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AN 1000ESTlGATlOIO IIITO THE IIITEIlACTlOIO OF FlAotG[S 
AltO WEBS 10 VIOE FlMG£ SHAP[S 

Don.l d l. Johnson 
s.nto~ R,s"r<h £n9'nttr 

Butle,. ","u(.cturl"9 C~.", 

Duf'ln9 till !!ltd 1970's seY,r.l ,,,11 Selle test! 'Wfr""e rut' on ,1p!r l_ '1',,1 
rigid fr.MfS It tt.e 8utl,r' lItesun:tI C'nt,r and the ruults Wr, "0· \,, ' h· 
f.cto~ when compared to predtcted v"uls usln9 the A1SC Sptc i f1c. f~~\ 
It appeared that p~turt 1',n91 buckling WIS occurring In I ~rtto" ~t 
the roof belm with high depth to wb thtctnus rltlos cOft'lbfn,d wft'" '" ., 
width to fling, thickness ,.,tl0S. To tnvtsttglu this pl"'oblf11" • \n;.\ 

of tests W!:I"'! perfonned Of! MIllS .tth hIt rutos r.ng'n9 fr~ 7l to : -~. 
dfllll!nstons of the test MIltS Ire ubul.ted In T.bl, 1. All be.""S w .... 

IS ' -8" long and supported on rollers .t each end. ThIrd po int IOid;"q 
WIS .pplted by ttyd,..ulfc cyl'nders attached to guSSft plltes .". Ic"oj '.0 
the bottOil n.nge It 60 tn. fl"Ollt ttdl support . The t.., be.'!IS wt r-... n 
the 1:Ime depth wfth the wtb thlckMSS of the .Iddl. thfrd u ctfO" ...... '''d 
to obUln the r,n91: of hIt .,.lfts. To pr-ennt t,tent bu,,;1t"9 ' ..... t"!1 
( compression ) n,nge WIS braced viOl. hortzonul .....o.r- fre~ 0 -.~ .. 
vertlc.111 but restr.lned in the hortzont., dlr'f'ctfon . rh~ ou .. .. -~ 
sect tons \1ft" df'sf9Md to prevent SMU fa"ur-e . Results of th ... .... ' 
ue listed 'n T.ble 2. 

The f.llure ~e observed 'n the be .. tests •• s the s .... s In ~ .... Ia'd 
f,.ame tests. TM ft,n9t and web rotated about. longitudinal ., 1, c,,'''
dd t n9 wfth the flange .nd web fnteructfon. The flan9f! .nd wth .... '''· .... 11 
the- f r 90" relationship. A chKk of AISC sPKiftcattons .g.ln "," .. ul~.~ I,. 
uncQl'l5erv,the predfctfons. T"., sections of the Specificat i ons .~d"''' ;'\ 
th fs ,re. : - 1.10.6 Reductton fn Fl.nge Strtss· .nd - Sect ion C-2 ) ~""\' 
Reduction Factor - UnstiffeMd cCIIIPrtssfon Elf'llltnU-. Us l n9 botll "·' ·J't~~ 
fn the C~lrtson .tth tested v.lues shown In Table l . 

In • "nt~ of the l1te,.,ture. Ref. II upl.tns that In dfovel OCltl'lg t .. .. 
bucld fng equ,ttons fn these two sections buckttng coefftc1enlS {~ w .... .. 

If'1) f tr.,.t11 selrcted to "11 .bout .Ict.'1 be-Men 5flllPl1 supparl .. d 'l'Id 
ft .ud .long the supported tdge:. This "sulU fn the USU!BPl ton ,tI, ,"' .. 
two elements. fl,nge .nd ~ •• re to Sa-I degree suppe,.tln9 e.ch ot .. • .. 
But suppose one of the el~ts h.s Insufffcient stiffness to p"ow'd. 
even ~t"tmal support to the other eleMent. obvlouSl1 th, crttl c. ' buc~11"9 
$tress .'11 be- l~er. "ith this .ssUIIPtlon it wuld u .. renotl.bl. "0 
deve lop Ms'gn fqUUlon,S wiUt k IS • v.rl,ble, and sfnce bt.'" ta i fu .... C,"
not occur untO the ft,n9t falls Ute cdttc" buctltn9 strtU v fll tI" 
calculated for the flange. ~tnntn9 .iUt the butc uprtuiOft '0" 
e ),st'c buckling stress: 
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Since this only .ppl i pS to tht el.stlc buc~ltng r.nge • t,..nsltlort curve 
must be provided (0" the 1"'f9 10fl be tween the Eule r curve Ind the point 
whel"'f strl'n hHdenlfl9 CCl""eI1Cf'S . The tr,flsltlon cv""e Ny be tlleen U : 
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We now have two eQU.tions for p~fct1"9 buckling of the fl,n q. ".1 4"d 
[-6). For I given F the only v.,.hbl,s ..... bIt of fling! ."d \0-

sider-able I"tSl.rch hls been Cortducted on the value of It for ,1 1 . ,, ' 
plates .. tUl vlrytng edge Support condftfons . The cues of fn·~".·· .... .... 
.,.e ; (I) one edVI! free· opposite itdge fbrd -me ... It • 1.277 ,"1 1 
one edge fre. - oppostte edge pinned wher-e It • • 425 . In selfc ' ", ~ ~ 
value for fling!: bucltltng. AtSC took whit wou l d appear to be I ,. .. o;· ... v .. -
tlve value of 0. 7 (-t"""1 bttwem the fixed Ind ptMtd edges . •• ~ .. ' 
p. 301 'nd Rtf ... p. 534). However use ot .ny v.lue of It gre. t .... ~~ .. 
0.425 I$SUllleS reU,..tnl r,.. the wb and It is nonna11y nstJl".~ '1 ... • I' 

Vllues lus than 0.425 would not be possible. But If the hit ,.,,' , 
t~ ~b 1s .llowed to tnc ..... se to the point th.t tht w.b .dJ.c· .. • . ~ .~. 
c~ressfOft fl.n94t beC(WII!S unstabl •• it is not unruson.bll" tl) .\ .. r" 
thu torston.l buckling of ttle fhnge could be induced wtt" • ,. ...... '''l 
eHec.the It ulue of len thin 0.'25. Ref . 2 dHcrtbes r\ p"' .... - .. .. toy 
Stowell .nd lundquis t In this .roe •• nd the resu ltlrt9 ch.rts ",.., ... 
v.lues of less than 0 •• 25 .ltttough the sec.t lons stlldtrd ~,.p " rot 
sections. 

By solving (qUltlons [.J Ind [·6 for It 9f~n the upert~"hl v .. l1J"· "., .. 
F"r/Fy from the test daU ..... ange of k values cln be cO""Ovt"d .... - ..... 
shOWn In lIble.. An upnss10n for It WIS then de ... ived IS II fu,. .... # 

hI t as shown In Fig. 1. The expre-sslOtl 

" . 
seemed to (It the dill. 

The ,,"cedIng appro.ch to fhnge design has been used by our d" s~,:;"f'''·. 
with good success, h(Jlljlfver, It hIS been suggested that the r,n 'l" 0 ' 
parameters used In the test progr_ was too nul"'OW for the con , I 'J'" ''''; 

to be .p"lfed to bealllS with hIt ulUf's In excess of 200. Thpr,, 'I')"" 
euly 1985 I second test progr. WlS under-t":en to extend th" h I .. t·",. 
and con(t~ Or .adtfy the p"vlous rtsults. Figure 2 shows th_ D~"'-~ ·· " 
distribution for the two series of tests. In order to achieve H ...... 

Quin!d hIt .. lues thirty foot long be.as we" fabrlctted with d"r'~' ., ' 
20 and 2.· and notIIln.1 0.10 web thtc.kness . Sft Tlble 5. The bf."~ • ., ... 
loaded with (our COnc~trltM 101ds through gussets Ittlched t o • .., 
bottOftl flange . 

The r"!sults of the tesU WIre sl.tt .... to that o( the: ffr-st serf- .. • '-.1'" 
that the sections wfth very low bIt values (7 . 1) showed no ht<1 f,,,, " .,... (1 # 

10(11 buckling Ind (Inure was by I,te .... l bucltltng. "SIJO'\"'!,)r1 0" . ~ .. 
results is given In T.bl. 6. Afte ... Includfng these Iddlt lon.' ''' ~''. " 
the dati bue and rtlnllyztrtg (or It the! (ol1owlng exPr"!ss to" ' 0" , ", \ 
derived. see Tab!. 7 .nd Fig. J . 
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In order to put t"" -"Mil" r~ \U1 \ frt lh~ v - fo""" IS t~ AI SC AptH"nl1h 
C. sfl [ .. 1 ,.QU" '.0 fy 'lot h; r~'ulh 1ft : 

o - -~[-'--
tl(1-u'H b/l)' ry 

o • ~)." : .• . 2.9,QOO __ ~ 

11( 1_ ", J: )(b / l) 7r 't 

2_6W_ .... 

(b/ t l " y 

([ ·9) 

(E-IO) 

(E·II) 

' n th~ t"terrsl of ~1~1tc1ty (n 1n Ai st C2-3) thts "" be "ephcf'd with 
I straight lln~ ,~~ 

Q • bff::-
1.793 .. . OO3!'l9 t ... ? 

bf'; , V,' 
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We now have" .. ,.t 0' I"l'luatl on\ ,hat coold bf' direc tly substHuted (or 
cu rrent AI SC Sg"ttf 'C~ lto" ~ 

It • . .05 
(hi') .-' 

• 9S/ff < bl' < 195/H 
0. • I.Z93 - .00309 ~[f 
who. bit' 195/ R 
Q, • 26200 k/ [',(bit) ,] 

A COI'Ip.,' fson of the test "lul U .gai nst c ur rent Aist s£)feUI,." 
and the proposed s pecf f fc . tfon fs shown f" fibre 8. 

REFERENCES 

1. S.lfllOn .nd Johnson . ·Stee l StrvctU"S Design and BehavIOr ., . 

J . Johnston. 8. G. -rht ColUin Rese.~h Guide to Otsfgn C,.ftp~ 
Met"l Compress i on MttrIben- Second Ed ttton 1966. 

4, Beedle. et .1. ·Structur.' Steel DesIgn- 1954 , 

. , . 

5. AISC "Specifi cat t on (or the Desl9n F. br icatlon . nd [rf!ct l" .. . r 

Structur.' Steel (or Buildi n9s· 1978. 

6 . Ohall •• nd E"re"a · Uns tfffened COIIIPreSS fot'l Elements or I-'fql
Strrn9th C. rbon Stee l" 1968. 

7. AISI ·Spec Hfcat1on 1'0" the Destgn of Col d·FOr1llfd St,,, 1 
Structural Membe rs · 1980. 

'" 

,I 

J 



-
' 00 

0 B 
r 

t • Y 
'0. 0.. h Wldt" flo \,' .. ., "9 hIt 

1A 12.00 5.23 0.1 83 0.066 55.10 176.3 
2A 11 .02 5.23 0 . 18) 0.(,)C,7 54 .00 114 .0 
) A 11 .OQ 5.23 o. tal 0.016 5 4 . 4 0 154 .2 
4A 12 .05 5.22 0 . 183 0.07{, 54 .70 153.7 
5A 12. 10 5.'23 0.18 5 0.106 5 4 . 30 110.7 
6A 12.07 5.22 0.1 84 0.107 55 .30 109.4 
7A 12.07 5.24 0.183 0.159 55.10 73.6 
SA 12. 00 5.2 3 O. J83 0.159 55. 90 73. '2 
9A 12.10 6.42 0.27 8 0 .076 62.10 151.9 
lOA 12.05 6.42 0. 280 0.077 61.60 149 . '2 

0 8 hIt BlZt P r , 
No . O-oth Wi d ' ''' Web fig UI t. Ult . 

lA 12.00 !' . 23 176.3 14 .3 a . 80 4 1.57 
2A 12. 02 S . 2) 174. 0 14 .3 8.10 4 1.10 
) A 12.0" 5 . 13 154.2 l 4 .3 9 . 10 4 1.00 
4A 1 2.0~ ~. 21 153.7 14.3 a . 90 4 1. 39 
5A 12.10 "i.73 110.7 14.5 10 .3 1 44 . 82 
6A 12.07 5 .22 109 .4 14 .5 10.25 44 .56 
7A 12.07 5.2 4 7).6 14. 2 ) 1 . 90 4 1.90 
SA 12.00 5.2) 73.2 14 . 1 12.27 49 .16 
9~ 12.10 ~. 42 151.9 11.5 17.29 46 . :n 
1.A 12.05 6. 4 2 149.2 12 .0 19.50 52.23 

Table Z 
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8/Zt •• 

'" ,. 
14 . 3 
14 .J 

.. 
50 •• 14 . J " 14 .3 

14 .5 
.. 
OA ... 

14 .5 
14 . '2 
14 .1 
11.5 
12 . 0 

J t 

• 0 
, , 'I" 'I" .... Itt4la '" om ,It. I 10' ,., 

lJ.OO S . U 17 • • .1 1 • • , .,.'" O. ttl o.nl 
n . OI S.U 174 . 0 It.' 61 .10 0 . ,1) O. 'S6 
1 'J • • t S. U 'S •. J 14 . , n .• ' " ,-. O.'S" n . • s S, U 151 .1 It .) f l. " 

o. ,_. O. 'S) 
12. 10 s. n Uo. , 14 . , " .n t . OOO 0.'" n .OJ ! .n lot •• u .s u.~ 1.000 0 , '44 
U . 07 ,.,. H , ' It . ] .7.'. 1.000 0 . " 4 
n ." ' .:ll 1]. :1 14 . 1 n ." 1.000 0 . " 4 
It.l0 6 . 41 nl.' 11 . , 41 . 31 0 . "] 1 . 000 
11.0' ' . 41 Itt. 2 n.' !1 . 1l o.,u 1 . 000 

hot1, J 

0 • No . o.ptlt hIt bl2t C.1c 

lA 12.00 176.3 14 .3 0.341 
2A 11.02 174 •• 14. J 0.337 
JA 12.09 154.2 14.3 0.352 
'A 12.05 153.7 14.3 0.340 
5A 12.10 110.7 14.5 0.418 
6A 11.07 109.4 14 .5 0.40) 
7A 12 . 07 73 . 6 14 .2 0.474 
SA 12.00 73 . 2 14 .1 0.515 
9A 12.10 151.9 11 .5 0.241 • 
lOA 11.05 149 . 2 12 . 0 0.351 
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