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Statle test results of two full seale unsymmetrlcal plate

'"77Vf§jjhglrder specrmens are used for the analySIS of the weh stresses Wthh

.A_..__-—al .

:j !;i*are eXPeeted to develop in a glrder under repeated 1°ad1“g° The

7fhf?tplate gtrders 1s evaluated on the ba31s of an approx1mate S=N re-
"“‘5fiahlatlonshlp prev10u81Y obtalned for symmetrlcal glrders.- A method
ﬂﬁlois descrrbed for ealculatlng the plate bendlng stresses caused by-.

ﬁﬁf?fﬁftlthe change 1n lateral deflectlon of the web The modlfled slendernesSf?ish”*¥°

'ﬂ¢?§;;igposed as a tentatlve crlterlon for 11m1t1ng the web slenderness.'

'***&;,}%;Numerlcal value for B 1s recommended to be the same as that glven

b

'haff*i;;ftstudy of the effect of certaln geometrlcal as well as loadlng Parame-iﬁaffﬁlﬁi;ffff

-%Tfibiﬁkthe load h1story of the panel 1nfluences 1ts fatlgue strength

j .

hﬂ*;EQQ€5?Signiflcanee of these stresses for the fatlgue llfe of unsymmetrlcal V“f“***””t”"

thhf;ﬁratlo a ==j§£ of the web plate of unsymmetr1cal plate glrders 1s pro-hfifﬁiéfsi?f

:i'”???fffor the slenderness ratlo 5 fE'Of symmetrlcal,plate,glrders,hit'i¢¥ffg;fff5*a7”",

*"Y?fl:i}a functlon of the Yleld stress of the web It is also found that ré;;i;i;ihhdiiﬁl

”'ffffffters on the fatlgue strength of Plate glrders is recommended 1n.orderfffifiiifffeﬁh

"wsﬁnjto reflne thls crrterlon. SR e
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Unsymmetrlcal plate glrders that ls, glrders whose neutral

{gaxis is not at the mrd depth of the web plate are used Ln many types

“~ﬁ>@,attof structures Examples of these are. orthotroplc and composxte deck

b?brldges (Frg ) Slnce these structures are subJected to repeated |
’Tt:fffﬁloadtng, some 11m1t1ng crlterla are needed to preclude development

.'ddﬁﬁiffof fatlgue cracks durlng the expected brldge 11fe ‘AM:A'7?n.gug<°f;ggg;¢;j,,.r

';il,;;eep‘?r{‘;rfhn Although substant1a1 research on the fatlgue strength of ,ﬁﬁgllé;ﬁtf_.
" plate glrders has been conduc ted (1’2’3’ ’§), all of thrs dealt w:.th
#bt;fsymmetrlcal Plate glrders that ls, 81rders w1th flanges of eQual hdgfﬁifffff V*'&

Tvﬁy{}fgareas and, consequently, w1th the centr01da1 aXlS at’ mld dePth

T R | An 1mportant type of fat1gue-fa11ure whlch 1s unlque to - i
fp“;j;tvilgll;;tmeepyffﬁ, N | e RS . T T
E‘~"f;-‘:1f;gplate glrders ls the development of cracks due to the lateral back- ;1g5gaf_

o 3

-diifffiiiand forth movement of the web plate durlng the appllcatlon and re-fidﬂlﬁfﬁf*

“*"3{{fifmoval of loadlng As the web plate deflects laterally under anl

"f“mefincrea31ng load bendlng stresses are 1nduced in the web at 1ts@¥sft§ff*51”“

p“’””flﬁedges s1nce the edges are restralned from rotatlon by the flanges

- .“w“*f9_~lror st1ffeners~to whrch the web lS rlgldly attached These stresses~g;;;;ff
?7; »**?21f5 }may lead t° the deV610pment of fatlgue cracks 1f the load 13 E%::t}?fffftff’
- e o 2 o o '-~57-?*»'¥-g;»4,'df?§?”i]n =
SR aPPhed a suff ic mt numb er °f times. . - - -
i This Phenomenon hasﬂbeenwto some extent investigated ex- :
. . o

'h‘d7ﬂﬁfconseQUent1y'the stress varlatlon due to a rEPeatedly aPP11ed loadplfnff?ti

was the same as due to a statlcally applled load Hence the strességfdﬁﬁ;.v“




.ll'were measured in aLmost all cases by applylng the 1°ad statlcally A’agjﬁfﬂfiéfif

o

P

LTy W

=ty

v o T S A,

.

"wspﬁeeurve the stress range versus the number of loadlng cygles re_._;?;ma_ :

».hdl;?tfquired to develop a crack

"“5¥5metr1cal wrth a larger portlon of the web belng 1n ten51on or,llnl”” T

E "l‘he avar 1ab le t@st reStha we‘re-_ then used ~~~~~ t o eb Eaal;nwaﬂ“approx lmate ‘ -—““ *““

@ e)

The maxrmum lnrtlal outeof=plane

.,'deflectlon'wl and the slenderness ratlo b/h for wh1ch no cracks had

,aﬁ;{7fbeen observed were proposed as lrmltlng desrgn crlterla( _)

‘*7h,‘Many plate glrders, especrally brldge glrdersmware UﬂSYm"h

'~fﬁJéfspme}cases,plngegmppessiqn. No fatlgue tests have been conducted

‘*fglﬁ"on such glrders, and the only source of 1nformat10n on lateral web

w°¥7fff:piﬁdef1ectlons of these glrders that can be utlllzed for a study of the f isff;fffllf

""“lf;fffweb bendlng stresses are the two full scale unSYmmetrlcal plate glrder

“ftfilﬁf;spec1mens tested under statlc loadlng and descrlbed in Ref 6. The"

d’ufpurpose Qf the study descflbed here was to rnvestlgate the development

~

'tv“ﬁj;of these stresses and to evaluate thelr SLgnlflcance on the ba51s of lif7lf*°7“

‘3fthe approx1mate S-N relatlonshlp for symmetrlcal glrders mentloned

More reflned methods than preV1ously publlshed()

~

}"chalculatlng web bendlng stresses at stlffeners (transverse and e

'Q;;horlzontal) and at flanges were developed and are presented here.”}f}:fivf?pfjfil
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Inmﬂhe coursenof thlS studyﬁlt becamewapparent that mGr‘f“dgffbaiafd_f%;i

"Jlféeexten31ve statlc test deflectlon measurements of the glrder web than :

*“3!fi}or181n311y taken'would have substantlally contrlbuted to the accuracy

le;of the computatlons._ Another factor wh1ch was recognlzed 1n th1s




g tudy as lmportant 1n the correlatlon of statrc test data W1dh the.‘~

wa?durlng a reloadlng CYCIE aﬂda 1f reloadlng was nOt orlglnally

'°“"v!or'cycles;;hlffff

S . J— : B »

v.-",fatrgue strength is the necessrty of tak:.ng deflectz.on measurements

A

.,not only @urlng loadrng to the ultlmate load and unloadlngs but also e

W~TP1anned for statlc load studles, 1ntroduc1ng SUCh reloadlng cycle

. N 1 . : S S
) },"_"7_ o o

| The p01nts of the S-N curve of Ref l were recalculated

_’"”'-"_7*-*f?:?f‘}._j.? ,;tabhsh a better defmed band (Flg. )(3) Based on thls 1mpr0ved
:”*f;s-N relatlonshlp the fatlgue l1fe of unsymmetrlcal plate glrders

-'*~¥?f;t;gwas then estlmated from the web plate bendlng stresses.

-

'“”iffd;us1ng the new method Two data p01nts were added in order to es-5 ffe75*’7337°5'f

It was. observed that the amount of the lateral back-a ..*flf“79*°°“““'ak

'°°fojfjfforth movement of the web when the web is subJected tO a certaln
'“°5f§ii€fffload range was 1nfluenced by 1ts'Max1mum Past Load (MPL) s es-f'

z‘”7€ffihfpecia11y,'WhengMPL had been aPprec1ably larger than the buckllng valueﬁ*

”°3§§5ﬁf}jregard1ng 1ts use is made. cffﬁ¢pg;{;&ff}fﬁffﬂi;j§fi*:jﬂ-?*” e

lﬁﬁﬁffdffof the web Plate.' The effect of‘MPL lS explalned and a recommendatlonlldwlxlw

-T°9ﬁffff}the 11m1t1ng slenderness of the web of unsymmetrlcal plate glrders

/ 081ng'the avallable 1nformatlon, a tentatlve cr1ter10n for 9;g{gf£ffiffr

‘"L%ffifvrecommended : Thls ls the medrfled slenderness ratlo deflned by

'oo!

h' L the thrckness of the web The numerlcal llmltlng values of B

are glven as a functlon of the y1eld stress of the web

P

whlch the panel has been subJected in the past

“Maxmmum Past Load" (MPL) of a panel refers to the hlghest load to fff{{fffffT77'

'Where y Ls the portlon of the~web~under compre331on and]f;§fﬁf§i;ilffh
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o 2  METHOD OF ANALYSIS

2 1 Plate Bendlng Stresses

Upon the applrcatron'of load to plate glrder; plate‘bendlng 'ldi;';'t"
"””elie;rstresses caused by a change in the 1n1t1al deflectlon pattern are. wg‘{ll“t}'i“
m“'induced in the meb ‘Foriloads smaller than thebuckllng value the'e.f'l-ft““
| change rn deflectlonpattern is of relatlvely llttle srgnlflcancet e

Howeverg for loads substantlally greater than the buckllng value

f*;””'the change in deflectlon pattern becomes QUlte pronounced Thiédﬁimfi7f7f?7l€*7“"

"'péfﬁi restralns the plate from rotatlon.p It has been ShOWn that prlmarlly

the web plate bendlng stresses are respon31b1e for the fatlgue crack

}

deve10pment(). lhus, 1t becomes necessary to determlne the magnltudefs;”f'

P>

77f;7;j. and dlstrlbutlon of these stresses at the edges.-lh :'fwwii;f“hb

In the followrng sectlons -a method of ana1y51s for bendlng e;*}ihibl
N stresses at stlffeners and flanges 1s presented Thls‘method‘isw

i .

more accurate and more,general than those used by other researchers( );9~-

The process for computlng the stresseswmayAbe~summar12e 1£nf'

the follow1ng three step5' |

m -direction perpendicular to the boundary by

P°1yn°mlals PaSSIHg through the measured de-f:ﬁ:;?fffift;

flectlon p01nts.,=pl1°5” ‘




“1;f§ffh:{ﬁfs2)l Boundary\conditionscOntrolledbythe elastiov'“

jﬁfﬁ 2 2 Web Deflectlons and Stresses Alo_gStlffeners

,;Qf ener ‘are generated as a result of re31stance by the stlffener to the

'ﬂ:propertles of the stlffener or flange are im-

?"77¥'posed to solve for the unknown coeffrcrents. ;:lfifﬁff;f;j}fﬁﬂj7f”

**53;13)13The P01Ynom1als,‘w1th now known coeff1c1ents;ffw7o3."' |

‘;;_;;yn5fare then used to obtaln the curvatures for

'°"f54?jf§gf]¥,comput1ng stresses.p;y.f”;ff,ofgpﬂgiaff%gf.'

As stated above the plate bendlng stresses along_the~st1ff-~ﬂi-

rotatlon forced upon 1t by the web Solutlon for the plate bendlng

”‘Wiig,fh, stresses is obtalned by requlrlng that the equ111br1um of mmmentsfd'ﬁ W |

‘"¥§ff of the p01nts where plate deflectlon is measured and of the co-p'

‘%gfﬁ ordlnate axes are glven 1n Flg. 3a.

and the compatlblllgy Qf_rotatlons atwthemstrffener-to-web Junctlon T

‘ be satleled e :'l"":.tﬁ; t,;; - :: r .

These conditlons are shown in Figs. 3b and 3c.g Locatlon

Because the stlffener together}régiﬁgnﬁpam,

'?f w1th a portlon of the web 1nclosed by~thewst1ffener and tne weld

the two s1des of”the stlffener. ‘because of the hioh +ea- Q%Li7s

of the stlffener agalnst lateral deflectlon 1t may be assumed that

e ey e

the stlffener remalns stralght and thus w = O for p01nts at the

centerllne of the stlffener._ The va11d1ty of the latter assumptlon
| SN IR SEN |




e = i e e L W i
B o | A . T e il

.A.‘.,\ E

'ffis discussed tn,detall in Ref 1 (Page 12) As a result of these as-e*hfflfh'j’

4Jhbisum9t10nsg the deflectrons at the toes of the weld on the left and

;ffqﬁwfn;hthe rlght srdes of the stlffener are glven respectrvely by

&f’.’ﬁ,;e,'e.,J:':":bf,(zolb)

where e lS a POSltlve quant]_ty representlng the dlStanCe from the toe

uvzfifi,bof the weld to the centerllne of the stlffener and e 1s the angle Of

—

thst of the st1ffener..'W1th the angle between the web and the Stlff-ﬂﬁ}'

'-*smive ener remalnlng the same before and after loadlng, the compatlblllty erggfg]ﬁ;:fhf

'”i7hif'¢ond1t10n is hfjjfffﬂ~7ffiji}fji{{;j;i;gh;fJﬁigisjb;ef;}-?”

'where w. ls‘the change in the out of-plane deflectlon of the web De-;bT*”

'"*ﬂf flectlon W 1s obtalned as the dlfference between the deflectlons underr;f[jgfffﬂ'

the maxnnum and minimum loads el el e g e

. B 3
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It is 1mportant to keepaln m1nd that deflectlons on both 31des of the
'*7“§{jj‘ stlffener are referred to the same system of coordlnate axes.; Sub-fh:
stltutlon of the compatlblllty condltlon of Eq. (2 2) ln Eq. (2 1) h°'mﬂfff;¥:ff¢" .

gives | _'.
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Next the equrllbrlum equatlon for the stlffener-to-web

.‘?:f_ff__i;:wjunctlon at the toe of the weld 1..s .derrved Des:.gnatlng the tw:.st- I

ing moment in the stl.ffener by mt and the plate bendlng moments to

S .':'?‘?.v_i.'i'.'the left and to the rlght of the stlffener by M JL and M ", respectlve-.'i

i 1y the equatlon of equ111br1um is eXpressed accordlng to Flg. 3b b}’

e e T A At P

RN Le e o o

PR PN o s .

Pon . S DAY .

' I [N .
. . .

er and V L are the shear forces at the toe of the welds to the r:.ght :

| and to the left of the stlffener, reSPECtlveIY-

For the stlffener the relatlonsh:.p between the tw1st1ng moment

and the tvustmg angle 1s glven by (a’P 163) )

b T e o ate o saa LT T e e

!;j o _ -
= S
e "*f".ﬁf}j.'where EI and GK are the warpmg and St Venant (Pure tors:.on)
EE T "’""i?f:"‘f'fffr1g1.d rtles of the Stlf fener. Slnce the stlffener cons:.sts o.t ——.tw0~ -___, —

| narrow rectangles, ~the¢..warp1ng r1g1d1ty becomes Vnegh.g:.ble and e L

L 4 E&l (2 6) 1s smpllfled to - S

e The neghglblhty of I Sho’nld}’ibe‘ studled 1fst1ffeners areof some CEemen
other shape° | S T I R " |
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i"fL§§}'f Neglecting the effect of the portton of the web lnclosed by the weld

3 §;;§§fﬁﬁfgw$lon the torSLOnal rlgldlty of the stlffener the tor31ona1 constant

’*¢K for a two 31ded rectangular stlffener 1s~~

_ bs= ﬁath of a 31ng1est1ffeher( : : |
f_tsl=th1ckness of the stlftener V ﬁ “:m ; 3
_ 'h,:=th1ckness of the web' | | % ;
:zteée;:hf~Thé\Plate bendlhgwmoments areélven by() : : B -

- where; O R R

o op=—ER plate flexural rigidity

tﬁh*='web plate thlckness
; u:°ﬂi££4;”3}e modulus of e1ast1c1ty (Ybung s modulus) Ahfhit;';;?h;i“e*ffﬁﬁeff'
- Aﬁi:;QféﬁP01sson s ratlo ‘w'»:~iiff"h“t'¢t'“:‘»“xffdte"‘l.i}"e‘wfamh
»v?The effect of’curvature in the dlrectlon parallel to the stlffener,ﬁt;fjfw;f;;h;;h.
,a » Oon the bendlng moment 1n the d1rectlon perpendlcular to the ?
-aya'. | | . | B L |
In a more reflned ana1y31s the weld and the neglected portlon of the
) plete may -be lncluded Also, a dlfferent formula should be used 1f
*1j stlffeners are of some other shape |




stiffener M B has heen shown to be neghglble for pomts close to -

R S

' reduced to

“the stlffener sP,,i % Thuss thls effeet shou].d be even. smaller for S
| ’ |

- '";""-:,’.71“’Poz.nts at the toe of the weld Therefore the tem v ‘é’i in qu (2 8)

R

.lmay he neglected The express:,on for the plate bendmg moment is then

- T LY e - T L. oL . L R . - T ST IV SICHES NP SRS I SR IIE SUEE L et A T e e B e e e '
- LT L . R S ,J\ e R P T e PR R SRR P N R T : : \/ S i . ane

. :1"

Substltutlon of Eqs.. (2‘“2) (2 7), (2 9), ’and (2 10) 1nto

e Eq (2"’ 5) y:.eldsm one- Qf..,,the -boundary concnt:.ons at the stlffener |

(2 v)e C— "(’ (2 v)e = o= T
| ox ay o =Wyl

+|e —= 4 %

...... = e S ”8”{_ R I
" _,_m ‘ As shown in F].g 3c the deflec ted shape of the web__ form a_ o;_om,o ::_.__ .

. partlcular level of y 1s exPressed on each s:Lde of the stlffener by ]

» a Pe]lynomlal Passmg through the pomts g:.ven by the measured de-;jﬁ:{, =
ovf';‘*'f."f";,}-~flectmns and the points dEleEd by qu @ 4) The order Of each -

_ﬁ;"lpolynomlal is equal to the number of measured pomts on J.ts \ iy

. -~",".t;7;; .




B N -

”o*ﬂ]£f7tdtﬁSBﬁQtiveridew?1us4one:wrFor“the glrder shown in Flge 3as'w1th n gfi7fd%?“o°55"? 

N _:h_dﬁ fod;rfj  and m oolumns of measured pornts on the left and on the rrght srdes

n~{lt7j?2f;df2§;3 of the strffeners respectlvelys the polynomrals for the J th level

pff-ffjhfﬁfi?f;fﬁ‘ of y are of the followrng general form |

;-7""?*l”???"+51*7*f7”5”“f;‘rf-‘55"55'.2"5’5““", "3d+r*:i‘~2'¥§'*pf’”?f‘if

L @) =r. +r. x+r x4 ',,' + r. &R, 2y
R AT FY S P U IR J,m+1 N

f
|
|
|
i

‘;pgggﬁ;where J refers to the J th row of deflectlon readlngs and varles from. ?-nywu._%

L
Pt e

'Jd“foff{ffl to s,ié?and T are the unknown coeff1c1ents of the two polynomlals A

dytfd ffff;;?d;;1;§°n the left and rlght SLdes, respectlvely.' It should be noted that 'sfaisiffafj;x‘

;:tr;:jjfgiffmigfjeon both srdes X refers to the same coordlnate system and approprlatefhth,ifff}hrgf¢

”:SdﬁidiSLEns should be used -and that Eqs.'(Z 12) Pertaln to the plate onlyf;;-ifgfih”*'

'j_{7ﬁ}f;fjf§gffffiand do not cover the dlstance 2e between the toes of the welds. ,’__,;_;;5;5,;3m,;
R s U UL e e D T e e T T R ;;;p;ﬁfﬁ?iﬁfﬁﬁyﬁff*ffgfﬁ

"7*351}fffnat10n of the (s) (m+n+4) unknown constants L and r. The solutlon

;”°*5i*fPr°@eedS by, 8enerat1ng“a—sef~°f“slmu1tane°uS*llnear """" ‘equations. - °f7’??ffi;£::;:fii£

”;?ff(n+i§ equatrons are produced for each row of the measured p01nts by Ld3“;47577lr'f1?

‘nt__jfdi,:dhfﬁigslsubstrtutrng n deflectlons to the left of the stlffener and the

:”&d;idefleCtlon glven by Eqn (2 4a) into- Eqa (2 12a) Repetltlon of thls'eﬁsuffhif:ﬂwwjf:

"f":}‘.v*';_';process for each of the s rows of measured pornts gz.ves (S) (n+1)

fff“;%?equatronse_ Slmllarly, the pornts to the rlght of the stlffener |
(2 éb)s and qu-(z IZb) yleld (s) (m+1) equatlons whrch togetherf?f

W1th the prevrous equatrons result 1n (s) (m+n+e) equatlons° The




‘.“ “»

7}9ﬂrema1n1ng (?&ﬂ equatlonS“are“obtalned from the f0110Wlng boundary con-x«hf:ffh*“ﬁ

hih%f;ht'ditions~.

OC 1 The contlnulty of the slope in the x-dlrectlon at the |

SLEiE Tl toes of the welds y that 1s,

'i'”*effhif B C 2 Equ111br1um of moments, Eq. (2 11) "h;f;Qfg}%f%;;?unidi;f;*dahiﬁ”iﬂ
Imp031tlon of B C 2 however 1nvolves the second derlvatlve

1d?if{¥?of the deflectlon along the y ax1s., Here 1nstead of u31ng contlnuous ]&;}T?7f7fﬂ

;ﬁﬁh*hidderlvatlves, the f1n1te dlfference formulatlon is employed Us;ng ‘«ffffjfhfffdﬁ

?5ti€¥llvar1able spaclng ci'tofc;;;'(Flg. Ba), the fOllOWlng expressxon is v'hjdfjfafiffhfg

",—rzderlvea.~~A;,apiiz"-v.e;::a“f~~,*:>,~sgf}=;*i¢:ff:«,1474;¢<>;~i;;e«::341:i:5;a

A substltutlon of Eq (2 14) and of the contlnuous second and thlrd i %
3 mﬁwm_'»derlvatlves of the deflectlon funétldns of Eqs. (2 12a) and (2 12b)-- S 5
T ?ﬁ;ginto Eq (2 11) for each locatlon glves the—equatlons—needed to_wﬁe}ffidfffifff%ii

e Voo S e e S e e e e e

U81ng the deflectlon functlons of Eqs. (2 12), ndW withdd;ih?r<A'.s

'“v;g;;dknown coeff1c1ents, the curvatures, at some dlscrete p01nts along




e
————ommmr — R
DR - s - o

of these funetlon.scr Then, the bendmg stresses m the plate are

the stz.ffener ean be eveluated Slmply by takmg second denvatlves T

As can be seen 1n Flg. 4a a flange may be treated as a R IR

stlffenermththeweb”plate connec té_d .bn- one side’ °ﬂn1>"-l. BY drOPP lng

""‘A“'"i.tﬁemﬂ;fand' "_ere terms from Eq. (2 5) the equ111br1um relatlonshlp

[for the ﬂange to-web j’ﬁﬁ‘ctlon 1s derlved |

15??“:.;»_{_"‘}f':EQuatmn (2 16) can also be formulated dlrect ly from Flg 4b where the o

. ‘.‘._.ifequz. llbr’lum cond iti 101‘1 at the f 1aﬂge tO'Web JunC tl°n 15 - ske tChEd

Flgure- 4c~—1llnstrates the compatlblllty of the angle of

"'-""‘th.st of the flange and the slope of the web plate Wthh assummg

a rlgld flange to«aweb connect:.on can be expressed by

P e e e e ———
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it

; ﬁ‘L A r —— —-—_;-—-_—n_; s o oy Saag AT

| L — ” H_—u-L 5 i) -
e e e T

e constant slope lS assumed for the dlstance from the centro:.d of the

Here agaln, because the flange and the portlon of the web 1nclosed

by the welds ha.ve htgher rlgldlty telattve to the weh plate

. ‘ Slnce the overall bend:.ng moment of the glrder produces ’
an ax1a1 force in the flange

163
(2 3) 1s modlfled tc::(8 P )

the tw1st1ng moment express:.on of

s b T

v"« B

=g area of the f].ange |

II

“12 mement of 1nert1a of the f 1 ange about Lfs cen-

meme nt of mer t 1a of th e f lange ab out 1ts cen-’~5 ~~

ettt s T L R e T A R e ey ST Y A e T S e

tTOIdal zﬂax1s i ,w;:;;g;fg_g:t_ ;yneh;:ﬂmﬂgjﬁ??b

'e
ff/3

3 width of the flange i .

.;}_QJ 'tr01da1‘x-axxs-"'

lﬂ

_tthkn?ess | Of the flange - i

h
"




. lined in Sectwn 2 2, the "boundary condition for the fla%ngeetdeweb

. .19 |

on ;’Eﬁffff:,j.',Therl_‘ ‘,:..:._[fcifllow ins._f f_a’ --p'_r'o:c7edu re similar to the pr ocedure ex- =

g e e

it
“\"v .




3 SPECIALIZATION OF THE METHOD AND MODIFICATION
- e R S OF BOUNDARY CONDITIONS T

Efuﬂdll‘:‘szﬂ:'~* Appllcatron of the method descrrbed in Sectlon 2 2 for cal-.ff 31"d":*

'"“7v0fcu1at1ng plate bendlng stresses at a stlffener requlres deflect10ﬂ

“’3ijimeasurements to the left and to the rlght of the stlffener. ‘For somelgw??ff"
. flfifffffj?gjfrpanels of the two spec1mens of Ref 6 one column of deflectron read-«w*:”"1r°’f’f'”

. l7{;fﬁfffi;ffi§fings in the nelghborlng panel‘was obtalned and the method could be-,ff;iﬁf?ffi'

"flff?employed for them However, for most test panels no deflectlon |

i*é**r?fif%f}ffftfreadlngs were taken on the nelghborlng panel 81de Of the Stlffener
'"“°7f?fbecause of the 1nterference w1th dlagonal relnforcement bars and the

M%Pif?lﬂmethod had to be modlfled A foed boundary'was assumed at the stlff-f? £ffff"’*

T S Tl Ml S, e e e

L S Yt ot £ —
) . .t : e )

”?».jﬁff7ener and the accuracy of thls assumptlon was lnvestlgated bY comparlngfﬁrfdlvwﬁaﬁ

i : :
1 B
e

'°}"? ffl7the resultant'bendlng stresses w1th those obtalned by the more genera1f7I 

e T Ty T

““77;ff§3;1l78tresses;at*StiffenerSffg,*l”“‘w:]:

:’g“ifﬂfTraqgverse Stiffeners'ﬁn'

g e ,_1:"P91Yn0mials.“ For the test panels w1th one column of deflectlondmea-w:ft3éf?f*¥7'7f

35??%?i£75#éff%{_ ~surements 1nwthe nelghborlng panel the%eonfigﬁration*sketCHEEfinﬁ:i”xTi&ﬁ

|
1 - - _—M—h_f_g‘llﬁm‘_ AP
|

T B - = — e > T R T T R e T TR S N e L DR I AR A T o EEYPONENE -

For the sake of dlstlngulshlng the method of analySLS presented 1nififf;e5r3‘:
~ this chapter from the simplified methods described later in this e
chapter, thls method W1ll be des1gnated as the "general method" r;,s,»g;¢a~: |

_.g\, ‘ .




stresses W1th the exper1menta1 results., The bendlng stresses for the

e e ——— . o T
Fig 5 wrth three columns of deflectron readlngs 1n the test panel AAAAA o
7hﬁ7}fif_ was used, and the polynomlals of Eqs. (2 12) were speclallzed to  §
o _. | . S ] -l
.' 3 4
D S LR
W) ST, 4T, x4r, x ——(3.1b *
- ( J')r jo- i L - Je ( )
‘”f,'ThépnnknownucoefficientsLJi‘andrJl were """ determlned by the approach
‘‘‘‘‘‘ explalnedeln Sectlon 2. 2 The bendlng stress at the toe of the weld |

was: "he“ given by Eq (2 15) with x. =e

Accuracy of the method was checked by comparlng ﬂhe computed

S points at whrch straln gageS'were located were computed from.the

o~ -

welghted average curvature over the gagewlengths and compared w1th the

stresses actuall& measured by the gage 'The‘equatioﬂ'for_the-Weighted%;p“*" .

average gage sfcéss 1s "'}Vd”ﬁf“ff" U e e

i
|
z

: ‘”Fiiplf?;,pafg;sf:(lgva)“‘rkg I SRR o e s s N DR SR

TRt g o f e e R R BT ¥ T L T T e - : : :

P SOV U S ISV OO I VOSSN S

+ e —

S g e e

“fﬁifﬂ; where xi~and xz are the x-coordlnates of*the gage ends.i In Flg 6 hsiéif'fjh~h*

'*f;; the calculated and measured stresses at stlffeners of the tWO symmetr1ca1

-




Jwthﬁ;{;wff“*Plate glrders (glrders F3 and F9 of Ref+ 3) -are- shown by~ solld llne“ T

*‘f“ i"lf and 8011d dOtSs respectlvely For both glrderss the oheoretlcal and Avg{eflf'°vww

experlmental results can be seen to correlate we11 ‘f“l'[f“’w '

To check the assumptlon of flxed boundary at the stlffeners,v

_k;gailiifthe bendlng stress dlstrlbutlon along the stlffeners w1th deflectlon
"””;ﬂ}freadlngs on nelghborlng panels were—calculated treatlng the'web as a

o ,,;cantﬂever- A graphical representation of this model is shown 1n o

y’*f?ffgfffshape of the Web Here agaln, because the stlffener together‘WIth
‘*ﬁ7gff;;the portlon of the web enclosed by the stlffener and the‘welds has
“‘f”ffiff;mUCh h1gher rlgldlty relatlve to the web the p01nt of f1x1ty'was

"ﬁfﬁffassumed at the toe of the weld Thls model w111 be referred to as :

\"ijfgfallQW1nggrotatlon»ﬂ. However, 1n the reglonoof the nwm1mum.bend1ng

‘“7"Boundary Condltlonﬁl" orwanan«abbreV1ated“formas_fB;Q,lﬂll~¢ frf;;ffjgo_ogQQq, 5

In general the bendlng stresses obtalned assumlng f1x1ty

it N

'ﬂm£7r5;;stresses along a stlffener, B. C 1 cons13tent1y gave hlgher values._hf7ﬂhﬁf5§?f5f7°

hﬂFor checklng the method ‘some test results of symmetrlcal plate -

_____

A,_s”7n¢;;girders;testeﬁwatLehlgh Unlver31ty‘were used becauseuthe strain-- G
“i"W*{fgag681mgrenlocatedgcloser~to the toe of the weld thanfinfthéfun-;efwfefw~

Tf?::;jsymmetrlcal specrmenseof Refueé andwthus the—check'was ot greater
‘~«-sign1f1cence - - S | » - -

This accuracy may have been good only because the stlffeners of,
the two girder specimens were proportlonally larger than those b
normally used in practlce | - , SR -




another model was se'vfoiff!ﬁffff7'*

*iLL,MMWIO compensate;for the overestlmate

't:ifffleCted (B C 2) by movrng the P01nt of f1x1ty to the—face‘of the ,ra’l°~f et

f;“strffener (Flg 7)
t‘ffffgave a- eioser estlmate of the max1mum bendlng stress to that computed

‘ffirby the general method

7fffh}}the stlffener) was’ used forwbendlngmstress computatlon

«_;f?fdone in

As 11Lustrated in Flg 8b thls new assumptlonvi;; ;e¢_:;5_;:}

_._g

Based on the above flndlngs, B C 2 (f1x1ty at the face of

ThlS'Was;gg;ﬂ,”uu

order to make p0531b1e the computatlon of bendlng stresses

-hjtfhfat the stlffeners w1th no deflectlon readlngs 1n the nelghborlng panel }”'

’Tiifwl tudinal stlffeners showed that the s1mp11f1catlon of assumlng the -

. .'.\/-

stresses along longltudlnal stlffeners-

plate to be flxed at the weld toe (B C. l) or at the face of the   1w

stlffener (B C 2) led to a conSLderable 1naccuracy ThlS 1s 1nd1cated
in Flg 9 where B C. 2 glves substantlally hlgher values in the reglon

of maximum.bendlng stresses than the general method Therefore, the

genera1 method was conSLstently used for the determlnatlon of bendlng .ff?i

B o
. - ) .

ssstone

3 2 Stresses at Flaqg_s

shown ln Flg 10 was employed Accordlngly, the polynom1a1 of 4fg
Eq (2 123) was mOdlfIEd to f_jo;‘rf/“'” }f shf' ff

For computlng stresses along flanges, the conflguratlonffjf{éﬁqgJ-n




»°"*f,3thpon determrnatlon of the unknown constants {ji’ the bendlng stresses7;f e

| verecomputed from B4, 215) withx=-e.

. o eyl -

i e 4, + L 1+ L x4 »L x* - (3.3)

For bendlng stresses along the flanges, a sumllar study t°rf{rhj7j’

'ﬁ?ff3ifgeneral the same as found for the stlffeners, that 1s, B. c. 1 and

”“fjffffcomparlson of the bendlng stress dlstrlbutlons uSLng the general method

’hff;ffr‘sake of slmpllClty, B C 2'was selected for bendlng stress computatlons

ikf*d7that descrlbed in Sectlon 3. l'was carrled out -The results were,-Ln,fjﬁ775iyf7 |

'%%5fffii7B C 2 gave sllghtly hlgher and sllghtly lower stresseS, reSPectlvely;#fi?ffh““ﬁrimw

if*ffdfain the reglon of max1mum'bend1ng stress than the general method Ae“frt55gﬁﬁ'ﬁ&id?

'"7;?ffﬁd}B’C l and B. C 2 1s made in Flg 11 for a typlcal flange For the ,‘lté?ﬁa?iéiih

It should be noted that although B C l and B C 2 proved

"'d;to grve acceptable results for the plate bendlng stress analys13 at

ffnot recommended to be employed'unless the1r accuracy can be checked P

h”‘~f;fhfthe flanges and transverse stlffeners of glrders of Ref 6, they are';l7’hi;hhﬁlnyw

B T T e T e T e i
",“3&3?@§e1eCtionfof Loading-Range'fOertress“ComQufationam}wﬁ:rxfif"' ,

e Ine general purpose of fatlgue studles is to establlsh a

hﬂ*‘*relatlonshlp between the stress range and the number of loadlng cycles*ﬁ“;—°‘

‘”'-hneeded to 1n1t1ate a crack the S-N‘curve B In the most of prev1ous |

e fatlgue research the stress range was taken to be dlrectly pro-'l'

‘ ,“porflonal tO the loadlng range HOWever for Plate glrders, the e el




- 'ﬂ""_'-proportlonal to the loadlng range° lt 1s some nonahnear functlon Of

5 "'V"A}_.geometry, 1n1t1,al defomatlons magn:.tude of the J.oads, etc. u

"7'!‘ caused by the change in deformat:n.on pattern whrch lS not dlrectly

u the buckl:.ng value of the panel the out of-plane deflectlon Of the

"""*_"],ﬁ;panel becomes _more and more pronounced and the deformatlon pattern

stress range of lnterest here is the*change ur plate bend:.ng stress

In the course of the study, 1t was observed that the change

:':'..1n the deformat;l.on Pattern of the web dePeﬂdS on the ‘maximum 1°ad to
| ";V;iwhich the web has been sub_]ected in the past the max1mum past load

- een. e St

o

Thls can be eXplalned by the degree °f 1°C31 Plastlflcatron :

of the web under the act:.on of the MPL | As the load lncreases beyond

S "f,]f‘j'deformatlon Pattern Th:Ls change in the 1n1t1a1 deformatlon Pattern e .1

S T - : el o

- "-_"changes to- conform to the load:l.ng condltlon. In consequence due to
the change in curvature local yleldlng occurs at the boundarles of

the panel After unloadlng, re31dua1 stresses form 1n the plast:.f:.ed

zones and restraln the panel from restor1ng 1ts 1n1t1.a1 (or:.glnal)

A f;fidue to the MPL of"the Panel may be seen in Flg 12a where the out-—of- —

.,s_

plane deflectlons of the web are plotted under zero loads before and

a

-'f»r_,kafter the g:.rder was sub Jected to the max:.mum 1oad The amount of

[P i -

of the panel and 1s thus smaller for panels w:.th a smaller MPL The

change becomes much more pronounced :.f the panel 1s loaded far beyond

1ts bucklmg value, POSSJ.bly close to 1ts ult 1mate strength where the

the change depends on the extent of plastlflcatlon along the boundarlesﬂw‘f“f




lhbhhyielding aPPears also at other locatlons w;thln the panel for'exammle,~i[ffbiftfhf

udd»‘along the tensaon fteld ThlS is seen ln Flg lzb Where the lnltlal
"outwof»plane deflectlon of the'web lS compared wrth the outeof=p1ane

"’fd'ﬁdeflectlon of the web after the panel has been loaded tO the ultlmate

thls case the new deformatlon pattern has no

z" resemb1ance to the 1n1t1a1 pattern ;b,p

In Fig. 13,_a plot of 1oad versus lateral deflectlon of a

'”??ff;po1nt on the web is shown.- It is apparent that the change in the

ﬂ&‘lateral deflectlon of - the P01nt under the range of loadlng SPec1f1ednjphifﬁfﬂ37f*'

>#Uhffh;f;there 1s conSLderably smaller 1“ the second loadlng cycle than.ln

'hhﬁuffhificatlon.of the same 1oad1ng range the change in deflectlon of the dhfﬁlliffiif%ffi?

'Jdéthe flrSt loadlng cycle It may also be noted that ‘upon reaPP11-_;gﬁ_;e;»%f-»rfv1

Nhff;polnt remalns nearly the same prOVLded thattthewmax1mum~load d@%a-. :
n””“ifnot exceed the max1mum»past load (MPL) The 1oads of 27. 5 per cent ;5 775h"°'Jd
f:i;j;é;;;faand 55 per cent of the ultlmate load have been used as representatlve

L e ' v - | - | | ' - B uf ‘
"-,ffgjgﬁppfruof the mlnlmum and max1mum worklng loads to Wthh a glrder may'be S

e sub J ec ted ( )

'fhfffjnens, because of very hlgh slenderness ratlo 1oca1 yleldlng'was B

“'*rff;;;observed along the boundarles of the panels even at the worklng

“myﬁfi?:;?d* load of Oa?S P Q; Thls 1s 111ustrated~1n FIgS‘mlé 155‘16 and

for panel UG 5 J,~ Flgures 14 15;”and 16 show the contour plots """

of the 1n1t1a1'web deflectlon, of the lateral web deflectlon'under o

140 klps load and of the change 1n.the lateral web deflectlon due touf77’"5”




Lﬁtfﬂefwunder the‘workrng load are 1nd1cated in Flg l7a by the bendlng stress ;fff‘£;

wﬂiihtarles of the test panels and also because the permanent change 1ni}f57“W$”$}yw
”3ff{ifh?the lnltial deformatron pattern (such as formatlon of the ten31on
"”’fopiffield) could be expected in such slender webs ‘even at the'worklng

*95"ft?ffload the selectlon of the deflectlon range from the flrst path of ht?ihfiﬁicf7?7h

‘"*fﬁfffa;bendlng stresses, therefore A1t was de51rable to have deflection Lo

»fthe appllcatlon of 140 klps load respectlvely The bendlng stress 1iff}ie;f?fif?
¥ h;distr1butrons along the left stlffener for drfferent load ranges are f'

?plotted rn Flg 17 Stralns larger than the yleld strain of the web

- ?stresses larger than the y1e1d stress of the web

':Vloadlng seamed to be unreallstlc ,Forjmore.accurate-analysiséofjthejg;;,;qgtﬁft;;

rusa

Because of the exce351ve amount of yleldlng along the bound‘*'«tff;f;f“””V

L LIy N N A-' - o . - \: . & ., o . G . . - - S - 4 L .

"“**fo;]loadlng range from.the ultlmate load was avallable as the more ac-<ho;jf53ffﬁfﬁ“

"**”;giipﬁcurate data than the flrst loadlng

v‘ﬁdlffffreadlngs durlng the unloadlng of the panef"after 1t had been sub-.;f;fii?j?g’*"h’
hk?“:effjected to 1ts worklng load Even more de31rab1e would have beenA

';°’ﬂifdread1ngs for subseQuent loadlng cycles h In thls study, only the un-;ff?f:;;?iﬁfffh

SR el e cna

5 ..«~.-.»~—-—~-‘ e

’lfifal deflectlon are Plotted for a number of d1fferent P01nts on the f'-;ﬁftfiffff?77 ?

w'“,ifff;panels.Although the loadlng process 1nduced locallzed yleldlng andﬂ-w?:;;;%?;¥¥;r5

In Flg 18 the unloadlng portlons of the 1oad versus later-ﬂn,]’““”

}':non~lrnear1ty3 relatlve 11near1ty is observed for a11 p01nts durlng

'n;.]fhf'cOf the change in the deflectlon for the whole unloadlng range (from,ph"”ﬁfiwfhh

'd‘ﬁ;7 ]fthe ultlmate load to zero load) was used It should be noted that o

”'f_;the.unloadrng Thus9 for the stress range calculatlons9 27 = per cent ffff:;ﬁéin”27’

. A S e
R . :
R
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‘°'§uecause the MPL of thE”panel'was P that 1s, the max1mum 90331b1e
 the results. are to be regarded as an_underestlmate @f the bendlng
'jﬁfstr@sses whlch would normally be 1nduced in the web under repetltlve  r

Worklng load '4    :',;7{ff9% ?i¢};f{if  ¥}i;i2;?:f;i}  
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. 4. DESIGN CONSIDERATIONS

[ Prev:!.ous Work S

pa

?entatlve de31gn recommendatlons based on experlmental re-p{7'gjfg*f¥fff

7"¥®lf»;;"f1uene1ng the fommatlon of the fatlgue cracks have been 1nd1cated as

e ;;”f}-j_-,f-the foMom,ng 1) the magnltude of 1n1t1a1 deflectlons of the web,

of the Web deflectlons under load 4) the correspond:.ng plate bendmg o
é"ﬁ""'.m'-.'y,;-StresseSa and 5) the properties of the web mater:.al in terms of the

;__"-...‘,f stress-fatlgue 11fe relat:l.onshlp() -

-'?.sults have heen suggested for symetrlcal glrders The ‘f‘ac-tors'in‘-*f»;,".-- Lo

;2) the magnltude and range of loadlngs 3) the change of the magnltude;T_:"v-;»-

Conservat:.ve 11m1ts for slenderness ratlo s have been sug--. ,

"L’:;""< ‘7»:.-7“..‘j?gested for hybrld() and homogeneous( 2 ¢ symmetr:.cal glrders as 192 for o

*"-imr"‘»ﬂ':f‘--zi‘”:"_7.;"'1.”";inlt:.al Web deflec t:Lon has been proposed to be( )

A36 steel and 36500//m ,' respectlvely Also a 11m1tat10n for the
| - ~\) S TREN e s T

L » _r, ':— el e i , - '_.._. o r_’_:.u:._..,r,e_.: e j___ ...f_,,.:vv. .,,T' el e ‘;. S _.WV.,.,r S gttt S T e

shows that about oneathlrd of the panels w1th slenderness rat:.os

‘h

A plot of the relat:.ve 1m.t 1a1 web deflec t:|.on -h!: versus the_,’f;?:_f;?_-:

-  ""A-’A‘"v--}.:-’i:’i--:-,’[‘fjv»'fslenderness rat:.o -13- for symmetrlcal test glrders (Flg 26 of Ref 2)?]

S t:".-‘-\_greater than~2@0 and —relatlve 1n1t1a1 we‘b deflectlons less than 2 d1d |

s

L ;.',__,,’fjrfi;énO"t faﬂ. when su'b Jected to repeated loadmg over 2, 000 000 c}’cles.

ey 190forA36 steel, -




This and a 1ack of correlatlon between the bendlng stress and the

’7‘f¥5}iffé78ymmetr1ca1 glrders.,f .

v.slenderness ratro whrch was observed in thrs study (Sectron 4 5 2),;j,r,,14j:,rr

et )‘h——v—'-——"

"°*Ttdﬂ'~web deflectron alone cannot be used as effrcrent 11m1tlng deslgn

“*;loadlng parameters should be taken 1nto account

| In thls study, the effects of 1n1t131 web deflectlon, _bi;ggffgi;;nr;;gw_

:'°”4sﬂ}presented in the followrng sectlons. In the process, ‘the proposed

'“"*ﬁTffstress computation method was applled to unsymmetrlcal as well as

‘ I —— P el
— — 4 rie s oy r——

Vf7fV; ycriteria to Preclude fatlgue fallure,_ Other geometrlcal as well as %fﬁ%lt;?:d:'il

"fﬂffslenderness ratlo,,and the change 1n.web deflectlon pattern under T

:’ioverload on the fatlgue strength of glrders have been evaluated andlﬁi?;;fi;fjf*;b”

',f:_;fftdﬁzg4 2 Effect of In1t1a1 Web Deflectlon

S o . | o | | ‘
'3fwé£70f fatlgue cracks(”) However, as p01nted out earller in Sect10n13

LT L ST A_f“fdﬁff‘
The relatrve magnltude of the 1n1t1a1 web deflectron tl=7

“fdeif:?fhas been 1ntroduced as one of the factors controlllng the occurrencejfffffeﬁif§§ﬁ7

3;

'*l°7;;5ebecause of the Part1a1 Plastlflcatron of the-web Plate the defor-fffwfﬁagiiékéhifgﬁ

"’?fg;*parrson.w1th the 1n1t1a1 web deformatlon pattern 1f thejpanel‘was

~ .

dddjmation pattern of the web under zero load would be modlfled 1n com-t f}fﬁf7

’“V}fiir;fgthe fatrgue 11fe The new deflectlon pattern'whlch develops after

7fti;7floaded beyond 1ts”buck11ng value in 1ts past lrfe It mayibe thus'A;QJL;QMAHA%x:“;

;Qex1strng before the grrder ls 1oaded may have 11tt1e srgnlfrcance on

‘fffiiﬁfconcluded tbat the magnltUde and pattern Of the web plate deflectlons




T

’ fused as the baslse Some of the pYGVLOuS rnvestlgators have, 1n fact
e o . () |
‘USEd it as the 1n1t1a1 web deflectlon ~~~~

| . . RS e _ "';fcf”“
The new deflectlon pattern can be influenced by the actual

”dlj:*vlyli:‘initial deflectlon of the web plate’ However,'as shown‘in’Flg .12b

h;'fcln cases where the MPL conslderably exceeds the bucklrng value thls j}fﬁf;hﬁ;ﬁf:**h

lQllf.effect ls‘negllglble | ltlshould be’noted that ln sone panels,vlnitl;nlhb]dsfl
:Wthh local plastlflcatron'does not occur under loads of practrcallﬁ
.slgnifrcance the weblls llhely to malntaln 1ts 1n1t1a1 deflectlon

pattern In thls case the effect of 1n1t1al deflectlon on the de- fj;;f“*"'

velopment of fatlgue cracks may be of d1rect SLgnlflcance :Hdwever,*ﬁf¥7*5’“"

for thln'web plate glrders this is very unllkely

| | Therefore,’ 1t is tentatlvely concluded that 1f the MPL of

a panel lS suff1c1ent1y hlgh to change the deformatlon pattern of _ jf,¥;£ff§j;:f;

"*“7?5fbh:” the panel SLgnlflcantly, such as when it exceeds the buckllng value 7?795???

- tne 1n1t1a1 web deflectlon of the panel cannot be used as a rellable _;f;fff;

' criterlon for controlllng the occurrence of fatlgue cracks._ghﬁyy,efg*435¢¢¢,nr,v;.

i - e T i »

'7ﬁjj}f4 3 Effect of the Change in the In1t1a1 Web Deflectlon Pattern R e
due tO Overload e T T L “

— et o The s,

-As noted 1n Sect1ons 3 3 and 4 2 a permanent_change 1n the %?ﬁffﬁffffiffi
’“5““5L11n1t1a1 deformatlon pattern of a web ls expected 1f it is subJected tofbp;;;;;;;;m;¢~
”'"**f[a load hlgher than lts buckllng value | It was also observed that thlscli;f;j*P"'i'

S permanent change in the 1n1t1a1 deformatlon pattern tends to reduce




"'t"diilG@dﬁrange c@nsequent1y9 an 1ncrease in the fatlgue strength of

'f"f;fzvpanel may be expected after it is subJeCted to an overload GWPL)’

I} "c*¥w¥ff:fb%i.“whrch.1s hrgher than the bucklrng value | It should be noted however, -

N ey,

*‘that s1nce the change rn deflectron pattern 1s such as to conform to

:dn'the type of loadlng R the 1ncrease 1n fatlgue strength is p0331b1e
B kh;ﬂfflonly lf the structure is subJected malnly to the same type of load-"joifwwﬁdf'
A“I;t?de-ing all through 1ts expected llfe If a panel is to be subJected to ’

'"97fd1fferent types of loadlng, 1ts deformatlon pattern W111 change each

:-_»ftlme tO confom to the ‘new ]_oad],ng cond:_t:.on In thlS case lt 1S

'7j4ff1ess 11ke1y that overloadlng can merove the fatlgue strength

It may be concluded then that overloadlng of a glrder fggtr,_.e

panel 1s-benef1c:al to- 1tsefat1gue strength, prOV1ded the panel uiil

””tj:tffff; be malnly, subJected to the same type of loadlng throughout 1ts

ser Vl.ce 11 f e S

is*nmPOSéible“t¢fdire¢t1Y}¢$tab1iSh;limits of~slenderneSSV¥atio’for'ffffﬁffﬁ°

. L pe—— ‘\__.%.———_-

“*fifﬂj:t unsymmetrlcal plate glrders.t Thus, the 11m1t set for symmetrlcai e e

g;rders 1s tentatlvely recommended except that the“controllrng ffxﬁﬂ"

Slenderness ratlo ShOUId be d&flned Somewhat dlfferently. T

."._;A.‘ -‘ -

1

"Type of Loadlng" 1s deflned as a certaln comblnatlon of shear and .

‘z mmment and may be represented by the ratlo %%*;'14'“‘7'0.v*1f_;@fr"'h'it"
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It has been reported that the fatlgue cracks caused by

»T:fffrrf;the flexrng of the'web are usually 1ocated in the @Ompressed por-?*Vh"°d

"“tﬁ’tioﬂ Of the web< ) Thls is srmply because ccmpressron tends to

e s —

N ———

’73ffff7fftampllfy the deflectlons.~ On the other hand the tensron to the

””"5*5}f }other Slde of the centr01da1 glrder ax1s, tends to reduce deflectlons
1455?:;and thereby reduces the Possiblllty of the occurrence of fatlgue ti'

‘“7;ﬂf;;5;cracks.  It follows, then, that the portlon of the web depth under i;ff;;:;;;fgggwc

hhlﬁﬁi]ﬁcompre331on should be a more 1mportant factor than the full depth
jh::erdﬁfizéhgff““i““lmmltlng the slenderness of the web 1n order to 1nh1b1t formatlon f;;f;;fhlﬁ

 ”7fﬂ of fatlgue cracks.. On thls baSlS, 1t 1s suggested that

| be used as a controlllng slenderness ratlo rather than the slender- LA

d"*Viiihihiv ness ratlo for the full dePth ?;5:1-»

Vifri:;’i?hh;(4}3);}u,fl?"d“—'

e s

SRR T L e e
. ‘, . . "k > Vo N .
. . - I . s t - -
' M . . ,, . .
4 R o F e el .

e y= port:.on of the web Gepth under compresswn RN AN

Equatlon (4 2) reduces to Eq (4 3) for symmetrlcal glrders.;;hif;fi“”

The 11m1tat10n glven by Eq (4 2) should be further 1n"c';fw

)vvhif?}h vestlgated for the case of pure shear or where the shear is domlnant

rd .
. o L

e .
Sl L
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 ‘h’fg}i4;5;siQst.Results‘for_Uh§ymm6trical'Girders,h

Nine panels of the two unsymmetrlcal glrder spec1mens

(UG 4 2 4 5, and UG- 5 l to 5 6 of Ref - 6) were analyzed for the

plate bendrng stress dlstrlbutlon at the web boundarles. Thelresultsff?ffywm B

| | avepresented taTablel. T e

QT7As,discuaaed“in‘Section_3.3.va loadjof:27.5 pér;cent of'thetf?’Lffj*gfpja'g
. . )

h”77?ffjﬂunloading'range from the ultlmate load to the zero load was used - _fhf;;;;;;;i;p?

//

E"7ffff for the bendlng stress calculatlon Hence the max imum past load

;t OEPL) of each panel.was equal to the ultlmate load HoWever;zsincefpgjjgf“ff"”'"‘"

""°“5;¢£fgglrders used in Practlce are not normally subJected to an overload fh_fff}ﬁ?’**ﬁw”"

7*f5fffespecially of such a magnltude, thelr MPL'may be assumed equal to

“’*7*5f;;the1r maximum worklng load P nax and the range Of 1oad1ng to

P - P:. Consequeﬂtly, the change in- the 1atera1 deflectlon offflffdfiwﬁfm

“”“Vf?Vf 27 5 per cent of the unloadlng range may be expected t° be smaller ffizéééifféfﬁddtd'

"ﬁl“lf5ﬁff;»than the change 1n deflectlon due to a loadlng range of P hwé P‘“Jfll7if;??5953?}7'"
LT | | | | | DR ‘max - ~min..

"37f”&:iwhen,the MPL is assumed equal to P aX Also, the web thlckness andlfpffvnwma,,g,,,.
- 773t1ffener s12es of ‘the two test glrders were somewhat dlfferent than”id%;fsz{;f?ff'

'hﬁ7af those that would be recommended in practlce., For-thesefreasonsyﬁthébffi”*“****““”'

‘-ff;jftest results of the unsymmetrlcal plate glrder speclmens could not

*»fvj;fpbe presented as examples of the expected performance of an actual

T rIﬂgemglrders Nevertheless, the observatlons presented in Sec-fmfﬁi?;!fff%lifiE{%?m

Jopetey

“aenin

“fi;?f?¥;{i;txons 4. 5. r~—4 5*2- and 4—5 5’can serve to draw Sone practlcal con-

jan;QQ;Q;;jQQﬁclu31ons. 5.‘gs'f];f;357“’l

It should be kept in m1nd that a fatlgue 11fe of two mllllon -

ag e

;7?;cyc1es of repeated loadlng is usually recommended as an acceptable

e - . .
. e T T e T e e oo Bty
B AR AN S oy e s F"."_F
R L . S Sy
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' "fe“lﬁmitérnycurrent*practice Thus, a stress of 24 ksr, correspondlng

“"*;f¢; "sto 2,000,000 cycles in Fig. 2 was used as an indicator of the safe <

or unsafe nature of the calculated bendlng stresses of the two un-fl S

iB 11 7f;f;;f“l?tsymmetrrcal plate glrders and the panels are categorrzed as: "safe"“*h'“*
"*“_gh(S) or "not safe" (NS) in column 9 of Table 1
Ii;f'7"vff5fiff?ffd 4 5 1 Stresses at Flanges and Horrzontal StlffenerS'd'

I o T — _ S

The maxrmum bendlng stresses observed at horlzontal stlff--

eners and flanges in the compre551ve portlon of the web are 11sted

in columns 6 and 7 of Table l, respectlvely For three panels the

highest stress was 1n the tensrle portlon of the web (1t is glven in

| U e e

the brackets) Thrs may be so because shear was the domlnant portlon

f”;yf7l10f the loadlng as 1nd1cated by term.lig the ratlo of the moment to otfff*7ﬂ_ﬂff-

';r;svfiif;{f;l,shear%nonsdrmenstoﬁallzed by the web depth Although the max1mum

stresses observed do not correlate well wrth the modrfled slenderness;Jﬁ77“”f'“**”
ratio Bu the fact that the stresses correspondlng to B of 1ess than

200 are smaller than 24 ksi- 1nd1cates that the pr0posed 11m1tat10n;o

for~B is conservatlve ,-i“jllja ;;ngsgff5;fg_;c;jg; J

Et”fTiff}ffléj lower than at the flanges, thls 1s due to the smaller torsronal r1-_1°d vd '

:_tgldity of the horrzontal stlffener and therefore smaller rotatronal

. la '.4
: H i

“idhiiﬂrn;rrrrestrarntmof _____ the weu.wlffff“fdf%i” _ficf”*mg'””

4 5 2 Stresses at Transverse Stlffeners

The maxrmum bendrng stresses observed at the transverse

”‘ffstlffeners 1n the compre531on portlon of the web are llsted in




”"viffpin the tensrle portlon of the web Parentheses rndrcate that the
"hh;stress*was in the nelghborhood of the anchorage of the dragonal rein',paffa"*°*
-“"rr5_forcement bar and therefore mlght have been 1nf1uenced by local ,"fefffff5: 

’t*efﬂ;dlsturbances there

";ffhcolumn 8 of Table 1 Brackets lndrcate that the highest stress was )'gf;;ffijfff’““

”!'Vfr?iil;ff%j5?filéj;F_’ Relatlvely high stresses occur at most of these stlffeners el

|
'J‘ﬂ,may be attrlbuted to thehuse of large.srae stlffeners 1n‘the;test uf;tivgij.gdh“”
-.f-:‘}:j‘;'~'~:,‘,'«.::~‘""girders and consequent]_y " greater rotat:.onal restrarnt Of the web i S

f ' thanpmay be expected for-nore conventronallylSLZed stlffeners..Irpﬂzslivge{;f{{igf
follows, then that stlffeners'w1th greater rotatlonal rlgtdltYWOHId.‘.

lead to a reduced fatlgue strength of the panel

yhijd{iiif;l;g;;;;regardless of the value of the modlfled slenderness ratlo B, - Thls ffﬁ;};%%{f?%%rwf

4 5 3 Summa_y of the Results -

In summary, the fOllOWlng observatlons were made';”57;ffﬂfffhffliff‘7"

; 1) Although the proposed 11m1t1ng B was found to be ',r°*’jn"7;f'71’,

, A’f conservatlve, a lack of correlatlon between the j;;:iiﬁiﬁ};;;fgiifff'

bendlng stress and B was apparent

-

n’“”ff7f;;;fgf 2) The stresses at horlzontal stlffeners were rel-:'giffff7fs71s?7¥~“

e D at 1"e 1Y 1°W_ . ,, —_—

| . - - g | _ |
[| o e : - B ) o 5 S B v R : ',T- = —**- T et e — e ey - . e L — o

%.c-:~~-\gr,.ff‘ivp“~'u 3) Strffeners w1th greater rotatlonal r1g1d1ty lead

11[ to a reduced fatlgue strength

RN
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 81on.e8 although coﬁservatlvé cannot be used as éfflclent limltlﬁg de-°
T5 f fsign crlterlé for preciudlng the developmedt df fatlgue éracks Othér~ “ ."'
“{’factﬁrss SJCh as the type of loadlng 5%3 aspeétvrétlo a, -relative i
TACOﬁPréSSlVe Pbrtlon of the web depth i,s,and theﬂgeometry of stlffené£éf

A';ffshould be 1n some‘WaY taken 1nto account
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5. SUMMARY CONCLUSIONS

TR e b Sy o e e e Y P G T try e Tt

A

"”Vfiping stresses., The SLgnlflcance of these stresses for the fatlgue

“fstrength of the glrders was evaluated by basrng 1t on an approxrmate}lff;fmef;kf7'”

i AND RECOMMENDATIONS

- An important type of fatrgue fallure whlch,ls unrque to'h

'l%[ daweb plate when the glrder is subJected to repeated loadlng., In an

AL

RS S

VS,

inbf;f{ffplate grrders 1s the development of cracks due to the flexrng of the:fﬁTf%{ffifftfp"
'?E h_attemPt to tentatlvely study thls tYPe of fatlgue'behaV1or of unsym-f7"'"fnh‘

'Qfo;;,metrlcal plate glrders, statlc test results of two full-scale unSYm-'u;Q;;j;;ifff'fi

ﬁﬂ?jbcfldmetrical glrder spec1mens were used for the ana1Y31s of the web bendegfvdhfk;Jfﬁ

:ftstress-fatlgue 1lfe relatlonshlp (S'N curve) PreV1ously ebtalned for’§f3f?ffhf}f}ff?

SR CETY e A
: o
I

L
o

An 1mproved methed was developed*for‘carculatlng the plate 7’li£ffﬁliif

:ft*fﬁin order t° make it aPPllcable to the test glrder panels as explalned;;ejd'bxl

7:‘,‘in Chapter 3 The results of thls study are presented ln Chapter 4

'*ff?ffdiiof the web, and of the load hlstory of the Panel on 1ts fatlgue be-ipffﬁfiifF“"'“'

“'ifhaV1or are dlscussed

";“ff;;bendlngwstressesfcaused by the change in the out-of-plane deflectlonsejf:ffl77f77

"5L:ihfof the web and 1s descrlbed in Chapter 2 The method was spec1allzed,5"bwﬁhhxﬁbnv“ |

'“*Tdfbfwhere the effects of the 1n1t1a1 web deflectlon, of the slenderness x

: '*55#ff{fgirders, the follow1ng conclus1ons can be drawn°»s~»hﬁ-

Based on the test results of the two unsymmetrlcal plate

f[@glrder spec1mens and the 1nformat10n avallable on symmetrlcal plate




:h dEf}:!1 The 1n1t1al web deflectlon of the panel has 11ttle

';“hi» effects 1f any, on the occurrence of fatrgue cracks

. e
B ,.w—“*—___*_._

than the bucklrng value

~igf;di2“ The use of large stlffeners tends to. reduce the

©Recommendations: . o

fatlgue lrfe of panels.,h_j*{f"

:7,h,f It was shown that the desrgn lrmrtatlons of Refs 2 and 4

although conservatrve in most cases, cannot be used as efflcrent de-

31gn cr1ter1a and that in some cases they may even result 1n an un-»

ﬁf the panel has been subJected to loads greater _77}?CT”*f*f*'““'“

safe de81gn Thls is the case, for example f°r Panels w1th trans-dﬂg;¥?%$¥f?ff7

's__.. '

verse stlffeners of hrgh tors1onal rlgrdity It ‘was also observed

. . . . Mrrcnes . L, N N .
L . . .

‘{;tifhlUU that the load hlstorY (max1mum past 1°ad) °f 4 panel 1nf1uences 1ts

fatrgue strength The followrng recommendatrons are made from these

e ~._ - )
v : ;
. i

findrngs'"h'
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