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Abstract— The box girder is an efficient form of 

construction for bridges because it minimizes weight, while 

maximizing flexural stiffness, capacity and also box girder 

has high torsional stiffness and strength, compared with an 

equivalent member of open cross section. A simply 

supported single-span four-cell PSC box girder bridge with 

span to depth ratio of 25 is considered in the study. The 

analysis is carried out for rectangular and trapezoidal shape 

box Girder Bridge. The modeling and analysis is done using 

SAP 2000 software. The responses such as bending 

moment, shear force and deflection are compared. From the 

study it is observed that deflection, bending moment and 

shear force of rectangular box girder is more compare 

trapezoidal box girder bridge. 
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I. INTRODUCTION 

Prestressed concrete decks constitute a large proportion of 

the current bridge stock around the world. Since, 

prestressing was introduced into concrete bridges in the 

early 1930s it has challenged the bridge engineer’s 

imagination as new techniques developed, spans became 

longer and the appearance of bridges more important. In situ 

or precast concrete, simply supported, continuous or cable 

stayed structures, beams, slabs or boxes, all feature in 

prestressed concrete bridges. The prestressing technology is 

emerging to be a fast growing field in construction industry 

particularly for buildings, bridges, metro rail, flyovers, 

nuclear power plants, cement plant etc. 

Concrete is strong in compression but weak in 

tension however, prestressing of the concrete can be used to 

ensure that it remains within its tensile and compressive 

capacity. Prestressing is applied as an external force to the 

concrete, by the use of wires, strands or bars can increase 

the capacity of concrete alone many times. The development 

of prestressed concrete bridges has given the bridge 

engineer increased flexibility in the selection of bridge form. 

Prestressed concrete box girders have become 

increasingly popular as bridge superstructures. The main 

reasons are that the box girders are structural1y efficient 

because of their high torsional rigidity, aesthetically 

pleasing because of their long span with shallow depth, and 

highly economical in fabrication and in maintenance 

because of their segmental type of construction and their 

interior space sealed to provide a noncorrosive atmosphere.  

A. Objectives 

Objective of the study is to compare the responses such as 

deflection, bending moment and shear force for trapezoidal 

and rectangular PSC box girder bridge. The loading 

considered for the analysis are dead load (DL), live load 

(LL) as per IRC: 6-2000 and combined load case 

(DL+LL+Prestress). 

II. MODELLING AND ANALYSIS 

The modelling is done using a standard FEA package 

software (SAP 2000). To study the effect of shape of box 

girder bridge, four-cell rectangular and trapezoidal box 

girders with L/D (span/overall depth) ratio 25 of span 50 m 

is considered. 

The guidelines for cross-section of box girder as 

per Clause 9.3.2 of IRC: 18-2000 are as follows. 

1) The thickness of the web shall not be less than d/36 plus 

twice the clear cover to the reinforcement plus diameter 

of the duct hole where‘d’ is the overall depth of the box 

girder measured from the top of the deck slab to the 

bottom of the soffit or 200 mm plus the diameter of 

duct holes, whichever is greater. Where cables cross 

within the web, suitable increase in the thickness over 

the above shall be made. 

2) The thickness of the bottom flange of box girder shall 

be not less than 1/20th of the clear web spacing at the 

junction with bottom flange or 200 mm whichever is 

more. 

3) For top and bottom flange having prestressing cables, 

the thickness of such flange shall not be less than 150 

mm plus diameter of duct hole. 

A. Bridge Data 

Two lane box Girder Bridge 

Span = 50 m 

Depth = 2 m 

Total width of deck = 10 m 

Carriage way width = 7.5 m 

Footpath 1.25 m on either side 

Web thickness = 300 mm 

Top flange thickness = 300 mm 

Bottom flange thickness = 300 mm 

Over hang portion = 850 mm 

Grade of concrete = M60 

Loading considered are dead load, prestress and live load as 

per IRC : 6-2000 

The material properties considered are shown in 

table 1 and the cross-section is shown in fig. 1. 

Material Properties Values 

Grade of concrete M60 

Weight/unit volume 25 kN/m
2
 

Young's modulus (E) 38729833 kN/m
2
 

Poisson's ratio (υ) 0.2 

Shear Modulus (G) 16137430 kN/m
2
 

Coefficient of thermal  

expansion (A) 
9.900E-06 

Specific compressive  

strength of concrete (fc') 
60 N/mm

2 

Table 1: Material Properties 
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Fig. 1: Cross-section of rectangular box girder. 

Fig. 2 and fig. 3 shows finite element model of 

four-cell rectangular box girder bridge and trapezoidal box 

girder bridge created in SAP 2000. The box girder is 

analyzed as an area object using Bridge Modeler of SAP 

2000. The box girder has been modeled using shell 

elements, as compared to the spine model the area model is 

preferable as it gives forces in each individual girder which 

is not in the case with the stick model. Parabolic tendons 

considered and are modeled as elements 

 
Fig. 2: Finite Element model of four-cell rectangular box 

girder created in SAP 2000 

 
Fig. 3: Finite Element model of four-cell trapezoidal box 

girder created in SAP 2000 

III. RESULTS AND DISCUSSION 

A. Deflection 

The variation of deflection along the span of the bridge at 5 

m interval for four-cell trapezoidal and rectangular box 

girder bridge for dead load (DL) case, live load (LL) case 

and for combination of DL+LL+Prestress is shown in fig. 4, 

5 and 6. The maximum deflections are shown in table 2. 

Load Case Trapezoidal Rectangular 

Dead load 94 mm 97 mm 

Live load 29 mm 32 mm 

DL+LL+Prestress 30 mm 40 mm 

Table 2: Maximum Deflection Of Box Girder 

 
Fig. 4: Variation of dead load deflection for different cross-

section 

 
Fig. 5: Variation of live load deflection for different cross-

section 

 
Fig. 6: Variation of deflection for combined load case 

From the fig. 4 it is observed that for dead load 

case there is no much variation in deflection. Deflection of 

rectangular box girder is 3.3% more compare to the 

trapezoidal box girder for dead load case. For live load case 

the deflection of rectangular box girder bridge is 7.2% 

greater than that of the trapezoidal box girder bridge. The 

total deflection of the rectangular box girder for load 

combination of DL+LL+Prestress is 30% more compare to 

the trapezoidal box girder bridge 

B. Bending Moment 

The maximum bending moment of rectangular and 

trapezoidal box girder is shown in table 3. 

Load Case Trapezoidal Rectangular 

Dead load 58690 kNm 62040 kNm 

Live load 21840 kNm 21850 kNm 

DL+LL+Prestress 22219 kNm 29090 kNm 

Table 3: Maximum Bending Moment Of Box Girder 
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Fig. 7: Variation of dead load bending moment for different 

cross-section 

 
Fig. 8: Variation of live load bending moment for different 

cross-section 

 
Fig. 9: Variation of bending moment for combined load case 

From the fig. 7 it is observed that at mid span the 

dead load bending moment of rectangular box girder bridge 

is 6% more compare to the trapezoidal box girder bridge. 

From the fig. 8 it is observed that for live load case there is 

no variation in the bending moment on changing the shape 

of the girder. fig. 9 shows that  for combined load case the 

bending moment of rectangular box girder is increased by 

31% compare to the trapezoidal box girder bridge. This is 

because the dead load bending moment of trapezoidal box 

girder is reduced due to change in the cross-section and the 

bending moments due to prestressing force for trapezoidal 

box girder is more compared to rectangular box girder 

bridge. 

C. Shear Force 

Table 4 shows the maximum shaear force of box girders. 

Load Case Trapezoidal Rectangular 

Dead load 4707 kN 4974 kN 

Live load 1631 kN 1631 kN 

DL+LL+Prestress 2387 kN 2648 kN 

Table 4: Maximum Shear Force Of Box Girder 

 
Fig. 10: Variation of dead load shear force for different 

cross-section 

 
Fig. 11: Variation of live load shear force for different cross-

section 

 
Fig. 12: Variation of shear force for combined load case 

The variation of shear force for dead load, live load 

and combined load case is shown in fig. 10, 11 and 12. From 

the fig. 9 for dead load case the shear force at support of 

rectangular box girder bridge is 6% greater than that of the 

trapezoidal box girder bridge. From the fig. 11 it is observed 

that on changing the shape of the box girder bridge there is 

no variation in the live load shear force. Fig. 12 shows that 

shear force at support for rectangular box girder bridge is 

11% greater compared to  trapezoidal box girder bridge. 

 
Fig. 13: Variation of shear stresses for different cross-

section 
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Fig. 14: Variation of shear stresses in rectangular box girder 

bridge. 

 
Fig. 15: Variation of shear stresses in Trapezoidal box girder 

bridge. 

Fig. 13 shows the variation of shear stresses of 

rectangular and trapezoidal box girder bridge along span of 

the bridge at an interval of 5 m. From graph it is observed 

that variation of shear stress is maximum at support for 

trapezoidal box girder bridge by 21% compare to 

rectangular box girder bridge. This is because that the area is 

reduced in trapezoidal box girder bridge. In trapezoidal box 

girder the bottom of the section is reduced compare to 

rectangular box girder section. Fig. 14 and 15 shows the 

shear stress of rectangular and trapezoidal box girder bridge 

model in SAP 2000. The stresses are maximum at support 

and at the junction of slab and web of the girder. 

 
Fig. 16: Longitudinal stresses at top of the box girder bridge 

Fig. 16 shows the variation of longitudinal stresses 

at top of the box girder for rectangular and trapezoidal box 

girder bridge at an interval of 5 m. The stresses are 

maximum at mid span. From the fig. it is observed that the 

stress in rectangular box girder is 10% more compare to the 

trapezoidal ox girder bridge. 

 
Fig. 17: Longitudinal stresses in Rectangular box girder 

bridge. 

Fig. 17 and 18 shows the longitudinal stresses of rectangular 

and trapezoidal box girder bridge model in SAP 2000. The 

stresses are maximum at the mid span. 

 
Fig. 18: Longitudinal stresses in Trapezoidal box Girder 

Bridge. 

IV. CONCLUSIONS 

1) Deflection of rectangular box girder is increased by 

30% compared to trapezoidal box girder for 

combined load case (DL+LL+Prestress).  

2) In dead load case there is no much variation in 

deflection of rectangular box girder, only 3% is 

increased. For live load case deflection is increased 

by 7%. 

3) Due to change in the shape of the box girder the 

self weight of the trapezoidal box girder bridge is 

reduced. Therefore the bending moment in 

rectangular girder is 31%  more compared to 

trapezoidal box girder for combined load case. 

4) Bending moment of rectangular box girder for dead 

load case increased by 6% compared to trapezoidal 

box girder. 

5) Shear force is increased by 11% in rectangular 

girder compare to trapezoidal box girder in 

combined load case. 



Study on Effect of Shape in PSC Box Girder Bridge 

 (IJSRD/Vol. 3/Issue 06/2015/095) 

 

 All rights reserved by www.ijsrd.com 416 

6) For live load case there is no variation in bending 

moment and shear force. 

7) The shear stresses are 18% more in trapezoidal box 

girder because the area is reduced in trapezoidal 

section but the stresses are within the limit. 

8) The longitudinal stresses at top are 12% more in 

rectangular box girder compared to trapezoidal box 

girder which shows that the trapezoidal section is 

in more compression. The overall trapezoidal box 

girder shows the better performance. 
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