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Abstract— As temperature changes daily and seasonally, the 

spans of integral bridge increase and decrease, pushing the 

abutment against the approach fill and pulling it away. As a 

result the bridge superstructure, abutment, approach fill, 

foundation piles and foundation soil are subjected to cyclic 

loading, and hence understanding their interactions is 

important for effective design and satisfactory performance 

of integral bridges In this paper, results of comparative 

study of behavior of integral and bearing type bridge under 

temperature loading is shown. For this purpose, three 

bridges are modelled viz. one span, two span and three span, 

and the results are compared with bearing type bridges. 

Computer analysis is done using STAAD Pro software. Soil 

structure interaction is considered using horizontal spring 

restraints, whose stiffness is calculated on the basis of earth 

pressure acting of the back of abutment. Results indicates 

that as the number of span increases the rate of increase in 

moment and displacement due to temperature reduces and in 

three span integral bridge, the intermediate span in both the 

cases viz. expansion and contraction, experiences very less 

moment under temperature forces. While in bearing bridges 

no moments and stresses are observed due to temperature 

effect because of the provision of expansion joints. 
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I. INTRODUCTION 

Highway bridges traditionally have a system of expansion 

joint, abutment bearing and other structural releases to 

negotiate cyclic thermal expansion and contraction, creep 

and shrinkage, and are known as Bearing Bridges. While 

Integral type bridge structures, on the other hand, are single 

or multiple span bridges that have their superstructure cast 

integral with their substructure. Integral bridges 

accommodate superstructure movements without 

conventional expansion joints. Due to the elimination of the 

bridge deck expansion joints, construction and maintenance 

costs are reduced, but additional stresses due to temperature 

and braking forces are observed to be significant. The 

earliest examples of integral bridges (IB) are masonry arch 

bridges. The construction of IB has been pursued in various 

countries like U.S.A, Canada, U.K, Sweden, Poland, 

Germany and Japan. 

Due to the rigid connection between superstructure 

and piers/abutments, the effect of temperature change causes 

moments to generate and transfers it from superstructure to 

abutment/piers and from abutment/piers to foundation. This 

moments and displacements can be negotiated by combined 

action of superstructure and substructure. 

The rigid connection, as shown in figure 1, allows 

the abutment and the superstructure to act as a single 

structural unit. 

 
Fig. 1: Simplified geometry of an Integral Abutment Bridge 

II. GEOMETRY OF THE STRUCTURE 

 

 
Fig. 2: Geometry of Superstructure 

 
Fig. 3: Geometry of substructure – Pier/Abutment 

Foundation. 

 Span length – 25 m 

 No of lanes – 2 

III. MODELLING IN STAAD PRO 

Modelling in STAAD Pro is carried out by grillage analogy. 

Grillage analogy is the method of dividing the 

superstructure into equivalent series of beams where each 
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beam is given the property of the superstructure it 

represents. Modelling of integral and bearing type bridge is 

done as follow: 

A. Integral Bridge Modelling: 

 
Fig. 3: Grillage Model for Integral Bridge 

 In longitudinal direction, grillage members are 

provided at the centerline of Girder. 

 In addition to this members are provided at the 

centerline of crash barriers and at ends to define the 

end of deck slab. 

 In the transverse direction members are provided at 

the top of supports describing the center line of 

external diaphragm, as well as at the centerline of 

internal diaphragm. 

 The deck is idealized by the transverse members by 

giving them the rectangular property equal to the 

property of deck slab they represent. 

 Wall type pier/abutment are divided into three 

columns for the modelling purpose, however the 

behavior would be similar to that of the wall. 

 Supports at the base are considered as fixed 

supports, and the supports along the height of the 

abutment are considered with the spring constants 

by calculating spring stiffnesses as per British 

Advisory Note (BA)-42/96. 

B. Bearing Bridge Modelling:’ 

 
Fig. 4: Grillage model for Bearing Bridge 

 Modelling of geometry for bearing bridges is 

similar to integral bridges, however in case of 

bearing bridges only the superstructure is modelled 

and the supports are considered at the position of 

bearings as pinned supports. 

C. Spring Analysis: 

Soil structure interaction is modelled using horizontal spring 

restraints as shown in fig. 3 where the spring stiffness is 

calculated on the basis of the earth pressure acting at the 

back of abutments. For the calculation purpose the 

coefficient of earth pressure is taken as K* or K0 based 

upon the net displacement under braking and thermal 

condition. Where K0 is earth pressure coefficient at rest and 

K* is the coefficient calculated as below: 

 For fixity at the abutment base: 

K* = (d/0.05H)
0.4

 Kp      (As per BA: 42/96) 

 For hinged abutment base: 

K* = K0 + (d / 0.03 H)
 0.6

 Kp (As per BA: 42/96) 

 The pressures at the abutment back increase with 

each thermal cycle and hence a lower limit of K* 

should be equal to one third of passive pressure 

coefficient Kp. 

 The above values of K* should not be less than the 

at rest pressure coefficient K0. 

IV. LOAD DESCRIPTION 

As the paper is centered towards the behavior of integral 

bridges under temperature, the forces considered are only 

the temperature forces. Temperature forces are calculated as 

per IRC: 6-2014. Calculation of temperature forces are as 

shown below: 

Fig. 5: Calculation of Temperature



Comparative Study of Behaviour of Integral and Bearing Type Bridge under Temperature Loading 

 (IJSRD/Vol. 3/Issue 03/2015/122) 

 

 All rights reserved by www.ijsrd.com 498 

Section Part A (m
2
) T ⁰C F (kN) C.G. from top Lever Arm (m) M (kN.m) 

1 1 0.135 10.9 441.4 0.059 0.7358 324.8 

2 1 0.045 3.6 48.6 0.024 0.7118 34.59 

2 2 0.058 2.4 42.3 0.044 0.6673 28.23 

2 3 0.027 0.8 6.6 0.033 0.6339 4.184 

3 1 0.09 1.05 28.35 0.1 0.805 22.82 

Total 
  

567.3 
  

369.0 

Table 1: 

By similar procedure, force and moment under 

contraction are obtained as 379.786 KN and 138.201 KN.m 

respectively. Temperature forces calculated as above are 

applied as nodal forces to the STAAD model as shown in 

figure-5 below: 

 
Fig. 6: Application of Temperature Forces 

V. ANALYSIS 

STAAD Pro software is used for analysis. Linear static 

analysis has been carried out for both the type of bridges 

under different loads. But as the paper is directed towards 

temperature forces, loads considered are only temperature 

loads.  

VI. RESULTS 

This paper is oriented towards the behavior of integral 

bridges under temperature with the increase number of span. 

One span, two span and three span integral bridges are taken 

into consideration. The behavior in terms of moment 

(KN.m) along the span of the bridge and maximum 

displacement (mm) at the abutment and superstructure 

junction are shown below: 

A. One Span Integral Bridge Results of Moment: 

(Hogging (+ve), Sagging (–ve)) 

Load Temperature 

Girder No G1 G2 G3 

Load Type Exp Con Exp Con Exp Con 

Moment (KN.m) 

0 L 150 -72 116 -64 150 -72 

0.1 L 139 -71 122 -65 139 -71 

0.2 L 134 -70 129 -67 134 -70 

0.3 L 134 -70 129 -67 134 -70 

0.4 L 139 -71 122 -65 139 -71 

0.5 L 150 -72 116 -64 150 -72 

Table 2: 

B. Results of Displacement: 

(Towards abutment (-ve), away from abutment (+ve)) 

Load  Displacement (mm) 

Temp Exp -0.440 

 Con 0.290 

Table 3: (Towards abutment (-ve), away from abutment 

(+ve)) 

 
Fig. (7-A): Behaviour of One Span Integral Bridge under 

Temperature Forces (Expansive) In Terms Of Moment 

 
Fig. (7-B): Behaviour of One Span Integral Bridge under 

Temperature Forces (Contractive) In Terms of Moment 

C. Two Span Integral Bridge Results of Moment: 

Load Temperature 

Girder No G1 G2 G3 

Load Type Exp Con Exp Con Exp Con 

Moment (KN.m) 

0 L 314 -168 307 -172 314 -168 

0.1 L 222 -120 220 -121 222 -120 

0.2 L 127 -69 127 -69 127 -69 

0.3 L 33 -18 34 -17 33 -18 



Comparative Study of Behaviour of Integral and Bearing Type Bridge under Temperature Loading 

 (IJSRD/Vol. 3/Issue 03/2015/122) 

 

 All rights reserved by www.ijsrd.com 499 

0.4 L -61 34 -60 34 -61 34 

0.5 L -155 85 -155 85 -155 85 

Table 4: 

D. Results of Displacement: 

(Towards abutment (-ve), away from abutment (+ve)) 

Load Type of force Displacement (mm) 

Temp Expansion -0.811 

 Contraction 0.538 

Table 5: (Towards abutment (-ve), away from abutment 

(+ve)) 

 
Fig. (8-A): Behaviour of Two Span Integral Bridge under 

Temperature Forces (Expansive) In Terms Of Moment 

 
Fig. (8-B): Behaviour of Two Span Integral Bridge under 

Temperature Forces (Contractive) In Terms Of Moment 

E. 3 Span Integral Bridge Results of Moment: 

(Hogging (+ve), Sagging (-ve)) 

Load Temperature 

Girder No G1 G2 G3 

Load Type Exp Con Exp Con Exp Con 

Moment (KN.m) 

0 L 386 -217 387 -226 386 -217 

0.1 L 273 -153 273 -156 273 -153 

0.2 L 154 -85 155 -86 154 -85 

0.3 L 35 -17 36 -16 35 -17 

0.4 L -81 51 -87 54 -81 51 

0.5 L -196 117 -214 128 -196 117 

Table 6: (Hogging (+ve), Sagging (-ve)) 

F. Results of Displacement: 

(Towards abutment (-ve), away from abutment (+ve)) 

Load Type of force Displacement (mm) 

Temp Expansion -1.116 

 Contraction 0.789 

Table 7: (Towards abutment (-ve), away from abutment 

(+ve)) 

 
Fig. (9-A): Behaviour of Three Span Integral Bridge under 

Temperature Forces (Expansive) In Terms Of Moment 

 
Fig. (9-A): Behaviour of Three Span Integral Bridge under 

Temperature Forces (Contractive) In Terms of Moment 

VII. DISCUSSION 

 In bearing bridges, temperature induced moments 

are not found to be significant as the provision of 

expansion joints absorb all the stresses. Hence, 

compared to integral bridges bearing bridges will 

not have any moment in the superstructure due to 

temperature.  

 In case of One Span Integral bridge there is a 

hogging moment throughout the span because of 

the expansion of the superstructure. Similarly, there 

will be sagging moment throughout the span in 

case of contraction. 

 As observed in one span integral bridge, for 

external girder, the maximum hogging moment is 

obtained at support, while for internal girder 

maximum moment is observed at center of the 

span. 

 As observed in three span integral bridge, the 

intermediate span in both the cases viz. expansion 

and contraction, experiences very less moment 

under temperature forces. 

 In case of Integral Bridges near the junction of 

deck slab and abutment stresses are observed, 

while in case of bearing bridges these stresses are 

found to be zero, this is because of the provision of 

expansion joints. 

 The moment in two span integral bridge is found to 

be 109.33% more than one span integral bridge. 

Similarly, in three span integral bridge, the moment 

is found to be 22.93% more compared to two span 

integral bridge. 

 Displacement in two span integral bridge under 

expansion is 84.32% more than one span integral 
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bridge. While in three span integral bridge, the 

displacement is 37.61% more than two span 

integral bridge. This displacement is towards the 

backfill. 

 In case of contraction, the displacement is away 

from the backfill and it is found to be 85.5% more 

in two span integral bridge compared to on span 

integral bridge. While in three span integral bridge 

displacement is 46.09% more than two span 

integral bridge. 

 Results also states that as the number of span 

increases the rate of increase in moment and 

displacement due to temperature reduces. 
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