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SCOPE Or THIS REPOR
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All the beams}tested in this program were furnished with web “tlffene*ﬁ in
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réer to avoid crushing of the wesb at the lo“u _points-and-as-the_supports. In
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racticul application the use of such stiffeners at points of concentrated loads
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muld not only be uneconomical but alse would impair the versatilitiy of the elu-
sents, since stiffeners would have to be spaced on each individual beam acenri-
ing to the particular location anc loading.

For this resason it seemed essential to investigate the resistince of un-
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reintorced webs to concentrated ioading. The tests reported herein are to he

reg  2d as pilot tests ¢esigned to furnish some preliminary data on this ques-
tion and to serve as a base for more detailed iunvestigation on ecially desizned

snecimene. The specimens for this series of tests were cut from the heants A to

& preflvusly used for fallurb ssts of different types. The rangs of diaensiouns
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sz obtained vwas rather limited and, consegusntly, it i

e

3 believed thuat more teste

A

on shapes other than those tested will be necessary in order to widen the limite
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5t the investigation.
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22 tests were carried out, 10 of which wers made on single web beams and LT

D

N =
i double web beans.
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{1, METHOD OF TESTING

The specimens were cut rrom undamaged portions of beams A to . Vith but
one exception (B 2) the outside porblonu of these beuans were used, i.e. the part
1 fhe Leans between the support and the load point. These parts, in the formaer

~

teéts, were stressed less than the center portion wnd showed no signs of local
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The short beams so ohtained were sunported on two rockers placasd under the
web stiffeners. Distributing nlates wers inserted between the edges of the
rockers and the botton flanges. This arraosgenent excluded local crushing at the

supports as well as lateral motion of ths bean.

The short beaas were then loaded at the center of the span by 2 sincle ¢on-

. -\M et e et S s 3 e st e
centrated load. Tests were carried out with different inserts between the head

“of the testine uecnine and the top flange of the beaas: 1" rollsrs to simulate

highly concentrated louds, and distributing plates with widths of 1 1/4", 2 1/z"

B———————— MMMN_,,___
and 3 1/2" were usad to obtain loads of #differant uoncentrigLnuﬁ,
ORI T T T . gt
e Ol A -""“"‘-...‘,.._. s A
The only data reccrded in these pilot tests were the ultiuwate loads, In

all but one case (D 2 a) failurs occurred by local crushing ol toé top flango

and the unreinforced web at the load point.

.

IIT. RESULTS

The results of this series of tests are given in table 1 below.
Table 1

Results of Local Crushing Tests on 232 Short Beaas
for Bav vl wED /‘:7(.1,“:

roiter L Pt
a o) /‘/ "; s ) S = 5:"’6;5 e l’f 7[“,
Bean web gage. b’/, é, P 1t P (g”, *éxu;c,
B 2 double 14 0 27 .. 9200 4800 9920
B3 a n " 11/4 26 11.400  5.700 16.700
A3 " " 2 1/2 %8 13.570 £.789 15.400
BZ2b " " % 1/2 28 15.6800  7.800 22.700
. ‘7 ) r
L 2a " 18 0 26 5,950 2.555 8,600 4)e <;~é“v A Lot il L
E 3 " " 0 o4 5.7% 2.0865 §.7200
UL2b " n 11/4 36 7.450) %, 785 12.700
D Z%a " " 2 1/2 26 8.200 4.100 13.900
D3b " " g 1/2 36 9.309 4.650 15.800
G %a m 18 0 26 %.45) 1.745 9. %00
G%b " m 1 1/4 26 2.650 1.825% 9.900
G1la " " 2 1/2 26 4.65¢ 2,705 18,600
G1lb " " % 1/2 26 5,230 2.600 14.100
K1a ringle 11 11/4 26 8.650 3.650 13,709
K1lb " n 21/2 2% 12,100  1£.100 25, 800



Kear g b 1 P P » S
eamn 'web gage ult web 0O

4.870 4.870 1£.000

I 2z
1/4 26 "5.830 5.820 14.400
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a
b " " 1/2 26 7.630 7.620 18.800
b " " 1/2 26 7.240 7.240 18.000

" 18
" 18

L}

55 2.179 - 2.170 9.120
1/2 32 2.245 2.245 9.500
1/2 ) 2.800 2.300 11.100
1/2 32 3.250 Z.250 &.800
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*) Beam D 2 a failed in the welds before appruciable locsal crushing occurred at
the load point.

In table 1 above

o
u

vidtn of distributiane slits unter tne ceater load (b = O in.icites thet
@ 1" roller ves used instenc oif « nlate, the theorctical vidth of the

contact surface being zero in taic cuse).

[
1 = spen of the beca
Z = [feilure load

LY = £ 4 . cC - ¢ PR e = T St cine T o v
Pieb 1J1;u1e loae wer veb; i.e. ﬁveb Chipg FOT tine vingle weh bew e, wnd
2 =1/2 * . Lor the couble veb be.us
“web /2 Pa1s o )
G = beading stress in oo flenes au coqdvated Iros tne orainses Slexure for-
als.

Digecustion:

It ig seon fro1 table 1 thot, wc vould be cipected, the crushing louzds in-

crease tith increasing web tnickuess end v ith increwsiag width of the distribui-
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ing plates, £ compurison ¥ the losds »er veb, 2
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y Ior tae singls snl doulle
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veb sncecieens of 14 ga and 18 pgu thickaess revesls tast tocce 1lauds sre esseon-
o R N T e et ettt s

tially the sac for both iraer of sneciwens. Triile Le trac ecévecinlly for the 14

e o e - s e
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gu soecl ens. e L3 ga siectrens, contriry to exuectition, shy ¢ sn.evhsat

sialler Pveb for the couble eb specimens as compared with the single web. Lt



cain be concluded from thece resultc that, ih local crusning, the t#o halves ol
e et et st .

. . t ! + 4
double webs act individually rather than as a unit. &4~ Pepeud vpon /°°“§“ °
wields 7
The bending stresses in the last column of table 1 werc computed in order
e et T e sttt e e St
to meke sure that no yielding due ito bending occurred in these tests. These
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stressaes, because of the short spaus used, are, indeed, sufficiently lower than
the yield point to assure failure due to local crusning only. A-comparluon of
these stresses with.6i of table 5 of the 215t Report shows that the maxi.um

bending stresses at fallure were cousistently below those at which the first signs

of distortions wers observed on the local buckling tests of the same beams. L1

is thereby established that failure in tiis series' was due in all caces to local

sra—

crushing exclusively, except for tiue weld fmlldrb in bean D 2 a,

oA et e
B
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The external appearance of the beams failure was, iu character, the same on
mw
all specimens, but changed in intensity depending on the width of the loading

plate and the thickness of the web., Two zones were cleariy discernabls: a

PR

et

highly localized portion of the web directly below thoe load which was sharply

D et S D - TR s et = B A e
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bent out of ltu originally verticsl plane; and a much widar zons charictarized
PW T b e ‘“*—-*»-mm“,,.»wwmw' e T s e A et e e et e s kS A e ke s o B e e B S RS
by gradual bulging of the web. The latter zone increasei in vidth znd daoth

e e L S Ry e a5 s - A SR e ot et . " e Rt

with increasing w1ath of the lioading pleme. This Zone wvas ui a ;dmlC1TCular or

s e et e ST
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semielliptical form and, in sowe speciacns, raached aown olaost to th toe of
the web.

Inciined waves indicating siear-ias tdbxl}tj ol tne web, ‘ﬁrc oksarved only

e
e s 4 o e o e T B S s i

on beams O l b dnd 0 2 They develOped in these besaas at or siivhtly above

bt ot e 2

et

2000 1b. As was noticed in other beams tests beinre, these inclined- shear

waves did not impair the bearing capac;*y of the beam which, in the czze of

O o pa e,
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G & b reached a value about dOp ﬂbove that at ullch such waves wers first

b A St s n g ah g st e erimeam fu 4 ke m mtemeveno

et Sy R A IS - eretom =
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noticed.

EPPTEES

A

Failure of 2 nuwiber of welds in the web at the top flinaw were noticed un

D 2 a vhere they resulted in considerable spreading of the two halves of the
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Aflange and obviously contributed to a lowering of tne failure load (compare
\ ?

loads of D2 a and E 2). On beaus D 2 b and D 3 a one weld failed in the web

at the top flznge in esach of these specinens. These isolated weld failures, it

s A am e e = o

e A s 43 s . .

is believed, did not affect the strength of the beaums.

——
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IV. EVALUATION Ny DATH

The phenomenon of web crusphing involves so many different elesients (insta—
.

b

bility in conmpression and shear, plastic flow, clastic stress distribution, etc.)

that a rlgorous theoretical approach seems almost IMDOSulLl For this reason
— e '
an attempt was made to establish, from the test datza, a purely cmpirical fomula,
- AL Lot . s e oo B2 A e S YD P T AR I ot v i,

Since this Iorwula is based on a rather llmlted and 1nhu11101enu nunber of testc

Wi, -

it should, at the present thc, be regurded as a worklng hypoth831n rather than
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a definite answer. It is believed that the formula gives dt least the order of

1 o

i e Ao’ 2t
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magnitude of the crushing strength and may be refined or improved by 1urt

R —
[P st
k

Semmt L A

tests.
It seems clear that the general type of such a formula should be as follows:

= [a+ B f(b,tjj t G

w Yp
where
PW = the crushing strength of & single web
b = the length of the loaded portion of the beum {width of distributing plate)

t = thickness of web

C{yp = yield noint

o~

A,B

)

empirical constunts

The physical meaning of a formula of this type 1s the Tolloving: The crush-

et s

ing utr«nuth can natura)ly be expe cfed to increace with increasing thickness and

B .
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ylold point. The first term in the brackett represents the resi«tarce of a load
/“‘ - RN
distributed over "zero widih" (knife edge); the second ternt, involving some

P e Y A

s e et TS et S o s vt 7 L T pans et R o
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fupctioa f {b,t), gives the increase of the crushing strengti with'increasing

rn o
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«icth »f load distribution.’

v A
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By trial and error it was found that tne formula most closely roeprodicins

_ the test data is tn\ following: ' f *}flCﬁQ fgfﬂuﬁa lgr‘ C}U<A»v
T a
P = l0.26 + 4.4 \[D ;} t G 7 A ) Si'f"arf’ fﬁéﬁé
w \.‘ * 4 \r v YP (Daub)c web = X Tw (SIH’/e u/c,é)

In desizning the tests it was boned that the load applied thrﬂuoh 1" roller

would give the first term of such an eyuation. However, because of plastic flow

~—

dnd elastic strecs distribution, the loud transuitted throuvh a rolLer is ac*u-

A ik RS0 S i e o g s

T

L o
ally distributed over a deflnlte width. Fy suo°t1+ut1np back into the formu.a

RN v o e

P

this equivalent loading width for a 1" roiler wags found to be dppr0\1mate*J jen,

ey

In the followine table 2 the test data are compared with the results from the

formula. The 1" roller tests have been included, in bracketts, in the table,

with b = 0.75".
e

Table 2

Comparison of Test Datgwith Results of Eapirical Formula

Bean Gsyp PW from test P fron tormula %, error
o W

B2 25.800 4.600 (z.720) ' _ (-19)
B Za ' " 5.700 4,550 -%0
AZ " 6.750 _ 6.000 -11
B2Db " 7.800 e 6.920 -11
E 2 27.900 2.8865 (2.000) (+4)
D2 " %728 3.640 -2
D2a " 4.100 4.810 +17
D3b " 4.650 5.520 +18
G 2 a 32.8200 1.725 (1.750) . (¢1)
G2b " 1.825 2.100 *15
G1la " 2.225 2.730 : +17
G1lb " 2.600 2.100 +19
K1la 27.600 8.650 9.500 - +9.
K1b " 12.100 14.690 +17
N1a 25,800 4.870 (2.730) (-23)
N2a " 5.820 4,560 -22
H1l0b " 7.630 © 6.080 . -20
N1b " 7.240 6.970 -4
01la £2.200 2.170 : (1.759) (-22)
0 2a " 2.245 2.100 -6
0.1b " 2.800 2.720 -2
020b " 2,300 Z.100 -7
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The deviations of the measured values from tne computed ones &re seen to

W .
range from +22% to -19%, the average error being -2%. Since, in design speci-

Jrane
fications, a safety factor of from £ to O would probably be applied in this case,

..... R BT T chtidule b

.

the above variation will amply be ‘taken care of by the safety coefficient.

L p—————

It should be emphasized again that {a) the value given by the formula applies

oS 3 DR

LR SRR S 8

to a single web; the crushing load of a double web is approx1mdte y double that

""M
of a single web, &nd (b) this formula is purely empirical and needs further veri-
[——

», »~

fication and possibly improvement by additional tests.

-

Such tests, at least for double webs, can probably be carried out on cut of
Oo———————. .

portions of the B4 beam and 84 stud specimens now on order after they have been

.

tested for flange strength. These future tests should be carried out so that,

in addition to the ultimate load, deflections will be measured at the load point
independently for the top and the bottom flanges. This will give additional
indication of incipient failure while in the present pilot tests only the uiti—
mate failure load was observed. |

V. CSULIARY

(1) 22 tests on the crushing strength of unreinforced webs under local load wers

Koo ope 51 2 o e Ao R TR T RS AT e e s s e

carried out, 10 of them on 51ngle webs, and 1% on double wabu.
(2) Except for one specimen which failed in the selds, all besns actually failed
by crushing of the web.

(2) It was found that the crushing strength of a double web is about twice that

St ey SN

~.

of a single web of same shest thickness, or, in other words, the two webu

R e e Al

S A o Mo £ e by

failed individually rather than as a coanosite unit.
M»wwmm

(4) An emplrlcal formila was developed which represents the test results vwith

R L TR

LRt

fair accuracy.

(®5) This formula is as yet based on an insufficient nuaber o7 testo and should

! Y h— o e

be regarded as a working hypothesis rother than a f'inal znswer.

ot s AL s T . W o A 35 TN

(6) Additional tests with a more elabsrate set-up are conteaplated, to be carricd

out on cut from portions of the beam and stuu specimens now on order.
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(7) Until the results of such tests are available, it ic believed that the

present findings could be recommended for practical use, if a safety factor
e Sl

of sufficient magnitucde is applied to take care of the existing uncertazintiec.
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