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: 2-. METHOD OF ANALYSIS- . 
--~ - ____ ___. ._• -- - --~- - -- -- ., •... ---- -

----··----·------·"·-----·-· -----·--·--------·----~~------· . -: ' ,., . ~~-"-• . _:__;_-_~-,_~--,:.-i--: :_.=:...:.:...~...:..-. -- - . . ..,.__ . . ·------'------'--------..,,· 

--- . · 2:~.1 · Plate. Bending Stresses 
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I .• ·: I__ <. I . 

U,pon .. the application -of· l·oad· to pl:ate· .girder, plate b.endtng . 
-~-

I --~---· , .. _· • ~ ; \'·' • .,. __ ; " :. vii-. . 

. ·- ,(· ,· . 

·· -~~: stre.s~e,s_,· caused by a change in the initial de·ftection pattern, are ~\ 
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'induc~d in ·the web. · For- loa_ds -smaller than· the buck~ing value~ the· -
· .· change in deflection pattern .is of relatively little significance. · ·:·~· 

· · ···However., for 1·o~ds stil>stantially greater .than the buc,k-ling valu_e; · 
. -. 1 ·, ·, • -

. _·_,_:. : .. : ... , .. ,·:_ .. _, ____ ,, .. .- __ c,.:.:.·~~_, :_ the chang~ in deflection pat terii _be_c~mes quite prc,nounced. . This 
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ch.ange i.n .defo.rmation pattern :r~s~1ts · in plat.e bending stres~_es which .. 
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·. are us_ually the- highe_s·t at the· edges where the :stiffener or .the flang;~1f°· · · 
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·restr~'tns· the plate from rotation.. It has been shown. that primarily·- -. . . . . . ·' -· 

; '·the; web ·plate' bending stresses . are.· r.es'ponsib'le ·.for the. fatig'1e crack_ . . ;.. . . . .l . . . 

> - ! development (l) • ' Thus, it becomes necessary to determine the magnitude 
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_ .-In the following sections,. a methoc;l: of analysis for. b~nqi.:n.g m--··· 

s-t;res:·ses at · stiffeners -and_' ·flanges is presented._ · This method is·.. . -. · 
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· ... •···• m._ore accuratIL·and moi-e,.g~neral .than t~ose ~"9ed by other researchers(l,4). i< 'Jc-~,' • ·-~ - ... 
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·v 2) Boundary conditions controlled by . the elastic 
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posed to solve for the unknown coefficie-nts. · 

· -~,_< ·.3) · ·The polyn,omials, with now known- ccief{i.cients,. 
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.. - ' 2.-2 Weir-Deflections and· St.resses· Along S,ttffeners -

As stated above~ the plate bending st·resses. alo~g__!~~ sttff .... ·:- -
~ . 

. 
. . . . .· /ener are generated as a 'result of resistanc~ · J?y the stiffener to· the-~·' 

. -- ' - . '-~- •, . - . •,· . '· ·,rotation ,f.orced upon it by -the "tteb. : So-.lution· .for the plate b:end:ing··_ 
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· · _\ stresses ·is obtained by requiring that the equilibrium of moQ1ents ~ ... 
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· bas much higher rigidity relative -to the web plate, a constant .·.slope. .· -: 
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·1s disc:ui;sed in detail in Ref. 1 (Page 12). ·. A.s a result Of ~li~se as .. 
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Where e is a positive quantity representing the distance from the toe 
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· of the weld to th·e Ceriterline of the sti.ffeller and e is the angle Of· 

· .twi·st of the sti.ffener. ·. With the angle bet'ween the web and the stiff .. 
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:Nexst_.:, ·the equ:il'ibrium. · equation. for. the stif_fe·ner·--~o._..;.wl;!b · . 

.. 

. ·.· .. ··.·. junction, at the· toe of the weld, is diarived. Designating the twist-· 
. 

ing moment in the stiffener by m and the plate bendiQ.g moments to . t 

the left and to· the right of the sti!f:~::bY 11x.r, a':d ~xr' respective~ · 

· · .. · .Lly, ... · the equation• Of equilibrium• is expressed 'accarding to. Ftg. 3b by· . · · ·. 
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.. , . ·. Vxr and Vx.(.. are the shear forces at _th:_!_~~-of --~h~-~-el't~-.:o_the.ri~~~-.-.. ___ ,.--"."-~~~·-"-,-, ... 
-~---'---'---·· ~~-· -. ·-· --· ,..-:----~------~:. _____ ' _. -. ·---· -·. 

> ail.d to the left of the stiffener, respectively. 
. .. ... !_; :-:·· - :-

. ,·•: .. , 
'. • • ~ - ; 1 

... _ _; ___ -~-- ---·---·--·:-·-··---·--·-------

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

. . .. .. . ~ . 
. - --- ---------- . - -... :.· . 

._ -------. __ :;,......_, .. "':' ,-,'·, .... ··-_------,----~-- -

For the stiffener, th~ relations~ip. between the t:wisting :mo!Ile'1lf: 

..•. and the twisting ·angle is given by(~> p."isa). . . . 
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Application of ~'he =method described -in Section, 2 .2 · ;for cal­

culati.rtg 'plate. bending· stresses at a stiffener requires defl~c:tion 
.-, 

\ . . . . 
~ 

. :measu.-r-ements to the left and to. the ·right· of the stif.fe,ner. :For· some:· 
' . 

. panels of the two specimens of Ref.· ·6-. one column of deflection read-· 

· ·. _· ·. in.gs in the· ~eighboring pane 1 was. obtained. and the ·me th~d ·could be . -~ - ·-· _·. 
. . 

>employed f~r- them .. However, for· ,Diost test- p.ane:ls 'no. deflection· .. · 
. ~ . - . . . ' . . . . . : . '. ·r:e~dings were taken -on tl;i~ neighbo-rlng panel side of · the · stif!ener:: ~-.-_ ' . • - . • ...I·, • - . ' • . - . . •. . . 

. becJuse· of .·the interference ,.with diagonal reinforceuient bar,s :.a-nd··_the · 

:tnetho'd .had to be modi-fie·d. -A· £:ix·ed .b·ound·ary was assumed at the .stif.f ... . . . .. . . . . . . . - . - . . 

erier ·and - the· ,accYJracy <:>f th is·· assumption· wa;s investigated 'by col!_lp~ring > 

the resultant bending stres-ses with those obtained by· ·the· more general· -; 
.. 
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· ,For the· sake of distinguishing the method· of analysis presented- in 
th·is ·chapter from the simplified· methods described later in this· 
chapter' this method will be designated as the "ge.neral method". ~ 
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Fig._ 5 with three· columns of ·deflection readings·--~~- ~h-~--~-~-st p~-~~!-----------------.--~----- - -·····-··----··----·-------·-·-. ---·-···-· -·---------•--,•,--·····-·----··· --------~---·----·--·-·-------· -~--:--___..'.... _ _:__:_ __ :--·---:-- ·--------.-----------· ---.·- -' - ,_,__ 

was, used,.and· the p·olynomials of Eqs.· (2.-12) "tt?ere s:peciali-zed to 
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. . ·. Tl:ie unkn.own .. coef.ficients l .. ·· ~nd r. ~. were ·determined by the .~pproa.ch . _ · · - -·. · . -• ·_ . . -_ _-. J L ..... -_ -_ J1 ·, __ · -_ . 

· :.: ·_. · -_ <.c ..... elep.la~ne~.in~-Section 2 .2. · The. bending stress ·at the toe· of the w·eld · 
. . ~-

-·/ .·_ '.··:was :~h·en gi'VeQ ·by Eq •. (2 .• -15) ·with x = -e-.· -:· · 

.Accuracy __ ·:of. the· method_ was· checked· b:y· comparing the· -comput·ed 
. ·]"" . 

: -_._··· ·· ... ,· .· . . · .. _._ . . . . ···--·---. ~ 

st:r~~.se.s. with tl:ie exp:eriui£!ntal results •. ·_ The bending st:res$~S: for the:. 
II' 

- -------·-.,-------·---···--~· - # --·--·-·-... -·-·------- ,. .... -- ~,----

... , __ .,,,...,....,.._-,,.,.c,.,..~~ .... ,.., . ....,,-.-...,..,.,-·-. ..,.:_=..:.:~-~'.--~v~• .. -~· .; ·.· ".··· .. · --·· ~ ·._-~:·.~-,-'·· ........ ·.-. ~- - -- -- __ .. r--- ... ·-·-·- ,.,~ > -~ ~,,_ - -"~ --- - -~-.- ·-" ·--,-.------ .. -~- -··-- ----- - b t - • 

.......:...-~·__,. , . ..,..::,....,.,--- ·-·=-··--· 
. -
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- ,,. __ --... - ·, I . • · and solid :dots; respe'cti·v·ely., - For botp. girders, tl:le_ gheoretical and_-· -, 
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~ .. :· - ',\'experimental ·results can be s.~en to corref·late wel.1 ~ . ,_-., 
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To· checJt the assumption of fixed boundary ·at the stiffeners, 
----tlie···:bendingstress distribution along .the stiffeners w.ith deflection 

~eadings on neighboring panels were calculated treating the we-b -as a. 
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cantilever~ _-_ A graphical · representation of -this_ model is shown in. -.... : .. ::: -- -~7:;;_, __ :.e-,.:, 
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-----·-------

Fig. 7 where:· three, measured _point~ are used to define the -deflected ~_ -· - -
. : _:_.sb·a_p_e. :of ·the web. · ·Here ag_ain, because the. :stiffener together __ with -

the p~rtion -·of the j.,gb enclosed by the :,stiffene-t a·nd ti,te .welds ha-s- -... 

, : · ~much higher rigidity ·relll~ive _to .the web, the ,point of fixity was · 
' --- -----· -·- ··-·- ., •... -~.-~·----­- ----·-··-- .,-... . . 
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·1 assumed at the toe of the weld. This model ·will be referred to- as. ' . 
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** This -accuracy may· haye been good only -becaus.e the -stiffener·s o_f-· 
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the two girder specimens_ ·were proportionally l~r~er than those . ::normally used -.in practice. 
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~---;~~ --~Qmpen..s.ate __ ,Jf.or---the--ove-res.timate·, another model was se- · 
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... -·-··-··---··--, ---·------ ------------ --· - -~ ------ ----
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· _lected (Be.C-o2) by moving. the point of fixity to -th-e--face-of the . . 
. . __.c_-,------ ·--·-··-·· ·-------·----·--·-·······- .. ---- ., 

. . . 

-stiffene-r (Fi·go 7). As i+lu strated in Fig. 8b, this new as:sum~~~~~~-- ----~- .c~----; .. ~---
~ ·-•·-~- . . ··.·.· gave -a closer estimate· of .. th_e maximum b_e_nding stress to that· computed< 

· l>y -the :gen¢ral ;method .• -_· .. · ·· ----~~--·. ~~~-~---"------·._c,_ - ~- '--· . 

•• ·I',. -
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. 1 _ Based on the above find-ings,. B.C-.2 (fixity ·at the face of • 

· . . _the stiffener)- was· used~fJl:r __ b_e.ndi~g-~stre_ss compu~:a.~io~·-- Thi_~_ was· _____ : ____ ~--·-.. ·-·-·-·~--------··------------. . ···. . 
-··· -·- ... -.... ··-- ·- .. ------------~---- ... :·· -·------···.·······:····· -·-, -- -·--·-. : .. . 

done in order. to ·make p_ossible the computation of bending st·resses ··.· · 
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. -~ng-itu;cli9al_ Stiffeners· . · ..... '------ ---=-----~ 
.-.----c-~~c _ _:.~_.·. ---... - ~-~-~~·· ·.: . _;_...__~'. __ · _____ ~-.,._,___: .. . . . ..... -.. ---. -· . -:· 

. Inve·stigation · of . the .plat·e .bendt·ng •. s·t~esses ·. al orig· longi"- . . 

. / - . 
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(3.3) ____ _ 
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-_- up· on __ -__ -d·etermina_ tion -of the ttnknown. const·ants · ~ .. -, -th:e .:bending stre:sses .... · . . . . . _J1 ) 
' - :.i 

w.ere .computed -from· Eq-. _ (2 .15) with- x. -~ -e. -
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---··-·······- .. - . _...,.,~r,_.· - '·-
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For -bending -stresses a-lo~g . the 'flanges,· ·_a· sitri-il:ar cs-ttidy: to 

tha~ descr-ibed in Section 3.1 was ·carried out. The results were, in. 
. . . . ' . . . . . 

general, the· same ·as -found for t~e sti-f_feners, that is, B.C.1 arid·· 
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. . 

~ . ; -- . 

- -· in the region of maximum ~bending_· stress·· tJ.:i:an· -the· general_ method'.:< -A-. 
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caused by the change -in defonnat-ion pattern which is not direc-tly - -- . - - - - - -- -
. 

. 

. -· - ·proportional to the -1oa.ding ra-nge; it is_ some -non-linear -functi>on of 
. ' . 

·: ~ . _g_eometr:y' initial .deformations, magn-itud-e----of-the--loa~s ;-~-efc-:·----~,-----. _- ,--~--~-,c7--c-<J:··. 

. . ·. . .' 
•· · --- In the· cou:rse of--the .study,_ -it was observed- ·that· the- change --

. -_- --- in -the. de.formation-pattern o:f _the web _depends- o·n the. ,maximum lo.ad to. 

which the web. has been subj~~ teg. ~p. the _pas~; th_e_ maxinium East :1oad --
(MPL) • 
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This -can, be.· -expolaine4, J>y the -.degree -of loc·al _.p.las_t-f.fic-a't,i:on .·_ 
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the'. change in c~rvature, local yielding occurs at the boundaries of -
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. the- panel. - After unloading, ·res-idual. stres-ses fo~ in_ the· _plas:ti~ie-_d·· 
/ . Z_Ones. -and ;r~strain the panel from restOI'i~g- its 1.nifial __ (or~in'a1) ·. 

,plane d.eflec ti.ans · of -the -web a:re plo·t ted under _zero loads_ b.efore a.nd . - . . . . 
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,. yie ld'i_ng .·appears . also at_-~_~h_~~--.--~o~~~!.c:>~~ _ wi th_i.n_ ___ tb_e pan_g_l __ , ____ f_or __ examp_le,-~--c-------:~::._ . ..:.c_-. '"~~-C--_----j :_ ------·-·--···___.:.-;-·· - - _ _,,.__~~- ··-=--,-----------7'--- ··:~:~g the tensio~ field~ .· This is seen in Fig. 12b where the initi81 . . j 

- out~(?f-plane de£lection of the liieb is. compared with· the ·out-o·f~piane. 
. $ . - deflection of the web after - the .. pan.el has been· loaded to the 1.1.ltimate: · · 

and -then unloaded·~ In ·this· case, the n·ew deformation pattern has :no 

resemblance to the initial pattern .. 
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· .. In. Fig.. 13, ._ a plot of · toad ver:su.s .lateral de.fleet ion of a --~ ··'·----..... 

·---. • _ po~nt ·on the web is·· shown.· - It is ~pparerit that· the· change i·n the· . . . . . 

lateral· deflectioQ ·of'-. the poi'nt und-er - the. range· of ·loading specified_.·,: .·_ 
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·--the-, application o-f- 140 ki-ps load·,. respectively ... The bending- stressj: · · · 
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distri~ution_s .along the .left stiffener _for ·different _ load .ranges .,are 

plot_ted in Fige· 17._" -:Strains· 1·arg.er_than the yiel~ strain of the web, 

·· unde.r the .working., load:.are._ indicated in Fig. 17a by. the. ben~ing .stress-
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·_ stresse·s- larger than the yield -stress of the· web .• · . . . 
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Becau$e o,{·_ -~he e~cessive amount of .yielding ,·along the bound.;. . 
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· , · ari:es ·-of· the· test panels and also becau_se the permanent cliang:e in , .- ·, 
. .· i ... ·.·· __ · the i.nit-ial d~fo.rmation pattern (_such·· as formation of the tens-ion · · -

· f.ield) could. be expected·: in such slender webs even at the working· 

-· •. load,· t·h.e ·se.Iecti·on -crf the deflecti_on. range· front the :fir.st ··-t>:a:ti1 :of ·_ .. . . ' . - . . . 
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. . . ~?.entative des.ign recommendations. based on experimental re~ 
' ·. . . .· . . . . . . . ·- . ··.· .. -.. ;·: ·,.sult-~'.·.have .be_en s.ugg·ested for, symm~trical girders~ The factors .in• - .. · 

fluencing the formati·on o·f the fatigue. c.racks have been indic·ated · as 

·•···. · _the_ following: ·. l). ·the magnitude :of· initial. def·lections of th·e web,· • 

'2) · the magnitude ·and r~nge of loading, 3) the_ change· of the magn~tud:e , · .. : . : . . 
~ · . 

T .•. 
. ' . . . . . . . 

·of- t_he web deflections under load, 4) · the ·corresponding. plate bending,··: (]-·---_. __ , __ 

.•·,: - . . s.t.J.:e,sse:s., .. a,nd<·S)·. the .prope.r:tiE?s of the: :web material in te-rms of· th.e 
. . 

•· stre.ss-fati~e · life . relat,ionship <2>. 
. ' - . .:.. ··" 
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. . ··.·•·· · g8st~d · for hybrid (4
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. -Thi$ and a lack of correlation between the bend~~g s~r~_s;_~_ and the . 

.slenderness ratio, which was obServed in th.is _·study.-(Section 4u5.2)_, 

_ seem to indicate that the. slenderne~s· ratlo and the relative initial _-

· web deflection alon~ cannot.·be used as efficient limiting design _ 

criteria to ·prec-lu.de- fatigue faflure i, · Other _geonie'.tr.ical· as we11 · as '., -

.- - ·. loading parameters ·should be taken into ac·count. 
.. . . '· -~.. . 

·_ In: this study, the_. -eff_ec_ts of. >ini.tial web defl-ectio·n, 
. . . ·slenderness ratio, . and the change in web deflection pat ~er11 under· 
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s~e:-trical 'girders·-
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The relative magnitude of the irdtialweb deflection hf 

:h.as.'.been. introduced as ·one of the .factors: controllin·g_ the occu.rrenc=e· : . . . : - . 
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:used.as the basis" Some .of - the previous invest:l,gatqrs have, in fact, • 

us~d it as· the initial web 4eflection (a)._ · 
. ., .... ,:..., . .; . .. ---·-

' . 
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,, __ ,_ -··· ·------:-· -·The new deflection patt:eri;i.,,cari be in~luenced· -by· the :ac·tua·1,.: . --

.\ 

---··-··-----------

'tnitiat.deflection· of the web plate. 
. - . . . . . . 

:However, ·as shown in Fig. 12b,•·-_ 
. ' ·;· ._· ·1n. ca.ses where the MPL·considerably.· exceeds ·the buckling value -this 

-- - -- ---- - -- --- ------- -- - ·-- •- -- -.......•• --,-.-----··--.---
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.4 .. 5 Test Results for Un.s~etrical. Girders : __________ _ 

Nine-panels.of ~~e two unsymmetrical g-irder sp-ecimen,s - ' . "~- - - . ., -

--._:_, - ' . ,•-'-- , 

.(UG 4 .2, · 4·. 5, and UG 5 .1 to 5. 6 of Ref •. 6) were .. analyzed for the ,. ', . : 

. . --~-,-~-~-------·----~------.. -------.. plate· bending stre·s·~---·d·ts·t~rtbuti·ocr~a:t· the··web boundaries .. --Th.e resu-lts · '' .-·- ---··· ----- ···-· 

· are presented in T•ble 1. 

_, 

As discuaaed in Secti~n_ 3 .3 ,_ -~ loacl of. 27 .5 p·er ·.cent of th·e:. . 
:·./_+. ' //) ' ' ' ' ' : ._·_._]. .,,·. ,·., .•·. 

· · · / (. · · · · · I · -~nload_ing range, from th~ ultill}ate loa9 to the zero load, was used· 
--.--,---·-----•.- -.-... :·· -~---, 

for: ·the bend.ing stress calcula.tion. · Hence, the· m9-xi1num past load 

-~L) of. each· panel ·was equ.al to;· the. ultimate load·. 
. . 

girders used in practice- are not normally subjected .to an overload· .·· . . ,.--_.' ... .-._ .... :.- .. ;.·.:....:_ ,--> 
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iespec,ially .of.- s~ch a magnitude·,· t·heir ·MPL· may b·e _assumed 'equ0al· t-o· 
,w • - : '' ' ' ' . 

' ' ' 

· · · the-ir ma_ ximum ·working_. load P .and the range of loading to max '. -·· . 
:. . ;;, 

,· 1'1" • ' 
. ' --------- _:._-__ 'i ' . ..· ' .. :' .27.5 pc__e.r ___ c_en_t of ___ the __ unloadirig range may be :expected_·"to.be sma-ller--c-·:··'-----

- . . . · -_ tfian the change in deflecti·on. due ·to· a. loading range·_ of P · ·. -· - P .-'.~-· -. · · max · . 1nLn: 

when- the MPL is assumed equal to P · .. Also, the -web ·thickness and·· · . - max· 

- · ::st:i,ffeiier sizes of the two test_ girders were· somewhat- ,diffe~r·ent :·th·an 
- . ···-----·- - -·-- -·. ---~----·---·-------------------- -
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' . . . t·hose that would be recomme·nded. in practice. Fo,r- th~'se rea.son·s-, _ the· 
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'1 

. .,.·. ··-···.--····_,_·. ------~-- :·.-. _:_ ,-·:. ·. ' . ··.: 

·_ be presented as examples of the exp~~~-~~ .perf~rmance of an-ac-tual 
- ----· . -- .... ---
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• •• ~:: .. :: ... -.:",:.~ ... :v,.:'°"~::;.:::·::::;:= .. ,,.,,:_: ___ , -•>~--,=hr.i-rlg-e=~gi~r1:le,r-~·-·· :'-Ne.ver-the.less--i .. :·th~·,---ob·se-rva,ti:ons ·pre:sen"t·e·d :·tn : __ Se·c·-~:--~:~-~~'·:--~~:":':,:_·,~,~;,.,,c,,,,-~,:_,,~c-·e:,;,.,:c:,,·,-,. __ _ -- :..._. ____ '...;._. __ :.. __ - _· -· • • : - • 1o,r • ' -- - • • • • ' --- ..,= - -- . . . - . . . . . .__,,_ . -: : . . ' 
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·. ,,It. should, be· kept in -minJL_t~at a fatigue l,ife of :two mill'-ion 
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-·cycles :of ~epeated load·ing .i.s_ usually recommended. as an acce;pt·able 
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to ~,000,000 cycle~ in Figj 2, was·used as an indicator of the safe 

or unsafe nature of the calculated-. bending stress·es of the two un- · 

·symuietr·ical plate ·:girder·s, and the· .panels. ~re~ c.ateg_orized_ as: ''safe"·. 

·. (S) -or ''not saf:eu:_·(NS) in J!olumn 9 of Tab·te 1.· 

· 4. 5 .1 . . . . Stresses at Flanges and Horizontal. Stiff.en·~rs 
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_: .. Th~ max.imum b·end,ing . stres.ses· obsetv.ed -at hor-i.z,onta-1 st.i·f,f-.:.::_t:~~---:·-.·····-~;- .. . - .:.---·.::,. · __ ·----,··:: .-.-_; ... 

:ene.rs and .·flanges in ~he c·ompressive por'tio·n ·of the :web are li-sted · 
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·· in c·olumns ·6 and 7 of· Table.~-, resp·ecti-vely. . F.o:r .. three :-panels, .the 
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. ···• the bracket:s). ··This. may be so ·bec·ause shear. ·w·as- the domlna11t. 'p'or·tton· ·_···• 
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of the· loading as indicated by term :,, · the ratio· of the moment to 
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• stres·ses observed do not correlate. well with the modified slenderness 
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. . in the _tensile portion of the web .. · Parentheses indicate that the 
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All these seem to confirm the concJµ$ion arrived at-earlier----
that the .. slenderness ratio and the . max·imum initial lateral deflection 
alone~· although .. . . 
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· An· important - type of fatigue failure which is . unique to 

. 
- -.. '. ··~ :Plate' _gird~t:,S. is the development . of cracks due to the .flexing of -- the. -. . . . . . . . ' - . 

.. 

web plate· when the girder is subjected to repeated. loading·~. - In an· 
attempt to tentatively ·st\ldy this type -of_ fatigue behavi_or of unsym-

. - . metrical. plate girders, s_tatic test resul-ts of two· full-scale unsym-. -
. . 

. 
. . . . . . 

·-·=, 

_ metrical girder. specime~-s were· used. for· the analysis of the web bend:-. -~ ··-- - -

._st1;:e·ngth of ,th.e girders :wa·s evaluated by bas·ing it on an· approximat:e: -

. ' . . . 

_. symmetrical· girders. -
.. '"'. 
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---.. : .. -~n,, .. :.imp:rov.ed ... : .. m.e--th,~ti-, WtlS··"-d·ev·e~o·p·e:d;:.~-orh--c-a~tctrl~ft:ihg-c--·tµe··-p"I~t:e .. _-. 
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,;,-------~-~:~ .. ;~:-~;-~---.· · :.· ... ~- -~--~·-·--,-~:-ben-d~ing-s.t-resses-----~·~used··-by--·_the cltange. i?,- tlie out-of ~-plane . deflectiot1:s 

- of the· web -and is desc;r·ibed· in Chapter 2. --The· method WErS - specialJ.zed 
· ·- .. in> order :to make· 'it: a1n?ltc;able --. to the ·test girder panels· as ex:plai:geg · . '. _ . . . 

.. ... ,.,.. -- . 
. ---.... 

· - in-Chapter 3. The ·results of this -study are pres~nted· in Chapter 4,. · 
·-•' l • 

- . 
·. where the effects of th~ i[liti~l web def.leC.tion, Of. th~ ;lendemess --- -- --------------;,'---·-c···;··· ................ .. -- ----·- .. 

:-·of.the web, a.nd of the. load ·histo~y. of th·e panel :or its fati:~e, be.;. .. -
- . 

h·avior- .are _dlscussed. -
.. "'· ···-·· ---~--

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

- Based- on the:·tes·t '-~esuit.s of the-. two._unsymmetrica.l plate ·,. --_ 
-

-

' 

:'gird.er . spec,imens and ·t-he. i.nforma'tlon available on symmetri:cal .:p·la.te, 

· glrders, .the: following .conclu·sions can~·be drawn: · · , · 
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· effect, if a9y,. on the ·occu,,;rrence of fatigue cracks· 

. _ i~ -the. panel has been subjected. to loads greater · 
..... : .. ,... , .. _· - ~ 

. ,1"'"'-~---.-:.r.1:-, .,_...~·--·_. __ _________..... ... -~--- . 

. : : . th.an ~he buckling va lu.e . . 
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2. · The •-use· of large s·tif f eriers tends· to reduce th-e· · · 
! 

fatigu·e life of panels. . ·. __ ,. __ 
• - i ..•.••• - ----------··--·----------··-------- • • . . .. . ' . 
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, lt wa•s :·shown tl:tat tp-e de-~ign limita·t·ions· of -Refs. 2 _::~d <4:, 

.···. > .• ,a~though cortservati"7'~ -in ,most cases., cannot be. used as ef ficien.t -de-~ .. 
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