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Abstract— In this paper comparison of buckling strength
and weight of corrugated web plate girder and standard web
plate girder is carried out the numerically. For Numerical
analysis ANSYS software is used. The present work
highlights strength and economy of corrugated web plate
girder. Study also revealed that use of ANSYS or Numerical
Methods like Finite element methods considerably reduce
the Analysis time and provide reasonably accurate results.
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. INTRODUCTION

A Plate girder is basically an I-beam built up from three
different plates, viz. one web and two flanges, using riveting
or welding. It is a deep flexural member used in situations,
where the loads are heavy and spans are also very large, that
cannot be economically carried by rolled sections. One of
the advantage of plate girder is that it provides the freedom
(within limits) to choose the size of web and flanges. It also
provides flexibility and economy. Plate girders have the
maximum moment carrying capacity than any other rolled
sections. To increase the moment carrying capacity of the
section the distance between the flanges needs to increase.
As the depth of section increases, depth of web increases
and it becomes slender, susceptible to shear buckling. This
in turn also increases the shear resistance as the web area
increases.

A. Plate Girder with Corrugated Web:

Now a day’s to increase the shear capacity of large steel
plate girders, the web with different patterns such as tapered
web, haunches, corrugations of different shapes are used.
This dissertation is mainly based on finding the strength of
welded plate girder with corrugated web plate analytically
using ANSYS software. To increase the shear capacity of
girder the web is first cold formed with corrugations usually
parallel to web depth and then welded to the flanges. The
typical corrugated web plate girder consists of two steel
flanges welded to a steel web that is corrugated. There are
many types of corrugations possible such as trapezoidal,
sinusoidal, triangular and rectangular etc. In this research
work the web with rectangular corrugations are used. The
main objective of this work is to determine the buckling
strength of corrugated web subjected to shear for transverse
loading at mid span. Also to check the weight and compared
it with plane web plate girders.

Il. LITERATURE REVIEW

There are some literatures available on the study of plate
girders with corrugated web plate. The attempt here is to
highlight relevant literature evidences.

Hartmut Pasternak, Gabriel Kubieniec (2010)[1]
described that for the main frames of single storey steel

buildings the use of corrugated web beams had been
increased due to thin web of 2 or 3mm, corrugated web
beams afford a significant weight reduction as compared to
hot rolled or welded I-beams. Also buckling failure of web
was prevented by corrugations

Ezzeldin Yazeed Sayed-Ahmed (2011)[2] carried out the
study on design aspects of steel | girders with corrugated
steel webs with trapezoidal geometry. The trapezoidal
profile was commgnly used for corrugation of web plates.
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Fig. 2.1: Trapezoidal Profile of corrugations

The flexural strength of a steel girder with a
corrugated web plate was provided by the flanges with
almost no contribution from the web and with no interaction
between flexure and shear behavior. The corrugated steel
web solely provides the shear capacity of the girders where
the shear strength was controlled by buckling and/or steel
yielding of the web.

C.Graciano, E.Casanova, J.Martinez (2010-11)[3]

carried out the study on influence of initial geometric
imperfection on post buckling behavior of longitudinally
stiffened plate girder webs subjected to patch loading.
The analysis was performed by means of nonlinear finite
element analysis. In this the shape imperfections were
modelled using finite element software ANSYS. Author
used element property shell 63 and a material property
young’s modulus 210GPa and poison’s ratio p, 0.3.
Amplitudes of buckling shapes for various modes were
varied and non linear analysis were introduced.

Sedky Tohamy, Osama Mohamed Abu El Ela,
Ahmed Ibrahim Mohamed (2013)[4] carried out the
comparative study, including finite element calculations
focusing, on ultimate strength of plate girder with
trapezoidally corrugated and plane web under concentrated
load at mid span. In first case trapezoidally corrugated webs
were compared with the ultimate strength of plate girders
with flat webs having the same weight, flange plate and
length.

In the second case, the ultimate strength of plate
girders with trapezoidally corrugated webs with, the same
slenderness of the web d/t, and different web panel aspect
ratio b/d and width to the depth of corrugation ratio b/h were
examined. In this simply supported symmetric girder
subjected to concentrated load at mid span were considered.
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And different cases were taken into account such as
variation in slenderness ratio, corrugation angle, aspect
ratio, and change in dimensions. The finite element
modelling has been undertaken by using ANSYS finite
element analysis software, which was a general purpose
finite element program designed specifically for advanced
structural analysis.

M.H Abu Hassan, A. Ibrahim, H. Abdul hamid,
B.S. Mohamed (2008)[5] carried out the study on behavior
of steel girders with profiled web under shear load by using
finite element method. In this respective study the three
different buckling modes, namely local, zonal and global,
were observed and discussed. As per previous study it was
observed that the adequate out of plane stiffness were
achieved by using profiled web without using any stiffeners.
The use of profiled web girder also leads to a structural
system of high strength to weight ratio.

Y.A. Khalid , C.L. Chan, B.B. Sahari, A.M.S.
Hamouda(2003-04) [6] carried out the study on
behavior of mild steel structural beams with corrugated web
subjected to three point bending. The main aim of the study
was to determine the effects of corrugated web and the
corrugation directions to the beam’s load carrying
capability. In this paper semicircular web corrugation in
cross sectional plane (horizontal) and across the span of the
beam were investigated both experimentally and analytically
using finite element technique. The effect of the corrugation
radius, web thickness and material properties for the vertical
corrugated web beam type were investigated. The
experimental results were compared with analytical results.

Jiho Moon, Jong-WonYi, ByungH.Choi, Hak-
EunLee (2008-08)[8] presented the study on lateral torsional
buckling of steel section with trapezoidal corrugated web.
The objectives of the study was to determine the lateral
torsional buckling capacity of trapezoidal corrugated web
profile in comparison with normal plane web beams using
experimental and finite element method. In this study the
lateral torsional buckling tests were carried out on three sets
of specimen. The difference between the specimens was in
their web thickness. The test set up was as shown.

Fig. 2.1: Experimental Set up

I1l. GEOMETRIC PARAMETERS CONSIDERED FOR ANALYSIS

Web thickness | Flange Hange Overall Length Fy
depth
Height(h) | (=) width(b) | thickness N/mm:
(H)
Hange t)
200 mm Jmm,4mm, | 240 mm 30 mm 260 mm 10000 mm | 250
6mm

Table 3.1: Geometric parameters of standard plate girder

Web | Web Flmge | Flange | cormigati | comugation | Overa Fy

onwidth | thk (ee) I | length
Height | Thk (t) | width(be) | thicknes Ntz
(ex) depth

(h)
1)

80| Zomdnm, | M0mm | 30mm | 200400, | 102030mm | 860 | 10m | 200

it}
fimm 300 mm

Table 3.2: Geometric dimensions of rectangular type
corrugated web
Following different parameters of corrugated
analyzed and compare.

Web Thickness
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b mm T I T
00 i 20 3

Table 3.2: Geometric parameters of corrugated web

IV. FINITE ELEMENT ANALYSIS

The finite element method (FEM) is practical application
often known as finite element analysis (FEA) is a numerical
technique for finding approximate solutions of partial
differential equations (PDE) as well as of integral equations.
Finite Element Analysis is a simulation technique which
evaluates the behaviour of components, equipment and
structures for various loading conditions including applied
forces, pressures and temperatures. Thus, a complex
engineering problem with non-standard shape and geometry
can be solved using finite element analysis where a closed
form solution is not available. The finite element analysis
methods result in the stress distribution, displacements and
reaction loads at supports etc. for the model. To model the
plane web girder and corrugated web plate girder Shell 63
element is used instead of making 3D Solid model of Girder
as it reduces no of nodes and solution time drastically. For
analysis 10 m span Girder is considered for analysis.

After modeling of Girder the actual supporting
boundary conditions are given i.e. fixed support at both the
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ends. In fixed support there is no any degree of freedom i.e.
there is no displacement at any direction.

Fig. 4.1: Cad Model of Standard and Corrugated Web plate
Girder

In ANSYS the Cad Model of Standard and
Corrugated web plate girder is developed. After that for
analysis the Finite element model is generated. At the point
of application of load the fine meshing is done. After
meshing we get total 66031No. of Nodes and 65355 No. of
Elements for Corrugated web plate girder and for standard
web plate girder is 59048 No. of nodes and 58290 No. of
elements.

Fig. 4.2: Finite Element Meshed Model of Standard and
Corrugated Web Plate Girder
After proper meshing and boundary conditions the
loading is to be assigned. Here present study unit load per
node is considered for getting required buckling/bending
values from software itself.

Fig. 4.3: Typical loading conditions
After loading is assigned two types of analysis is to
be performed to observe the behavior of plate girder and to
get the buckling load so as to compare both with standard
web plate.

A. Static Analysis:

Fig. 4.4: Static Behavior

In static analysis, bending in y Direction is to be observed.
ANSY'S shows the proper bending shape for given loading.

B. Buckling Analysis:

ard_Web_plate

Fig. 4.5: Buckling Behavior
In this paper only result for 2 mm thick web plate girder and
2 mm thick web and 200 mm corrugation width and 20 mm
thick corrugation web plate girder is presented.

Table below shows Comparison of the static
behavior and buckling behavior of standard plate girder with
corrugated web plate girder based on following corrugation
properties.

Thickness of web plate = 2mm

Standard web plate and corrugations Cw = 200mm

& Ct=20mm
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Table 4.1: Comparison of static and buckling displacement
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Fig. 4.6: Comparison of sub steps against displacement (Uy)
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Fig. 4.7: Comparison of sub steps against displacement
(Uz)
Comparison of the weight of standard plate girder
with corrugated web plate.

I) Standard web plate with stiffeners and corrugations

Cw =200mm
For Cw=200mm
weight!Kg)

Thk Standard web corrugated web

Ct Standard 10mm  |20mm  |30mm
2mm 1256 143.4] 1459 1485
dmm 151.2 15 2768 281
bmm 3768 399.7) 4076 4152

Table 4.2: Comparison of weight

V. CONCLUSION

A study has been carried out to determine the buckling
strength and economy of corrugated web plate girder. Three
different cases have been analyzed using ANSYS. Form
above research work it can be concluded that due to
corrugation technique stiffness of plate girder can be
increased as well as weight can be reduced. It is conclude
that buckling resistance of web increases with corrugation.
Weight of corrugated cold rolled web thickness of 2mm and
4mm is compared with standard web of 6 mm shows
sufficient reduction in weight. Thus it proves that corrugated
web is economical and has sufficient buckling strength.
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