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. . · ·stiff eneI's located in tl"!e :pompression · zone of the web ·- . ...~······· .. -· ... . 

,, can eff~ctiveli cont~ol t~e lateI'al ~~eb defl~c-tion and ·, , ..... 

. --~-~~_:__-',~~~-- .. --- ---------·--·····- - - --··· . ·-- ----------·-- -·- -·-----------------.'.···prevent the_ stress I'edistI'ibuti9n. fI'om _the web· to ·_the 

. , 

4.' 

. ,. . . . 
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( Elastic Buckling of Plates .J ,. t· · . 1
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·.····•·supported flat plate ullder> compression ( 6 ) .' The· impetus .. ; . . . . . . '· 
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'. for.t~e analysis of the s~ab_ility of plat~~as p~ovidad 
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In.the early 190,0's, Timos'h8nko( 7 ) and RJ.i·ssner(S) made . ' ·~·. ·.. 1,1\ . 
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I extensive studies of ·the· buckling problems 1
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~ I -· In ·comparis·on with the theory· of s~ab~ili ty: 
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-001um~s, the problem of the sta~ility of pi~tes is more 
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I ·.• •• ,: ' :. : 9omp.iicat.ed due to the fact: that the' c·ri tic,.al b~cklin•g 
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~ ~ ~~ load may· deviate· ·sub1stantialJ.y ·from t·he ultimate load .. 
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s_tiffener ·requirements,- it is qf ~-interest here ·to- d:e·scri,be .... 
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. :the concept of· treati .. ng· the pro.ble19 .Qf:. stabilit-y o-f plates-.···"· .. ,., .... : ..... ,: .. ·.· 
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Bec~use of.its t··echnical importance· and. simplicity, ·the. 
_,',. . ' . . . . ....... - .. · . 

1"I' , - - I f . 
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. · bucklini_ :~-f a ~~mply: supported; :rectangular plate under .·•. 

· pure· bending wi·lJ_ be ill·ust~~t.ed on the basis of the · .... 
. ~ ' 

. - .... 

· following as_sumptions: / 
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The plate. _}·s 'init·i~lly p:·'er·fect~Y. ·flat.··_·;;'_.·;.;_··. 
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b. Th·e pla_:te .. is >~ad~ of ·a.n elas:tic and 
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~homogeneous mate~ial. 
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c. The bending_ moments are ~pplled in the 
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. .\·'··_plane · of··~ ·t·11e· middle surfac·e of the plate•:,.._ 
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The trans~erse. ~e-fl~_ctions are ~mall 
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The fa'ctor Y.' i.s. Aefined as -t;he ratio. of ·yi'eid point of we.b 

steel to th·e yielq. po··:int ·of ·st.iffener ·steel. EquatJ.on 
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3. 2 ·.Des ig-n Recommenda1t·ions1 fer T·ransve:cs e Stiffeners 
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3.2.1 Rigidity Requirement 
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The opt imurn r·igidi ty for. trans·v· .. erse stiffen·er·s .. t.o. 

form a nodal line d~ring ~eb bU¢klin~ ~a$ suggested to~-
.... i 
~ . ., .. -, 

I, / .a- equa.tiorf'-·· .. given.in Ref. 1~5 and. Ref. 23 with sligh·t 
. . 

modifications. The optimu.m rigidit_y wa·s obt·ained ·for an 
, 

,. infini-:tely long .plate wi't.h: ·identica-1, ,equally ·sl?aced, 
'_,,,, ......... 

'_ ., 
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transver,se .... stiffeners. The plate wa.s assumed tG> ·be sirnpl-y 
•' 

,. 

supported at all four edges a,nd ·subj e:cted . to she.ar· ,forces 
• . 'I 

. .• 

as sho·wn in fig .. 12. ·· The ·'t,:rans.·verse sti.f-feners :were 
. . .,, I 

assumed t·o ha.ve b·e~1qing s.tiffness· but no torsional stiff~ . - ' 

' . . ~ 

· -.n.ess and wer-·e a:s·s.u:med: to be concentrated ,·along, .transverse: 

•. . .-.. · lines in. ·t:lle. mi..ddl:e pl.ane of· the pl~:te. 
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mu·l:t·ipi.·ier rnet.:hod ~an:d :wer-e·: prese~nted i:r>. ·~h:$3 .form "e>f plate 
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0 ,. 

buc'klini coE/fficie.nt k 'Versus rela.tive ·· :r;,igidi:ty "f curves 
. . 

·fo·r three 'diffEtI'e·nt stiffenet' spacings,., natqely D, O. SD, 
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0. 2D. ( 23 ) .: Theoreticci11~, k continues to incl_'ease as l 
inc~ease,. However, for practicai purposes.the~e.is an 
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• - '\ ,. . . -
·. pptimum. V~lUe --;

0 
·.beyond ··W.h.ic_h 1,the i·ncrease in, k -is small .. 

The three cuY'v~s obtained· by S;tein .Jd Fral.i,Ch ( 23 ) wer~ 
·. . . •· . ·: .. . . . . . . . ... ·.··. ..· .. . · ( 15) · · 
· s-cudied ·by· .Bleich . · . a~¢! ca.~e' o.ut. with ~n approximate 
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> · ,This equation has been adopt·ed b1, AASHO ( 28 ) but with .· 
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' ·.a. slightly~ modified value of .. ·. . ' ' "· ' 
- .• '•i ... ·•. 
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B:y ~ definition , '"y( . =· E I / D ' d • . . . . . . Io · O· 

. -·· .~ ... . - The moment· of ine?'ti·a f6r the.transverse stiffener·is 
.. - .·. 

·~ .. 
I = ( d. D ,--; E ) )' • 

. 0 ·. · 0 .- . ' . 

' . The flexural rigidity of the plate D'' ·is 
__ : _ < . Et 3 / 1.2 ( 1 ~ zt ~ ) .• . w· .. 

: . '. , .. . --: . 

- . ' By ·assum~.ng Poisso·n' s ··rati~ is O .·3 ,:-· the 
· ··.~:. ;:~.,.:···.,: · foll\owing equation is. O·btained .- ·• --. \ :_., · .. '" '.'. -~··_ ·,: - •' ' - .:.·· . . • - . t -
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. . . ' . --Equation·3.15 ·has been plotted in.Fig·. ·1,3. as a com-._. -- - - - .• l i . . • -~ ... 
·_ .• ·_ . '· " •• i, ·-
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• I ' · .· ,."., parison with tlre specifications of '.--Euro·pean countt'··ie_s. It . - . ,, . -

•. ,,· ' 

.... ·· , ....... · ., ;, ... .;..,;,: . . - . . .. ' · " is. of· in·terest · to ,.note th.at exc·ept · fo:[\· ·the -range of aspect 
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··ratio between O. 5 ,and 0.;7.,• .both the. British( 29 ) and tlie 
·• 
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· G·. e. ~-.m·_ ·.·a·n .'· 3.·.· .. 0.-. > .. ·.· s·p·. e··c· .. :J.··· .. ··_f. ·1· ·c·a·t··1_:·on·. s ·. ·are rn.or.e ···.::·· -. .· ..... ·. .. ·., 
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' J . 3.2.2 Width-to-Thirikness Ratio Require~ent ''\_ 
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. ' . I.n.the.desigi:i· of transverse st~ffeners, it .. is expe.cte·d .•.. :· ._: /· .. 
"'·. " 
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-tJ1at· the s.tiffener plate· can devele>p_ yield p"C>int stresse·'s -
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withqut prema·ture .· loca·l .e·1ast~c bu 11ckling. It is reported ' . . . \ • 
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' • t . ' , . I . that for a val,ue · of A. = O. 6 in t .. he non~dimen·s ional p_.1,a te 

buck. l!_ng\ c:u!'ve·, where A = f ay/cr.P,r' the failur.e of stiffener · 
~- ·. '(26)" 'plat~ eleme.rit l;>y loca.l buckling. can be. prevented. ·4-_ 
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For the··casa cif stiffeners on plate girde~s. the· 
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· lowest.· value fo?\ · buol<ling- ·,coefficient .k. is considep~d 
b l .. ' . 0. 7 2- •· ( l S '-2 S:). ""h E •. 3 1· 8 b . . 

e equa · · l t.o ,J. ._e. quat1.e>n_ · •. :· ecomes ·· 
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·· ... the AASH0
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Spec~f~·cati~n. spe~~fies · that the~~~1sver~e 
.. ;, 

i 

.... 

·stiffener may be A36 steel w·hich implies that .b '/t· ~ 16 ~ 
~ 
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.. 3. 2. 3 - Area ·Requ.frement 
' . <.. . 
' . ' 

' .,. ~·:. " , " · In deriving the t'equired·,. area of transverse stiffeners·>. -~-
for ·plategird~rs'(Eq .. ·s.ib), ·it\was'assuined that the .. . - . ': . '~ . . .. ' . I· , ... . - : ::, .. 

. . 
.-----·v.ertical .. component .. ·of tensi-o.n ·field- force was· resisted by-

· · , · the trallsverse· stiffellers alone Which acted a·s. ~ompreSsion · ;,P..., . 
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struts .i.n a .Pratt truss •. This . a·s-sumptlon4t1as pointed out·. 

t.o ·be··. too· cons erva t·ive .... 

·."'!bo. 

The experimental results ob~ainel p;eviously at . ' 
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: ... ~ehig. b ( 3 ) is summarized in Table· 1. Where F. is the· theo--~ s .. ,.-v 
r.etical · stiffen.er f·orce .. colllputed by- ·Eq. 3. 9, A
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Furthermore, similar t.o the pr:aqt-ic:e of be.a·zi·ing- ·stiffeners, 
a small porti~n of the web si;ip with l2tw in wi4lh is 
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The···:formula for 
\ .. rather complicated. 
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appro~1m~ t 10n is ·made as fo,llows: 
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.. PLATE GIRDERS WEB 'STIFFENED LONGITUDINALLY· . . '-
.,.,) 

./ 

' . .,. .... 

4 .1 Theoretical Requirements for Lon·g!tudi_nal Sti~f~ners 
. l 

•• · I , 

.l ' .• • .• I 
. . ·:. ·., 

')-· ·• The most _effe~t·ive ·type.of stiffener for web plates ,, .. 
1 . . ~_.: . 

.. 
.--·· ' 

o.:.• • 
. ~ 

, .. -
.... 1' 

, , , • ·' 1, ., •• . \,In••' •• • . _- . ·. .. .. ·_. , 
• 

1 · . subj e~te"d t.o sending is the longi tudi~al or hor.izont~l , . ', . :- .. 
-. . 

' 
•. stiff,ener>. · ~t was pointed 6~t pr·eviously(l., 3 ) that ·When ' (I' 

. ' , . . . ~ . 

' . 

' a plate girder was subjected to bending, tbe comp~essed · 

·portion of the .~eb did not '?arry .the s·tress (MC./I) pre~ .• .. 
···~· } 

dieted by beam th~opy because of the·gradual lateral ... 
·· .... 

deflection o.f. the. web. In other wo:r·ds, some .of the 
., 

compressiv~ force supposedly to be carried by the web~ 
·1.1 '., .. ~:. 

·, l'· .. was -redistributed to t·be comp_t'essi:on flange .. The stress v · • , I • 

:._., , . 
' • • 

(:ri ._ :--· _· :. 
I in' ·the com-press ion flange' ther~f-o:ce' exceEfded the v:alue ,. - ·, . / .... 

obtained by using beam theorys (Fig. 17).< 32) 

.. 

:r 
i 

. " . 

The main purposes o.f using the langitudi'nal stiffene·i,. 
C .. 

are-to control the lateral web deflections and prevent 

stress redistribution from the web to the comp~ession -·' " . ·_: ···:·.· •:, . 
.. . ,. 

' " -

.. _flange; and ·~o :incJ:tease· the web. bi.ickling str.ength. 

·· ·,_ :'::··._; or'de.r to ·.f11l"fill -·its purpos_~~., :th_,·p·e ·ar:e · se,ter.al require-·-~· ... , ' • • 
.• I' • • 

., '-• J ,J I ~ 
• 

.. .. . . , ·.· ' ments which must be met b! _ ;r ~ongit~dina.l stiffener. · . . ' \' . . 

. '. . 

. · .. •· 

' . 

>. ~- '. : • . . . 
4.1.1 Positi.o·n Requir·ement . ·: .... -· · ... . ' 

. . \ 

C -_ t' - ... : .. 
. .. · .;' . ' 

•
' ,'•' : ... '. 

I.•":- .,,•· • · .. ~·" ~ . ~{:;s For .the. ca:s.e ·of web. buckling·· _-by·: pu·:re .be.nding, iii..· .. : . 

·. · ,·order to be able to control the -lateral web def lee ti on .·.· · 

', •· .. : '' ' 

o· -·effectively, the longitudinal stiff~ner has to be.iocated ' ' . 

in the compression portion of the web. A~ 1--ong·· as shea_r 
. '\.,, 
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l • -·· '' . ! 
' . ' <:1;. ·. 1 

' ";'"i . 

I 
• ., ' • ' • ' ,' ~- . ·j 

'' is prese,nt': ·t.he stiffener usujli.y' is p'laced in' a lowe·:t" ' 
1' ., 
I position to eliminate ·the bulging out. ·of web due to the 

... 

diagonal tension fi.eld acti.on. · The 1·ocatiori of· a longi~-,-
'. 

. .. I 
' . . ' ... · ~ '' ,· . 

tudinal st.iffener was suggested to be .4et.erntinedby· means··· 
' 

! 
I 

. of an a.ijxiliary chart .. · For each given value of shearing 
. j. . ... ,·,,' .. , .. : • .. · ... , ... ' I 

··stress to bending .stt'ess· rati.o ( l/a) .,and aspect. I'atio 
' . . 

. \' . f •, ·.· . . . .' l· ·. ' . ' ' . • . • .. . ·: . ' -
·. (d ·inst) o.f a web pl~~e.-panel, the·.posit·ion of a; stif·fene?\ -0 ; . : . '(, 

. . 

. ,' .. . 
· .. ,- .. . 

J . I 
I 

I_ -- -· - ·- ... .... ·--····"-- -- · __ ··--- , ... ·.- -- - .. --· .,,,. · .. _ ---~ ···· = ~~an_bej?~'tained by a set of interaction ~~.r.:t~ .... -~-~- -~h_?WA .... : . , 

I 
I 
I ·.-

··in Fig. 13 of Ref. 1.3. 
., . -

•'. {-''- "'' ' 

' . ~ ,,; .. . ''_:--~: ',~'.,:I - ·, • 

.. ....;.. ..• 
.,.. ,I ': ·' 

# ' ~-l.: ·.:.:.· .. ...... -/ 
.. ·:. ,, - ...... .}.- •.· , . : 

' '· - ',<. 4 .1. 2 Rigid.i ty Requireme·nt . - ... 
/. 

' .... 
. ·-.::~' ~· . :--- _ ............. · In order to ·insure the form·ation of a :nodal line in 

.. ·., .- ·. . 

". 

' ' ' i 
- ·, . . 

:• . ' 

,")L .. 

the stiff~ned panel, the longi~udinal .stiff~ner:must -
.provide· sufficient rigidity •. · T~e optimum ri.gidity of a 

' .. 

•,J : . ' . 
used fot tpansverse-stiffeners. Po~ the~ case of·a web 

plate under pure bending' it was pointed out ,that the .. 
... 

. . 
. ' . 

.. _. - ·. 

.... ,: . 

~ ·.:·/ \ ... 
:·.-··. ·,' ·,· ' . 

~ - . ' : . -, 

·.' .:: -~ ,' ·-· 
.- ' -,-.- /' 

. ",,,,,'· } ... 
· .. · .- •., 

·:··optimum· ·rigid~ty. for a longitudin.~l ~tifferie~ .located· at . -·· -· . . . ' .. . ' .. ,. 
• • • : ' -· '1 - ~ : 

. ' ... - .· 

'. 1/ 5 of the depth from t·he compressioll fla~ge wa~ ( 20 ) · 
' ~ . 

',• ·. ,·- --... ·-... -.- - '· .. ' 

-.... - -.,· 

.: . : '· .. -~~ . ', ....... - . 
.. r-• _._ / : '\ 

1- : · .. 

. : . 10 : = ·. 3 • 8 7 + . 5 ._1 ~ + • ( 8 Y' 2 + ' 7 7 • 6 6 ) . ct~ . ' .· .. 

where 

') :' 

··/, ·--: ,.'"' . . ' , . ._. 
.... · .. 

. ·.'-,_ -' 
' ~ .. 

'· ,.': 
,- ,'• 

~. 4: 

.. :•.-'·. 

. . ... 
·',. ·· .. f ... ·.·_-o·: -..,.. ···o· :_··s· '.: ...... < cX ·<: ·•··1· · .... ·s··.: .·· .·- .·::: .. -· 

' . ', ,, . ' •" . . ... ', :.~... - . -. -, ... · ... · .. 
. :- ' ; -,'. ,, ,: . , ·, . . . ·, . 

. ,,· 
', _. ,- .. 

. ~ 7' 

'. - -

• I 

; ' '. _. .· . 
. .. ' -·· 

~/' 
7'

0 
· ·= the optimum r~gid~.ty .of .a longi t~di~al 

:"·· . 
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/ 
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. ~:\ ' - ·-

~, .. - , 
-· '. J 

,, -.. :- - . ' 

. ' '' 

stiffener' 'lo = ;,rn (DI . = flexural rigidity·· 
'.t· 

i' of web plate, ·D .. -~.d.ept·h, of pl~te girder). 
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ef" • I . . . ~ .. · panel length. (d
0

) 
..·);Ol·_= aspect ratio· = 

. "panel depth • (D) 

\· ·. 

. . ~A! •' ' . 
. ·,, - ' 

'. . .. ' 

I. 

·· .·. ·aiea of stiff~n~r 
.. t .. . ·: 6 =· -· --·· --------. area of' web 

.··. . .\.. . ' ·"1 

,•, 

. ' ', ' 

. ' . ~- .. 
: .lo, '. 

.. "-"· 

. . i ... 
•.. I 

·;.....-~ 
• -- ---- I ·, 

.·.~ 

. . - : 

...... ·!: ' :·-. ·.. -~ 1 :: . . When ·the longit:·1.1dina~ stiffener was placed .at one-q .. uaI'ter , · ., · 
'' .-:"' .. depth from the . compression rla1'fge, . . ' . . ' 

the following expression ' : '·i ., '. , . 

. . . . t d ( i 5 ) .;f ,-.. 1 IV < 1 6 was· sugges e , or ~.,- · .• - : .. 
j, ' 

'•I . .: ,i 

' \ 'i....: ' 
-- - - - - - ,. ------···- - - -· - - - - -- - ---- f ~- ---- ... ~ - . - -

,•, 
. -~ - - . ,.. ' . 
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---· - 1 -- ----~~- .. :~'. .. ~r-·,· ··;.·_.;.~.'..... ... ---·-~- ~--=--.-- _,, ·.,----- .. 
" . . ..... 
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r~ , .. '-' < 
. S: 

) 

,.,l 

. . 

·a;nd rein-forced ·by 

or ~her depth' the 
.. -

stiffener will be 

' 
,l "7. 

. -

1::o· 
. ,··· 

.;,,.· 

. '#i . 

. . .. 
.; .... 

- . 

.. 
t s·oo) ~ 2 -·_ .s •. i+ ct.a· 

.. ... 
. ·_.... ( 4 •. 2) 

r 

' 

one longitudinal stiffener at mid-height · 

express.ion .for optimum rig.idi ty· of· the 
. . . . . 

.. 

. ' 

., . < rv·<· '.f:or .0. 5 ...... ·VI\. .....; 2 .• ,.0 . . . . . .· . ' . ·~· . . .. : . . .. ' 

,. .. 

r • ' , ,\'). ' I· ··-r • • • 

-c : :", _ _:·: observed _that the theore·ti..cal web buckling phenomenon did. . . 

. . . :not cause immediate failure· ~f ·.the girder·." · The expert-... , . 
' ... . 

. - . --·, . ... ·. :· m~ntal investigati6~ showed ihat t~e post~buc~ling , . 
. : . . , ... 

· strength of 'plate girder was stJ,bstantial ( 3 \ . Tlie- si:If- ·. ···••·· 
. ·---:-

· .feners used. to reinf.orce the plate gil:'der practically 

r_emain·· S_tl:'aight Up to the U-1 tirnate 1,oa .. d: J,'f· · t·he girder.· ·._· · · 
I , 

·. The r·equired · ·r.igidi ty of an aq,~ual stiffe_par then will.~·.· - ,: '. ·i .... 
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,i. ·:, 

be 1.a~ge'r than the. optimum -r~gid,ity. wh,ich. i·s· deterrilfne9- . 
'' ' .i' 

' ' ' i 

-··- · base_d upon the. theoret-ical. v{eb buckling ap.alys is. · The 
' ' ' 

. . . . 

following equation was,su~geste~ to relate those tw~ · 
• - LI • ' ~ ,. . .' .·, • • • ' • •' ' • -, • I ·, . . . - ' ' • .. 

- -.... (13) ... · 
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fener and~is sug·gested to be· O··f the value. as .. follows: ~ · -~ 
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Distance -betw.een~ngit~din.ii 
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Width-to-Thickness Ratio Requirement 
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The· lo~gitudinal stiffener as a flat pl~te element 
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ilieoreii~al a~alysis of the local buckling problem was 
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4.2 Design._Recommendations for Longitudinal Stiffen~r~ 
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· 4.2.l Position Requirement 
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Width-to-Thickness Ratio Requirement 
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: 5. · .. P·LATE GI-RDER. WEB: .STIFFENED. 
; 

" . 
. ; ' TRANSVERSELY AND LONGITUDINALLY .. · '"'" 
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· ·rn·:oDder to effec.t.ively increase ~·he · st~ength .of a 
. . 

plate gi~der arid.to obt~in an economical design,· a c6m-
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. . . # bination ~f both transverse ·arid lbngitudinal stiffeners •· .. 
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-is· often u-sij d. i4ttl~ stu4y has been made on a· plate 
·, 
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·· -- · ·' __ ,, · · · girder re info·r·ced by both · tita.ns,veI's.e _ a.nd · 1.ong.i tudinal . . P---.i • 
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~. . st.if-fe~~rs. ·Th.e. following d.iseus:s.:.:fo·n .. glv:.es s·ome results· 
· of stu-dy on thi·s. probl.em. 'i 

5.1 Theoretical Requirements for Stiffeners 

• 
5.1.1 Rigidity Requirement 

The case of a web plate unde'r pure shear· :.a:zt:d: ,rein

,fo·rced b~both tr~nsverse stiffeners and ~ centrai longi-. 
• 

tudinal stiffener .was. reported in. Ref. 35. It was pointed 
I• 

, out that if the transverse stiffeners possess the ,optimum 
' 

. 

~igidity, th~n the optimum rigidi~y for. the longitudin~l 
•• 

stiffener -is 
·' .. _.j ·.• • . .,. 

' :......._ 

- ' ·"7 

"fo.,t. .·= :11.25 (~)
2 

(5.1) 
·.'J. 

\ I 

> . 

.. It wa:s .. a1so fe>und that the total weight. of" transverse """ 
and loniitudinal stiffeners required to a~hieve a 1given 

,· l . . . 

.• 

web buckling stress can. be one half of th~ stiffener we,ight·· .. ~...... 
l 

~ . ., ,, ·. · ·. . (11 35) I'.equiz,ed w,hen on·ly trc1nsverse stiffeners· are used. ' 
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. . · ··The ultimate. strength .of a pla-te girde.!' s tif ferted 
. 5, ·. 

··with transverse. stiffeners ca:n be ~tantially improved 

by ~sing on~ or· ~ori longittidinal stiffeners. Th~s . 
-·-----.. - ~ 

··.····""• . phenomenon is t'he. same. a/ that· which occu:rrs in the field 

th~ tran~vers~ stiffeners must be greiter th~n ~hat 
; .. . .. 

. ·. spe~if ied .. :pt'e,vio~-sly, so .. that ~ti_ey · w,ill ·r·emain strai·ght. . --- -~ .....;. _________ ------ _____ ,, - -· --
'•, ~ 
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uritil.the lncreased ultimate strengt·h ~s reached~ 

c9ncept of an~·equi~alent web with. a thickness t. was . , . . . e 
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out longitudinal. s~ifteriers w~ll be equal to the critical 
~ J. 

buckl-ing .. stress of the g.iven w·eb plate .. of thickness t 
w 

' 
· ,-ii.th. longi~udi.nal, st·iffen:e·rs ;·_ The design of. the .trans

·vers.e stiff·ene.rs. t·hen will .be· b·ased on th,_e equivalent web 
... 
•' . thic.kn.e$~ 't . , a:nd this· res:ults· in gI'eater r.j.gidi ty. e .. . ··. 

,,.-'• 

.. 
5.1.2· Strength R~quirement 

.. A longitudina~stiffener is used to form a nodal 
. . . 

• 
. . 

lin~ in.the deformed pattern of the web; to control . ....._. . .. . . _/ . 
' ... • ' J 

·lateral .web deflection~ .. and· to- prevent the· stress re-
' . . 

distribut}oh ,rrom ·the' web .t~ompression flange. 
. . . . 

J . . . 

Those acti~ns will subject the lo~gitudin~l. stiffene~. 
. . 

to latera~ load.and.the adjacent transverse· stiffeners 
. . . \.. 

to concentrated .rorce·s ·at.the inters.e·ction· of the .two 

stiffene'rs.'( 4 ) .. · 
. . ·,, 
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'.By co'.nsidering 'th~ posSible d·:eiI~ctions and the 
·· . . f: ' .' 

\ . . . . . . . . ·. . . . .· :." ' f I ·.. . . . .. '. ) ·•'>,:i~~:'tL . . ·, ; . . . . ,. . . . ..··. ·.· ' . • '.:' ·• ' .. 
. \· loc/:ltioil of the ,longitudi.nal stiffe'ne.r, a r,,elationship 

. . . ' . . ' . ' '· ... 
. ' / . . . .,, .... ~· . . ,• . : . ' : ': ',., >i .. ·.::~ ........ \ .... '•"' .. · ...... · '. . .. 

. . . 

, . between the Sectio.n moduli of the.· transverse ~n~ long.i-
. ·.) " . ' ,• \ ' 

', . ' . -:. 

. . . ·· -...... 
tudinal· stiffen$~ can~~- derived··as ihown ·in the.follow- ... 

. .. 

'; . 
. !, ..... ing t'o make· su·re· that ·the former does· .. n,o~: fa.:i:1 under. ,,_.. 

.. 
' 

the concent~ated fo~ces. 
,._. 

. . 

,,. 

. . 
. , 

• 
• .• i!l 

If the longitudina . .:i.. st.i·frenel?· w:e:r:·e remov.e·a from 

- J, __ c --- th-8- Web, "j:he d.efo.!'ffied sha.pe Of th.e Web ·bet~8eri t:t'a?l-svel'se 
' . ' . - . 

. ' 

,, 
stiffen·e·rs._" .. could b·e app·roxim.-.a.t·e.d ·b:y a sinusoidal .curve.; 

' . . 

Hence, it is reasonabl~. to ijgs:.ume that the web subjects 
. . - ~-

the longitudinal. s~iffene~ to a sinusoidal lateral load, 
~ I -

----- · - ~ ·-- a s -s h-o wn i n F i g .- 2 0 ( a ) • - Th, e -· ;r:' e s ult ant, o f ~t-h e s in us o i d al 

. ' ~ ., 

\ . . . . 

.. loa..d. is 

.·d 
·o 

I 
0 

. ···o 

• ~X· 
sin d .... 

·o 
dx = 1. p d 

7t O :o. 

•· 

·an.d the reactions: .at the ends of·. th~ stiffener will be 
~ 

R = (P 0 d0 )/7r. The moment at·m~dspan can be found as,. 
I 

\ 

.follows: 
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.. following derivation .f'.or·.the conc.entrated. · force R .to b~: .·· 
- . ·. . -

applied to tpe transve·rse stiffener .can be per~·ormed~· 
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M. ·..., i .a·.I s . .. . ·L· - . ·· .. r; .y ... '· . (5.5) 
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:E:qua:ting · E:·qs.: $ .-5. t.o ._5 ..• ·4, ·w-e. :e·n·d · up w-ith: · >·. 
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At its .int.e:rs~·ct i:on ·wit·h. the lorigi tud inal· s't:iffe'ner, 

a transver:ie stiff.eiier is sub'j ~cted tq a· concentra.t·ed f.orce 

2-R~f_rom ·the,. t·w.o adjacent we_b panels._, ~s: indicated in· 
.. 

Fig. 20(b). r·6~ a.welded piate gi~~er~. the-flanges are 
• 

rel.atively riUd .. when compared· to the :web, flange rotation·s, 

. . ~· (36)· 
are generally. very small.. .~ .rt· i·s reasonable to assume 

·, 

that a transvel'se stiffen~r :is .. ¢:lamped at both ends by 
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of transverse ·stiffeners and ~he- common practice of m~king . . 
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_w:r._itten. a·s . ,. 
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MT .. .: 0. 321 oysL. {~) ( ( :-$-.;: 9 ). 
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., r 
The i,)equii'ed. section modulus -of e'trans~rse 

~ . . 
stiffener ST is~oht~ine4 based on·the assumption t~at the 

-,, bending stress in. t:he tr·a:nsve:r-s.~: stiffener is pei?mitted 

to reach· y ie·ld .po ~i.'n·t .• 
•. \ -

:( _s , .•. J/o.) 
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. . L .•· 

.... ., .. The relitionship.between· the section moduli of the· 
-

~ ·t~ansverse-stiffener and the longitudinal .stiffener is 

' then established by substitu~ing the expression.fo~ MT' . 
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.. :q,.2b Design, Recommendations for··stiffeners .. 

'.... '., .. 

··\· ' 

. '' -~ -:- When a· plat-e. girder is. s·tiff enea· tran-sversely ai1d-
'{· .. "'\ .. . . . .. 

. longit·udinally·, the· web pctnel· is sep'a.rated into subpanels' . ~ . . .. ,'. ,' ,a 
- ----·--·-•···••··-· .~ ... I - -.. - . , . ·_--. __ . ·-~----·- --.-- - - , - -- - - -· - . ·-- - . ·- ··-

[ . . . . 
. '. . . ;,~' •· 
'1. ' . ( '·. 

- each sub·p-anel .. behaves ·in. the. man_ner ·as that _of_.an indi-
. . 

; . ,. -, ":'~ :<, 

- . . .. . :,: ' ~ . 
-- ~ ' .~ •.·· 

, • . I 

J vidual panel. 
i - . • ,. ' Co~s•que.ntly, the~ subpanels may be.treated· 

. ; . .:..:.., 
•_,.··. r ~ 
: ,- . .. -

" 
. - ·.: ·- .. in_d~p-endently .wi ~h the depth o .. f, the subp~?el. as· th:~· panel .. 

-,. . ·-·. 
-·····- - --·-- .. · ... - ',(:-·--~-~-- .. ·--. .. .·. . ;' ' 

I . depth and the desi_gn· .. rec·ornmenda-t'ions presented in Chaptel:'s 3. , . . . . I . . ' .. 
, _·t ~ ., 

anq. 4 can be a.ppli~e.d ac:qordingl:y. ·---·--~,".=..-
•' f'a 'f""_; ~ .... ' 

,, When ·a- web. panel .is _reinforced b.y s-e·veral longi~u-~ 
.. 

., 

din.al stiffeners, it is suggested and e·xamined by test_s 
~ .... 

~h .· · h ··f· .c: b d ' · d.. • f • · 1· ·. Cia:,_ 2-4:J ~ at eac . st1· .L:erier inay e es1gne as 1 i.t were- a one·. · .• 

5.2.2_ Area Requirement . . 

' ., I _: 

For the case.of a web pan~l ~tiffened with transverse .. 
? .. . .. stiffeners. and one:. longitudinal· s~iff ener at a: distance· 

I f ; 
...,,, :.D/ 5 fI'om the 'Compression: f lan·ge,. the .effect of longitudinal· - . . . ~ . 

stiffener.on theJshea~ strength is relativelY small('+)~ 
/ 

i · v ·.··. ,_; 

· a.n4 it._is _suggested 'that .~he ·longitudin.al stiffener be,.· 
" 
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. . 1• t r 

..• i . __ -·neglected i~· computing the shear streng~t.h of th~ plate ,· 

.. 
··/.c .. /. 

·' .. 

girder. ·.T.he requ·ired area for the transverse stif-fener$ 
r. 

: \: wi-1·1 then ibe -. compu.ted. based · on the -ove!'all panel depth. (:··:,: 

'· ·' . 
• ,_ !--

.• .. --- . 
. 5~2.3f Strength Require~ent·. 
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• l "'. l, ' 

"- . . 
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W h .en a plate g.irder panel i$ s·,tj}ffened transversely· 
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' ' . 
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.;, ./,• . - .. a.nd longitudinally,. the tra·nsverse stiffener must provide 
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. . . ' \ enough: sec_ti~n :·tn/.)dul~s ST ... to_ avoi~ the failure--,at ~-its, 
. ..... 

intersection with the· long1tudinal stiffe·ners :· The 
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·expression· fo:r;'···the·. required section modulus of the trans-.\ 

t_udinal" stiffeners at on·e-fifth depth.-_from compression . --~- . • I .. 
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BY ONE-S·IDED STIFFENERS 
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For the design of stiffeners of a plate gi~der,· 
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:s-.1zes is the. :.rigfcl_ity:, ·or the moment--9f-in.~pt.j.a 

crU~rion, that is:, the stiffe.ners ar.e d·e$_ig11.e·4 to_· ma-in~ 

t~in the shape of girder cross section. ~tis of intet~ 
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est to· co·mpare ,the effect of diff·ererit. arrangement·s _by 
' u-sing two-sided .and: one'~sided stiffe·ne.rs . 
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·. T·he'.-m6'me'ht-of-.:tner-t.ia -O.f doU~ble- s·tlffeners is· . . 
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· ·The -·mo.meht. ·of ·-inertia._ o_f. t-he·· on~·..:.sided ··stiffener ab·out / 
' . 

' . . . - - ·------,.--· --,---.--.-. ---- -•--·-- - .. -~ - ... : .. · .· • .. --"-. -,··· ........ ·_- . '--··--.. ---------- - ..... ". ·" I .. • 

,~,. - . . ' . 

• • • f '• • ..... ~.. ,. 

" 

..... 

1· 

- •·• - - --· --',- >C ~ - • --- -· .,L , ... , -4 -· .!. -•••· ··--" •- •• -:·· ..... , •• -•- .••••• 

the s.tiff'ener-web. inte~face is 

. 1 -
, ,t'(b') 3 
-- ~ . 3 

I . 
•' 

I ' 
. ____ ____.. 

;... 

,. 
' . 

-~ ' _. :, ': 

\: . ' 
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r·t i.s r·e~dily seen tha·_t .the same :m:oment-of-inert-ia 

.i.s: provided. b.y these two di~ferent ,arrangements with t·he: 
. .... 

outstandin_g leg ¢.f a o:n·e-sided st .. iffener be.ing only 2:e:% . .. 
..;Jc. 

grea·ter t_h:cfl.1 .. the. ·width· .of o:n·e .h:a.·lf of a· stiffe~er p_ait". 
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'-T--he:: a·r-·e·a. ·of th.e two---s ided a.rrang_em·ent. is 2b·t· a·ifd 

t;h-at· ·of t_he, on.e~s·.id~d. arrangement is 1. 26bt. I.t· $ h·o·w:s. 
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~ :t:b·a:t·. :t_he.· ·use of a . qn __ -s.ided s-t;.iffene·_t' requires only 63% 

... 

.. ' 

=O_f the to_"tal 
/ 

area o 
• 

a t~-s-ide.d stiffener when only, 

stiffener moment-of..;.iperti~ is the basis of design. r·hi:s 

favors the use of one-sid~d stif~eners~ For this reason 
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The method for de'term.lning the· oPtill1\lm :Rigidity· , 
. ' ..... t ... ·' ' 

still'holds.fo~.one-sided stiffeners~ .. ,: . . . The following · ···.,; . 
' . . ' • • :- • ·.\,. • - ... ' • ,. • ' •. ' l·. • ' ' '~ • ,.· • ' ~ . • . '· .• ·' ' '.· • - ,: .. : 

formula .f o·r' the optimum value ., .. of qne-~ ided sti_ff eners .-.•.... · .. 

/· 

:..., 
.: ' . 

' • -.! 
' ., .... 

. ' ' . . . - . . -- 0 • ' ' . ', . . - ' ' . ;, . 
:·,, e ' " .'. . I - e ( .2.: 2 ) . was ·obtain·ed from an_· experimental· 1nvest1gat1on_. ·. · 

:\ -
. , 

ri· 2 ·. 1, - = 21. 5 <,.d ) - 7 •. 5 
0 . 

• 1!( 6 • 4). 
';· 

, 0 
t I 
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# . • I ~ I . 

w·hi·ch is plotted in.· p·ig. 9 for a compariso:n. with vario s , 
\ ' 

--· ----.~-. ------ ·_ ~ --~ ·------~ - --~----- ' 

results·.. It was recomin:nd·ed that this f_ormula c_oul~/ e 

lsed only when· the thickness of the stiffener leg is equ.al 
\:..,• -

to o.r .greater t·ha-n t·be. t'.bic.kne.s~ .. ·of the ·web pl~·t.e .. · · 
. ' . ' . 

. I· 6 .rl. 2 Area· Requirement .. /' 

. · In the post-buckling /;ng·e~, the st iffene/ axia.1. 
, ~ . I force resulting from the tension field a~tion Is applied 

~ 
• ! 

:1:ii. t·_b:e· ·plan~ of. the - web. T·hu·s·. the oti:Er-sid.ed ,stiffe.ne:rs, . . I . . . 
·I:ik·er :~· b·e am-co l·urnli, 'W i J..l b·e :S~.lb j .ec_.t e d ·t O be riding· -IltO·rnent as 

'/ . 

well as axialcompressiC)n forc,e sin~e {hey/wilibe loaded 

eccentrically. For this. r.eas.On' a ·. one=-Jded stif:fene~ · I . . ,, . 

·I will be less efficient in_ carrying· th~· ompressiqn·. load, 

and it ·would need to have larger ·cro~ -sectional area than ,# 

the stiffener pairs •. 
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6.2 Design Recommendations for Stiffeners 
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· · .·•·recommended that' the nio:ment-·of-inertia of the dfte-sided 
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.·stiffener taken abou.t .. t.b~ neutral L·a~is o,f the cross 
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section composep. of· the stiffe_n1er and a por~iori of. the web-
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·B.y allowing the one-$-ide.d, stiffener tc;;> :b,ecorne fu-1.ly: 

yielded tibder ihe cpmbined bending moment and a~ial-fo~ce, 

.(Fig •. 22:).,-.-,an,d u~ing···the· case· of a two-sided stiffener a>s 
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a referenc·e, the express ion for ~t·h·~ re.qui:r,ed area of tI'ans-
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v.erse stiffeners,. Eq., 3.22, will :b.eco.m:e 
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de_tI'ilJlenta·l. effee;t. in·~ C rses. Where: proper bearing -s·tif-, 

f·eners -are·· _absen"t. Th result i_ng ~ea~ing pre~ sure .. on 
',••;h, ... , 

· th.e web· ca·n cause loc 1 web yielding .re$µlt-ed in-:~web 
.. 

crippl.ing., also the eb m~.Y- collc1p,s.~ a_-s ·a ziesult of 
·' 

. ~eral.,l buckling.·_ herefoI".e·~ b·e··a·ring st:i.ffener·s s:hql,.1 
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be used over.the ,nd bearing~.and alorig th~ lengt~ of 
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The ~'earing stiffener is. design.ed lik·e ,a colurtfn. 
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interio,r · stiffeners .. and 12 t . .· ,,, w for the stiffeners at the· 
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The followi~g ~s a summary of the. design re·commen-.. 
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