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Abstract— Nowadays most efficient and economical 

structural system for bridge decks has been the Box 

Girder Bridges. However, in India sometimes bridges 

designed for one-way traffic may be used for temporary 

duration as a two-way traffic. In this project, three-

dimensional finite element analysis of a simply supported 

PSC box girder section for dead load and live load using 

four nodded shell elements is done to evaluate the effects. 

The structure is modeled and analyzed in ABAQUS 

software.  

In this study, design of bridge girder is carried out taking 

one 70R tracked vehicle loading and for two-way traffic 

two 70R tracked vehicles are run simultaneously towards 

each other, from the opposite end of the girder. The results 

obtained show, the effects of loading, support and 

geometry of cross-section on the behavior in terms of 

development of normal stresses in different box girders. 

The design of box girder bridge is as per Indian Standard 

Specifications. It can be concluded from the present study 

that the introducing two-way traffic one one-way bridge 

induces more stresses and deflection in girder.  

This study suggests that the variation of speed of vehicle 

from 30 kmph to 50 kmph does not show the significant 

difference in stress or deflection values. But the increase of 

span of girder from 20 m to 40 m have significant increase 

in stress and deflection values. It was observed that 

opening a one-way traffic bridge for temporarily two-way 

traffic usage in case of 40 m long girder, bridge girder may 

fail in serviceability criteria. 
 

Keywords— PSC Box Girder Bridge, Two Way Traffic, 

IRC Class 70R Vehicle, Vehicle Speed. 

I.  INTRODUCTION 

The increase in need of transportation necessitated the bridge 

construction over large and deep valleys. Also, bridges are 

needed to tackle various traffic problems by constructing 

different bypass roads resulting in efficient results. Economy, 

Aesthetic and convenience played major role leading to 

development of various type of bridges. In recent years, box 
girder bridges became a popular solution for medium and long 

span bridges in highway and railway transportation. This type 

of bridge is aesthetically pleasing and less vulnerable to 

environmental conditions comparatively. Also, this type of 
bridges reduces maintenance cost over life period. Methods of 

analysis also developed simultaneously in the last few 

decades. The development of digital computers enabled to 

analyze complex structural elements in different types of 

bridges and with different cross sections.  

A box girder is made up of two web plates joined by common 

flange at top and bottom. The closed shell formed has more 

stiffness and strength than open cross sections. `The box 

girders have different types based on the geometry of cross 

sections. Box girders evolved from single closed shells to the 

multiple closed shells of various shape like rectangular, 
circular, hexagonal, octagonal, etc. The box section is typical 

rectangular or trapezoidal with single or multiple closed shells. 

They are generally used in construction of long span bridges. 

In India, bridges are designed considering various types of 

different loads like dead load, live load, seismic load, wind 

load etc. The effect of live load i.e. vehicular load is 

considered as per guidelines provided by IS codes. Since 

design is done by considering impact factor, the actual impact 

on structure can be checked by simulating structural models in 

different software. 

The bridges can be used as both one-way traffic and two-way 

traffic as per the actual requirements of the project. But there 
may some cases occur for temporal or longer duration where 

bridge designed for one-way traffic loading is subjected to 

two-way traffic loading. So, there should be estimated 

calculation to allow such type of uses of bridge girder. Hence 

the detailed study of such types of loading should be done to 

take proper precautionary measures or to avoid difficult 

situations. 

II. METHODOLOGY 

A. Parameters – 

Dynamic analysis of 2-lane PSC box girder bridge designed 

for one-way traffic is done for loading conditions of two-way 

traffic. A standard cross-section shown in Fig.1 was opted for 

all cases while area of tendon is changed for the different span 

of girder, as per requirement. The analysis carried out is of 

girder having span of 20 m, 30 m and 40 m length, using IRC 

Class 70R loading. Vehicle speed of 30 kmph, 40 kmph and 

50 kmph was used to study the effect of two-way traffic on 
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each span lengths. Grade of concrete and steel used is M50 

and Fe500 respectively. 

 

 

Fig. 1. Cross section of box girder with tendon positions at end 
section 

B. Live Load – 

 For bridges classified under IRC: 6-2016 Clause 201.1, 
the design live load shall consist of standard wheeled or 

tracked vehicles or trains. There are four main types of 

loading: 

 

1. IRC Class 70R Loading 

2. IRC Class AA Loading 

3. IRC Class A Loading 

4. IRC Class B Loading 

 

 In this analysis of box girder IRC Class70R Tracked 

Vehicle Loading is used at a vehicle speed of 50kmph. 

 Vehicle loading is placed at the center of the girder cross-
section and then moved along the span of the girder for 

one-way traffic and for two-way traffic two identical 

vehicles are moved simultaneously from both ends of 

girder towards each-others. 

 Fig. 2. shows the loading configuration for IRC Class 70R 

Vehicle. 

 

 
Fig. 2. IRC Class 70R Vehicle. 

C. As per IRC 6: 2016 clause 204.1.1 – 

 The nose to tail spacing between two successive vehicles 

shall not be less than 90 m for tracked vehicle. 

 For multi-lane bridges and culverts, each Class 70R 

loading shall be considered to occupy two lanes and no 

other vehicle shall be allowed in these two lanes. The 

passing/crossing vehicle can only be allowed on lanes 

other than these two lanes. 

 Class 70R loading is applicable only for bridges having 
carriageway width of 5.3 m and above. The minimum 

clearance between the road face of kerb and the outer 

edge of the wheel or track, ‘C’, shall be 1.2 m. 

 

D. As per IRC 6: 2016 clause 204.3 – 

 As per IRC, for each two-lane of carriageway, one 70R 
vehicle loading is adopted for design and the same live 

load combination suggested by IRC 6: 2016 is shown in 

Table 1. 

 
Table 1. Live Load combinations for two lane bridge as per  

IRC 6: 2016 (Table 6). 

 

III. RESULTS AND DISCUSSIONS 

The results were obtained by bridge girders of span 20 m, 30 

and 40 m subjected to the vehicle speed of 30 kmph, 40 kmph 

and 50 kmph for two-way traffic. Then it is compared with the 

span bridge span and vehicle speed of 50 kmph subjected to 

one-way traffic. The comparison is based on the values of 

maximum compressive stress and maximum deflection at the 

mid-section of girder. 
The comparison of maximum deflection of one-way and two-

way traffic for 20 m, 30 m and 40 m span is shown in figure 

(a), (c) and (e) respectively. 

The comparison of maximum stress of one-way and two-way 

traffic for 20 m, 30 m and 40 m span is shown in figure (b), (d) 

and (f) respectively. 

 

Sr. 

No. 

 

Carriageway Width 

(CW) 

 

Number of 

Lanes for 

Design 

Purposes 

 

Load Combination 

 

 

1)  

 

Less than 5.3 m  

 

1 

One lane of Class A 

considered to 

occupy 2.3 m. The 

remaining width of 

carriageway shall 

be loaded with 500 

kg/m2  

2)  5.3 m and above but 

less than 9.6 m  

 

2 

One lane of Class 

70R OR two lanes 

for Class A  
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(a) 

 

(b) 

Fig 3 (a) Maximum Deflection for 20 m span (b) Maximum Stress for 

20 m span 

 

 

(a) 

 

(b) 

Fig 4 (a) Maximum Deflection for 30 m span (b) Maximum Stress for 
30 m span 

 

 

 (a) 

 
 

(b) 
 

Fig 5 (a) Maximum Deflection for 40 m span (b) Maximum Stress for 
40 m span 
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Table -2 Results for 20 m span 
 

Specification 
For 20 m girder 

50 kmph 40 kmph 30 kmph 

Maximum Deflection (mm) (Permissible Deflection = 25 mm) 

Two-way 6.17 6.01 6.01 

One-way 2 … … 

Compressive Stress (N/mm2) (Permissible Stress = 24 N/mm2) 

Two-way 6.21 6.04 6.15 

One-way 1.83 --- --- 

 

Table -3 Results for 30 m span 

 

Specification 
For 30 m girder 

50 kmph 40 kmph 30 kmph 

Maximum Deflection (mm) (Permissible Deflection = 37.5 mm) 

Two-way 20.86 20.5 20.4 

One-way 16.14 … … 

Compressive Stress (N/mm2) (Permissible Stress = 24 N/mm2) 

Two-way 10.33 10 11 

One-way 6.82 --- --- 

 

Table -4 Results for 40 m span 

Specification 
For 40 m girder 

50 kmph 40 kmph 30 kmph 

Maximum Deflection (mm) (Permissible Deflection = 50 mm) 

Two-way 54.8 56.2 54.6 

One-way 41.2 … … 

Compressive Stress (N/mm2) (Permissible Stress = 24 N/mm2) 

Two-way 16.64 17 16.8 

One-way 10.8 --- --- 

 

Table -2, Table -3 and Table -4 shows the values of maximum 

deflection and maximum stress at the mid-span of the 20 m, 30 m and 
40 m span girder, respectively. There is significant increase of values 
observed of each cases. All the values of maximum stress obtained in 
case of one-way and two-way traffic are in the permissible limit as 
per IS code. Deflection for 20 m and 30 m span is in the permissible 
lmit for both loading cases, but deflction obtained for 40 m span 
under two-way traffic loading found to be exceeding the permissible 
limit suggested by IS code. 
 

IV. CONCLUSION 

1. From the values of deflection found out for various span 

and speed (of vehicle) combination, we can conclude that 

the deflection for top and bottom slab is almost similar in 

every case. 

2. There is no significant increase of deflection observed 

with increase in the speed of vehicle ranging from 30 

kmph to 50 kmph. 

3. As span of bridge girder increases there is significant 

increase in deflection of middle span which is as large as 

3.38 times for 20 m to 30 m increase, 9.1 times for 20 m to 
40 m increase and 2.69 times for 30 m to 40 m increase for 

two-way traffic. 

4. The maximum deflection found out for various span are: 

a) For 20 m span girder, maximum deflection is 2 mm 

for one-way traffic and 6 mm for two-way traffic 

which is below the deflection limit of 25 mm for 20 m 

span. 

b) For 30 m span girder, maximum deflection is 16.14 

mm for one-way traffic and 20.86 mm for two-way 

traffic which is below the deflection limit of 37.5 mm 

for 30 m span. 
c) For 40 m span girder, maximum deflection is 39.59 

mm for one-way traffic and 56.2 mm for two-way 

traffic which is above the deflection limit of 50 mm 

for 40 m span. 

5.  Maximum compressive stress generated at the middle 

span of bottom slab of the girder is increased with increase 

in the span length which is as large as 77% for 20 m to 30 

m, 173.7% for 20 m to 40 m and 54.54% for 30 m to 40 m 

for two-way traffic. 

6. The maximum compressive stresses generated at the 

middle span of bottom slab foe two-way traffic are 6.21 

N/mm2 for 20 m, 11 N/mm2 for 30 m and 17 N/mm2 for 40 
m span which is less than the limiting value of 24 N/mm2 

for M50 grade concrete. 

7. Also, it is found that the tensile stress generated at the 

middle span of top slab for all span is fluctuating at 

different values but is in the limit of tensile strength of 

concrete which is 4.94 N/mm2 for M50 grade concrete. 
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