Plate Girder

8.1 Introduction

¢ Forlarge spans, rolled sections do not provide he sulficient section modulus to resist the applied :
bending moment, Thus in suchcases, it is required lo increase the section modulus being provided
by a section. This can be achieved by any one of the lollowing methods:
(a} Providing two or more

I-sections  connected L — —
property
{b} Plate girder
Web plato ‘Web plale

{c) Truss girder

» Plate girder has moment
Flange

resisling capacity which lies F‘ﬂ"r caver plato Flango

between rolled I-sections and > /N

lruss girders, ! r R 3
» 1Themainadvantagewih plate @ (&) © «©@

girderis that it can be buiftic Fig. 8.1 Sometypleal orrongementsofplate girder

suil the any desired proportion and of the cross seclion with properties which are exaclly necded.
*  Plate girders are built up flexural members and are preferrad for spans greater than 10m.

NOTE ' 1. Rieled andbolied plate girders are used for spans varying lrom 15m 1030 m. However
ey welded plate glrders can be used for spans up lo 100 m. Itis tobe noled thal, as the span
increases, lruss girder offers more economy 1than the plale girder.

2. Welded plate girders are more economical lhan riveted or bolled plate girders due fo
sppreciabls decrease in the sell-weight of the plate girder and are elso more efficient and
simple. .

= Thedesign of plate girder is similar 1o that of beam design. it involves proporlicning of the girder io
provide sulfficient section modulus 1o resist bending along with a web whichis sufficient encugh to
resist shear and of suflicient stiliness. Web buckling is of gréa( concern in case of design of plate
girders. The problem ol web buckiing can be eliminaled either by providing thick web {whichis quite
uneconomical) or by providing adequate slilfeners atong its length thereby dividing the web of plate
girder into smaller panels and reducing the span and increadsing the web buckling resistance.



8.2 Elements of a Plate Girder
(&) Webplate ,
(b) Flange angles with or without cover plates for rivaled/aolled plate girders and only llange plales fog
weldad plate girders.
{c) Stffeners-Bearing, ransverse and longitudinal
(d) Splices for web and flange

Fig. 8.2 showstypical elements of a rivaled/bolted plate girder ahd Flg. 8.3 shows lypical elements
of welded plate girder. !
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Fig.8.2 Typicatclemenisofativetedfboledplategirder  Flg.8.3 Typicalelementsof welded plate girder
i

8.2.1 Functionsof Various Elements cf a Plate Girder

=  Flanges: Rlanges of required width and thickness are required to resis! the llexural moment due lo
dead and superimposed loads coming on the plate girder by developing comprassive force in one
flange and tensile force in the other flange i.e. by developing an oppasite resisling coupla.

*  Web: Web of required depth and thickness is required to keep tha llange plates a! lhe requisile
distance and lo resisl shear in the beam. '

+  Stiffeners:Stilfeners are provided lo safeguard the wab againstlocal cugiayailure. These stifieners
a.ra provided either in the longitudinal direction called zs harizontal stiffanars or in the transverse
direction called as vertical stiffeners or in both the directions. % w a4

Transverse {vertical) stiflencrs are of two types viz.:
{) - Bearing sfilfener: At the support ragions, a corlain portion of web acts as column i.o. compression
member and there is a possibility of web buckling and hence bearing stifleners are required.

{b] Intermediate stiffener: If concentrated loads are also acting on Ihe girder (may be due to cross
beams etc.} then intermediate stilleners are also raquired 1o preveni ihe web from buckling,

Remember  Toresist the average shear stress, lhe lhldknéss'q{ the web required.is quite fess but Ihe use
9 - . . olininner secttoris for web may lead to buckling of wab and ihus, when thin sections for web Js,

used thre intermediate siifieners re also pravided in brder to improve thé buckiing ‘s!‘iéﬂglh-
‘of thaweb, - . =

Longiludinal (horizantal) siitfenars aré provided to improve (he buckling strength of the web, Il only one

longitudinal stifiener is provided then il is provided at a deplh of 0.2/ trom the compression llange where'd’ is the

depth of the web. If second longitudinal stilfener is also required Lhen itis provided al mid depih of the web.

8.3 Self-weight of a Plate Girder

The selt-weight ol a plale girder can be eslimaled {rom the following empirical refation:

W
W= ﬁkNlm

where  w=Faclored sell-weight of Lhe plale glrder
W= Tolal factored load on the girder
Based on Lhis eslimated value of selt-weight, design moment and design shear force are compuled.

0

8.4 DepthofWeb

= Primarily the web deplh depends on Ihe loads but head room restrictions, ransportation of plate
. girders ang other faclors may limil the web depth. In general, the web depth varies rom 1/15% to
1/6' of their span.

* In praclice, the web dapth usually taken varies from 1/12™ to /8™ of the span.

84.1 Economical Depth of Web

it is that depih of the plate girder for which atea of stee! required is (he minimum and (hus will have
minimum Sell-weighl. A plale girder giving least depth may not be economical owing lo the costs involved in
{abrication, lransporlation, erection etc. In usual praclice, a depth which is lower than the economical depth is
adopled.
tel,  Af= Momenlto be resisted by the plale girder which is assumed to be laken up entirely by the
llanges
fy = Design sirerigth gf the flange material
b, = Widih of the llange
f,= Thickness of the llange
{,.= Thickness of the web
d = Depth of ihe web

Thus M= fyb,r,d ) o .(B1)
The gross cross-sectional area of the beam i.c. plate girder is,
A= df_+2by, ..(8.2)



From Eq.{8.1), b=

Substiluting (his valug of bj,in (8.2)

AN ES

26
A=z dl, +=—
ar -{8.3)
d
Lel k= = a conslant called as slenderness ratio of the wab
w
Thus eq.(8.3) reduces (o,
2M
A= kit
ST ~{8.4)

Tha minimum value of /. is oblained by dilterentialing egq. 8.4) {-a.r.l. fw and equaling il o zera i.e.

oA a o[ 2M
—_ = —{k 2y, O | €V
43!, MW( l')+al\v([yhl-v]

: M
= 0= 24, ~-——
i
M
- w;’;j{
M
R' = fykz -..(3.5,
£q. {8.3) can also be wrilten as,
dt oM
A= P +'{'y; ..[8.6)

The oplimum value o ‘¢ can be obtained by differentiating £q.(8.6) w.r1. dand equalfng illo zeroi.e,

24 _ 9fcf) afom
ad ~ ad| k | ad\ 1 d

d M : d
0= 27-— k=2
ok e? ( rw)
4.M
kL
d= SIE : '
= \ "l“ ..(8.7)

Therelore, once the deplh of the girder is arrived at, general proportioning of the girder for maximum
moment and shear can be done. i

*  Foranal girder section, k = anr, for the web may be taken as any value ranging from 135 Io 240.
However, the lollowing provision of IS BOO : 2007 are also uselul:

I dit < 67& Ihen the plale girder may designed as ordinary bearn , where € = \{550/!,.

8.5

" g42 General Tips for Selecting the Depth of Plate Girder

Afaw general tips for selecling the depth of plate girder are as given below:
DL = 11510 1/25
= 11210 1/18
= /1010 1/15
whers, D = Depth of Ihe plate girder, L = Span of the girder

Web Thickness
Initially tha web lhi&kéess can be assumed as & mm (il painied) or 8 mm (il unpainted)
{a) Minimum web ihickness based on serviceability raquirement
As par CI.%.‘#!'J of 1S 800 : 2007,
{1 When transverse slilfeners are not provided and web connecled lo fanges along bolh
longiludinal edges,

Tor girders in buildings
for highway bridges
for railway bridges

2 <2006, -

'IV . T
{iy Whan Iransverse siifiness are not provided and web connecled (o fianges along one
longitudinal edge only

! g
t, <%0e,
(i) When only ransverse stiffaners are provided,
Case-1:3d2c2d ;‘152005,,
W
" Case2074dscsd S s200s,
Ly
Case-3:c < D74 d 9 <o70e,

W

Case-4:c> 3d .
Here the web shalfl be considared as unslitfenad,

{iv) When transverse slilteners are provided along with longitudinal stiffner al ona level only Lo,
at0.2d from the compression flange. L

Case-1: 24d2c2d ‘ESQSOGW
B w

Case-2: 074dscsd L s280c,
i o

Case-3: c < 0.74d T £340¢,,

w

(v) When a sacond longiudinal stiffener is also pravided {at neutral axis of the section)
‘ﬂ <100k, whete,,, = f2507T,,

W
where  C = spacingal ransverse stiliners
&, = Yield stress ratio of web

1., = Yield slross of the vieb



AT -
{b} Minimum wab thickness based on comprasslon flange buckling requirement
As per Gl 8.6.1.2 of IS 800 :"_290?, In order to avaid buckling of compression flange, 1he web
Thicknass shall comply with tho'foliowing requiremenis:
i}  When Iransverse sliflengrs ara not provided.

d e
W S 3452, whera, € = j250/1; = Yield siress ratio of flange
’ l”= Yield siress of compression flange
(i}  Whentransverse sliffeners are provided

Case-c215d L saise?

Case2c <150 isaus,

B W

Thuswhene =1, the foflowing obsen;axions can be mads:

{a) Wk=d! <671hen 'g:‘viate girdercanoe deslgned as ardinary bean without the requirement of any
stiffener (except the end bearingstilfener). Such typ of sections may be uneconamical,

(b) 1t k= olt, lies batween 67and 200, it can be designed as a plaie girder wilhout intermediate
stiffeners. But it must be ensurgd that web does not buckle in shear, For k valugs up (o 100-110,
intermediale Iransverse sliffenels may nol be required, For larger valuas ol k, (ransverse stilfeners
are required for web buckling cansideration,

{c) For kvalue up lo 250, longitudinal stilfeneris also required. '

{d} Inany case, kvaive should nat be taken morethan 345 10 avoid {aiiure of compression flange.

Remcmber  Praviously, web stiffeners were invariably used bul present day practice is lo avoid stilleners

100- 110 sothat economical girder Is obtained provided it Is sale in web buckling due to shear

'9 In order 1o reduce fabrication cos: and _ﬁmé and hence it is pralerabls to go for k value up to
withaut iransverse sliffeners.”

NOTE: It is to be noted that in all plale girders, end stilleners arg pravided to transler the load from plate

girder lo supporl. .

8.6 Size of Flanges

* Flanges ol riveled/bolted plate girders consist of pair of angles with or without cover plales.

= Thellange angles shouid form as large a part of area of flange as possible and proferably not less
than 1/3 of the calculated flangs area in order lo keep lhe cen‘p‘b( ravity of lfange within the
back of the angles and not in the flange cover plates slharwise the ‘sti‘:f!gity gets aflecled.

Angle section as flanges: : !

s Unequal angle sections with short legs as connected legs are preferred as this will give more

moment of ineslia of the seclion and also a targe length will be avaiiable for mak ing the connections

with the flange cover plates.

However, when shear is large then in that case either equal angles are proferred or unequal angles

with fong legs as connected legs {parallel to the web) is preferred.

Cover plates are provicled on the flanges when moment resisting capacily of the section has lo be
increased.

'

Remember . Thickness ol flange cover plates shall never be more than ihickness of the flange angtes in a

5

. Tiveted/bolted plate girder. Due to Ihis reason ohly, more than one caver plate may be required.
"1t Is preforable 1o use all the cover plates of 'same thickness but it cover plates used are of
ditferént thicknesaes (han thicknass of outer covar plate shoutd not be more than tha inner
- cover plates, Economy can be achiaved by curtailing the length and width of cover plates as
" we proceed frommid-spanto supportregion. b o o
< |l is assumed that design'momenl is resisied entirely by the llanges and using pariial laclor of
salely for malerial for plaslic section,

Add At d
T BEK
Thus area of fange A, can be determined. Select 9.4e < f;< 13.6 b,g so What flexural sirength can be

M= (8.8}

found by the formula for semi-compac! seclion as per CL. 8.2.1,2 of IS 800:2007as,

8.7

A= b,
ie 13.6e? = A,
Thus [, can be detarmined from which flange widih (b,) can be compuled as, b, = A/,

Flexural Strength A .

. '
o The flexural strengih of a plale girder is B ] [P —

based on tenslon flange yislding or the T
comprassion flange buckling. q,

...... b-t-eem- o
¢ The buckling slrangth of tha compression

Nlanga is goveriied by local buckling and

laterat torsional buckling of the flange. b ] {L

- + : 7

» * The vertical buckling of the compression (@ bsaction ghder (b} Whala of the {€) Only finnges

{lange infa the web can be checked by the seclion cosists moment  rosist meement

i, 5 67 &L > 67

limitations imposed on aspect ralia of the
web panels by IS 800 as discussed in
Section 8.5.

«  Wnendfl, raioof the web is less than or equal fo (S 67¢,) then the web is not prone to local buckling
and momenl carrying capacity is determined in a same way as lhal Jor reslrained beams. Fig.
B8.4(b} shows lhe stress distribution lor the bearn shown in Fig. B.4(a).

*  For scclions wiph stendet webs (dt, > 67¢,,) and plastic, semi-compact and compacl {langes, the
web is prone to shedr buckling and ils ability Lo resist flexural moment or longitudinal compression
gels reduced.

» I is assumed that moment is resisted by flanges with uniform stress distribution and shear is
resisted by the web.

Flg. 8.9 Momentondshearsesistonce by pfate girder

Shear Strength of Web

»  The regions located adjacent to supporis or in the vicinity of concentrated loads usuaily control the
web design as the mos! severe condition in terms of buckling is the case of pure shear.

» - Diagonal compression af the web gives risc to shear buckling. Before buckling, the shear siress is:
given by the simple beam theory as, 1= V/dl. Here the web is regarded as shear resistant.



The shear sirenglh of web of lhe i
; plate girder depends on dft, ralic of the we
Spacing of intermadiate stiftansrs, if provided, "’ Freoandaoon e

Transverse stiffaners are provided 1o improve the shear rasistance of the web as this increases {hq

critical buck Ing siress o the web "leleby’ bri lg'”g the aclual st ear sfresses ba ow lhe C|lflca
.
buck" g slress,

The shear capacity of the wab cansisis of two parls viz.
(i) Shear capacily prior to the

onset of buckling X ——

(i) Poslbuckling strengih
9. s o o) Tension
Shear sirenglh prior 1o onset of 5 e s panct
buckling: g : g

o S48V 01/ /7 /18
*  Suengihbelore the onsel of lm 0 &

buckling comes from the &

elaslic bebaviour where =

stresses are lotally ‘efastic e )

and sulfeners are only (a)'rnrsbnrooldlnvmbpamronryigmng (b} Tension field i

. b
e bending steengih of thg flangos Inehuding tho ﬂ'ﬁng: :gnlﬂp&ngn

required 1o kesp the web

straight. Flg. 8.5 Tension field action

gnce the load reachgs the elaslic limit, the compressive shear siress makes the webto buckle, By
the web panel can still carry more loads because of the action of tenslon figld.

The proportions of the web panel decide the amoun of action of tension field,

Post buckling strength: Fig. 8.5 shows the tension field developed due to rarsverse shiffeners,

T he diagonal ‘ension slresses act at lhe topan M lar o]
| 12 and botto. Ja esolea ir Yori
[of h“reb panel. Yeir norizonta

compression in the
flanges. However the
vertical component can be
‘assumed (0 be resisted

Tension ficid siress
alyiod =/,

Tenslon fiold siress

by flan

Y flanges or transverse Trangverse Bl yiokd = 1,
stilfeners or both. If thay  stffanor
are to be resisted by the Yiokf zono

flanges then flanges must
have sufticienl vertical

Y = Tolol shoar al filure

sliffness just like in (he ' : *— Tension S, 5= Ancharago langlhs of
ctasa of holled girders e M tenslon fiold
(made of fiange angles v

and liange cover plales), (S1iflenor spacing)

In this case, the llanges
actlike continuous beam
Supporied at each suffencr and loaded by the verlical componenis

The sli!leners willbe deSlgned fo the eaclions. Tt us fla 1ges
; . S and s td o ne h
I ! ' es and slif €ners are sa a or (he

Fig. 8.6 Web panelfailure mochanism

8.8.1 Pre-buckling Behaviour of Web Panel

In case of welded plate girders, the flanges have very little fiexural rigidity in the vartical direction
and are nol able to anchor the lension field.

Here the llanges will deflect verlically belween the stiffeners without olfering much resisiance.
Thus there occurs a readjusiment of diagonal lension field with paris of the web largely inelfective
and stilfeners resisting the forces due to vertical component of the diagonal lension.

Now the stileners begin to act as struls in addition 1o keep the web plate straight.

tn this post-buckling stage, il is assumed that forces developed in forming the tension field are

resisled by, lhe‘.‘slifleners and the end posl. Inlermediate stilfenars if not provided or provided at
1 large spcing, the tension fietd action will not develop and shear capacily of the web becomes

limited (dyhegfength of the web before buckiing only.

Asthe ullimate load is reached, lhe end posts and the llanges, al lhe ends of the member where the

shear is highest, commence (o yield thereby failing by forming plastic hinges.

, This failure load is much higher than the efaslic critical load. This resulis in gross distortions in the

web and either or bolh the end posts and flanges.

" . s ——
Thus it is necessary to make end panels sufficiently strong to 2 3

anchor the longitudinal forces baing set up by the creation of T
lension field.

' Also, somany number of inlermediale stiffenars are used that % 4
form so many panels in hewebol lhe girder. Forsimple plate ' %{ ”f o
girders, the panels close 1o the suppon are mainly under shear A .
and panels located away from the support are mainly under i N
fleiure. Thus check for Safety of the pane! in shear alone as 45
well as in shear and bending moment combined must be ) - c -
ensured. Fig. 8.7 Atypicalsquarc unbuckied

shearplane

Let ! here be a square web panel subjected to vertical (and hence complimeniary horizontal) shear siress
tas shownin Fig. 8.7,

The small elemment shown inFig. 8.7 is subjecled lo principal compressive stressalong diagonal AC
and principat tension along BD. I we gradually increase the load, Ihe shear siress also increases

and the plate buckies diagonally along the compression diagonal AC.
"I the web is adequalely supported around the edges, it will not fail at this point till the stress is

below the propertional limit and also it will nol lose s shear resistance suddenly to 2ero.

The shear stress beyénd which ihe plale panel cannol lake any further compressive stress is called

as elasic critical shear stress which for simply supported condilion is given by,
' n’E

T Ky——————— 5
12(1-p?}(3)
Ly
Itis assumed thal aller buckling and il the complete ailure, the diagonal compression and hence

+beam shear resistance remains af a valug it had at the onsel of web plale buckling. This part of iotal
shear resistance is expressed as,

(8.9}



V=10 ..{8.10)
As per IS BOO resislance 1o shear buckling must be verified when
d .
relks 67¢,, for unstillened web

W

Do
You
Know &

8.82

«  The siress in the web plate will be the sum of elastic critical shear stress (1

'When‘depzﬁ le thickness ratio (dft,) of the web is very low Iher; elastic, critical shear stress
? (tmj increases (o such a large value that it exceeds the value ¢! yield shear strass and here
"lhaweh w:Et yﬁe!d in shear before buckling:

Post-buciling Behaviour of Web Panel ' _ e

*  Aliar buckling, il is assumed that diagonal ,r - T
compression remains constant,

*  Once Ihe elastic crilical siress has been reached,
the compression diagonat AC {Fig. 8.7} will not resist
any morefoad and web loses ils capacily lo sustain
the enhanced comptessive siress and a new load Z,
carryingmechanism gels developed.

¢  Anyadditionalincrease inshear slress beyond elastic
critical stress will be supported by atensila membrane
lield which is anchored to the boundaries viz. lop
and bottomn flanges and adjacant stifeners on oither
side of the web panel as shown in Fig, 8.8,
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¢= Indinalion of Iension fiesd
Flg. 8.8 Post buckiing behoviourof web pane!

*  Using the principle of Mohr's circle, the resistance provided by shear component contribution from

tension field is,

= g-tdsinzp (8.11)

o) @nd post buckled
membrane tensile stress (£). The most crilical siress condilion will occur when I, aligns with the
principal diagonal lension due (o Ty 0. 9 = 45° In general, ¢ usually remains less 1han 45° bul the

assumption of § = 45° is quite conservalive.
Thus iotal shear on the web is, I‘Mf\
V=V +V, : .{8.12)

¢ Nowthe flanges being of finite rigidity, the pull exerted by the tensuex‘némbrane siressesin the web

rakes the flanges le bend inwards.

. Itis essential to check the shear resisiance of the web for buckling particularly in case of Ihin webs.

Cl. 8.4.2 of IS 800 : 2007 states that this check for shear bucking of web is necessary when:

d
{—““ > 67¢ for web withoul stiffeners

> B7¢

35 far web wilh stitfeners

8.9

where
535 when (ransverse slifeners are provided al supporl
44 5'352 forSe 1.0
K = & d
o7 d
4.0 [+
, for—=21.
. |535+ o dz 0
d

¢ = Spacing of iransverse stitleners, d = Depth of wab

Design of Web for Shear Buckling

There are two methods for assessing Iha nominal shear strenglh (V) of plate girder web with or without

slilfeners viz.

8.9.1

{a} Simple post-critical method (b) Tension field method

Simple Post-critical Method
This melhod can be used for plate girders with or without transverse stiffeners provided web is having

the transvarse stitfners al supports. As per this method,

Vi=Vu=Ag, ..{8.13)
where 1, = Shear stress corresponding lo web buckling which is delermined as given below.

~ {a) A, < 0.8 (Shear yislding)

I)‘ﬂ
R
where [ = Yield slress of web malerial
(b} 0.8 <2 < 1.2 (Shear buckling)
L,
= [1-08(, -0.8) ]2
{c} A, 2 1.2 (Shear buckling and tension lield action)
f,
o
. w= V312

where 2, = Non-dimensional wab slenderness ratio lor shear buckling siress which is given by,

3 - _'f).“.
w ‘\'thcl,o

1., , = Elaslic critical shear siress of web which is given by,
_ K,,;:zE

e 3
12(1-112){—4]
I

jt = Paisson's ratio lor steel which is taken as 0.3




892 Tenslon Field Method

8953

* Thismethod ot delemining the shiear buckling strength of web can be used where end andinlemediate
lransverse slifteners are provided.

¢ This method takes care of post buckling strength pravided by the stilteners.
. A? the web commences lo buckle, it losses il ca pabilily o resist diaganat compression and thus at
Ihis stage transverse slifleners and the flanges come inlo action Lo resist the diagonal compression,

*  Theverical componeni of this diagonal compression is resisied by ransversa sifleners and horizontal
componenl by flange.

*  Thus ‘the web resisls only lhe diagonal lension. Thus there is addilional slrength 10 resist shear
bucldmg‘;.'Cl. 8.4.2.201 1S 800:2007 gives the folloving expression for compuling the shear resistance
ol web il inlermediale and end slilfeners are provided and g2 :

Vn = vll
where v,= (A,rb+0.9v;,,lwf.,sin¢) sV, -(8.14)
%, = Buckling strenglh as oblained in simple post-critical bﬁckfing method
f, = Yield strenglh of lension field which is cbtained as,

[, = (/j,-argwﬁj ~y .{8.15)

¥ =157,sin2$ ] ..(B.16)
% = Inclinationoflension ﬁefd:lan"[EJ

c

Wy = Widlh of lension field

=dcosy+(c-s ~s)sing
.. §,= Anchorage lengths of iension field along the compression andension flanges which is oblained as,

2 M,

s= ey i ..{8.17)
M, = Reduced plastic moment capacily of respeciive flange plate which is given by,
2
M, = 025603, [ 1-|
{/ ’ 14y bfri“n (a‘18)
Tro

;= Axial force in the llange

Collapse Behaviour of Web Panel :

*  On lurlher increasing the load, the lensile membrang stresses developed in the web conlinues 10
exeria pul.l oniheflanges and linally the resullant slfess reaches (ho yield value and the web yields.

. ::)n formalion of tour plaslic hinges inthe flanges, a shear mechanism gets developed as shown in

ig. 8.6,

*  Inorder that plastic hinges get formin the llanges, the llangos mus! be classed as plastic sections.

* Invery sirong fanges, the hinges veill form al the four cormers of the panel.

¢ iffanges are'compacl. semi-compact or slender, the tension held will be supported entirely by the
lransverse slilieners, with plastic hinges at the sliffeners and the Nlanges will not suppart Ihe tension
tield.

1

= Forvary thick web girders, tha web will yield before buckling.

*  Another imporlant aspecl of post buckling behaviour of web in the design of plate girder {but not
considered in the tension fisld theory} is the parformance of plale girder afier buckling of web in
flexure. This ype of buckling even taugh does not lead to collapse of the entire member as fong as-
‘compression llange is capable of resisting the added longiludinal compression force which the web
is not able lo absorb after il buckles and thus this puts an uppsr limit on daft, as 340 on the
slenderngss of the web of ihe plale girders,

8.10 Design of Efid Panels
8.10.1 Shear Bu:klihﬁq‘&ign Method

* Inorder to assess tha nominal shear strength {V,) of the web of ihe plate girder with or without
intermediate slitfenars then there are two methods viz. the simple post ¢ritical method and the

tension fleic method.

Simple Post-critlcal Method
This method can ba used for web of the I-seclion girders with or without intermediale transverse stiffieners

subject fo the condilion that web is having ransverse stiffeners at supports, The nominal shear strengthis given by,

) Vo= V..
where V= Shear force [hat causes buckling in the web = AT, = di,x, «18.19)
1, = Shear siress correspending ta web buckling (see Fig. 8.9) whichis given as,
[~
= fork,s08  .(shear yieldin
N w ( b4 Is)]
f,
= 4[1-080%, -o.s}]% for 0.8< ), <1.2 (shear buckling) ..(8.20}
£
JEZZ for &, 21.2 {shear buckling and lension field action)
. . . S frw
A, = non - dimensional web slendsrness ratio for shear buckling'stress = B
oo
2
Tero = elastic crilical shear stress of (he web = ———k*—’is—z
-2l &
1t = Poisson’s ralio 12(‘ u )(/w)
535 it when transverse slitiners are provided only at supports
| 4428 for i< 1
(24 ,
K, = (/ d) .(821)
535+ 4 5 for dd>
c/
’ o‘}

Cc= Sﬁacing ol rtansverse stiffeners, d = Depth of the web
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Fig.8.9Shearbuckiing strengih,, i

Remember

',

1. The stfe’?r strength of the wéb 1s a lunclion of shear yield of web and shear buckling of wab
depending on the depth to thicknass {dfz, } ratio of the vieb and A, isafunclionat dir,.

2. Thinweb fails due to shear buckling and thick web falls due to shear yielding.

3 Tenslon Field Method

-

This melmd’is based on post - buckiing shear sirsiigth of the wsb pravided wilh intermediate
transversg sliffeners In addition fo ransverse stiffeners at the supsors subject to the condition that
pan?ks adjacent to the pane! under lensien field action or the end posls provide afchorage lor lhe
tension fields and i ¢/d > 1.

Here, Ihe shear resistance developed consists of shear strength cue to primary buckling sirength of
the plale, the tensfon field action and from the plaslic moment capacity of the flanges.

The dragonaf 'zens!on tield is composed of a central part that anchors on the transversa stiffeners
and two additional anchors due to flanges as shown in Fig, 8.6.

For ltanges lo form plastic hinges, the flanga sections should be elassed as plastic. Compacl,
sami-compact and slender llange sections are not atle lo develon plastic moment capacily and
thus the tension fietd will be entiroly supported by transverse stiflsnors and obviously flanges will
not support the lension field.

The oonttibm.ion of tension lield is very significant for slendear webs since in them, the elastic crilical
sfres§ (%) is very small making the webs prone o buckling but hick webs fail due to shaar
yislding before buckling. ].

In the tension fisld theary, the nominal shear resistanca (V. " 1is given b‘y

where

Vo= ¥y
Y, =[Axg, + 08 wy £ sind] < v, ..(same as Eq. 8.14)
7, = Shear siress corresponding to web buckling i.. buckling strength of the wob material
1, = Yield strength of the lension field

= [2 -+ vi]-v

¥ = 1.5, 5in 29

..{same as Eq. 8.15)

...{same as Eq. 8,16}

& = Inclination of the lension fietd which depends on the aspecl alio (¢/0} of the web pane!

= 'a"-\(g)
c

W, = widlh of the tension field = dcosy + (¢~ 5. - s)sing, [, = Yield stress of lhe web
s,. &, = Anchorage lengths of the tension field (Fig. 8.6) afong Ihe compression and lension flanges
respeclively which are oblained as,

’

5o 2 M )oo
, Sing Iy‘,t,.,
M, =Reducad plastic momenl capacily of tharespective lange plate {irrespeclive of any edge slillener)
alter takmg into account the axial force A,inthe flange, due lo overa\l bending and any exlernal axial force inthe
cross-section

...(same as Eq. 8.17)

= 0.25b,47,4|1- ..{same as Eq. 8.18)

Ny
bty /

/o

by, 1,= Widih and thickness of the relevant tgnsion flange respectively, £, = Yield siress of the flange

8.10.2 Deslgn of End Panel

+ Thao end pane! may be designed either by pest-crilical method or by tension tield method,

»  Consider the intermediate panels 2 and 3 as shown in Fig. 8.10. Horizonlal component of the
lension ficldin panels 2 and 3 vill cancel out each other bul the verlical component will be resisted
by lhe transverse sliffeners. Due to this balancing action of intermediate panels, the inlerior panels
are said lo be anchared by the neighboring panels.

» Howaver inpanel 1 there is no adjacenl web lo the laft of il for balancing the horizontal componenl
of the lension lield from panet 2 i.¢. there is no anchorage for pane! 1 to the lef of it.

5o
8 i o i . i @
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Fig.8.10 Tensionfield forces inend panef

In order 1o deal with this situation in panel 1, there are two prevalent methods viz.

{a) Design the end pangi by conventional method i.e. post crilical malhod there by preventing the
formation of tension lield in end pancl. This is more uselul method. The stiffener provided al the end
of this panel is referred to as end bearing stitfener as shown inFig, 8.11, This end panel has been
faund to anchor the neighboring panels. End panels when designed by this method do nol utilize the
post buckling strength of the end panel thereby giving smaller aspect ratio (¢fd) for the end panel.
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{0} T}:-is melhod involves sfillening theleft end of end panel using lension field action. But the end poy
wili also have lcf be designed and checked for bending induced by tension field. This leads to afiem
posi as shown in Fig. 8.12 which is generally not preferred, :

————

End L
boaring—1 Ponal 1 Panol 2 g
stiffener

Fig.8.11 end panelbeing designed without considering tension
fietd action but provided withbearing s iHffenen

g — End post
-] ot —C—e

- Panal 1 Panol 2

stffenar
post
J

Parol 1] | Fonel 2

e.
and and
Baaring
atiffonos

]

Reacton
(b) End panol with doubla silffenor

Roaction
(0) End pancl with single suffanar

Fig.8.12Endpanel being designed constdering tension field action (provided with endpost)

*  When posl crilical method is used for desfgning lhe end panel then end panel along with sliffaners
has to be checked as a beam which $pans in between tha ilanges of the plale girder and is required
to resist tha shear force R and a moment of M, resulting due to tension field anchor force H

¢ The moment M,induces a tension in the inner stiffeners and compression in the ouler smlener; The
dgplh gr this beamis ¢ i.e. the spacing of stiffeners, The associated force (F,) with moment (M )is
given by,

The end stittener must be able to resist the taaclion ard compressive lorce F,;due tothe moment M,

*  Whentension field method is used, (he end panel is provided by eilher a single stillener in (he 10;:n
of bearing stilfener (which in facl acls as bearing slilfener and also as end post as shown in Fig.
8.12(a) or as double shifencr as shown in Fig. 8.12(b}. In Ihe later casc i.e. end pangl with double
stifiener, the two stilleners along wilh web projecting bayond ihe end supporl forms the end post.

* Incaseasingle slillener is provided then il will have (o acl as bearing stiffencr as woll as end post,
This end post is rigidly connecled 1o the llanges with ful strength welds and must be able (o resisl
the reaclion along wilh moment Irom the anchor forces which is laken as (EIS)MV

Remember 1. The widlh and thickness of (he end post must rol excead the width and thickness of the

flange.
9 2. Single stilfener end post acls as bolh hearing stillener and load carrying sliflener.

*  Incase double stilener is provided then bearing stiffener is designed for the compressive iorces
due to lhe exiernal reaction only. The twa slifieners along with the poriion of wab projecting beyond
the end support (as shown in Fig. 8.12(b} form a rigid end post lo provide necessary anchorage lor
the lension lield in the end panel. The inner bearing sliffener is checked for bearing at the end ang
for buckiing at the center. .

*  Thetension fleld develops anchor forces resulling in resullant fongitudinal shear R,.and moment M,

whichare given by,
H, Hd
g e Mes g
' 1 +
o Yy
where H, ﬂ%f;pfzwudmal anchorage force = 1.25V, [1—7‘,}
FI( = Ma!"c
aif,
Vp = Plastic shear resistance under pure shear = Nz

Wheré. d = Depth of the web

It the aclual faclored shear force Vin the pane! designed by tension field method is less than
(he design shear sirangth Vi then Hq may be reduced by

NOTE
Vf’ -Vq .

where V;, = Basic shear strenglh of the panel using tension field method asgivenby Eq. (8.14).
¥, = Crtical shear strength ol the panaf using post crilical method as given by Eq. (8.18).

'

Do 1. Tension lield does nol ordinarily get fully developed in an end panel.

You ? 2. Panels wilh opening area exceeding 10% of the recommended minimurn pane! dimension
Know @ should be designed without using lension fielc method and the adjacent panels should be
, designed as ¢nd panels,

8.11 Stiffeners

*  When web of lhe plate girder is not
sufficienl enough 1o carry the Ioads. In
Ihat case, stilieners are provided which
perform certain specilic functiens which
are discussed below.
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* In general, there arg only two lypes of
stilfener viz. inlermediata stilfener and
bearing stillener bul as per IS
800:2007 the following types of Intermedisfa Sectional X, - X,
sliffeners are idenlified based on  tonsvarso stiffener

B N Fig. 8.13 {a} Stilfeness for bolied plate girer
purpose for which a stuffener is being
used: .
(a} Inlermediale and longitudinal slilfener: To improve the buckling sirength of a slender web due
shear,

Langitudinal sufaner

R K okt ot e L R X )

x
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Load carrying slilfener: To_prevent web
bucklingdue to concentrated ioad.

Bearing stifferier: To prevent focal crushing
of the web due o concenlrated joads or
reaclions.

Yorsional stiffener: To provide tateral restraint
to beams and girders al supporl.

Diagonal stiffaner; To provide a sert of iocal
reinforcement lo web under shear and bearing.
Tension stiffener: To transfer tensila lorces
appliediothe web through a flange.

Plate girder is assumed 1o be supporied over
the edges of the stifieners,

Forrivetedibolted connections, angle seclions
are used as shown in Fig. 6.13 {a) and for
welded connections, fiat sections are used as shown in Flg. 8.13(b).

1%
J

~=
x Seclon m Xy

Transyersa sliffener section at 8-
Fig. 8,13 (b) Siiflencrs for wolded ploto gidnr

8.71,1 General requirements for a stiffenar

(a)

{b}

(e

(d)

L

Oulstand of web stilfenars: The oulstand of web stilener from the face ol the web should not
exceed 2034:. When the oulstand of the web is belwean 14t g and 201qs. than stiffener design is
based an core section with an outstand of 14 t&where { is the sliffener thickness,

Stiff bearing length: As shovmin Flg. 8.14, the stilf bearing lenglh { by} ofany element is thal length
that cannol deform considerably in bending. In ordar lo datermine the still bean’r'tg length (b,), the
dispersianrof load thraugh a steel bearing element is laken as 46° passing lhrough the solid matetial
such as bearing plales, ltange plales sic. )

Fig.8.14 Stiff bearing length b,

Eccentricity: Incase a load or areaction is applied atan cccentrﬁ!#i&he center line of the web or
Ihe CG ol the stilfaner does not lie on ihe center fine of 1he web, there eegentricity of loading must be
accounled for in the stilfencr design., Ve

Bucking resistanca of stiflenars:

The buckling resistance (Fq',,) of Ihe stiffener is based on design compressive siress {f o olasiut
{curve ¢}, the radius of gyration being taken about the axis paralle! 10 the web., i

The elfeciive seclion is the full area of Ihe stiflener plus an affective length of the web on each side
of the sfillener center fine subject fo a maximum of 20 times the web thickness multiplied by
thickness of the web.

The design strength 1o be used must bathe mirimum of value obtained for buc kling about the web
of ihe stiflener. )

+ The effective length of intermediate transverse stiffener used for cemputing the buckling resistance
(Faq) is taken as 0.7 times tha aclual length of the slitfener. .

* Theaffeclive length for load carrying web stiffener lo be used for compuling the buckling resistance
{F,) assumes that the llange Ihrough which the load or reaclion is applied is elfectively restrainad
against local movement relalive lo the olher tlange and is taken as:

(i) 0.7L when llange is rastrained against rolation in the plane of the slifener (due lo other
siructural elemenis) :
(i) Lwhan lfange is not rastrained, where L is the length of the stilfener.

8.112 Intermediate Web Stiffener

* . ltisastabilily stifener thal pn':uvides check against lha diagonal buckling of thin web in plale girdar,
As per requiremenl, lransverse (verlical) and/or longiludinal {horizontal) slilleners can be provided.

Intermedlale transverse {vertical) stiffenar: Theoretically, intermediale ransverse slilteners ate nol

required when the calculaled shear siress in the web is less than Ihe critical buckling shear slress of the web ol
Ihe plate glrder since Ihe wab will not buckle and failure of web will occur due to shear yielding of the web. Here
tension fiefd will not develop and sliffeners ara not required and tha web will completely be shear resislant.

» The purpose of inlermediate lransverse stifiener is that il increases the buckling resislance of the
web, -

*  Belore buckling of web takes place, the normal and shear stress in lhe web are the same irrespeclive
ol tha facl that whether sliffeners are provided or not.

* Il however stiftaners are al all provided then these will remain unsiressed in this case, But due to
their contact with the web (due ta welding or bolts/rivels), the influence of change in the section at
their line of conlact (i.e. stifiener and web) and if any point load is applied o the flanges at their
edges then stiffener will gel stressed,

*  Once the buckling of web has taken place, the transverse stiieners bacome the ptimary load
carrying members quite essenlial for ihe stability of the plate girder. Thus these Iransverse sliffeners
must be capable enough of resisting the unbalanced vertical component of the diagonaltension as
well.

The following condilions musl be satistied while proportioning a Iransverse stiffener.

() Itmusl be sulliciently stilf so thal it does nol get deform consideratly as the web tends (o buckle.

1]

Saction BB

(b} Rmust be strang enough 10 wilhstand Ihe shear transmitied by the web,

‘ Chamler ©
= cloarwold
T from web
N oeadaaa =
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{d) Wetded intennedLota sliffenar

PN
¢ Haorizontal
> siiffoners

() Seclon 44 (b) Bolted stiffener vithout {c) Bulied shifenor with

horzonlal stffonar horizontal sliffencr

Flg.8.15 Intermediate Stiffeners



Bemember, - Whah stifféners are provided, the aspéct ratio {c/d) should tie chosen in within @ range of 1210
- ﬂ - 116 When end penelis designed near.suppon withoutusifig the tension fietd theory then this

- aspect fatio{c/d) should be In the fange ol 06101, .l Lo

Spacing: Spacing of inlermediate sliflener if provided should be as specified in Saction 8.5,

Outstand of stiffener; Inlermediate stiffeners are nol designed as compression members bul a widih to
thickness ratio limit must be adhered o in order to avoid local buckling. The outstand of the stiffener should
comply wilh the provisions as specified in Sectlon 8,1 1(a)

Minlmum Stifiness: Transverse web stifleners when nol subjecied to.external loads and moments should
have amoment of ingrtia I, t :

1
(a) about lhe center lina of web i stiffeners are on both sides of the web and

{b) aboutthe faca of the web if siitteners are provided alternalively i.e. single sliffener on one side of the
web

such that
1, 2075ar?
21561 %

ilad> 5 ..{8.22)
itdd< 5 -(8.23)
where o= Dapth of the web

L, = Minimum required Ihickness of the web for Spacing using lension field theory

¢ = Actual spacing of stitteners

Additional sliffeners will be required il these are subjectlo lateral loads and/or moments dug to eccentricily
of iransversa loads w.r.t. to the web,

Buckiing check:

* This check is required lor inlermediate transverse sliflenars only when tension field lheary is used
for webs,

*  Stilfeners not subjecled lo external loads or marments should be checked for a buckling forge of,
v-v,
Tmo

where Fuz = Designresislance of the intermediate stilfeners
V = Factored shear lorce adjacenl lothe stiffener
V,, = Shear buckling resistance of Ihe web panel designed withoul using tension field lheoryi.e.
by using simple post eritical mathod
*  Ithowever slilleners are subjecied to external loads and mamenis then they must comply with the

condilions ol load carying stifiener. In addition 1o thal, they must satisly the following interaction
relation, ;

b=

< Fy ‘ {8 24)

Foof R M

Lyl
Fag  Fg Mg .{8.25)

Il however, F,< F,lhen (Fq~ F)is laken as zero.

Here £, = Slifiener force
F, = Designresislance of the inlermediale web siiffener corresponding lo buckiing about
an axis paraliel 10 the web
F, = External load or reaction on the stilfener
F,4 = Design rasislance of the load carrying siiffener corresponding o buckling about an
axis paralle! 1o the web
M, = Momeni on the sliffener due 10 eccenlrically applied load and ransverse {oad, ifany.
‘ Mmf‘:‘_field moment capacily of the stiffener on the basis of slastic modulus aboul ils
! “centroidal axis paraliel 1o the web
+ Unless nhz’, iate slifleners are required 1o serve as bearing stitizners, these intermediate stiffeners

are notrediired to bear against the lensicn flange and thus their iength can be kept somewhal less
than the web depth (d). By doing so, the close lif fabrication problem can be dispensed with.
8.113 Intermediate Longltudinal {(Horizontal} Stiffener

*  Whenthe webis subjecied o bending then intermediale longiudinal stiffener increases the buckling
resisiance of the web considerably.

* , Longiludinal stilfeners are provided batween the verlical stiffeners. -
*  The moment ol inertia required for the first horizontal sliffener is,

f=cl? {8.26)
vhera ¢ = aclual spacing of vertical stiffeners, 1,, = Minimum required thickness of {he web
*  The moment of Inerlia of the second stilfener is given by,

I=d,3 ) .(8.27)
where d, = Twice the distance from compression flange 1o the neutral axis

8.11.4 Connection of Intermediate Stiffeners to Web

*  Intermediate ransverse stiffener not subjected lo external loads or moments should be connecled
lo the web lo withstand a shear between the transverse slitfener and web of a value not less than
1,75b, {kN/m) where i, is the thickness of web {(in mm) and b, is the outstand width of tha siiffener
(inmmy). .

= Forstillener subjected to external loading, then the shear betwean the web and stilfener due 1o such
external loading has lo be added to the above value,

8.115 Load Carrying Stiffener

¢« Theload carrying stitieners are pravided when compressive lorce applied throughthe flange exceeds
the buckling strengih (F_, ) ol the unsiilfened web (i.e, the web alone).

* The effective lengih of the web lo delermine the slenderness ratio is campuled.

* Thecross sectional area of Ioad carrying stiliener is equal of{b, + mt, vhere,

b, = Widlh of stilf bearing on the llangg, '

n, = Dispersion of Ihe load through the web a1 45 (o the leval of hall the depth of the cross section ;

v Thewebof the plale girder islike a column only and thus its buckling strength is compuled as per
the procedure described in Ch, § using the buckling curve ¢. The fesser of the two values viz. the



design strength of the web material or the sl ial i . _
resisiance. ifener material is used for compuling the buckling

ol u:?:ihg dt:g’k: Tl?:extema! lpad or u?aclibn (ﬁ)on the stiftener must nat exceed the buckling resisianeg

o Hener. it the stiffener also acts as intermediate stiffaner thén it must be checked for buckling undegr
) Baaﬂng chack: Load cam:ing web slilleners acling as inicrmediate transverse sliffeners should be of

sufficient size in order lo have bearing strength of tha slitfengr (FM} notless ihan the load transmitled where,

i

{oA
_ et '
where F, = External load or reaction

1 = Yield strength of the stiltener

A, = Area o the sliffener in conlact with the flange

8.12 Bearing Stiffeners - .

*  Theputpose of bearing stilfeneris lo !fans[er ihe concantraled 1dad or the gir i
nl 1 der and he.
atthe supports to the full depth of the web. s Favyreactons

= Thesesliftaners are requirad when web has insufficient sire igldi ippli
r H ngth |
e ey . A asir i gl or_web yiglding, web crippling or
* |l stiffeners ars used lo resist ihe full concentrated load, limi i ippli
, limit slates lie web crippling, web vieldi
and web buckling are nol required 10 be checked. N g e
¢ Bearing stiffener when wovidgd althe support is called as end beailng stiffenar.‘
Bearing stiffener must be placed:
{a) tight filled lo the loaded flange but nesd no to be welded or éonnccted loit.
{b) staightand it is not joggled or crimped as shown in Flg. 8.16(a).
) in paxm:nf two of four —engles symmelrically placed on gither side of the web fm, riveled or baled
plate gitder as shown in Fig. 8.16(b). (¢} and (d) and iwo or four plates as shown in Flg. 8.16{e).

*  Bearing stilfensrs are designad for \he applied load or the ind i
: i uced reaclion less tha load i
capacily of the web and is given by, o adeaing

(b,+n2){w(,w

T ]a#‘
where b, = Stiff bearing length L b
n, = Length thal is obtained by dispersion through the ﬂér?ge 8t rlhcz weh junction al an
assumed slope of 1:2.510 Ihe plane of the flange
£, = Thickness of the web
t. = Yield slress of the web

3

-{8.29)

- Qiten bearir g shiffeners are lequlIEd o preventthe s dewﬂys bUCkhﬂQ ol the web. Sldoways buckii g
must be checked when comprassion "aﬂge is nol rastrained a L movement ¢
ainsl clative 10 the
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Fig.8.16 Atypicel asrangement of bearing stiffeners

8.13 Stiffener Connections .
With web: Stiffeners lhal carry load or the reactions applied through a flange should be well connecled
lo the web by suflicient weld {langth and sizc) or fasleners to lransler a design force which is equal 1o lesser ol:

(a) tension capacily of the stilfener and
{b) sumof the forces applied al the two ends ol Ihe stiffener which they actin he same direclion or the

larger of the forces when \hey act in opposite directions.

wilh Flanges

In tenston: Stiffeners hat are required 1o resist the tension should be connected Lo the flange Iransmilting
the load by conlinuous weld or non-slip fasteners.

In compression: Stiffgners that are required 1o resist the compression should either be ited against the
loaded flange or connected by confinuous weld or non-slip fasleners,

The stiitener should be connecled or fitted against both Iha langes when

{a) load is applied directly over the suppornt

(b} it forms the end stilfener of \he stillened web

{c) ilacls asa lorsional stilfener

8.14 Diagonal Stiffeners
Diagonat stiffeners should be designed to carry a portion of applicd shear and bearing \hat exceeds he
web capacity. Where the strength of web and stiftener differs, there the design sirengih is laken as described in

Section 8.12.



8,15 Tension Stiffener

Tension stiffeners are designed 1o carry a portion of applied load or reaction less lhe web capacily as
given by eq. for bearing stiffeners. Where the strength of web and stilfener ditfers, there (ha design strenglh is

laken as described In Seclion 8,12,

8,16 Torsional Stiffener

Whaen bearing slitfeners are required lo provide the torsional resiraint atihe supports of the beam then

they must comply wilh the following criteria
(@) Allthe condilions of Section 8,12,
(b) Moment of inertia of the sliffener section about he center line of wab £, should be such that

I, 2 34a D', A .(8.30)
looos  tor b2 < 50
fy
L
. for 50 <:L 5100
LU/ t ‘
where o, =3 J ~{8.31)
30

5 for ﬂnoo

, 12

&7
/’y

vhere D = Overall depth of the beamn at support
T, = Maximum thickness of the compression fiange in the span under consideration
KL = Laterally.ynsupporied elfective lenglh of the compression flange of the beam
f, = Radius of gyralion of Ihe beam about minor axis

’ Mllustrative Examples-

Design a welded plale glrdar of $pan 20 m which is laterally ré_strain;cf t—hroﬁéh_o;l.

It carrigs a unfform load of 105 kKN/m excluding its sell-walght. Use stesl of grade Fe410. No intermediate
slilfeners one to be provided, ’

Solution:

For Fed 10 grade stec:, !, = 410 Wimm?
! = 250 Nfmm? : '

¥

€E=¢ -/E: &5.9—]
"y Veso T

¥
Design torces

Tolal superimposed load = 105 kN{m (Also known as live Ioad)
~Faclored supeiimposed foad = 1.5 x 108 = 157,5 kN/m

" . 105x 20)20
Self weight of plate girder = flt_{__“_._h_ﬂ
O = e = 105K

«~ Self weight of plate girder per meter langth = %D'OE =5.25 kN/m

«~ Faclored self weighl per metre lengih = 1.5 x 5.25 = 7.875 kN/m
Totalfaclored load = 157.5 + 7.875 = 165.375 kiN/im

20
Faclored shear lorce = 165.375x% e 1653.75 kN

165.375x 20°

= = B268.75 KNm

Fattored bending moment (M) =

Deslgn of Web " *'

13

P M

Oplimum deptfm {‘J!a!ﬂ girder (o) = | 7~
Yy

For having the value of &, ;(: k) should be known.
w

"~ Neinlermed ate stilienars are 1o be provided.
.. From serviceability criterion,

d
n $200e =200 1=200

d
and from flange buckling criterion, t, $345e7=345x 12=345

Thus hod sX0

» i
Let, ;‘1 = 180(say)
k= ;‘3 =180

w
~.Oplimum depth o plate girder (¢}

( .‘m}"a (azss.:*s: 108 x1&5)"’

'y 250

= 1812.41 mm = 1820 mm {say}

{a

=180
»l fu-
d 1820 ,
i = —=——=10.11mm =~ 12 mm(sa;
= ' = 80 a0 (525}

Size of web plale = 1820 x 12mm,

Design of flanges '
Flanges resist the bending moment and shear is resisted by the web.,
Flanga area required loresist the bending moment {A)

Myne  8268.75x10%x 1.1
" Ta T T 2%x1820

-

= 19990.38 mm?



Let flange width is taken ag 13 515&;:!?\ of girder

- 1820
b,a —-5— =606.67 mme= 610 mm
* Flange Ihickness, (!,)ﬂ’- <03 017
B~ 6ig ~3R277Tmm ~50 mm{say)
& Size of fiange plate = 610 x 50 mm
Typs of flange le., flenge classification
For plastic fia b ‘
nge, v $84e =84x1=84 )
Ouistand of fiange = 2zl 610-12
G oy = T= 2 =259 mm
b_ 209 : o
TS o=598<B4c . . . . ‘
Thus flange plat oo . N
g¢ plates can ba classified as plastic seciion, = 510 '
g;::‘:: of afiequacy offlange plates in bending 'Lso
section modulus of the girdéfsécﬁan is given by, & !
it K - 2
g 4., 1 1
z,- b,r,[—~—’)+bf [9--2 :
P2 )TN ET, 2
) i

- D=,
= Zb{(.-q._f.
- 204 221)

. . = B10% 50 (1920 501 —
- Mmﬂﬂ[ca“ymgcapacﬂyo“he[’ange {1920 50}-57.035x106mm4

My~ Zely _ 57.085x108x 250
Ym 1.1

= 12962.6 kNm > 8268.75 ki
: . im
Thus fange plates are sufficient enough to carry the design moment o0

50
—— 10—y T

fhh:cz for adaquacy of the wsb in shear
acequacy of the web in shear | i ’
Is checked as per simple post c!flicah}*t“i\ing.
g !

g _ w0
6 12 - 67 "
m:z:;ox,:zm e
- 2 < 200
X

a
and also P < 345c7 = 345 = 345

Critical efastic shear slress of the web (¢ )
et o
i

knE

12{1—u2)(ﬂ]2

by

Here, k, = 5.35 when transverse slilfencrs are provided only al lhe supports i.e., no inlermediate
yansverse slifteners are provided,

Let Paisson’s ratio (u) = 0.3

and E = 2x 105 Nfm?

A 2 5 ”
- 5.351 2><2x10 - 42.04 Nfmm?
. 12(1_0.3 Jis1.67)°

.
Non-dimensional web slenderess ratio for shear buckling stress

T, 750
L Y- T
M \{-ﬁ:m _JJ3x42.04 z

Shear slress corresp_ond‘lngi'lo weh bugckling for A, > 1.2is given by

foe 250
oI 20 45 17 Nim?
ST T BRigsE

~ Shear force corresponding to web buckling
o V= Ay
=1820x 12x 12.47N
= 920.99kN :
. < 1653.75kN {Not OK)
- Wehb seclion is unsale |3 shear and needs 10 be ravised.
Let thickness of the web is revised from 12 m {o 16 mm

g _ 1820 a5

I

»Elastic critical shear stress {1, ,)
k,m°E

= 2
d
12{1-p? (——)
‘ (),
k,=5.35 for no inlermediate (ransverse stilfeners

2 5
o = 5.35x” x2x 10 > =74.74 Njmm?
12(1-0.8)(113.75)

f fo 250
= = =139 12
A = LINCTIN \‘ J3%74.74

Ly 250
o AR 747 N
® 32 J3x1.39°




v, = dl, 1,=1820x 16 x 74,71 N
= 2175.56 kN
> 1653.75kN

- Web section of 1820 x 16 mm s safe in shear, o

Check for Iateral torsional buckling
Since the girder is laterally rastrained threughout and thus [here

Connaction of flange to web
For each flange to web connection, there will be two weld lenglhs on eilher side of the web

_VAY
W= ‘ ;o
e Pr___(b 4 Jf_ _ 610x 19903 18207
12 =l 3= "—1-2——«—(610-16] 15

=3598x 10" = 2,984 x 101 = 0.614 x 10" mm* = 614 x 108 mmpy

_ '1553.?53610:-:50):[@4--59]
- Qy = 2

= 0.384 kNfmm

2x614x 108

S=8mm

Let size of weld,
" KS=07x8=56mm

possibility of latarat torsional buckiing]

. Sirenglh of shop weld per unil lenglh(l, )

56x 250
¥3x1.25
= 0.647 kNim
> 0.384 kN/mm
Design of end bearing aliffaner

Bearing stiffeners are des;
whichis given by

Nfrren

(OK)

gned for the applied load or reaclion less the local capacity of the web (£ )
W

b+ )1t ‘
F = {———Z-J—ui vihere b, = 125 mm 16
) e
,=50x%x25=125mm
F = (‘25*"25312%53 N ’#
= 909.1kN .

< 1663.75 kN
Thus sliffencers for bearing are required,

Try o Mtats as stiftencr, anc on eilher side of ihe web,
Maximum vadth of flat that can be accommodated [

610-1
= -—-5-—5=297 mm

Let 16 mm thick flats are used.

Maximum permissible outsland= 20 f,e =20 % 16 x 1= 320mm
Maximum effeclive culstand = 14 1,& = 14 x 16 x 1 =224 mm

= Try llat of size 224 x 16 mm

- Check for stiffener agalnst buckling
Elfective slifiners area (A) = 2x 224 x 16 + 2(20 x 16) x 16 = 17408 mm?
Moment ol inertiz of the stiffenar about cenire line of web,

-

o 0 3 2
= 2[——-—16):224 +18 %224 x(%i«:-%) ]

\.;,ﬁ.i 2

o~
[l

2[14.986%10° + §1.6095x10° ] = 133.19 x 108 mm*

Radius of gyration {r,) = JI—E = J—% =8747 mm

0.7x1820
Te7ar
Buckling curve {o be used Is curve ¢.
~ Forcurvec, A= 14.56and £ = 250 Njmm?
Design comprassive slress £, = 225.67 Nfmm?
~  Bucklingresistance(P) = [ ,A

= 225.67 x 17408 N = 3928 A6 kN .

> 1853.75kN OK)
- Bearing stilfener is sale in compression {buckling}

Slendernessratio [3) = =14.56

Check for stiffener agalnst bearing capacily

The bearing stillener is required to accommodale the weld {fillel) required for joining web to the flange
plate. Thus actual width available for stiffener iat will be loss than the aclual width available. Lelalengthof
15mm is used for coping the weld.

< Widlh available for bearing = 224 ~ 15 = 208 mm

AL
Bearing sirength of stiffener, £, = ':i’;i?(V‘F )

Arca of stillener in contact with {lange = 2{209 x 16}
A, = 6588 mm?
M-F, ={1653.75-908.1) = 744,65 kN

' BBEBx250
F= 5l

Thus bearing stilfener is safe against bearing capacily.

N = 1520 kN > 744,65 kN {OK}

Check for torsional resistancs provided by the bearing stiffaner
Parlicularly from logislics and ereclion poini ofview, the plate girder mus! be safe lor torsional resistance.

1, 2 0.340,DT,,



Concentrated load w,, = 360 kN at 7 m from left end.

1= 2 t’bi d'“‘ 9”150"6103 L Je0x 16° =1892.13 % 105m* Concenlraled load w,,_ = 360 kN al 7 m from right end.
¥ 12 12 ) 12

Solution:
A= 2€S1u % 50) + 1820 x 16 = 90120 min? For Fe 410 steel, f,= 410 Nfmm?, f, = 250 Nfmm?

.13 1(_;“ Faclorad loads ‘
J—?; \} ST = 144899 Tolal UDL () = (W, + w,) 1.5 = (16 + 30)1.5 = 69 kN/m
W, = (wm+ wog) 1.5 = (150 + 360)1.5 = 765 kN al 7 mirom lell end

1.5 = 765 kN at in llow fight end
=129 03>100 W= (Wyy + Wy ) 1.5 = (150+350) 5= g

" 144.899 ‘
W, = 765 kN W, =765 kN

Slendemessratio (1) = ~;'J_ - 20x1000
¥

s

. o, = 30 30
‘e = f—— = et
{LU;r )P (138,09
I 2034 { 5?5x10‘°) (1920)350=1& 51x109m*
' 18x {2 x224)°
fstoconiceny = 1 -
189.51 x 10° mm* : {Not safe) £9x 302
». Increase thickness of bearing stiffners to 18 mm. - Faclored bending moment (M) = =
Connection of end stiffensr e
On either side of the stiffener plate, there will be two weld lengths along Lhe depth of web. Faclored sheat force (V) = J
. b =224-15=209mm '
Tension capacilyofoneflat(T,) - . . Dapth of Web
094/, 08(209x18)410 \ Oplimum depth of plate girder,
= = - N =837.15kN -
Tt 125 . MK
987.15 =T

—_— H
y
Shear lorce per unil lenglh{q,)= =0.278 kNfmm .
° onia) 2(1&26 2x19) Now when transverse stifleners are provide and 3d2c 2 d

Let size of weld {S) = Bram ‘ d - 2850 _ 250
KS=07x8=56mm , — $20e=200  whera €=, =70~
W

& Slrenglh ol weld per unil length assummg shop welding : d
5 5x 250 k= 'f— =200

=1.575%157° | e
IERE] HHHHHHHIH HH‘
T 7m : plm

-l
1

11989:«105 mmt ‘ ' b

[}]

j4-765><7= 13117.5 KNm

+765=1800 kN

9x30
2

N = 0,647 ki/m '
iy '

= Bx125 & i
= - va 6 % 200 %3
> 0.276 kNfmm {OK) X ' d= [ﬁ] = [w’f_) =2189.34 rm

». Provide 8 mm size fi I'lte( weld lo connect end bearing stiffener 10 uwmn plaie. f 250

- - e e s s e e Lel d = 2250mm
Design a plate girder of span 30 m using slesl of grada Fsdw subjectsad to

following loads at working conditions. Now, 4 _xp

Dead loads: UDL w, = 16 kN/m b
Concentrated foad, w,, = 150 kN at 7 m from Isft end. ‘ d 2250
Concentrated load W, = 150 kN at 7 m Irom right end, = b= 550" 200 = /23 mm= 16mm {say)

Live oad: UBL v, = 30kN/m ' -, Provide a web plate of size 2250 x 16 mm.




Design of flanges
Flange area required to resist Ihe bending momen! (A}
Mim  131175x10°x1.1
= = — = 2
= 4 2oxpzs0 - oo
1
Let flange widlh is laken as 37 of deplh of girder.
2250
by = 3 =750 mm
Flange thickness (1) = gl = -2-%?? = 34.2 mm= 50 mm (say)
9 : | !
' Provide llange plale of size = 750 x 50 mm '
Flange classification
Outstand of flange (b) = by ;' = _EO_ZLG =367 mm
b 387 250 250
T =——=734 =84 |— =B84 /S =84
i, = 50 <Bde { \} 7~ 2s0
- Flange seclion is plastic.
d
Also — = 2250 =140 625> 126
te T 16
. Web is slender and It needs 1o be sirengihen.
d
Also o= 140.625 > 67¢
L4
. Web also requires check lor shear buckling.
Check of adequacy of flange plates in bending b— 750 mm —+ t
Plastic section madulus ol the girder section is I C ] T 50 mm
D r,]
= bl =L |x2
Z,= by [ 272 x g
= bl (D~1) 5
= 750 x 50 (2350 - 50} ~ = [=16mm
‘= 86.25 % 10 mm*
S i
= Moment carrying capacily of flange (A,) OO T 50 mm
2oy _86.25%10°%x 250 rrm
= Tan 1 1
= 19602.3kNm
> M(=13117.5kNm) . (OK)
Check for adequacy of web in shear :
MNow, g - 2250 140.625 < 200e where ¢ = 250 _ 1250 =1
Ly 16 {4 V250

(Serviceability criteria)

and = 140.625<345¢2 (Compression flange buckling crileria)

g
T
Critical elaslic shear strass of web (1, .}
ku’E

) 12(1—u2)(;,g]2

where, g = 0.3, £= 2 x 105 Nfmm?

v
Letintermediate transverse stilteners are pravided al 2500 mm

vl c=2500mm  and d=2250mm
. c _ 2500
Yl G Tame 1
K = 5'352 = 4+—'3-5-2-=az42
(c!d) (1.19)
2 8.342n?{2x 108
L 1) e e

wen 12{1_;‘2)({{]2 12{1-03%)(140825

Non-dimensional web slenderness ralio for shear buckling stress,

\J]J_Tc,e qlfx7625-1.376>1.2

-~ Shear stress corresponging lo web buckling,
faw 250
L ﬂa Tt - o2 NmT
Shear force corresponding 10 web buckling
V.=Ax,=d 1,
= 2250 x 16 x 76.23N = 274428 kN
> (B0OKN(= 1

ThusWV< v,
=2 End panel need not (o be checked for iension field action.

Connection of llangse to wab .
For each flange to web cannection, there will be two weld lengihs on either side of the web

VA7
%=
i

bHo* o~ 750x2350° 2250

= — __7 -

1= bty = =5 (750185

: = B111.17 % 108- 6967.27 x 107 = 1143.9 x 10¢ my*

(1800 1000){2250 % 16){25_04. ?2‘?)

W =

2x11439x 108
= 325.73 Nimm = 0.32573 kNfmm



letsizeofweld (9 =8mm

.~ Throat thickness of weld [) = 0.75 = 0.7 x 8 = 5.6 mm i
1

By

410

= {1xa6)J_ 155
= 1060.48 Nfmm = 1.06048 KN/m

«Permmstength of weld{/, } = f(!x'

Nibm {Assuming shopwaldy, = 1.25)

> g,,{=0.32573 kN/mr) ) (0K}
Deslgn of bearing stillener
At suppon, force lo be carried by bearing stiftener = 1800 kN
Let bearing tength at support {b,) = 500 mm . L
Load capacily ol web (£, I
A -y < 2250 mm
= 3
= [+, 2= 1 sormm
Dispersionlength of web
= M= =25x%50=125mm - M/
250 -1500 mmbe
S E = {500+i25}16x ™

= 2272.73KN > V{= 1800KN)
Thus no bearing stiffener is required.

Design of Intermadiate transverss silffener

intormediale transverse sliffeners are provided lo improve the buckiing strength of slender web. Due
to diagonal compression of shear, web buckiing cccurs. The transverse web sliteners not being acled by
concantrated load are so designed that the moment of inertia of the stilfenar cross-section abou! an axis
paralie to web is not less than that specified as per 1 8.7.2.4 of IS 800: 2007.

u % ] L2075
¢ 150%2
i ; < V‘g -I‘ 2 —‘—c‘i,‘n"
Here, ¢ =2500mm, &= 2250 mm
¢ 2500
2= n
ad 2250 < J' !.‘i“\;\
. 1.50%2
Minimumrequired, /. = = = R
> c Y ‘: ‘

Now itis assumed carlfier that 3d> ¢> d

< 200e {Fram serviceability requirement)
]
= by s —2%=§§6i$=11.25mm '

Now, c< 1.5die., 2500 mm < 1.5 x 2250 {= 3375 mm)
‘E < 35e {from compression (lange buckling criteria)
w
d 2250
= f.“'m‘é*a'f;-:ag—ﬁsmm
Thus pravide 12 mm thick stiffener.
12mm
- . d%d  15x2250% x12° -1 e
Minimum required, J, = | 5v = S Tt .
= 472392 % 10° mm* i
' 3 [ } 16mm
1 .
1, provided = 122ds) Ba? i
12 a
- 8d,% & 472392 x 108
= d; = 839mm..100mm(say)

Provide 2 nos. 100 x 12 mm size plale as intermediale stilfeners on each side of lhe web,

Check for buckling réslstance af Intermedlate transverse stilfensrs
Faclored shear force (V) = 1800kN

As datermined earlier, 1, = 76.23N/mm? -

! Vo=1A, .
= 76.23 x 2250 x"16 N = 274428 kN
> V(= 1800 kN)

Thus buckling check lor inlemmediale Iransverse s\[lianer Is not required.

Connaciion of Intermadiate lransverse stlffanars to web
This connection is to be designed tor per mm shear along each component of suffener,

ty
Q= Ty kNm

where, 1= Thickness of web = 16 mm
&, = Oulstand of inlermediale iransverse sliffener
= 100 mm
16°
O =

: 5x100

Letsizeolweld= §
- Throal lhickness of weld {f} = 0.75

(1xty, _ 078(410)

=0.512 kNfmm

~Permm strength of weld (T, )= (Assuming shop wetding, 1, = 1.25)

V3  HAx12s
= 132.56 SNImm =0.13256 SkNfinm
Thus Ty 20
= 0.13256 S = 0.512
= Sz 386mm

Thus provide a weld of size (§) = 6 mm



'3- el »_vq.sp 'l‘T' 1.
ectiveBrain

Q.1 The optimum depth of a plate girdler is given by
the lollowing expression:

RY w V%
(@) I (b) 1

RY et
o w(s)
¥ 1 4

Q.2 As per IS 800:2007, for plate girder with
horizonta! and verlical sliffeners, (ha larger and
smaller unsupported clear dimension of the web
panel must nol exceed respeclively:

(@) 200(,and 80 ¢, (b) 180, and Q0 ¢,
() 250(,and 120y, {d) 270¢,an0200 (,

Q.3 For unsliltened plate girder with clear distance
between the lfanges, the (hickness of wab for
serviceability requirement for 1he condition web
connected lo llange along one langiludinal
drrection only, must not he less than:

{a) o580 (b} 100
c) doo {d) ag/as

Q.4 Incase ol bolled plalg girder, Ihe angle seclion
thal is used should be:
(a) unequalwilh long leg connecled.
(1) unequal with short lag connecled.
(c) equalangle
(d) datainsulficien)

Q.5 When a plale girder is designed without using
Whe lension field heory, (he aspect ratio for end
panel shauld lie in the range of:

(3} 0.6io 1.0 (b) 0.3t100.8
€) 10w 15 {d) 0.2100.6

Q.6 Inorder Io prevent the plate girder from being
getling flexible normal to their plane of wel
particularly during the fabrication and erection
process, the loflowing limits are adhered (o:

(@) dit, <270

(b) clo<3

{c) Both{a)and(b)
{d) Naither (a) nor (b)

Q.7 Which of the following type of lailure is more
prone th takes place when web of (he plate girder
is made to thick?

{a) Localbuckling
:{b} Shearbuckling
(€} Plexural buckling
(d) Shearyielding

Q.8 The advantage of end panel design by pos!
critical method s that;
(@) ilmakes use of lension field action,
(b} avoid formation of lension figld in Ihe need
panel.”
{c) effectively makes use 01 end posl.
{d) Aliof lhe above

Q.9 Which of the following stalements is correct?

(@) The ouisland of stifleners of thickness f
musl not be mare than tat,

(b) MOl of tirst horizonal stiffener must not be
less Ihan d,2f

{c} Horizontal stifteners are provided when dft
lies betvieen 90 and 300.

(d) MO of second horizonlal stifiener must not
be less than 4¢(,2

Q.10 Opbolhsides, the length of web in compression

acling as pari of bearing sliffeneris:
“<(a) 12¢, (b) 251,
© 20y, {d) 161,

Q.11 End posts are provided in plate girders:
(a) locarry the shear force due 1o reaclions
(b} tocarry the tension field developed
{c) toprevent buckling of flanges
(d) Allof the above

(.12 The load carrying mechanism in web of plate
girder post-buckling is analogous fo
(@) Atruss {b) N-truss
(c} Pratt lruss {d) k-russ

Q.13 Which of the (ollowing stalemenls (s) is{are}
correct?

1. Intermediate stiffeners are Toad carnrying
members in LSM but are not load carrying
members in }NSM %

2. LSM permits the use of thin webs as
compared lo J

3. LSM resltricts Ihe use of deep thin webs
whereas this is not so in WSM.

{a) 1and3

Q.14 The connection of verlical stilfeners 1o web of

plata girder is designed for
e 5
(3l Moment ol 7b, {0} Shearcf 5b,
g 3
{c} Momentof '5%5 {d) Shearo!'-,%;

S AW R S Y
1. (@) 2. 3. {(c}

6.
{b) 2and 3 11,

4. {b)
(c} 7.{(d} 8. (b} 9. {a)
(b} 12. {c} 13. (d) 14. {b)

5. (a}
10. {c}

{d) Yand 2

{c} 2only

B .:Q nvenuanaliw‘actic

Q.1 Design a plate girder of span i6mloadedas Q.2
shawn Infigure below, use steel of grade Fe 410,

7SkN 75kN

G KN
v Q3

e 4 m—et- am vt

T u-w:r-m Q“ &‘ g_,,’?f?‘t "?4’;‘;5: ‘,
d-wc'.d R AR

ohs o

o
nﬂ,, “ "‘|\ -’-,g

Desugnmsecuonofapla(egxrdermwesuaned
compression tiange, and carrying a lotal
uniformly distribited load of 12kN/moveraspan
of 10 m. Provide stiffeners also if required.

Design a weided plate girder of"30 m span
subjectad to a uniformly distributed ftoad of
20 kN/m.

ERES



