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Abstract: -- The plate girder is fabricated from plates and the designer has greater freedom to vary the section to correspond with
changes in the applied forces. Thus variable depth plate girders have been increasingly designed in recent years. For a given
bending moment the required flange areas can be reduced by increasing the distance between them.Thus for an economical design,
it is advantageous to increase the distance between flanges. To keep the self-weight of the girder as the minimum, the web thickness
should be reduced as the depth increases, but this leads to web buckling. Web buckling considerations being more significant in
plate girders than in rolled beams since Rolled beam section are manufactured by keeping depth to thickness ration such that there
will be no local bucking in the web. The web buckling of plate girder can be avoided by using the thicker web or by using
stiffeners.In this paper feasibility of using stiffeners to reduce the dead load, material and fabrication cost of plate girders is
studied. Use of transverse stiffeners lead to creating tension field in the plate girders prior to buckling and this tension field helps to
increases the buckling resistance of web. In this paper as per IS: 800:2007 design of plate girder is done. The optimum section for
the given load is found out by varying the thickness of web and number of stiffeners in different trials. Finally, the most suitable
section for a given load is proposed in this paper.

Keywords :— Web buckling, Tension field action, Shear strength.

I. INTRODUCTION

In modern construction practices, the use of plate girders
become an increasingly popular, especially where structural
elements are subjected to heavy loads and clear span
required is large. More moment of resistance is required if
section is subjected to heavy load. This can be achieved by
providing truss girder, built-up section and plate girders.
The fabrication and erection cost of truss girder is more if it
is used for light load and short span. Plate girder have
moment of resistance between rolled | section and truss
girder and it can be built to any desired proportion.

The flange provides more flexural strength therefore most of
the steel must be concentrated in flange and flange is kept
away from the neutral axis of girder, this results in deep and
thin web. Such slender web is susceptible to problem like
local instability. There is always a possibility that the thin
web get buckled before vyielding. The three types of
buckling to be considered are: shear or diagonal buckling,
bending or longitudinal buckling and bearing or vertical
buckling. Slender webs in plate girders are prone to local
and shear buckling and to prevent this, stiffeners are
provided. Provisions of intermediate transverse stiffeners
serve boundaries for tension field action in the web. To
make the web more stable along with transverse stiffeners,
sometime longitudinal stiffeners are also provided. Various
Studies have been carried out in the past in order to

determine the number, dimensions, and positioning of the
stiffeners  in a particular web panel for optimum
performance of steel plate girders. However, much less
effort has been devoted to optimisation of the section
which seems to require more attention to get more
economical section. Once safe section for the particular
loading is achieved, It can be optimized by providing holes
in the webs at certain location. This paper is intended to
show that decrease in material and cost of plate girder may
be achieved by accurate proportion of depth to thickness
ratio of web, height to width ratio of web panel and by using
the tension field action.

Il. OUTLINE

The steel plate girders were designed based provisions given
in 1S: 800:2007. The design is done such that the girder
would not fail in lateral torsional buckling. A number of
trial is done for depth of girder (d), stiffeners spacing(c) and
thickness of web (t). 20 m span beam is taken, over which
100kN/m uniformly distributed load is placed. Some basic
dimensions were kept the same in all the girders. Only d/t
and c/d ratios are varied in different trials. Flange width, bf
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=450 mm, flange thickness, tf =35 mm, depth of girder, df =
1470 mm.

Optimum depth of plate girder can be found out by
assuming that the entire bending moment is resisted by
flange.

M, =1fbit,d (eq.1)
The gross sectional area is given by-
A=2b.t. +dt

fof W (eq.2)
bt _ _
Eliminating, in above equation we will get,
- k2 Mfz K,
L Yo . (eq.3)

Now, the optimum value of thickness may be obtained by

differentiating the above equation w.r.t Ly and equating it
to zero.

M 0.33
t, =| %
[ fysz

The optimum value of d may be obtained by differentiating
eq.3 w.r.t d and equating it to zero.

M k 0.33
fy

As per IS : 800 :2007 critical buckling stress is given by
2
7°E

12(1—#2)[:’J

w

Tcr,e = I(v

Where, kV " shear buckling coefficient

The elastic critical shear stress increases if the value of d/t is
sufficiently low. The web will yield under shear before
buckling.

for < <1.0
d

5.35 when transvers stiffners
at sup port are provided.

I1l. DESIGN OF PLATE GIRDER

Keeping the depth constant, the minimum thickness of web
is found out which can resist the load without intermediate
stiffeners. Table-1 shows the results of different trials. For
the given loading maximum shear force is 1000 kN and the
un-stiffened web will be safe against buckling if 12 mm
thick web is provided.

Table-1
T Besisting
%im) ditw e | Foree BUCKLING
(N ) | (BN
& 23334 17.77 148 32 TUNSAFE
175 3l.6 353.85 TUNSAFE
10 140 4038 01,32 UNEAFE
12 11666 71.1 1184 .6 SAFE

Now, if 12 mm thick web is provided in the plate girder, the
girder will be safe against buckling but the whole section
may not be economical. Therefore the 6mm,8mm,10mm
thick web with stiffeners should also be checked.

3.1. Spacing of Stiffeners.

If 6mm, 8mm or 10mm web is provided the section will not
safe in buckling therefore web for thickness less than 12
mm should be stiffened. the spacing of stiffeners is decided
by number of trials using simple post critical method.

If 6mm, 8mm and 10mm web is used then the minimum
spacing is required to make section safe against local
buckling is Shown in table -2.

Table-2
s | ¢ |mi| Ko | Foe | BUCKL
o (EIN)
& 240 [ 18.86 52644 TUKEAFE
& 560 0.4 37.43 043 50 TUKEAFE
b 518 0.37 43.07 1014.41 SAFE
& 480 0.35 47.67 162,52 SAFE
g LEO 0.7 14,21 DET THSAFE
2 o1 .65 16.66 1102.41 SAFE
10 1E20 1.3 7.71 20T 1T TUKSAFE
10 1782 1.28 T8 1058 SAFE

Therefore optimum spacing of stiffeners, for 6 mm thick
web 518 mm, 8mm web 910 mm and 10 mm thick web
1792mm.
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Now, once the spacing is fixed than end panel is design and
the thickness of end stiffeners and intermediate stiffeners is
decided.

3.2.End panel and stiffeners design

End panel is designed for the minimum value of c, for
which the web is safe. Table -3 shows the result or end
panel design. Here it is observed that if 6mm thick web is
use with stiffeners at 512mm, the anchorage force in end
panel is very large and the end panel fails because of
moment due to anchorage force. The stiffeners are not
designed as load

Table-3
moment
force
6 | 1213 306.2 | safs 237 609 unsafz
2 | 1617 369.8 | saf= 139 1882 | safe
10] 2021 §94.6 | saf= 230 7298 | saf=

Carrying element. The minimum thickness of stiffeners
required is calculated in number of trial.

Table 4 represents the value of minimum thickness of
stiffeners for the particular web thickness.

Table-4
Thicksszs | Iz{eq) | bof | tof | Iptowid | Budkl | Fesist
Of {105 | ISF | ISF ad ing ing
web mm4 {10™5) | Fomoe Eaqd
mm4 fi5y]
& 334 100 | 10 33.33 | 4041 | 4B2.1
1003
B 21 100 2 26.66 o &661.3
10 123 o0 & 14.5 326.1 | BR&4

It is observed that for the given condition most economical
section is web of 10mm thickness with intermediate
stiffeners.

Table-5
:(]el;sk L\:i(:‘.fe(r?f :;);?Lrial Weight
(mm) ers (m"3) (ko)
6 39 0.92 7230.5
8 22 0.91 7210.3
10 11 0.95 7416.4
12 - 0.97 7583.1

Table 5, shows the number of stiffeners required per face of
plate girders, total weight and total material required. The
material and weight are calculated excluding the fabrication
work.

IV. TENSION FIELD ACTION

Fig.1 illustrates the concept of tension field action. At the
time of buckling, web losses its ability to support the
diagonal compression. The vertical component of this
diagonal stress resisted by stiffeners and the horizontal
component is resisted by flange. The web only resist the
diagonal tension, hence it is termed as tension field. IS
800:2007 gives the following expression for computing the
shear resistance of web due to tension field action if
intermediate and end stiffeners are provided. Tension field
comes into picture only when the web begins to buckle.
Therefore the total strength will be the post —buckling
strength

. i
2 iri

Now, the above problem is solved by using tension field
action.

Load

T LT T

K =

Fig. 1 Tension field action.
Vn :th
Vi = (A7, +0.9W t, T, sing) <V,
f,=/(f2 322 +y°) —w
v =1.57,sin 2¢

f d
¢ = tan [E]
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Above table shows material and number of stiffeners are

7, = buckling strength as obtained in simple post
required if tension field is used.

critical method 5550
e —"
. . . FOO0 —
f, = yield strength of tension field =
=S SO0 = S—
B soow i — | post
. . . = oritical
Table-6 Check for buckling stress for different c/d ratio E 40w
using tension field method. = o e tension
%ﬂ 2000 fisld
od
Gt e |co ) B[ WE| & | @ | M | ME| S | VEMY|BUKLING = 100
[+] T T T 1
s E 1o 12 thickness in
1400 | 6 | 1120 | 0. | 1236 | 1300 | 197.00 | 5134 | 34431 [ IRODGST | BR.04 | 46033 UKEATE P B
400 | 6 ) M0 | 0.8 | IBRA | 1300 [ 1044 | 5004 | 40431 1000697 | RO | M40 LKEATE 2500
W00 | 6| 560 | 04 | 34 | 13m0 | 1sodE | 6B | MB43D| 190R6DT | 4D | 105485 |  SAFE 2000 & mm thick web
400 | 6 ) 51 | D37 | 4300 | 1300 [L5R30 | 6970 | 4B431) 100D6BT | 40 | 112501 SAFE
v | 8 | en | s | s | em | s | s | weer | T | wem | R 1500 Leneen
1400 | B[ 9080 | 07 | 1402 | 1303 | 15404 | 5500 | Mp432 | 1008607 | T4l | 109604 SAFE 1000 - be—e —®—shear
- force
1400 | 10 | 2070 | 155 | 7Ol | 6 | 19670 | 3LE3 | 4431 [ IROBEST | 0003 | oMl UNEATE s00 "
1400 | 10 ) 2128 | 182 | T.OB | M6 | 17567 | 3334 | 54431 | LRBOBSST | OTER | 100BS4 SAFE — e
400 | 1011830 | 13 | 772 | 1076 [ 16701 | 37ST | 34431 ) 100D6OT | BRI | (RSB0 SAFE o ! ! ! ! ! ! ! !
- o - - - 14 12 1 08 06 04037035
Where, ¢ is the inclination of tension field, Mfr is the
reduced plastic moment capacity of the respective flange
after account the axial force Nf in the flange, due to overall 2000
bending and any external axial force in the cross section. & mm thickweb
Witf is width of tension field, Vtf is the nominal shear 2500 ——
resistance 2000 -— —— cension
Table-7 End panel design result using tension field 1500 — — fisld
method 1000 — o ¥ +— shear
w " g:mmant 500 bl ] force
e ' am Ry |V (M [Ho (R | Ehuemy M s
ratio forcs N ;:rninmg_ o . . . . :
1 L1 0.7 0.65 oG
& |5l 037 | 25333 [ 4300 | 12124 | 10144 | 6114 3082 |l 8875 [ #0080 i
3 1050 075 | 17500 [ 1351 | 16165 | 89300 [1351Y | 6755 | aaf2 180.5 [ 33408 a2
10 | 042 153 | 14000 | 7.06 2020.7 | 91213 | 1BT0.0 | 9354 | 2610 | 1737.04 a2
Table-8 End stiffeners design using tension field method. oo 10 thick web
o ¢ | ticknass . . .
. 5 | width of - “ single | (Pd) load on | buckling | bearing -
M| Anefond) stiffaners sﬁt'r'.:ms Ak flatasraa | stiffanars safetv | capacity 2000 = = —= = = - tension
mes | o | 1600 | 4 | om0 | e | ek | 164 | 1500 Fa=id
1120.1 3843 140.0 16.00 4736 240 1165.7 i 11364 a2
10813 E 140 1§ 400 | a4 1815 | 1364 [ s 1000 __ - - posr
critical
S0 method
V. RESULT COMPARISON
Lo ] . . T T "
Table 10 1.55 1.52 1.5 1.28 1.25
T [ o [ sl [ weem . . .
) stiffen=cs (=3 s Fig.3 shear resistance vs c/d ratio graph shows the
& 39 0.73 comparison of the result obtained from tension field
2 e o method and simple post method for 6mm, 8mm and 10mm
o = YT thick.
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VI. CONCLUSION

Plate girder is designed for a particular load. The depth of
girder kept constant and Number of trial has been done by
changing thickness of web and spacing of stiffeners. By
result it is observed that if action of tension field is ignored
than the most economical section is girder of 8mm thick
web with intermediate stiffeners. If advantage of tension
field action is taken then section with 10mm thick web is
more economical. Whereas overall the most economical
section comes out to be 10 mm thick web with intermediate
stiffeners. It can be concluded that using tension field
method we can obtain most economical section for plate
girder.
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