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Abstract- Skew bridges are the most important structures of 
the modern transportation system. For these structures, 
earthquakes are the most difficult natural hazard to be 
designed for, due to their occurrence without any warning, 
wide range in its frequency and its extreme consequences. 
Despite many new advancements in the field of seismology, it 
is yet very difficult to predict the location, magnitude and time 
of occurrence of a particular earthquake. Functional bridges 
after a major seismic event not only provide effective 
evacuation path for residents, but also ensure connection of 
the seismic affected areas for emergency response personnel 
to render prompt recovery and retrofitting efforts. 
 
 In this research study, an attempt has been made to 
know the structural behaviour of the skew bridges under 
various loading like dead load, live load and seismic load. The 
effect of variation of skew angle was noted on parameters like 
maximum bending moment and shear force using grillage 
analogy in STAAD Pro V8i and the results were plotted  
 
Keywords- Skew Bridge, Skew Angle, Grillage Analogy, 
Maximum Bending Moment, Shear Force 
 

I. INTRODUCTION 
 
 Bridges are considered as lifelines of the society as 
they serve various functions, most importantly they serve as a 
path to cross any obstacle like river, valley or any steam, etc. 
without destructing the passage beneath it. Bridges can be 
broadly classified as skew bridges and non-skew bridges 
depending upon the type of crossing. Skew bridges are 
provided in highways and railways where non-perpendicular 
or oblique crossings are found from one bank to the other. 
Various studies have been carried out to study the structural 
behaviour of these bridges. 
 
 In the present study, an analysis was carried out to 
know the structural behaviour of skew bridges due to variation 
in skew angle. The grillage analysis was carried out using 
STAAD Pro software. The effect of change in skewness was 
observed on various parameters like the bending moment, 
shear force, etc.. 
 
 
 

II. LITERATURE REVIEW 
 
 A significant number of researches have been carried 
out to know the structural behaviour of bridges, especially 
skew bridges under various loads. Some of those researches 
which were highly significant for this study are discussed 
below: K. Nguyen and J.M. Goicolea (2018) attempted to 
purpose a simplified model to determine the dynamic response 
of simply supported skew bridge under moving loads. They 
observed that the degree of skewness of the bridge plays a 
vital role in determining the dynamic behaviour of the bridge 
in terms of vertical displacement. They concluded that with 
increase in skew angle, the vertical displacement decreases. 
However, the vertical acceleration is not significantly affected 
by the skewness of the bridge. 
 
 Ajay D. Shahu, P. D. Pachpor and S.V. Joshi (2016) 
focused on understanding the effect of skew angle on skew 
bridges. They concluded that with increase in skew angle, 
torsional moment increases which there by increase the 
equivalent shear and equivalent bending moment too. 
 
 Nagashekhar J P et al. (2016) studied the effect of 
skewness on the reinforced concrete girder bridges. They 
concluded that for dead load with increase in skew angle , the 
maximum bending moment decreases whereas for live load 
with increase in skew angle , the maximum bending moment 
increases. They also said that with increase in skew angle the 
torsional forces increases. 
 

III.   METHODOLOGY 
 
 In the present study an attempt has been made to 
study the behaviour of skew bridges due to variation in skew 
angle of the bridge. Numerical modelling was performed 
through grillage analogy method in STAAD Pro V8i software. 
Grillage analogy is a simple method used to analyse the bridge 
decks and give a clear visualisation of the forces and loads 
applied on the girders. It is a versatile method since it can 
easily handle the skewness of the bridge and other geometric 
complications. 
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IV. MODELLING 
 
 Numerical modelling was performed through grillage 
analogy method in STAAD Pro V8i software. A total of 5 
models were created for the present study by varying the skew 
angle of the models. The skew angle was varied between 0o to 
60o with an interval of 15o each. The basic data about the 
numerical models are described in table 4.1. 
 

TABLE 4.1: PRELIMINARY DATA USED IN 
MODELLING 

Span c/c of expansion joints 14.00 m 
Span c/c of bearings 13.00 m 
Depth of superstructure at formation 
level 1.350 m 

Depth of longitudinal girder 1.125 m 
Thickness of slab 0.225 m 
Thickness of wearing coat 0.075 m 
C/c of bearing and expansion joint 0.280 m 
Total width of superstructure 16.00 m 
Width of carriageway 11.00 m 
Dimension of footpath on RHS (1.5) m x (0.3) m 
Dimension of footpath on LHS (1.5) m x (0.3) m 
Dimension of crash barrier on RHS (0.5) m x (1.1) m 
Dimension of crash barrier on LHS (0.5) m x (1.1) m 
Dimension of railing on RHS (0.5) m x (1.1) m 
Dimension of railing on LHS (0.5) m x (1.1) m 
Dimension of safety kerb on LHS (0.0) m x (0.0) m 
Dimension of safety kerb on RHS (0.0) m x (0.0) m 
C/C distance between girders 3.000 m 
Cantilever projection of slab from 
c/c of outer girder 2.000 m 

Total no. of longitudnal girders 5 
Total no. of cross girders 3 
Skew angle 0o/15o/30o/45o/60o 
Material property  

  (a) Unit weight of concrete 
  (b) Unit weight of wearing coat 

 
25 kN/m3  
22 kN/m3 

 
The details of each model is mentioned in table 4.2. 
 
TABLE 4.2: DETAILS OF THE MODELS 
 

Model 1 Model with 0o skew angle  

Model 2 Model with 15o skew angle 

Model 3 Model with 30o skew angle 

Model 4 Model with 45o skew angle 

Model 5 Model with 60o skew angle 

 

Various loads were applied on the bridge as per IRC 6:2016. 
The details of the applied loads are mentioned below: 
 
A. Dead load: 
 
The different parts of the bridge were subjected to different 
amount of load. The detailed descriptions of the dead load 
applied on the models were given in table 4.3. 
 

TABLE 4.3: DETAILS OF DEAD LOAD APPLIED ON 
THE MODELS 

Description Area Density Load Load  
Type       (m2) (kN/m3) 

 
Superimposed Dead 
load(w/o surfacing) 

 

 

  
    

 
  Railing 

  
0.55 25.00 13.75 UDL 

Kerb 
  

0.00 25.00 0.00 UDL 
Crash Barrier 

 
0.55 25.00 13.75 UDL 

Footpath 
 

  0.45 
 

25.00 11.25 UDL 
  

 
  

    Superimposed Dead 
Load(only surfacing) 

    
  

  
    

Wearing Coat   
 

 
 22.0 1.65 FLOOR 

  
  

 
 

  Self weight of Outer 
Girder with deck slab 

    
  

  
    End Section   1.6 25.0 39.3 UDL 

Tapered Section  
  

1.5 25.0 
39.3 
  to 
33.6 

LVL 

Mid Section   1.3 25.0 33.6 UDL 

  
  

    Self Weight of Inner 
Girder with deck slab 

    
  

  
    End Section   1.4 25.0 34.3 UDL 

Tapered Section    1.3 25.0 
34.3 
  to 
29.5 

LVL 

Mid Section   1.2 25.0 29.5 UDL 
      
Where, 
LVL = Linearly varying load (in kN/m) 
UDL= Uniformly distributed load(in kN/m) 
FLOOR = Floor load (in kN/m2) 
 
B. Live load:  
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 For three lane carriageway structure, as per IRC 6-
2016 (Table 6A) following live load combinations has been 
considered for the analysis of the numerical models. 
 
 i. Class 70 R (Wheeled) + Class A vehicles 
 ii. Class A+ Class A+ Class A vehicles 
 
C. Footpath live load 
 
 According to clause 206.3 of IRC 6:2016 , for bridge 
with effective span of 13 m the footpath live load was 
calculated as per equation 1 mentioned below. 
 
ܲ = ܲᇱ − ቀସିଷ

ଽ
ቁ     …………… (Equation 1) 

Where, 
 

 P = Intensity of footpath live load 
   
P' 

 
= 

 
500  or 400 kg/m2 

   
L 

 
= 

 
Effective span of main girder (m) 

  
W 

 
= 

 
Width of Footpath  

 
The calculation of this load is tabulated in table 4.4 shown 
below 
 
TABLE 4.4: CALCULATION OF FOOTPATH 
LIVELOAD 
 
Description Effective 

Span 
(m) 

P' 
(kg/m2) 

Footway 
Width 

(m) 

Intensity 
(kN/m2) 

Footpath 
Live Load 

(RHS) 

13.00 500 1.50 4.76 

Footway 
Live Load 

(LHS) 

13.00 500 1.50 4.76 

 
V. RESULTS AND DISCUSSIONS 

 
A.  Bending Moment 
 
 Bending moment can be of two types depending on 
their signs i.e. positive bending moment which is called as the 
sagging moment and negative bending moment which is 
called as the hogging moment. Bending moment depends on 
the load applied on the structure. Various loads like dead load, 
live load (vehicular load), seismic load was applied on the 
bridge superstructure. For each of these load, the bending 
moment developed on the longitudinal and cross girders of 
each model was noted and plotted and shown in figure 1 to 8. 

A.1    Bending moment due to dead load and footpath live 
load 
 
Figure 5.1 represented the maximum sagging bending moment 
due to dead load and footpath live load. The figure clearly 
indicated that the interior longitudinal girders had no sagging 
bending moment in all 5 models.. In case of longitudinal 
girders, the maximum value of sagging moment was observed 
for model 5 (model with 60o skew angle) for exterior 
longitudinal girder 2.  Amongst the cross girders, the highest 
value was observed for interior mid cross girder in every 
model which decreased with increase in skew angle.  In case 
of cross girders, the maximum value of sagging moment was 
observed for model 1 (model with 0o skew angle) for interior 
mid cross girder. 
 

 
 
FIGURE 5.1: GRAPH SHOWING THE VARIATION OF 

MAXIMUM SAGGING MOMENT FOR VARIOUS 
MODELS UNDER DEAD LOAD AND FOOTPATH 

LIVE LOAD 
 

 Figure 5.2 represented the maximum hogging 
bending moment due to dead load and footpath live load. The 
figure clearly indicated that in all models except model 4 and 
5(model with 45o and 60o skew angle respectively), exterior 
longitudinal girder 1(exterior l. girder 1) had lesser value of 
hogging moment as compared to exterior longitudinal girder 
2(exterior l. girder 2) which increased with increase in skew 
angle. The hogging moment decreased with increase in skew 
angle in case of interior longitudinal girders. In case of 
longitudinal girders, the maximum value of hogging moment 
was observed for model 5 (model with 60o skew angle) for 
exterior longitudinal girder 1.  Amongst the cross girders, no 
hogging moment value was observed for interior mid cross 
girder in any model. The hogging moment in the cross girders 
increased with increase in skew angle.  In case of cross 
girders, the maximum value of hogging moment was observed 
for model 5 (model with 60o skew angle) for exterior cross 
girder 1. 
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FIGURE 5.2: GRAPH SHOWING THE VARIATION OF 

MAXIMUM HOGGING MOMENT FOR VARIOUS 
MODELS UNDER DEAD LOAD AND FOOTPATH 

LIVE LOAD 
 

A.2   Bending moment due to live load 
 
A.2.1  Live Load (Case 1 i.e., combination of Class    70 R 

(Wheeled) + Class A vehicles) 
 
 Figure 5.3 represented the maximum sagging bending 
moment under live load (case 1 which refers to the 
combination of Class 70 R (Wheeled) + Class A vehicles). 
The figure clearly indicated that in all models, the sagging 
moment increased with increase in skew angle in case of 
longitudinal girders. In case of longitudinal girders, the 
maximum value of sagging moment was observed for model 5 
(model with 60o skew angle) for interior longitudinal girder 3.  
Amongst the cross girders, the maximum sagging moment 
value was observed for interior mid cross girder in all models 
except model 5 (model with 60o skew angle). The sagging 
moment in the cross girders increased with increase in skew 
angle.  In case of cross girders, the maximum value of sagging 
moment was observed for model 5 (model with 60o skew 
angle) for exterior cross girder 2. 
 

 
 
FIGURE 5.3: GRAPH SHOWING THE VARIATION OF 

MAXIMUM SAGGING MOMENT FOR VARIOUS 
MODELS UNDER LIVE LOAD (CASE 1 i.e., 

COMBINATION OF CLASS 70 R (WHEELED) + 
CLASS A VEHICLES) 

 
Figure 5.4 represented the maximum hogging bending 
moment under live load (case 1 which refers to the 
combination of Class 70 R (Wheeled) + Class A vehicles). 
The figure clearly indicated that in all models exterior 

longitudinal girder 1(exterior l. girder 1) had lesser value of 
hogging moment as compared to exterior longitudinal girder 
2(exterior l. girder 2) which decreased with increase in skew 
angle after 15o.. However, interior longitudinal girder 2 had 
the maximum hogging moment amongst all interior 
longitudinal girders except for model 1 in which the maximum 
value was observed for interior longitudinal girder 3. The 
hogging moment decreased with increase in skew angle in 
case of interior longitudinal girders. In case of longitudinal 
girders, the maximum value of hogging moment was observed 
for model 2 (model with 15o skew angle) for interior 
longitudinal girder 2 and minimum value was observed for 
model 1(model with 0o skew angle) for exterior longitudinal 
girder 1(exterior l. girder 1).  Amongst the cross girders, the 
maximum hogging moment value was observed for interior 
mid cross girder in all models. The hogging moment in the 
cross girders increased with increase in skew angle.  In case of 
cross girders, the maximum value of hogging moment was 
observed for model 5 (model with 60o skew angle) for interior 
mid cross girder. 
  

 
 

FIGURE 5.4: GRAPH SHOWING THE VARIATION OF 
MAXIMUM HOGGING MOMENT FOR VARIOUS 

MODELS UNDER LIVE LOAD (CASE 1 i.e., 
COMBINATION OF CLASS 70 R (WHEELED) + 

CLASS A VEHICLES) 
 
A.2.2   Live Load (Case 2 i.e., combination of Class A + 

Class A + Class A vehicles) 
 
 Figure 5.5 represented the maximum sagging bending 
moment under live load (case 2 which refers to the 
combination of  class A + Class A + Class A vehicles) . The 
figure clearly indicated that the in all models, exterior 
longitudinal girder 2(exterior l. girder 2) had lesser value of 
sagging moment as compared to exterior longitudinal girder 
1(exterior l. girder 1) which increased with increase in skew 
angle. In case of longitudinal girders, the maximum value of 
sagging moment was observed for model 5 (model with 60o 
skew angle) for interior longitudinal girder 2.  Amongst the 
cross girders, the maximum sagging moment value was 
observed for exterior cross girder 2 in all models except model 
1 (model with 0o skew angle) in which the maximum value 
was observed for interior mid cross girder. The sagging 
moment in the cross girder increased with increase in skew 
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angle.  In case of cross girders, the maximum value of sagging 
moment was observed for model 5 (model with 60o skew 
angle) for exterior cross girder 2 
 

 
FIGURE 5.5: GRAPH SHOWING THE VARIATION OF 

MAXIMUM SAGGING MOMENT FOR VARIOUS 
MODELS UNDER LIVE LOAD (CASE 2 i.e., 

COMBINATION OF CLASS A + CLASS A + CLASS A 
VEHICLES) 

 
 Figure 5.6 represented the maximum hogging 
bending moment under live load (case 1 which refers to the 
combination of Class A + Class A + Class A vehicles). The 
figure clearly indicated that in all models exterior longitudinal 
girder 2(exterior l. girder 2) had lesser value of hogging 
moment as compared to exterior longitudinal girder 1(exterior 
l. girder 1) which decreased with increase in skew angle after 
15o. The interior longitudinal girder 2 had the maximum 
hogging moment amongst all interior longitudinal girders. The 
hogging moment decreased with increase in skew angle in 
case of interior longitudinal girders. In case of longitudinal 
girders, the maximum value of hogging moment was observed 
for model 1 (model with 0o skew angle) for interior 
longitudinal girder 2.  Amongst the cross girders, the 
maximum hogging moment value was observed for interior 
mid cross girder in all models.  In case of cross girders, the 
maximum value of hogging moment was observed for model 2 
(model with 15o skew angle) for interior mid cross girder. 
 

 
FIGURE 5.6: GRAPH SHOWING THE VARIATION OF 

MAXIMUM HOGGING MOMENT FOR VARIOUS 
MODELS UNDER LIVE LOAD (CASE 2 i.e., 

COMBINATION OF CLASS A + CLASS A + CLASS A 
VEHICLES) 

 
A.3   Bending moment due to seismic load 
 Figure 5.7 represented the maximum sagging bending 
moment due to the seismic load in both x and z directions. The 
figure clearly indicated that for seismic load in both x and z 

direction (EQ X and EQ Z respectively), exterior longitudinal 
girder 1(exterior l. girder 1) had lesser value of sagging 
moment as compared to exterior longitudinal girder 2(exterior 
l. girder 2) which increased with increase in skew angle for all 
the models. Similarly, the interior longitudinal girder 
3(interior l. girder 3) had highest value of sagging moment due 
to both EQ X and EQ Z for all the models. However, the value 
of sagging moment due to seismic load in x direction (EQ X) 
was greater than that of seismic load in z direction (EQ Z). In 
case of longitudinal girders, the maximum value of sagging 
moment was observed for model 5 (model with 60o skew 
angle) for exterior longitudinal girder 2 under seismic load in 
x direction.  Amongst the cross girders, the maximum sagging 
moment value was observed for exterior cross girder 2 in all 
models under the seismic load in z direction. The sagging 
moment in the cross girder increased with increase in skew 
angle. However, the value of sagging moment due to seismic 
load in z direction (EQ Z) was greater than that of seismic 
load in x direction (EQ X). In case of cross girders, the 
maximum value of sagging moment was observed for model 5 
(model with 60o skew angle) for exterior cross girder 2 under 
seismic load in z direction. 
 

 
FIGURE 5.7: GRAPH SHOWING THE VARIATION OF 

MAXIMUM SAGGING MOMENT FOR VARIOUS 
MODELS UNDER SEISMIC LOAD IN BOTH X AND Z 

DIRECTION 
 

 Figure 5.8 represented the maximum hogging 
bending moment due to the seismic load in both x and z 
directions. The figure clearly indicated that for seismic load in 
both x and z direction (EQ X and EQ Z respectively), exterior 
longitudinal girder 1(exterior l. girder 1) had lesser value of 
hogging moment as compared to exterior longitudinal girder 
2(exterior l. girder 2) all the models. Similarly, the interior 
longitudinal girder 3(interior l. girder 3) had highest value of 
hogging moment due to both EQ X and EQ Z for all the 
models. However, the value of hogging moment due to 
seismic load in x direction (EQ X) was greater than that of 
seismic load in z direction (EQ Z). In case of longitudinal 
girders, the maximum value of hogging moment was observed 
for model 5 (model with 60o skew angle) for exterior 
longitudinal girder 2 under seismic load in x direction.  
Amongst the cross girders, the maximum hogging moment 
value was observed for exterior cross girders in all models 
under the seismic load in z and x direction respectively. The 
hogging moment in the cross girder increased with increase in 
skew angle. However, the value of hogging moment due to 
seismic load in z direction (EQ Z) was greater than that of 
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seismic load in x direction (EQ X). In case of cross girders, 
the maximum value of hogging moment was observed for 
model 5 (model with 60o skew angle) for exterior cross girder 
2 under seismic load in z direction. 

 
FIGURE 5.8: GRAPH SHOWING THE VARIATION OF 

MAXIMUM HOGGING MOMENT FOR VARIOUS 
MODELS UNDER SEISMIC LOAD IN BOTH X AND Z 

DIRECTION 
 

B.   Shear Force 
 
 Shear force also depends on the load applied on the 
structure. Various loads like dead load, live load (vehicular 
load), seismic load was applied on the bridge superstructure. 
For each of these load, the shear force developed on the 
longitudinal and cross girders of each model was noted and 
plotted and shown in figure 9 to 12. 
 
B.1   Shear force due to dead load and footpath live load 
 
 Figure 5.9 represented the maximum shear force due 
to dead load and footpath live load. The figure clearly 
indicated that for all exterior girders (both longitudinal and 
cross girders) the maximum shear force increases with 
increase in skew angle but for all interior girders (both 
longitudinal and cross girders) the maximum shear force 
decreases with increase in skew angle. In case of longitudinal 
girders, the maximum value of shear force was observed for 
model 5 (model with 60o skew angle) for exterior longitudinal 
girder 2.  Amongst the cross girders, the maximum value of 
shear force was observed for model 1 (model with 0o skew 
angle) for interior mid cross girder and the minimum value 
was observed for model 5(model with 60o skew angle) for 
interior mid cross girder. 

 
 
FIGURE 5.9: GRAPH SHOWING THE VARIATION OF 
MAXIMUM SHEAR FORCE FOR VARIOUS MODELS 
UNDER DEAD LOAD AND FOOTPATH LIVE LOAD 

B.2   Shear force due to live load 
 
B.2.1  Live Load (Case 1 i.e., combination of Class 70 R 

(Wheeled) + Class A vehicles) 
 
 Figure 5.10 represented the maximum shear force 
due to live load (case 1 i.e., combination of class 70 R 
(wheeled) + class A vehicles). The figure clearly indicated that 
for all girders (both longitudinal and cross girders) except 
exterior cross girder 1 and 2, the maximum shear force 
increases with increase in skew angle upto 15o but then 
decreases. In exterior cross girder 1 and 2, the maximum shear 
force increased with increase in skew angle. In case of 
longitudinal girders, the maximum value of shear force was 
observed for model 1 (model with 0o skew angle) for interior 
longitudinal girder 3.  Amongst the cross girders, the 
maximum value of shear force was observed for model 5 
(model with 60o skew angle) for exterior cross girder 1 and the 
minimum value was observed for model 1 (model with 0o 
skew angle) for exterior cross girder 1. 
 

 
FIGURE 5.10: GRAPH SHOWING THE VARIATION 

OF MAXIMUM SHEAR FORCE FOR VARIOUS 
MODELS UNDER LIVE LOAD (CASE 1 i.e., 

COMBINATION OF CLASS 70 R (WHEELED) + 
CLASS A VEHICLES) 

 
B.2.2  Live Load (Case 2 i.e., combination of Class A + 

Class A + Class A vehicles) 
 
 Figure 5.11 represented the maximum shear force 
due to live load (case 2 i.e., combination of class A + class A 
+ class A). The figure clearly indicated that in case of 
longitudinal girders, the maximum value of shear force was 
observed for model 1 (model with 0o skew angle) for interior 
longitudinal girder 2.  Amongst the cross girders, the 
maximum value of shear force was observed for model 5 
(model with 60o skew angle) for exterior cross girder 2 and the 
minimum value was observed for model 2 (model with 15o 
skew angle) for exterior cross girder 1. 
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FIGURE 5.11: GRAPH SHOWING THE VARIATION 

OF MAXIMUM SHEAR FORCE FOR VARIOUS 
MODELS UNDER LIVE LOAD (CASE 2 i.e., 

COMBINATION OF CLASS A + CLASS A + CLASS A 
VEHICLES) 

 
B.3   Shear force due to seismic load 
 
 Figure 5.12 represented the maximum shear force 
due to seismic load in both x and z direction (EQ X and  EQ Z 
direction respectively). The figure clearly indicated that in 
case of longitudinal girders, the maximum value of shear force 
was observed for model 5 (model with 60o skew angle) for 
exterior longitudinal girder 2 under the seismic loading in z 
direction and the minimum value was observed for model 
1(model with 0o skew angle) for interior longitudinal girder 1 
under the seismic loading in x direction.  Amongst the cross 
girders, the maximum value of shear force was observed for 
model 5 (model with 60o skew angle) for exterior cross girder 
2 under the seismic loading in x direction. However, the shear 
force on the cross girders was found to be very less compared 
to shear force on the longitudinal girders (especially exterior 
longitudinal girders). 
 

 
FIGURE 5.12: GRAPH SHOWING THE VARIATION 

OF MAXIMUM SHEAR FORCE FOR VARIOUS 
MODELS UNDER SEISMIC LOAD IN BOTH X AND Z 

DIRECTION 

VI. CONCLUSIONS 
 
 From the above analysis results, the following 

conclusions were drawn. 
 
 In general, it was observed that bending moment 

increased with increase in skew angle. 
 

 Shear force variation did not follow any particular pattern 
to change with the change in skew angle. 

 
 In case of dead load, the maximum hogging as well as 

sagging moment was observed on the exterior 
longitudinal girders. 

 
 In case of live load (both case 1 and 2) , the interior 

longitudinal girders had the maximum sagging as well as 
hogging moments. However, amongst the cross girders, 
the exterior cross girder 2 had maximum sagging moment 
where as interior mid cross girder had maximum hogging 
moment. 

 
 Similarly, in case of seismic load also the maximum 

bending moment was found on the exterior longitudinal 
girders (especially exterior longitudinal girder 2) as well 
as the exterior cross girders (especially exterior cross 
girder 2). 

 
 The value of sagging moment as well as hogging moment 

due to seismic load in x direction (EQ X) was greater than 
that of seismic load in z direction (EQ Z) but the value of 
shear force due to seismic load in z direction (EQ Z) was 
greater than that of seismic load in x direction (EQ X) for 
all the 5 models. 

 
 The shear force for exterior longitudinal girders and 

interior longitudinal girders increased and decreased with 
increase skew angle in case of dead load respectively but 
decreased in case of live loads. However, the pattern of 
shear force variation reversed in case of cross girders 
under these loads. 

 
 In case of dead load as well as seismic load, the maximum 

shear force was observed on the exterior longitudinal 
girders where as in case of live loads, it was observed on 
the interior longitudinal girders. Under the seismic loads 
in both x and z direction , the shear force for longitudinal 
girders increased with increase in skew angle where as the 
pattern was random in case of cross girders. 

 
 The seismic force would not affect the design of the 

bridge superstructure significantly since the value of 
maximum bending moment obtained due to it is very less 
as compared to other loads (almost 10 % of the maximum 
bending moment obtained due to dead load).From the 
analysis carried out and the conclusions drawn above it 
can be concluded that model 5 (model with 60o skew 
angle) had the maximum bending moment and shear force 
where as model 1 (model with 0o skew angle) had the 
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minimum bending moment and shear force amongst all 
five models. 
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