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The data on aluminum alloy beams presented by Hessrs.
Eoore and Hartmann are valuable additions to the results ob-
tained on stecel besms by the authors. Unfortunately, the data
on the sluminum beams give only the ultimate load with no indi-
cation of the load at which the beam would become useless due
to excessive deflections. As already stated in the paper, the
load at failure has no significence except that of being a
measure of the toughness of a beam after it has passed its
usefulness. In struectural design the load at which the deflec-
tion exceeds the maximum permitted by the usefulness of the
building must be taken as the besis of estimating the factor
of safety. Since all the aluminum alloy beams had depth-thick-
ness ratio of only 25 and less, bucikling of the wedb would not
take place at stresses less than the yleld-point atreaa_or the
materisl. No information 15 given as to the stress in the wed
&t the yielding of the beam, consequently, Hessrs, Moore and
Hartmenn give little support to their criticism of the authors
recommendation that the average wed shear be computed on net
area (ht) rather than on the gross area (Dt). The observed
stresses presented in Fig. 24(b) do not necessarily represent
the stresses which casuse ylelding of the beam. Professor ¥Yest-
ergeard has shown {in a paper unpublished as yet) that the con-
centration of shearing stress at the fillet between the wedb and
the flange of the beam may become significant for beams having
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T'Palatively'éaail.fiiiéﬁao“ffié;téi‘aisé shows that»tha~caa—:'
'gated atrasses at tha yielﬂiﬁg of the baam, instead of- baing:.;
'gfeater, as theg shauld aeccréing to %essrs. &aor@ aathartw_ i
mann's éisausaion, are 1388 thaa th& yialﬁ-naint atressas ar»
the wed. mate*ial. ' E .
| @na~ha1f ol the be&ms veﬁarted bya&esars, ﬁcare and
Eartmann failed by what has baan termed web erippllng.- An'l
: inveatigatian of teb-ari,pliﬁg was also earrieé out et L@high i
" University with the emoper&tian of the ﬁethlehem Steel Cam—’
pany and 1ta subaiéiary the iecliatie-%arshail corgsratian,

'..at the time of tha tasts of v&b buckling. ?he results were .

_:net 1&31&&@& in the pager iﬁ order to make a ﬁafiaite éistinc-
ftian basweeﬁ the two. trges or atreas c@nﬁiticn. ?hey are '
therefcra presented heraﬁith. ‘.. _ S "

‘ Feb arinpling is princi&ally & laeal f&ilure groduaed
‘vby-&xcmaaive eompreasive St?ﬂﬁﬁﬁﬁ, aﬁd t&a prmhla& of praveat»
iag its Qacurreace is most . eamﬁon in tha ﬁes*gn af structural
ﬁe&ms supyarted on seat angl&a.‘ “he &im er the inv&s ization ?_
>A':ﬁ&3 to estabxish the str&sa at sﬁiah yialaingAdue to web crigw-'

"wiing ‘took ?1&6@0 | ‘ ' ' i
The- pregraa laciu&eﬁ tha taating of six Betbleh@a L

'VHAB 22-58 ral&ed be&ma, rour ar which were eut rrem the sams '

section end two from aaat%er sectian¢ Tae inrarﬁatian fer -
'fAthsse beams which h&d &a h/t ratio of about 52, is givea in

: %able,III. Threa of e ) beamswggpq éegiggaﬁ,torfail at- t&e ﬁ:*



-

‘paint of appliaatian af the loaﬁ and she other thrae to fail
at the supgorts. The na&inal bearing langths were ? and 1l -AA
inches for the center railures. and q-1/3 ané 5—1/2 1nehas tor

"ehe end fallures. . . e ' ’ A

In order to. prevent railure ﬁue to end twistiﬁg,.steel

, ylatas were welded 0 the battom tl&nge at each end nr the

beam. In eaeh end plate, et a height even with tha top rlanga,

thare was a slet vhich serVﬁd ae & buiﬁe for bars wcléed‘to the v ”

ceriter of tne top rlange._ This arraﬁgement, ‘as shown in Nig.zﬁ
.;' allowed the top flaﬁge ts'deflect vertically but r&strained it -
from moving laterally. S | o

_4All the beams were snpgarted ay rollers ‘and laaded at
o the ceater of the sgan. A roll&r was also us@d for the ayplia
catlon of the load for beans Ho. l and z, but a upherical
“besrinz blecx was emplnyed far thils gurpese in ‘the te$ting ot

' the remaining four beama. Steal bearins Qlﬁteﬁ of the proper B

lenvth wersa nsed to- traﬁsrer ths loed from the reilers and

'bearing block to the beam. vertical ﬂeflectiogs ané strain -

" gage observatiana were $aken on all beams. Except for Bean

No. l. all beams wers whitawaaheﬁ berere testing.,

Strain 1ines 4n the wab egpa&red at bcth sunperts at -
& load of 115,000 1b., snd at the center at a load of 200, ooe
| 1b. At a ‘load of 130 000 - Ibay the strains in Beamuﬂo.l 1n~
creaseé greatly; 1ndicating that the actual yielé ing af the
5 bgam oecurrsa, ?he strains‘gbae:vadkat a,gqint,ﬁuaadiaﬁqu



'above the flange in&ieate that the yleld point of‘the
naterial in the ueb YRS raaghsd at consiéerably leter lcaés.:
ﬂoraver. this lacal yielding did not have aay erfect on tae
beam as & whole. The hean eontinuad to tak& laaé until a
maximna of 202,000 lh. was reacked at thich tims the web
Griﬁ@lﬁﬁ at the end, a8 &heln 18.?13. 27n“ ’

B cmpming the &etml bearing léngth et ths mot
et the web 1% was assumeﬁ that the stress ‘was distributed

:'through the flange Gﬁ an angls of 45' " The total bearing

~ length thus equals ths length Qf the bearing'plata plus

tuice~the thiekasss at the rlaage at thﬂ root of the !ebg .
The %hickaass of the flange was measureé by mirrcnsters at
a point next to the rillet 'Y} indicateé ia Teble I. | fhe |
loagth of th@ bearins'plate tas»a-ljﬁ iﬁeﬁas at the supparES'
vhere the beem wes deaisnad to falle. The eaapreﬁsivé stress
at tke root of the Ieb at the 3teld point of the besn was
50, 509 1b. per aq.in., uhich @nﬁparaa vsry wvell with %he av—
erage tensils yield-psint stress of 49,&09 lb. per aq.in. '
for the teb ﬁaterial. Tn& fnll yi@’ﬁ-yaint strass ar the
wed was thus atiiized in this heaa. '

Beam Ho. 2 was dsaigned o feil at the loaéing peiat‘
~ whers the leagth of ths bearing plate was sevan inahea. .
- Strain lines aypearsé at the supports at a losd sf 10¢,000.
lb‘ and at the laaéins yaint at 140.069 lb. Sine& the fail-

. ure of this haam @canrred at tha loading paint no ﬁefinite




indication of yielding could be obtained from the &eflé@tiﬁn

curves. The strain gage resalts'shaved thet the s&ra}nhinar

“ the ‘root of the web iacreaéed at & high rate above a load of

120,000 1b. The straina ne&sursd ‘at the center of ths web
'indieatad ay elﬁing at a load of 159 0@6 1b., uhieh r&s ;-;
taken aa,the yiel&-point load. of the beaﬁ. The besm contin=
usé to take load until a maxinnm of 923,906 1v. 'QB re&ebeﬁ.T
- at ahieh timu tha ‘web crﬂyple& at the leading point as shewn_
in ng..zs. | | | | |

At the yield gaint of the beam the waximam cma§res~z
sive stress at the roct of the teb ias ee,coe ib. per aq.ia.,
or the sane as the~t@asile yield-point sﬁr@ss of the web
meterial. | | - | S

3&&3‘56. 3 was ﬁesigﬂ&ﬁ tc-fail at’théfsugpqrﬁs #kéié
1en§%h ar the baarinz piates wag s—l/? inehas. ‘?bngraveat '
' faliure at the esntar, stifranur’ tsre welé&d to batk sides
of the wed at -this point. o

The first straiu 11ass apyaeraé 1n the webd aear thsrk
ecntar at & load of 6@,6@8 1%5. The gtrain lines ecatinusé
- o form end at a load sr‘lla Oﬂ@ lb. thsy'appeared in the
web az the supparta, Tha abaerve@Aatrains.inaiaateﬁjyialﬂu
" ing st a load of 220,000 lb., which was taken as the yleld
point of the,?@&ﬁ,‘wﬁiiﬁ.thefésflaétibn-cuxv¢s indicated
yielding at a load of 230,000 v, 4% the maximum load of
1231 SGQ Ib, the wab cvippleé at one of ha supparts, as -



: 6 |

shcwn in ?15. 29. The beariag plate ﬁ&éd for this heam wes
- too thin for erreetive distrihntion or the laad rram the
roller to the. rlaaga af the baaa and ccnseﬂueasly ecﬁtrihute&
to a eaneentration of: stress at the eenter et tha plata, eaus— 5
ing locsl failurs at low average stress. A |
- The maximum comnressiva strass at the kaet of the ueb-
wns él 000 lb. @ar 8q.in. at ths yi@lﬁ poiat of the heam. ’
~Tﬂis is. eﬂﬁsiderably lass than the tenaile yield—paint strass o
of 56 600 1b. per sq.in. for the material in the veb.
. As Eeam Xo. 4 #as designed te rfail at tha center,

atiffenera were nelée& to the web at the su;parts. ‘ ?he
: leggth of the bearlng plate at the eeater’ot thia beam was
11 1aches. o ﬂ
The tirst atrainAliﬁ@s ﬁppearea in the ueb at the
" supp:;rta at e load of 96,&9{3 1b. &nd at 120,000 1b. they ap-
peared tnder the 1oad¢ng.¢aiat‘ Tha-chaerv&ﬂ-strains gaﬁi--’
. catedsa yielding &t.é'iead‘of 216-660 lb.iwkicﬁ %aé taken és>
the yield=-point load. Tﬁe bea& continusﬁ za ta%a load until
~a<ﬁaximnm of 264, 400 1b. aas rcacheé, at uhich tims tne !ah f
‘erigplad at the center of the heam,as zhavn in !ig, 30. 'Thg.g
beafing plate was too tkia'élse rer‘thia.hégm.fer uniform
distribution of the load. - |



 ‘&t'fﬁe:y1e1&-poia§ ioaé'tha’iaximﬁﬁ7éaé§:esaive:
sﬁress7at'thefiéot of tﬁe web, :5&‘43,23&"16; per‘SQ;in;;
" which is eonsiéarably less than the: tansile yield-paint
stress ot the web nat&rial. o

Eean Ro. 5 was similar tc Beam ﬁb. 1 having a

vearing length of 3-1/2 inches at the sﬁmparts vhere it
- was dosigns& to faile The Tirst strain 11nss appﬂarad 1nf'
the web at the aupparts at a laad ot 60 600 1b, &né at tho
laaaing point 2t & 19&& of 130,00& 1&. The VQrtxcal &e-
fleetions as sell as the strsins, shousd that the bean ‘ ;
: yielaed at a load of 160,006’1b. A slight crippling of'thaf.
wed at the an“part tas noted a: 190 0@0 lb., aad at & 1@&&
of'zﬁs,ﬂﬁo 1z, the wed crippl@é. ' _ |
» ‘At the yield-point Ia&d of 160 9@0 1b. the camputadv
streaa at the roau of the web was 41,900 lh. per sq.in.,
vhieh eenyaras favarably tith the yieléngoint stress of
_44 6&6 ih. per. sq.ino for the web n&%erial. _
‘ Begm,xe. 6 was siailar to Beam ﬁe. 2, having a baar-
;A'ing 1ength.et seven inchea at ths laadiﬂg pcint.' As this
heam railaé at the ceater, the vertieal‘deflectiops indi-
gataﬁ that there was ne yiéiﬂing cr ths beem as & whsle.-
The etrainm curves, however, 1aaicateé a heaéing tsnéeaey_

in thé web at'&bleaé of se'eea lb.-'”ﬁe‘raté of'strains in-

*'1_ersa$sdssharnly at a loa& of 159 900 Ih, whidh was teken as

the y*alé~goiat of the beem. ?ha beam eentinueé to take laad



‘untll & maximnm.or 299 500 1b. was reached and et Shis load - -
the web crippleé un&er the ceﬁter.‘~t |

At the yielé»paint lomd of the beam th a~maximuw _

1 _f'cam@rasaive stregs at the root at the neb was 35,600 lb..,

1per xq.in, nhieh 15 very elese to - ehq yielﬁnpeint stress.
o 44 660 1b. per ag.in. for the web naterialo -

" Both .the flazural and ahaaring strasses were low ini.
all of thess baana, 30 there Weg no 1nd£eatioa of yielﬁiﬁg
f&ue tc these stresses. | |
4 _ 3ince only six.baams were tasteé in t&is inveatiga-
V-tieng no ganeral eeneluaicns ean bﬁ érasn. Ebwsverg she '
Tesults 1ndicate thet: ’
| 1. The appearamga of the rirst str&in 11&&3 haa
no relaticn ta the yiel&iag of the besm &s whole bat is
| indication«ef hign local szress. o .

2. *ha ccmgreasive strass at the reat of Lhe web
at the yield gaiat of %he béam esrresponds very well ‘with
'_.the tensila yieldupaint straas ot tne matari&l for proparly'

ides gnadlbearing platasa ” | ,
- 3. The yielding‘sas eaaaed by‘tae~cempresaive
stresaes at tha rcot of tne web.
_ The rallewing formal& m&y be used ia c@mpating
the GOE@tGﬁ&iV& stress at the root of the web* o



. where:
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»

= thickness pr flange’at‘eﬁge ar,rillat'i

compressive stress

’ load.sn‘bearing'ylaﬁe“

”thickneéé*cf web

length of hearlnsfplatg’i -
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