forces in cables and pylons, mode shapes etc.

3.2 Modelling of Bridge

MODEL 1 — DIAMOND SHAPED PYLON UNDER IRC
VEHICULAR LOADING

MODEL 2 — DIAMOND SHAPED PYLON UNDER AASHTO
VEHICULAR LOADING

MODEL 3 — SINGLE SHAPED PYLON UNDER IRC
VEHICULAR LOADING

MODEL 4 - SINGLE SHAPED PYLON UNDER AASHTO
VEHICULAR LOADING

MODEL 5 — H SHAPED PYLON UNDER IRC VEHICULAR
LOADING

MODEL 6 - H SHAPED PYLON UNDER AASHTO
VEHICULAR LOADING

MODEL 7 — INVERTED Y SHAPED PYLON UNDER IRC
VEHICULAR LOADING

MODEL 8 - INVERTED Y SHAPED PYLON UNDER
AASHTO VEHICULAR LOADING

MODEL 9 — A SHAPED PYLON UNDER IRC VEHICULAR
LOADING

MODEL 10 - A SHAPED PYLON UNDER AASHTO
VEHICULAR LOADING

Typical Bridge Span Configuration

- e ‘A’ Semi Fan Shaped
Diamond Semi Fan A’ Semi Fan Shaped

Shaped
- = ‘ - ‘
I C O ‘ ‘
_ Cancel |
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Inverted Y Semi

H Semi Fan Shaped Fan Shaped

Single Shaped Pylon

Different 3D models of Cable Stayed Bridge with different types
of Pylons

PYLON GEOMETRY
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MAIN SPAN SECTION -

Details of the components of cable stayed bridge

IMPACT FACTOR 6.228

. Dimension (in
S. No. Component Material Shape m)
i Cable Steel Circular 0.40
Deck at Side Depth- 0.225
Span Concrete Rectangular Length- 125
2 Deck at Main Depth- 0.225
Span Concrete Rectangular Length- 275
Side Span End a0
3 P Steel I-Section TE=0.15
Tw=0.15
Main Span End gDy
4 Cross Bearms Steel I-Section TE=0.15
Tw=10.15
Side Span . 07x03
5 Girders Steel I-Section TE=01
Tw=10.1
Main Span DiGm0s
6 Girders Steel I-Section =01
Tw=01
Depth- 3
T Pylon Beam Concrete Rectangular ‘ep
Width- 3.5

Details of cross sectional properties of various components

Cross :
S5 & - Sectional Moment of Shear Area Torsion
s Hpone Inertia (m*) (m?) Constant
Area (mz)

i Cable 0.125 6.36x 1073 0.2545 0.0127
End Cross 3

2 Beams 225 0.0317 0.15 1.59x 10
Intermediate 3 7

A Cross Beams 0.1 5.58x10 0.07 27x10
4. Girders 0.045 1.03x 103 0.025 3356 % 107

5. Pylon Beam 105 1.7747 3.667 2.6979

Details of dimensions for different shape of Pylons

1\?' Pylon Shape Material Shape Dimension (in m.)

0.

1. ‘Diamond’ Shape Conerete Rectaigbi

2. “H’ Shape Concrete Rectagular

g Inverted Y° FoToy Rectangular (25x%x35)
Shape

4. ‘A’ Shape Concrete Rectaiu

5 Single Pylon’ — Rectangular
Shape

IV.RESULT AND DISCUSSION

The detailed analysis has been done for the various arrangements
of cables and outputs have been carried out in the tabular form
and have been plotted. The results which have been plotted give
an idea about the suitable arrangement of cable stays.

DEFLECTED SHAPES OF CABLE STAYED BRIDGE
WITH DIAMOND SHAPED PYLON R IRC LOADING

FO
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FOR AASHTO LOADING
[ Srm——
" I
- FOR AASHTO LOADING
DEFLECTED SHAPES OF CABLE STAYED BRIDGE
WITH SINGLE SHAPED PYLON FOR IRC LOADING ' i

DEFLECTED SHAPES OF CABLE STAYED BRIDGE
WITH H SHAPED PYLON

FOR IRC LOADING

FOR AASHTO LOADING
' Dvlrmnd Sape lckide Lsad Smp L Twe 15
L] L]
i ;
1 r

b

DEFLECTED SHAPES OF CABLE STAYED BRIDGE
WITH INVERTED Y SHAPED PYLON

FOR IRC LOADING
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DEFLECTED SHAPES OF CABLE STAYED BRIDGE
WITH A SHAPED PYLON

FOR IRC LOADING

FOR AASHTO LOADING

i
i
i
I

TIME PERIOD -

NATURALTIMEPERIOD

MODE 1
MODE 2
- L |

MODE 3
]

TIME IN SEC.
(=T VR ST R RN

MODE | MODE | MODE | MODE | MODE | MODE | MODE | MODE | MODE | MODE
L L2 L3 L4 L5 LE L7 LE L9 L10

MODE1 5.1 5.1 635 | 635 | 5.15 | 515 | 5.88 | 588 | 5.22 | 5.22

MODE 2| 4.95 | 495 | 6.15 | 6.15 | 5.02 | 5.02 5.7 5.7 5.15 | 5.15

MODE 3| 4.82 | 4.82 | 5.88 | 5.88 | 4.81 | 4.81 55 55 | 491 | 491
FREE VIBRATIONAL MODES
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PYLON TYPE V/S BASE SHEAR
16000
14000
£ 12000 -
=
Z 10000 —
§ 000 - —_
£ 5000 - e=x
g — X DIRECTION
2000 m Y DIRECTION
0
Mob |mop |mMoD [Mop |mMoD |Map [Mop [Mop | mop [mob
EL1|F2|F3|FL4|ELS|FLE|FL7|EL8|ELY |EL1D
X DIRECTION | 9650 | 9254 | 8560 | 7875 |10615| 1017912207 11706 11783 11299
¥ DIRECTION |11052| 9755 | 9426 | 8672 |12157| 1073113981 12340 13494 11911

Different Types of Pylon with different specifications

DISPLACEMENT CURVE IN X DIRECTION -

HEIGHT V/S DISPLACMENT
500
£ 450
£ 400
Zz 350
= 300
g 250
s 200 MODEL 1
(=} 150
é 100 MODEL 2
& 50
a 0 ____MODEL 3
MODEL 4
TOP 80 50 35 15 0 ODELS
MODEL 1 49 110 359 334 39 g |[MODECE
MODEL 2 45 75 345 225 35 0 MODEL 7
MODEL3 | 59.78 134.2 437.98 | 407.48 47.58 0 |[MODELS
MODEL 4 54.9 91.5 4209 274.5 427 0 |mMoDEL9
MODEL5 | 51.45 115.5 376.95 350.7 40.85 0 T
MODEL 6 47.25 78.75 362.25 236.25 36.75 a
MODEL7 | 56.35 126.5 412.85 384.1 44.85 0
MODELS | 5175 86.25 396.75 | 25875 40.25 0
MODELS | 52.82 118.8 387.72 | 360.72 4212 0
MODEL 10 48.6 81 372.6 243 37.8 Q
PYLON HEIGHT INm.
HEIGHT V/S DISPLACMENT
X 600
3 500
E 4do
z
= 3do
2 200 ——MODEL 1
100
E 0 —— MODEL 2
0
E TOP 80 60 35 45 e
@ MODEL 1 88 225 415 386 78 0
a - - MODEL 4
MODEL 2 72 160 3% 370 70 0
MODEL3 | 107.36 274.5 506.3 470.92 195.16 0 MODELS
MODEL4 | 87.84 195.2 4758 4514 85.4 0 ~MODEL&
MODEL 5 924 23625 43575 405.3 819 0 ~—MODEL7
| MODEL 6 75.6 168 409.5 388.5 735 0 MODEL 8
0
7 | 1012 25875 47725 4439 89.7 MGDEI
(MODELE | 828 184 4485 425.5 BO.5. 0
MODFI 10
MODELS | 9504 243 4482 416.88 84.24 0
mAnEl an | 7776 1me a1 200& e n
PYLON HEIGHT INm.
HEIGHT V/S AXIAL FORCE
14000
. iZ000
2 10000 J— —
= sooo ee—————
g 5o S
2 zo0g = — _mopeL2
—_ mopeLs
TOoP 80 60 35 15 o — —AODECS
MODEL 1 750 6115 8012 8758 8960 10066 ———PAEMALL 2
MODEL 2 650 5227 5825 6125 6869 8075 B o
MODEL 3 915 7460.3 9811.24 10684.76 10931.2 1 0. - MODEL 7
MODEL 2 793 6376.92 | 7106.5 | 7a72.5 | saso.is | sssis MoDEL 8
MODEL S s | waross | wasan | wions vaus | jomess nMoDEL 5
Mo G| ammoin | 611005 | ation | seisan | masmsn ——
Mo, nao Guans | soosoa | osomus | 10w | 110000
Mo R 728 sssa.z2a | esza sss0 | 769328 | soaa
Mo s 25 s726.5 | ss1e.2 | se3s.3 9sse | 11072.6
mMoDEL10| 718 57157 | ©107.5 | e737.5 | 7555.9 | ssszs

PYLON HEIGHT IN m.
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BENDING MOMENT IN PYLON -

HEIGHT V/S BENDING MOMENT

8000
E 6000 |
4000 —
E |
E zoag ] ;\‘\
E 2000 | =3 X
5 ow \_/ A oMot
S 6000 | .
= 8000 \_H// — MODEL 2
-10000 - _
MODEL 3
MODEL 4
ToP 80 50 35 15 o -
MODEL 1 0 -4606 6562 -1105 2455 2715 gt MODELS
MODEL 2 0 -4356 6236 -815 3298 -1563 MODEL &
MODEL 3 o -5757.5 | -8202.5 | -1381.25 | 5568.75 | -3393.75 MODEL 7
MODEL 4 0 -5445 -7795 | -101875 | 41225 | -1953.75 " MODEL8
MODEL 5 o -48363 | -6890.1 | -1160.25 | 4677.75 | -2850.75 MODEL 9
MODEL 6 o -4573.8 | -6547.8 | -85575 | 3452.9 | -1641.15 SRS
MODEL 7 o -5296.9 | -7546.3 | -1270.75 | 5123.25 | -3122.25
MODEL 8 o -5009.4 | 71714 | -93725 | 37927 | -1797.45
MODEL 9 o -5066.6 | -7218.2 | -12155 | 4900.5 | -2986.5
MODEL 10 0 47916 | -6850.6 | -8965 | 3627.8 | -1719.3
PYLON HEIGHT IN m.
CABLE ARRANGEMENT V/S AXIAL FORCE
4000
3500
3000
g 2500
z
= 2000 -
s}
& 1500 -
E QUTER MOST CABLE
1000 -  INNER MOST CABLE
500
]
0
MO |MO |MO |MO |MO | MO |MO | MO | MO (MO
DEL | DEL | DEL | DEL | DEL | DEL | DEL | DEL | DEL | DEL
1 ]2 |3 |4 |5 |6 |7 |8 |9 |10
OUTER MOST CABLE [28312768353934603057/2988 33413266(31713100
INNER MOST CABLE [1174/10651468 133112681150 13851257|1315 IIQSi

VI.CONCLUSION

In this study the response and conduct of the cable-stayed bridge
under the action of imposed and seismic loads is found by
analysing the structure using SAP 2000 software.

The Natural time period for the diamond shaped pylon seems to
be lesser up to 17% as compared to other shaped pylons, due to
which the natural frequency of the structure is low which is
much desirable as the higher frequencies have higher
displacement of the component which incurs higher fatigue
damage to the component.

The Base shear for the diamond shaped pylon is 22% less as
compare to single shaped pylon.

The displacement of the cable stayed bridge under the action of
the imposed and seismic loads is observed to be found less for
diamond shaped pylon as compared to other shapes. The values
of displacement is 22% lower for the diamond shaped pylon as
compare to single shaped pylon whose displacement values are
higher in both directions.

The displacement values for AASHTO Loading is seems to be
7% less than the IRC Loading Models as the loading values for
AASHTO is much differ than the values considered in IRC
Loading.
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The axial force in Pylons is 16% lower in diamond shaped pylon
for IRC loading while 12% lower for AASHTO loading as
compare to single shaped Pylon.

The Bending Moment is 19% lower in Diamond Shaped for IRC
Loading while 16% lower for AASHTO loading when compared
to single shaped Pylon

The tensile force / axial force in cables found greater for outer
most cables and lower in inner most cables due to the inclination
of cables and it seems to be 10% less for IRC Loading values
while 7% less for AASHTO loading values as compare to single
shaped Pylon.

1)

2)

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

13)

14)
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