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ABSTRACT: This study deals with the computational analysis of cable stayed bridge, suspension bridge and two types
of composite type bridge. It also introduces a new composite bridge model where the long span deck is supported by
stay cables and suspension cables at different portions along the whole longitudinal section of span. It includes
comparative studies among these bridges. The Quincy Bayview Bridge located in Illinois, USA is taken as a reference
for cable stayed bridge model. The geometries of these three bridges are same besides of some necessary structural
components i.e. stay cables, suspension cables and hangers. For the comparison of these bridge models structural
symmetries are considered. Static and dynamic effects of loads are taken into consideration for the analysis of these
bridges. Analysis has been performed with the help of MIDAS CIVIL Software. Results indicate the changes come in
performance and response of various members of bridge due to the change in hanging fashion of superstructure.

KEYWORDS: Cable Stayed Bridge, Suspension Bridge, Composite Bridge, Girder, Pylon, Nonlinear Static n
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1. INTRODUCTION

Long span bridges are widely used around the world. It might be chosen for the solution of huge and complicated
traffic problems but it provides simultaneously a faster track of development to a country. Because of having lack of
disturbance over the existing infrastructures and landscapes it has become a best selection for engineers, architects and
government authorities also. Cable stayed and suspension bridge fulfils the requirements of long span bridge. Both
types of bridge have non-linear structural behaviour. But they have their own structural limits, efficiencies, deficiencies
and different ranges of limit of serviceability and durability for a particular geometry, loading and natural conditions.
That’s why the analysis of these types of bridges is more complicated than conventional bridges. In these bridges, the
stay cables or suspension cables are the main source of nonlinearity. So it’s a very tedious job for engineers to design
and construct these bridges. The main issue of this paper is the mixing up of these two types of bridges in such a
manner that it will provide better structural efficiencies and will become more economic and aesthetic.

I1. MATHEMATICAL MODEL OF THE STUDIED BRIDGES
1.1 MODELING OF CABLE STAYED BRIDGE

The Quincy Bayview Bridge was taken as a reference for cable-stayed bridge model. The modeling and analysis of

cable stayed bridge was done by using MIDAS CIVIL Software. Some geometric descriptions of this bridge are
described in below with respective figures.
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Fig 2.1: (a) front view of the cable stayed bridge model & (b) elevation of bridge pylon.

The bridge is composed of 56 nos. of staycables. The total length of the bridge L = 541.8 m with a main span length M
= 285:6 m and two side spans 11 =12 = 128.1 m as depicted in Fig. 2.1(a). The deck superstructure is supported by stay
cables with a fan arrangement. The length of deck panel is 17.6 m whereas the middle deck panel length is 22.5 m. The

middle deck panels are adjoined with pylons.
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Fig 2.2: (a) cross section of bridge pylon & (b) cross section at mid span of cable stayed bridge model.

The precast concrete deck of 0.23 m thickness and width of 14.2 m has taken. It also has two steel main girders of |
section that are located at the outer edge of the deck. These girders are internally attached by a set of equally spaced
floor beams. The pylons have two concrete legs as they are connected internally with a pair of struts. The lower legs of
the pylon are connected by a 1:12 m thick wall. The elevation view of this bridge is depicted in Fig. 2.2(b). The pylon
has a H-shape with two concrete legs. The upper strut cross beam height is 45 m, and the lower strut crossbeam

supports the deck.
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Fig 2.3: Sections of main girder, floor beam and stay cable.

The sections for main girder, floor beam, deck slab and pylon are taken as same that are used in reference bridge. Total
depth of main girder is 3.16m and flange width is 1.5m. Width and depth of floor beam is 0.15m and 0.5m respectively.
But the section for the stay cables has been assumed due to have the lack of data of the reference bridge. The stay cable
of diameter 0.146m has taken.
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Fig 2.4: Various fashions 0f arrangements of supports and bearings on bridge.

Now a days in most of the bridge engineers are using two types of fashion of placing bearing and supports into the
bridge. These two type of arrangements of supports and bearings are shown in figure 2.4.In this comparative study the
type 2 fashion has been taken for the bridge modelling because in this type we can avoid the issue of expansion joint by
this we get a simpler form of bridge model.

1.1 MODELLING OF SUSPENSION BRIDGE

Fig 2.5: Front view of the suspension bridge model.

In the model of suspension bridge all the super structural components besides of stay cables are kept remain for the
point of view of comparison with the cable stayed bridge and other two type of composite bridges. Here the stay cables
are replaced by suspension cables and hangers. Hangers are erected at the same places where the stay cables were
placed with the cable stayed bridge girders. Hangers are not joined to each other directly. They are connected through
the suspension cable i.e. these are hanging from the suspension cable. The tension forces flow through the hangers to
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the suspension cable then transmit to the pylon. But in cable stay bridge the tension force directly transmit to the pylon
after just flowing through the stay cable. That’s why we can notice that the suspension cable has the major role from
the structural point of view. Here moving load also has been taken as the same of cable stayed bridge. The typical
suspension bridge model is shown in fig 2.5.

Here girder, deck slab, pylon are taken same as like cable stayed bridge. Only two new structural sections had been
added into this viz. suspension cable and hanger. The taken diameters of suspension cables and hangers are 0.47m and
0.155m.

I1.111 MODELLING OF COMPOSITE TYPE 1 BRIDGE

" ' 1 : ! 2 | R s "

Fig 2.6: Front view of the composite type 1 bridge model.

A new concept of bridge model for long span has been taken here. It’s a composite bridge model where stay cables as
well as suspension cable are used. Here stay cables are used over the two cantilever spans and suspension cables with
the hangers are used over middle span of the bridge. The middle span is hanging from suspension cables through the
hangers and cantilever span is directly anchored to the pylon through the stay cables. So the transmission process of
tension forces in left side and right side of every pylon are different. Here stay cables are playing two deferent roles i.e.
it is acting as stiffener for the cantilever span and simultaneously anchoring the middle span. So it’s a self-anchored
structure. Besides of stay cable, suspension cable and hangers all the structural components or geometry are kept same
as like the cable stay bridge model or suspension bridge model. The deck panel length and section or diameter of stay
cables are same as of cable stay bridge and the sections of suspension bridge and hangers are same as of suspension
bridge. These structural components had been kept remain for comparison studies purpose. A typical composite type 1
bridge model is shown in fig 2.6.

1.1V MODELING OF COMPOSITE TYPE 2 BRIDGE
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Fig 2.7: Front view of the composite type 2 bridge model.

Here another new concept of bridge model for long span has been taken. It is just like earlier mentioned composite type
1 bridge model where stay cables as well as suspension cable are used. But here suspension cables with the hangers are
used over the two cantilever spans and stay cables are used over middle span of the bridge. The middle span is directly
anchored to pylon through stay cables and cantilever span is hanging from suspension cables through the hangers. So
the transmission process of tension forces in left side and right side of every pylon are different. It is also a self
anchored structure. Besides of stay cable, suspension cable and hangers all the structural components or geometry are
kept same as like the cable stay bridge model or suspension bridge model.The deck panel length and section or
diameters of stay cables are same as of cable stay bridge and the sections of suspension bridge and hangers are same as
of suspension bridge. These structural components had been kept remain for comparison studies purpose. A typical
composite type 2 bridge model is shown in fig 2.7.
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IV LOADING FOR ANALYSIS
Here the static load for the bridge is only the self weight of every structural member. The Quincy Bayview Bridge has
taken as the reference bridge for this thesis. This bridge is located in Illinois, USA across the misicipy river. Hence the
AASHTO LRFD code was referred for the moving load analysis for this cable stayed bridge model. The moving load

analysis for this bridge included two lanes both way traffic flows . HL- 93TDM was assigned as the vehicle class for
the both lanes .

IH1LANALYZED RESULTS OF BRIDGE MODELS

Analyzed results of cable stayed, suspension, composite type 1 and type 2 bridges are given on the basis of
displacements, axial force and bending moments over cantilever span and middle span of these bridges.

I11.1 DISPLACEMENTS IN STEEL GIRDER IN VERTICAL DIRECTION

Here the displacements in vertical direction at various points of steel girder for every bridge model are given. Points are
taken at a particular distance of 1.5 m. All the displacements are in meter.
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Fig 3.1:Displacements in steel girder due to dead load.

Due to dead load the maximum displacement for has occurred at the Centre of middle span in downward direction. This
displacement study leads to the performance based study among these four types bridge models. As per IS code the
maximum displacement limit for the main girder span of the bridge due to dead load is = Span length / 325 that is for
this examined bridge model is 0.8772 m and for the cantilever span of the bridge due to dead load is = 2 X (span length
/ 325) that is for this examined bridge model is 0.7883 m. It is mentioned that at the time of modeling, the maximum
displacements at center of middle span for cable stayed and suspension bridge were matched by choosing the cables
size thorough some iteration process. Value of this maximum displacement is -0.777441 m which is under the
maximum permission limit that is + 0.8772 m.For composite type 1 bridge the maximum displacement comes -
1.151235 m which is over the maximum permission limit. It shows that this structure is failed from the point of view of
deflection in main girder.But for the composite type 2 bridge the maximum displacement has come -0.606887 m which
is under the maximum permission limit and also a lesser value than that of cable stayed or suspension bridge. So it can
be said that this type of bridge is more structural efficient than the others w.r.t. deflection in main girder.In cantilever
span all displacements for every type of bridge are under the maximum permission limit that is £ 0.5716 m. Here cable
stayed and composite type 1 bridge gives upward deflection at center of cantilever span but at the same place
suspension and composite type 2 bridge gives downward deflection.
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Fig 3.2:Displacements in steel girder due to moving load.

As per IS code the maximum displacement limit for the main girder span of the bridge due to dead load is = Span
length / 325 that is for this examined bridge model is 0.8772 m and for the cantilever span of the bridge due to dead
load is = 2 X (span length / 325) that is for this examined bridge model is 0.7883 m. In middle span and cantilever span
the maximum displacement for cable stayed, suspension, composite type 1 and type 2 bridge model are - 0.05499m, -
0.06139 m,-0.07263 m, -0.05081 m,-0.01192 m, -0.02268 m, -0.01192 m and - 0.02257 m respectively. Hence all the
maximum displacements are under maximum permission limit.

I1.1IDISPLACEMENTS OF CONCRETE PYLON IN LONGITUDINAL DIRECTION OF GIRDER OR
IN X-DIRECTION

The displacements at various points of concrete pylon in longitudinal direction of girder for every types of bridge
are given in graphical form in figure 3.3. Points are taken at a particular distance of 8.8 m. Points are taken from
base to top of pylon. All the displacements are in meter unit.

DUE TO DEAD LOAD AND MOVING LOAD
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Fig 3.3: Displacements in concrete pylon due to dead load and moving load.

We can see that all nodes in pylon have displacements towards middle span. Values at base point and top point for
cable stayed, suspension, composite type 1 and type 2 are 0.120112 m, 0.085511m, 0.116084m, 0.109359m,
0.205765m, 0.151912m, 0.325663m and 0.085928m respectively. So the maximum and minimum displacement occurs
at base point for cable stayed and suspension bridge respectively. But the maximum and minimum displacement at top
point is occurring in composite type 1 and type 2 bridges respectively. Among all these four types of bridge composite
type 2 bridge has comparatively less displacement at base and top point or throughout the pylon length.
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LT AXIAL FORCE ON STAY CABLES, SUSPENSION CABLES AND HANGERS OVER CANTILEVER
SPAN
HLILT AXIAL FORCE ON STAY CABLES OF CABLE STAYED AND COMPOSITE TYPE 1 BRIDGE

Cable stayed and composite type 1 bridge has same type geometry i.e. same nos. and size of stay cables over the
cantilever span. Axial forces or tensile forces in stay cables are compared in between these two type of bridges. Graphs
of these tensile forces for dead load and moving load are given fig. 3.4.
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Fig 3.4: Tensile forces in stay cables due to dead load and moving load.

Due to dead load and moving load maximum tensile force which is 6128.08 kn ,has come in stay cable no. 1 for
composite type 1 bridge. Whereas in cable stayed bridge maximum tensile force which is 4256.27 kn, has come in stay
cable no. 3. In stay cable no. 6 & 7 tensile force is same for both type of bridge. Over all composite type 1 bridge has
greater tensile forces in stay cables.

LT AXIAL FORCE ON SUSPENSION CABLES OF SUSPENSION AND COMPOSITE TYPE 2
BRIDGE

Axial forces or tensile forces in suspension cables are compared in between these two type of bridges. Graphs for
these respective tensile forces for dead load and moving load are shown in fig. 3.5(a).
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Fig 3.5: Tensile forces in (a) suspension cables & (b) hangers due to dead load and moving load.

Due to dead load and moving load maximum tensile force which is 29459.56 kn, has come in suspension cable segment
no. 7 which is near by the pylon for suspension bridge and also for composite type 2 bridge the maximum tensile force
which is 22541.31 kn, has come in suspension cable segment no. 7. Over all suspension bridge has greater tensile
forces in suspension cables.
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HLHLITT AXIAL FORCE ON HANGERS OF SUSPENSION AND COMPOSITE TYPE 2 BRIDGE

Axial forces or tensile forces in hangers are compared in between suspension and composite type 2 bridge. Graphs for
these respective tensile forces for dead load and moving load are shown in fig. 3.5(b).Due to dead load and moving
load maximum tensile force which is 3233.73 kn, has come in hanger no.6 which is near by the pylon for suspension
bridge and also for composite type 2 bridge the maximum tensile force which is 2391.9 kn, has come also in hanger no.
6. Over all suspension bridge has greater tensile forces in hangers.

111.1V AXIAL FORCE ON STAY CABLES, SUSPENSION CABLES AND HANGERS OVER MIDDLE SPAN
IH1LIV.I AXIAL FORCE ON STAY CABLES OF CABLE STAYED AND COMPOSITE TYPE 2 BRIDGE

In middle span cable stayed and composite type 2 bridge has same type geometry i.e same number and size of stay
cables are present. Axial forces or tensile forces in stay cables are compared in between these two types of bridges.
Graphs for these respective tensile forces for dead load and moving load are shown in fig. 3.6.
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Fig 3.6: Tensile forces in stay cables due to dead load and moving load.

Due to dead load and moving load in cable stayed bridge maximum tensile forces 4992.9 kn and 5010.95 kn has come
in stay cable no. 5 & 10 respectively. And in composite type 2 bridge maximum tensile forces 4950.2 kn and 5000.35
kn has come in stay cable no. 5 & 10 respectively.Stay cables of cable stayed bridge has more tensile force than that of
composite type 2 bridge besides stay cable no. 6, 7, 8 and 9 which are existed in the middle portion of middle span. So
it can be said that stay cables of composite type 2 bridge carry less amount of tensile force.

LIV AXIAL FORCE ON SUSPENSION CABLES OF SUSPENSION AND COMPOSITE TYPE 1
BRIDGE

Axial forces or tensile forces in suspension cables are compared in suspension and composite type 1 bridge. Graphs for
these respective tensile forces for dead load and moving load are shown in fig. 3.7.
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Fig 3.7: Tensile forces in suspension cables to dead load and moving load.

Due to dead load and moving load maximum tensile forces which are 30.934 kn and 30681.14 kn, have come in
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suspension cable segment no. 1 & 15 which are near by the pylons of suspension bridge and for composite type 1

bridge the maximum tensile force which are 29475.1 kn and 29220.55 kn, have come also in suspension cable segment
no. 1 & 15. Over all suspension bridge has greater tensile forces in suspension cables.

HLIV.HT AXIAL FORCE ON HANGERS OF SUSPENSION AND COMPOSITE TYPE 1 BRIDGE

DUE TO DEAD LOAD & MOVING LOAD
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Fig 3.8: Tensile forces in hangers to dead load and moving load.

Axial forces or tensile forces in hangers are compared in between these two type of bridges. Graphs for these respective
tensile forces for dead load and moving load are shown in fig. 3.8. Due to dead load and moving load maximum tensile
forces which are 4140 kn and 2414 kn, have come in suspension cable segment no. 1 & 15 which are near by the
pylons for suspension bridge and for composite type 1 bridge the maximum tensile forces which are 3926 kn and
2284.7 kn, have come also in suspension cable segment no. 1 & 15. Over all suspension bridge has greater tensile
forces in hangers.

111.V BENDING MOMENT IN STEEL GIRDER
Here the bending moments at various points of steel girder for every type of bridge model are shown. Points are taken

at a particular distance of 2.6 m. Here bending moments are shown in graphical form due to dead load and moving
loads (see fig. 3.9).
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Fig 3.9: Bending moments in steel girder due to dead load and moving load.

Due to dead load and moving load at the mid of cantilever span cable stayed and composite type 1 bridge has positive
bending moment whereas suspension and composite type 2 bridge has negative bending moment. But at the mid of
middle span every type of bridge has positive bending moment. Here in cantilever span suspension bridge has
maximum negative bending moment and in middle span also suspension bridge has maximum positive bending
moment. These values of suspension bridge are -7954.55 kn-m and 83315.13 kn-m.In middle span cable stayed and
composite type 2 bridge has more and less same bending moments. Maximum bending moment in middle span of cable
stayed and composite type 2 bridge are 64650.1 kn-m and 60554.34 kn-m respectively. But in cantilever span bending
moments of this two type bridge are 17517.13 kn-m and -2442.46 kn-m. In cantilever span composite type 1 bridge has
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maximum positive bending moment that is 30781.42 kn-m. But in middle span composite type 1 has minimum positive

bending moment that is 47299.8 kn-m. So over all composite type 2 bridge has lesser bending moments throughout the
length of steel girder due to dead load.

111.VI BENDING MOMENT IN CONCRETE PYLON
Here the bending moments at various points of concrete pylon in longitudinal direction of girder direction for every

types of bridge model are shown. Points are taken at a particular distance of 2.46 m. Points are taken from base to top
of pylon. Bending moments are shownin graphical form in figure 3.10.
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Fig 3.10: Bending moments in concrete pylon due to dead load and moving load.

At the base point of pylon every bridge model has negative bending moment. Values of these negative bending
moments for cable stayed, suspension, composite type 1 and type 2 are -35860.6 kn-m, -17895 kn-m, -20075.7 kn-m
and -35091 kn-m respectively. After that it reduces for every type of bridge model and got relative maximum positive
bending moment, at the level where the girder is resting, are 95788.59 kn-m, 47881.8 kn-m, 53694.84 kn-m and
93744.99 kn-m. After just above the girder level bending moment is reducing for every type of bridge model. In cable
stayed and suspension bridge this positive bending moment is reducing continuously to a lower value of positive
bending moment. But in composite type 1 bridge after getting lower positive bending moment 6956.99 kn-m at node no.
8 the bending moment increase again very rapidly and gets a maximum positive bending moment 148421 kn-m at node
no 27. After that it is decreased t028073.91 kn-m at the top point of pylon. In composite type 2 bridge after getting
maximum value at node no. 7 the bending moment reduces very rapidly and gets the maximum negative bending
moment -109869kn-m at node no. 28. After that it is increased to -21958.6kn-m at the top of pylon.

IV. CONCLUSIONS

The specific conclusions that can be drawn after comparing and judging displacements, tensile forces and bending
moment’s value of every bridge models w.r.t. their structural components are numerated as follows:

1. Maximum displacements in steel girder for cable stayed and suspension bridge are under the maximum limit
of displacement. Composite type 1bridge has maximum displacement greater than the maximum limit of
displacement. But the composite type 2 bridge model having displacements in steel girder are noticeably lesser
than that of cable stayed and suspension bridge. So composite type 2 bridge has better structural stability than
others.

2. In pylon the maximum and minimum displacement occurs at base point for cable stayed and suspension bridge
respectively.But the maximum and minimum displacement at top point is occurring in composite type 1 and
type 2 bridges respectively. Among all these four types of bridge composite type 2 bridge has comparatively
less displacement at base and top point or throughout the pylon length.

3. In cantilever span, tensile force in stay cables of composite type 1 bridge is more than that of cable stayed
bridge. Whereas in this span the tensile force in suspension cables and hangers of composite type 2 bridge
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model is lesser than that of suspension cable.

4. In middle span, tensile force in stay cables of cable stayed bridge is more than that of composite type 2 bridge
besides of those stay cables which are existed at the middle portion of middle span. Whereas tensile force in
suspension cables and hangers of composite type 1 bridge is less than that of suspension bridge throughout the
middle span length.

5. Composite type 1 bridge has maximum positive bending moment at the center of cantilever span than other
bridges. Whereas suspension bridge has maximum negative bending moment in that position.

6. In middle span, suspension bridge has maximum bending moment than other bridges. While composite type 1
bridge has minimum bending moment in middle span.

7. In pylon, below the girder level cable stayed and composite type 2 bridge has maximum positive bending
moment than other two bridges. But above the girder level composite type 1 bridge has maximum positive
bending moment whereas composite type 2 bridge has maximum negative bending moment.
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