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Abstract 
 

Closed structural sections (rectangular, circular, trapezoidal shape) possess high rotational rigidity compared to open sections like I 

girder. For highly curved bridges, closed sections with high torsional rigidity is an absolute choice. This paper suggests the use of steel – 

composite Tub girder instead of concrete I girder in rail bridges. Stiffeners were used to strengthen the girder. Deflection and stress study 

has been done for the entire girder on various thickness of stiffeners under different loading. 
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1. Introduction 

In India most of the metro- rail bridges are made of concrete, 

which is costlier, very low tensile strength compared to other 

binding materials, less ductile, contains soluble salts which 

causes efflorescence and has a huge self-weight. By pre stressing 

the concrete, tensile strength and ductility property can be 

improved significantly and dead load effects can be eliminated by 

using better material properties. But still it’s a costlier process. 

An excellent alternative for this issue is usage of steel- 

composite girder instead of concrete girder. In steel girders, 

closed sections those having circular, rectangular, trapezoidal 

shape has high rotational rigidity compared to open section such as 

I girders. Closed sections with high torsional rigidity is the better 

option for curved bridges. In this case large torsional forces is 

expected to act on the structure. 

Bridge design is controlled by stiffness, not strength. Throughout 

construction, stresses were well below the yield stress. 

Longitudinal stiffeners are provided, location of longitudinal 

stiffeners on curved girders contribute to strength property. 

Adequate transverse stiffener is required for developing shear post 

buckling resistance. 

Steel box girders are designed to act compositely with concrete 

deck on the finished bridge. Box section is closed by concrete 

deck and the bottom flange, two webs, and two top flanges 

comprise of steel girder. The sloping webs of the girders leads to 

trapezoidal shape giving its name as trapezoidal box girders. 

Slopping webs gives the sleek appearance, enhances the 

overall aesthetics and also reduces the bottom flange width. 

Smaller width reduces the amount of materials required and local 

plate buckling around supports where the bottom flange is in 

compression. Steel – composite tub girders are chosen because of 

structural efficiency and economy reasons. Different structural 

forms are chosen for various applications such as highway bridges, 

railway bridges and footbridges. 

Longitudinal stiffeners are used to avoid local buckling in 

compression and shear zones. These stiffeners increase bending 

and shear strength of the girder. Transverse stiffener is used to 

improve the shear capacity of girder. Studies says that the 

effectiveness of stiffener is related to stiffener size and location. 

2. Governing Equation 

Permissible bending compressive/tension stresses at top 

& bottom flanges of steel girder [9] 

Permissible compressive stress at top flange is taken as 

smaller of the following two. First is computed as per clause 

no 508.6.2 of [9] (bending compression) considering whole bare 

steel girder with unsupported length of compression flange 

equals to effective span of the girder. Second is computed as 

per clause no 511.3.3 of [9] (axial compression) considering top 

flange plates only where unsupported length of compression 

flange is taken as the panel distance of top lateral truss. 

Permissible bending compressive stress σbc= 0.66 x fcb x fy/ 

[(fcb)1.4 + (fy)1.4]1/1.4 
Where, 

Elastic critical stress, fcb  = k1[X+k2Y][c2/c1] Permissible 

maximum bending stress σb= 0.62fy 

3. Numerical Investigation 

Software – SAP2000 

SAP2000 is an ideal software developed for analysis and design 

of any type of structural system. Software is frequently used in 

the field of civil engineering. Any type of geometry ranging from 

the simple to complex, 2D to 3D can be modelled, analyse and 

designed. SAP2000 can make the best and most effective model or 

section using innate object - based modelling environment that 

smoothens the engineering process which is practical in addition. 

Advanced features such as nonlinear and dynamic analysis is 

also available.  

Software contained with integrated templates for modelling, 

loading arrangements based on codes (almost all country codes 

are available, we can choose accordingly), advanced analysis are 

available, optimization of design, and customized reports make 
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SAP2000 one of the best professional as well as commercial 

software available in the market. 

Model 

Basic model is prepared from the sectional and plan drawings of the 

girder. The model has created in SAP2000. Linear static analysis 

has been done with assigned moving load. Stiffeners are provided 

in the girder throughout the span. Stiffeners are provided at the 

bottom, side and across the side plate (vertically). Stiffener 

provided at the bottom plate along the longitudinal direction is 

known as bottom stiffener. Those provided at the side plate along 

the longitudinal direction is known as web stiffener. That 

provided at the side plate along transverse direction is known as 

vertical stiffener. Load cases provided as per the design 

including two moving loads. These moving loads are train load, 

here the train load is the load of rolling stock of Kochi metro rail. 

Longitudinal stiffeners are spanning throughout the length and 

transverse stiffeners are spanning throughout the depth of girder. 

Stiffeners are used to avoid local buckling in compression and 

shear zones. Results an increase in bending and shear strength of 

the girder and improves the shear capacity of the girder. Studies 

says that the effectiveness of stiffener is related to stiffener size and 

location. This paper studies the effectiveness of stiffeners 

provided to the girder. For this purpose the thickness of stiffener 

is varied for the selected loadings. Load cases selected for the study 

are: rolling stock on the both girders at the same time (DL+ LL + 

Veh A+B) and rolling stock on one girder at a time (DL+ LL+ Veh 

A/B). Thickness range selected for study are 12mm, 14mm,16mm, 

18mm, 20mm, 25mm. 

 
Fig. 1: Steel girder with stiffeners modelled in SAP2000 

 

 
Fig. 2: Steel – composite tub girder modelled in SAP2000 

Material Property 

Table I: Material Properties of Steel Composite Tub Girder 

Grade of steel, fy 350 MPa 

Grade of concrete, fck 40 MPa 

Shear modulus Gs 80.77 MPa 

Shear modulus Gc 13.54 MPa 

Modulus of elasticity Es 210.00 GPa 

Modulus of elasticity Ec 32.50 GPa 

Unit weight of steel 78.50 kN/m3 

Unit weight of concrete 25.00 kN/m3 

Avg. depth of metal deck 26.00 mm 

4. Analysis and Discussion 

Static analysis 

A linear static analysis was carried out for 40m curved steel tub 

girder. Since stiffeners are running throughout the span, study is 

conducted for varying thickness of the stiffeners and stress induced 

on the girder. The study is conducted for bottom stiffener, web 

stiffener and vertical stiffener under selected loading conditions. 

 
Fig. 3: Displacement V/s thickness of bottom stiffener, when vehicle 
loading is given to both girders 

 

 
Fig. 4: Displacement V/s thickness of bottom stiffener, when vehicle 
loading is given to only one girder 

 

 
Fig. 5: Displacement V/s thickness of web stiffener, when vehicle loading 

is given to both girders 

 

 
Fig. 6: Displacement V/s thickness of web stiffener, when vehicle loading 
is given to only one girder 
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Fig. 7: Displacement V/s thickness of vertical stiffener, when vehicle 

loading is given to both girders 
 

 
Fig. 8: Displacement V/s thickness of vertical stiffener, when vehicle 
loading is given to only one girder 

 

From the above study, for every increase in thickness, displacement 

decreases and in case of increase in load, displacement also 

increases. Even though the girders are symmetrical, both of them 

gives different displacement for the given thickness of stiffener for 

selected loading because of the curvature and super elevation 

provided. Outer girder (left in graph) shows more displacement 

compared to inner girder (right in graph) because of the given 

curvature and super elevation more for outer girder. 

 
Fig. 9: Stress V/s thickness of bottom stiffener, when vehicle loading is 

given at both girder 

 

 
Fig. 10: Stress V/s thickness of bottom stiffener, when vehicle loading is 

given to only one girder 

 
Fig. 11: Stress V/s thickness of web stiffener, when vehicle loading is 
given at both girder 

 

 
Fig. 12: Stress V/s thickness of web stiffener, when vehicle loading is 

given to only one girder 
 

 
Fig. 13: Stress V/s thickness of vertical stiffener, when vehicle loading is 

given at both girder 

 

 
Fig. 14: Stress V/s thickness of vertical stiffener, when vehicle loading is 
given to only one girder 

 



International Journal of Engineering & Technology 67 

 
From the above graphs shows a linear variation, for every 

increase in thickness, stress decreases. Even though the girders 

are symmetrical, both of them gives different stress for the given 

thickness of the stiffener for given loading. When loading is given 

to both girders at the same time, stress reduces with amplifying 

thickness of the stiffener. For other case also stress deducted 

with increment of thickness of the stiffener. Maximum stress is 

more when loading is present only at one girder at a time. 

Minimum stress is more when loading is present at both girders at 

the same time. 

Deflection and stress distribution on girder is investigated in detail 

to know more about the stiffness property. By increasing thickness 

of stiffeners, deflection and stress distribution on the girder decreases 

hence improving the stiffness of the girder. From displacement 

as well as stress study it has been understood that stiffness 

improves when the thickness of the stiffeners are increased. 

Displacement of the girder is decreasing when the thickness of 

stiffeners are increasing and the maximum displacement is 

observed at the centre of the girder. Stresses developed in the girder 

also reduces while increasing the thickness of the stiffeners. 

Maximum stress is observed at the centre of the girder. 

5. Conclusion 

For railways on new alignments and construction depth  is not 

a constrained, slab-on- beam arrangement like composite bridge 

can be chosen likewise the method as used for highways. 

Trapezoidal shaped Tub girders has a very excellent torsional 

stiffness which reduces their susceptibility to twisting of tracks. 

Hence to study on stiffness, deflection must be analysed for different 

thickness of stiffeners. Since stiffeners are major stiffness providing 

component in this girder. Stresses on each stiffeners during 

different loading conditions also studied to check whether it 

crosses the permissible stress. From study it is found that if 

thickness of girder increases, deflection and stress decreases thus 

enhancing stiffness of the girder. As a result torsional rigidity also 

increases. 

Stiffeners are selected for the study because they are the major 

stiffness providing element in the girder. Provision of stiffeners in 

compression and shear zones improved the bending and shear 

strength of the girder. Longitudinal stiffeners and transverse 

stiffeners were provided. Longitudinal stiffeners include bottom 

stiffener and web stiffeners, both run throughout the span. 

Longitudinal stiffeners plays an important role improving the 

bending strength and shear capacity of the girder in total. 

Transverse stiffeners provided in the flanges of the girder 

spans throughout its depth. Transverse stiffeners improves the 

post buckling strength of the girder and reduces later buckling of 

flanges. Longitudinal stiffeners are provided throughout the 

bottom plate also to control the deflection resulted from heavy 

loading. 

Compared to concrete girders, steel tub girder has reduced self- 

weight, excellent torsional stiffness, and exceptional aerodynamic 

stability due to the its horizontal curvature on the plan and 

trapezoidal shape of girder and transverse stiffeners added to the 

girder flanges reduced the vulnerability of lateral buckling of 

flanges making them more acceptable for heavy loaded bridges. 

Steel tub girders has improved durability and reduced 

maintenance of protective coatings since it is closed structure. 

Advantage of structural shape improves increased usage, 

improved aesthetics, maintenance and structural benefits. Hence 

the steel tub girder is an excellent choice over concrete girder. It can 

also be adopted for road bridges as well. 
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