12Z.0 PLATE GIRDERS
12:| Genero |
\Nhy do we vuse p\a-'-e‘,gt}dexs7
What preoportions are mos+ economical
. Rolled sections
() have lhmited mwomend C’.a.pocc'-(-y
(i) have rela+ive|y 4k webs Jo
provide adequate shesr resctance
on short spore. The Vr/l\"r rotio 1t
ok
Clode S'r"d erc |
(1) are uvsed ow !onger' sporc ss/hen
rolled sect+ione have msofficient
Copacity
(i7) Lor the <ame M are wmrore
evpensive Huan rolled sections
(W) con be manuvfociored =o kot
- juet equals Mg
V) with [onger spove  shear ¢ lesc

dherefove, wcavie vyer

relo l.vely aro
*r.icknecs.s
!\V:‘ haove rc?\aced *rucgces \n many
applications (espec m’a\\\1 bn’éges) —
aesthetics, ec.onom;'CS, redueed depth)

hcmd\lriq _eauvipment '
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(i) can bave wvariovs combhatibns
Of web Hicknesses and stiffenere
‘o g\ire min TMmum  cost

i) <hop fob~icated in sections and
spliced n tield ~<ize dictaoted bL{
hOVd';hC‘ and transportation equipment

Wii)) can be wmade v a vam'e’ry of forrs

and depih woried acs (M)
: %
cr-::; T7T m (- LJ_ ,g 1= .91 "2 e athale”

' : \\\ [

(ix) welding has made —abricaton

much simpler than when rivetted
constroction \was vsed.

x) Ffeld connections generally at least
par'{-l‘al[y bol +ed

(xi) row defie a plate gwder ac
o kuil+-up Llexvral member with

a < lenger ~veb.

2.2 Preliminory Propor= onino
12.72.1 Crose cec+pnal Area_

x .
For a girder of conctani depih
I tw=w ard web thickness 4o miwize

4he crocs csectionol areca

(7 h= sao( M)
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where Mg isin kNm
FLr (s »m MR
then '
[7.] A_p "".MF_
b . h

Flange 's selected 4o meet b/t dimts
for o Class 3 =ection only becauvse thin
web prccfude::_ reaching Mo

USuaH\i proviae | laterol bf“aCtr"\cJ SO
+hat lateral —~dorsional bouckling s not ac
proktlem,

As s +the usual case 1t1s assumed “+hat

4he web corries all “he +rancverse shexr

o'o [_?.a] AW = wh = V,‘:
PFs
whnere R o= 21 h/w)

7222\Wek thickviecs

w = mnimom web Hhieknees foe corroumn

-

= (O, ( Ondorice HW\/ Bricge I.)ss_rgir Cex!
= A4S e (Slel-Mee  (buildinge))

= otcolutie wovvum wweb slendernecc
‘hiiw = B2000/F. (Fy w MPa)
Wz = web Slendemess if no reduction w
moment Capacity 1S . h/w-‘-‘ ISOO\[E{'

Choose W\, YN ZWo W< W, (econom-?_s)

\A '

-
-—
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12.2.3 Vertcal bucklm'q of ~eb

dx
c e B _ﬂ‘_/_t:‘c 3y C SmdA
' %_ From free-body
- cr'wcl.x fa diagram

ZcC sin% e OWwWAx

but for smoll ahq\es % - sin Ol
% 2

L]

. ZC0 = &owdar
<

aowv G C - A." o:,(

The ceformo+t on €_Fdx:: Q_’.o_h
Z
or 0’4"-’ ?.G_F dx’
h

Ch =7Ah; ¢ €gdx = o"wdx
h

ond when buck'ltr'»g (s about+ 4o occur

C’s Cer= KTE | wiih K =1.00 o¢ ure
2Vh \2
12(1- ’3«\ buckies oc o coumn
¢ Q—A(.G'L( €c dx = TMZE ~wwdx
- v
g '2(1-v9 (b )2
(4] h - [TéEh., . 1 ’
i 12(-0%) A 20 €
wheve Aw= hw
Consider -plahge strammg | €,
' To ge‘t‘
PN IC"r
c ~N| compression yleumé_
= €, +E
resduval stress pattern | erens ‘_164: v*+€r
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| with A /A; ~ OS5
J= 02

E = 200 0OOO
O ° ‘3:(,3

Blhn - [FT2eios___i " - 82400
w 2 (=0 zx o x V33, O

Clguce 124.% of Slel-Meo gti/e!.

[5al () - Broo
AR R £ 2% €% Sy
122 Decarn of crosg-<ection for beno"sﬁg
L /,’ _*
e rolled shagpe P
/,/ ~ plate girder |
, disresard
S web deflects i
/
) 1 £

away Trom | oad

Bacler and Thurlimann (te61) suvggest

(c] _[r‘_\_’:‘i_tr = 1= C[(‘?u)“ @A\J

whrere C- o lineor reduction eonctonr
hivi= actuel wvalve provided
(h{w)\[-; volue <ot permTe N“f N
Conc toer e Gt
< - |"G(

Oer = KT?E
120-9%) (R )
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c

for edges Sl'mph{ 5uppor+¢d k=23
. h o 4.6 {_E_

v oy

Lor edges fixed kK= 326
. h = GooYVE
W oY

Csclcvr o6ro Thurlivnenn profaos.ec' 5.7\(—5:
v

\r. Sil- M BY Hhe evpression s

a) W' = Vel = 0 oo00S vy ( h - \300)
T A I

©3S
where O.000s _%g te  from Rasler and Thurlimann

{ A n
200 = lvbkat+ for Clece €2 wvebe

My = basic moment capac‘:-k{
P oMy
M¢' = reduced wnmoment capocity
‘when Mr= &My

otherwise My < i-_\(
@<

Thie reduction g generalkf rela-Fively small

12.4 'Des@)n of cCrogss-section -pOf' shear

124.] Dnsetiffened web ,chear buckling

)

‘r— — | ‘ \ T occors because O{.
1 " @ v bT | . compressive Stresses
—— > — \c’twf Oc =T ot d5°
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the critical shear bpi:.k!ing stress 1S
T = _KWZ2E
XY 2
20-99 (%)
for a./b > ard simpl\{ Sv pported edagc.:

K= 534+ 4_
(a/b) %

Lor afb >l and Pxed edge <

k= 68 + 5.4
(efe)™

-por Oon Um‘:‘*";f'(enec'ﬁ wwe k O../L —— oD AaAra

. 'Y * . !
aas.)m.ng CIMP'Y ‘5uppo¢*+ed ecgec

(7] 1= B0 BOO x534 - ©65000
(b/w)% (hA)*

Sl l-MBS guvec [7a] Fere = \BOOOO K,
(hlwe)
\h'i+h kv -5 '34—

For elatt iz buckhing

[8] M=dAuk = QAnkre

12:42 Onsti{fened web, shear \{l'eld \Vig
By von Misea -Hencky criterion
Ty ‘-'—'O‘Y/V'? sO'5770¢
| but+ uvse O.- 660y ( 15 % r'ncnease)
tecavse of beneficial effects of
s*ra'n hordening
Therefore can construct the graph
of (Fe/€<) versos (b/w)
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- O.60 '

i | r - _3__ \l K = 230
- o467 N (W) TR
Fs 04l _ 180 ooo kv
= P - ReChlw)t
hd = 120000
o s R
o0 N [ l A
02 <t X)
) n!
u X P
"\ | 1 1

1 | | | 1 1 1 1

do0 GOO 8OO 1900 1000

! 1
700

Kz#\f/_‘f\"' -

Elastic buckhr'xg ascomed wvalid oug o

~O.80 T, . ‘herefore B0 CODKy . 0.80F,
Y COc AES
(_\74') ~

h/iw= 621

Py

Let N= h e | Hthen A, = (2l
WAy

The (nelostic curve Is ['9] & - 2SDo

F A

12.4% S+ffened ~webs
Clrear yielatng 1< not affected by precence
of stiffeners ¢ +herefore upper Limit ¢ exll
f-‘;/c;: 0.66. For lorse wvo'vee of /\ buc.klm_c'f
w il precece sheor y{eld\'ﬂﬁ. byt with
s+iffened web Jdewelop addit+ional strength

becavse of +ension |feld action as

[
§
p\( 8200

developed by ngngc in_awcraf+ ﬁdgsh‘y
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.

|

We do not depend on ancheraqe of Yension
feld aganst planges as they are considered
4o be +oo {lexible . |
We herefore have shear capacity of

+He

plus e

Consider

onchffened web V= T(.hw

rartio !l tension field action.

A/

ovter tension feld

L

7,

7

X nner ‘\‘Eﬂilor} fie\d J‘jr

—_ —

B’ ouvter +F.)2nsic>n field —~
) N

Basler and Thurlimann neqlec-l-ed outer
+encton 'pt'eld..

1

Consider
(
\ \
Cx. m\/ Yose —dle W
\S \
‘.\.... -
e Al
1 L N

Sz hcose® —asne

os H&

I C re0.52¢ < decresscs

© (ncreaSes +he vertical component

of - OF increases

= Of . W.S. Sth®&
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- \[t = o;: wW ( h Cot® sine — QA sfn‘e\
= O W ( ‘:21_ sn26 —a sin‘e-)

dVe _ ogw(hcos2e -Za Sn'f;-Gc:osQ) =
de

or hcos 26 - aosin28 =0

4‘0029--"—'_\'1 - ‘ '

-—

. Cos 26 = C"t/h/\/ 4 pfn)*

SQn 28 = '/V|_|,. (a/h)z_ 7

aleco =n‘€ = I|l-cos?26 = L [ [ = e‘*/b _J
2 2L Vi
thic 4then gives Hor Vi pax
Vt = O','t W [ h L, - a. + O?'/h -]
UNENCYACH 12 @l
= O”twh H(%Y; -
Vid @ln)* h_

o] Ve = oazwh [ VTR - &

Note : This equo-l-ubh 1 no+ In. Baslers work

Rather +han substituting +he optimum
valve of & 1n Hhe or‘{gp\ha‘ eQuo‘l'tdn {o—
Ve he considered the 'pr‘-e‘e.-—body
diagram Followwmg vUsing —the
wvalve of &

optvmum
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oiq,ws'me
O¢ ’
2
- -Rv -{
—¥
— —_— _tr
Teb alz _I‘alz
"
ZF,‘:O .o ATp = Of aaw sine cose
ZMyc0 = AT .h % . a

- -

o‘a Vt - AT{ h/a
= OT!: w h sinGcose

(1] Vi

¥(o;; wh)/z\/l+ @/n)*

E.H. Gaylord ,in diccussion of Baslers work
etated +Hhot [ was et?w'valen‘i‘ +o a
Loll 4enson field no+ +he pa~al {ield
assumed. Basler,inh reply, stoted "It is
not evident +o +he writer that thie

result 15 1nh con sistent with dhe aSSump'ans
made —o derive H".‘_'

M(_gu{rc_ refers 4o -+he \h(th\'S‘LCan{
estoblished by Jaylod.

Salmon and <Johnson , use 4he 'pﬁee-bodn‘
ddgqram obove | establish [1] and state

tha+ =hear outside of Jhe band S must
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be odded . | !

But how can we get Zanswers 4o
+he <ame problem ?
- Equation Lud s consistent with £ull
or nearly foll  +ension Pield action .

Consider

—
3 ) < ? Vtz OéthoS@-Sin&

e hcose the “+ensile <stress

'S achhq on a

S ’ greater width Hhay
s = hcosB-asneg

Full +ension Lield would be

_—X \
T - A h . Tencile -Co;—ce_
& S T= O yvh/COSQ-
Ve = Tsine
. ' = O wh tan&

\We do not uvse Hhis becauvse -Hais
resolt+s v a signficant pull on e
-C(Qnges which —“+hey may not be able
to provide,

Obwviously Roclers <plution requires
fmore +han the partial +ensdn feld
he oassumed . T+ is used wm Sle
becavse i+ correlates well with
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+est resvits, |°ndico.-l-thg that +here 18 o

contribution from <he ouvter 4ensioh -G&Hs‘.

Ruestion ©  What is +he error 1A Baslers
free -bod vy d:agmm?

Accep-hv‘f\ﬁ dhet more —tHhan ‘+he wwidth
< of +he strip 18 effective the Hdodal
<heor carcied i< |

Ci] Vo= Vp 4V

= Ve lagtic .buckh}aj; 4 \Vapperon {ieb

= Trwh 4 0 wh /2 (5@

Wher we have both T and O acimng, vse
von Mises -Hencky -ilure theory —+o

ge+ combined stresses. (n +erpe of
i | [
prtr\Ctpql =tresses c’-/O:‘,(O,') (1.0,1.0)
3 A 2
(:3; “+ (:jé_ - (::T Cj'z = F::(
A+ L +he stresc B <
O,0) Cv
state s O=- O,
S - L
or one of pure shear [P

Trox= Teoe = T.Yr— TL/vz

L Chahg'hj cordinate axecs +o Ui—./c"\, and ’C/’l‘\,

+he coordinates of A are (0,1) and of Bare

(vo). A straght lne' approximation AtoB (s
Oxfo, =\=- T/, or Oi= OF -VET
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where T i(s-the shear stress due —o elaské
bUCkhr;j = Ter
b2 O = O- I3 Ter

Now ’Ccr = kv"rzE and ’h.( _9-:'{
120-9%) (B, ) )
o« zuket ituting 2]

V= KeT2E__ ,wh +wh [o:.r-v:é ko E
20-9(e, )" 2lugrt

In 4errme a strecces o’m'nc‘l\rig by wh

——

orc  evalvating -(ITZE.;):) = DD 8oo
. Y V-

E!A] I"-Sz ook, , ©SOGC, - 156,500 kv

G " R ey

In Sik.] Hag ¢ writHen as

12 (-8 I

-~

where Fere = 80000 K.
(h/w)*
[is] Fe = (O.S0Fy - 087 Fere )( - L
\ 1-4- C‘L\-—“
"r'u

and 1t considered o be applicable

An irnelastic —transition (¢ provided

when s502 _wg < h < (a'thLr
< w e

wrhe h 2l [k  or _tll e = A 62
K w z j:-'; W —lf-v |

7 )
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Or 502 < A< 62|
s = “_cré*r:t

Fere = 290V kv or kerd - 290
bl Fy N

N 3@y Y4 '(a{_';j’:"

and Fy = OSOF, - O-BTFe L _—

or
06] Fe - 0S50 — 222 . ! =
v N 14-(_9__)1’ 7~ Vite/n)*
3}
ﬂ“"-:,".*.' ‘H’e CUrVvVeEe —pOr‘ :.4‘.([!6;@50' e s -'Q:f"'
o. particvlar valve of afl can be ploHed

on —“he Some C\'rqorrrai'-’:. at Shat -Q;r"
Lnet Hened webs

F
0-¢
" =]
0.4 -
3 31\ -‘E_n;-&?"“‘“—‘
O.2F ":5'
= |

700 400 Gdo 00 1000 1ZOO 1400 >:|
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2.5 s+iéfener Qeqm'ncmen-!s

\2.s.1 Beou-t'ng st ffeners are required
where “+the web cannot sustoin He
concentmted londs or reactions . See
Slo-1-MBS Clauses 'S and \S.9,

\2 . 5.2 Iﬁ-l-er—me.dl'a'{'e S-h'f(enews
From p. PG 1| K= O.‘twasm"'e-

L Fe = O wa (V- cos Z8)
A

= W/ I = (a"/h')
O-é “&[ \?H(a.,)l ]
\:DxJ'+' C3¥; — (:jfr'(.l — c;r-
Tv

ond with Fe = Asa(
(7] As = Fs = aw[

@)

the last +erm accounts for dhe cace

H(a,/ )H’

when +the vield stress  of Jhe stffener
e dilferent From +hat of +he wveb
(1] ac given in SIe.l-M 89 1s £ parrs

of stiffeners ploced S\fmme'lrm'ca”\/ about

dhe centre-line of +Hhe web and
A.S b\{ El_lj \'S mu|4|§;]léd by

| — 2lo oook,] _F-:L

Fye

1.8, for angle st+iffener on one side only
7.0 $or plate stiffener on one side only
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The st ffener areac wmay be reduced
in he rotio V-ﬁ/\/r- when Vg < V- '_

Two oOther requirements are
(a) the foce “o be Hransferred Lrom
Hhe otiffener nto the web <shall be

net l|ess than

v= Ixto™% kK (F\()'%/-z N/mm.
and the moment of inertia. of 4he
stiffener obout an axis \n Xthe plane of -Hbhe
wei shall be not less <han

Is 7 (h/5°)4

1L.5.3 Liwmits on stffenev Spacihg
(0) for b <is0 y 2 =%

W r.
by 4o N < SO < &1S00
S ) > Y (re)

( +e.ln51'OV\ 'pl'eld C¢m+r'tbu'1ﬁ(jh 1s Yeduced
c-d aleo awvoias lﬂor-dlw'\g avc €vect or
'DI'O-IL!QVI"S\}

\2. £. £ Tevcion Lie'a o~ awacr eroc ot

ad j acent <o \awge opehl"h gs

— —_
T

T unlesse rrear< are Provded <o
//,// anchor 4encion Lela (4o resist
| t/ j/ hovizonto! comeorey+of T)
I~ i1 take +ension Held COmpmler"":O"
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+Hhus only have Fr¢ or Fere .
2. & ‘Combsﬁed shear and benc‘nv"rq

N&o-_/ be of concern where hlgh mbrne_n"rs

ora <heorse co-evigt ( )
Delne M, *moment carrmed by flanges alone
. F_—_%
+ ==y e Cj:( d ‘\1‘
4 o'so
7z My =0ydAr+ ogd.w.1 .24
- 2 3
=oyd (Ag 2 AL/G)
I_-'_: v owere pos:ri;,\f. 4o reock V‘.L.
Wit r, OuT el k;uc'vc‘!z'-'q “+hev,
Vil = OLA 4 Qb . wi = o by s bhw/z)
L 3

I’r. dfvc'cq:rﬁq +re <heor CO.%:-’JC“'V of
~7e wvec ro . cor<riLutor trac gtEuwes
Lrom dhe <ioroes . Thue in rco1ont wherc
“+the “anges alone hove <uoflciers v Onney —
capocrty the shear s'reriath s hot rcovcec,

1O A . Trocfor O ‘
i v® o< NV « Mn VL2

e \ Ty Ty Vr
v l\ e “/ by + hvife )
L @ — \\ L Aw T Ag Mr, _0-B8%
[ S T l& i
-0 M/M. )
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bucklte Hlhen. veaeh We = |
M ‘ '
My
C:!!ﬂfi '¥ﬁ¥>r~

-L’-\j"' - l.ZE:/ :“I,--.IT‘I“?T = ]@7
r“‘i\_{

Tests show the wvreracttion curve @ 3

Coracolic - /Vﬂ ) ’M; M: =0

A!.-Ow cut “olf g+ ™ .( By verdico’ i €Y
which tntersects Hhe -_-":pax?'r-a;'bb"la_. av

}gg; e D
Vi o

and veplace ~the remaining portion of the
paroiole. by dhe cHeit hine

(sl OZTME + © 455 YL £1.0
™My Vi

whick ¢ seen "o e - 'c-bh--ié.'é:‘rn'ﬂa*u‘\ze

t -~ ' e - . SN PO e
77 Rybrid plete < alrdeve i _
/= BT T T T ke Bwer Ty ih wer

o Dievoce’ Erevahes
Yrdwzea vw Jel
* fiot Uted rogh i

Co.i—mc\ e

S et . s

\stress diag tam ‘cldhqc. y;eldecl |
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