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SCHOOL Oif CIVIL ENGINEZRING? CORNELL UNIVERSITY
TESTS 0N LIGHT BEAMS O COLD ¥ORMED STTEL °
OR THE AAERICAN LKON AND STEEL INSTITUTE

Thirty-first Progress Report

February 1942

I. SCOPE Or THIS KEPOKT -

(a) Tventy temsion tests were carricd nut on specimehs cut from the:
steel of wpich.those beans were fabricated for which tension tests are not
included in the 27th ‘Renort. Thic completes the tension tests for ths breSHnt
series of beeams. .

(b) A start was mace in the final evaluation of the reéults of the
beam tests. The part of® the evaluation completsd to date is includea in this

report.

II. RESULTS OF TENGION TESTS

Tenaiqn tests No. 7, 8 and 9 (27th Repowt) did nnt furnich any data
on the elcneaulion in 28" sinze all three specimans hroke et tho fillet. For .
this reasor thvse aore specimens were cat fror vhe same <3271, with large
radius of filletv (3 in.). The first ¢f these wair brote W ihe illes. In
order, therefor>, to force the remaining two specimens to railbwithin the
geze ;engtb, . very saallow neck (radius 14%) was machined in th= center of the
gage length. Snoeciseans No. 11 and 12 then feiied &b this aeck wnd so
Turniehed the roguirea information ressrding tne.elcngetioa.

Tne test procedurs vwas further refinec so that perwanent seto of
-abont 2/4% of the- total strain could be measursé. The pfoporticnai Linaits in

table. 1 on tho next page are therefore based on tie occurrence of a permanent

set ¢f 1 - 1.5%.



Table 1
Results of Tension Tests

No. Gage Proportional Yield Point Ultimate
upper lower Strength ' in 2"

b
H
0

5.
(1]

il - - -- -- -- - 20%
1z - ~- -- -- - -- 20%

19 14 22,400 -~ 36,400 52,400  £9.:2x100 40, 5%
20 14 21,000 —- 36,400 2. 51,500 £0.1x10° 40 . 5%
21 14 22,400 59,600 29,100. 57,900  20.1xL0° 20%

22 16 28,800 -- 25,0000 46,600  20.2x10° 407
gz 16 £8, 200 25,800 34,700 "7 46,7000  £9.9x106 40%
25 16 £8, 200 -~ 35,700 . 46,800  20.8x106 43

25 16 26 -- 32,5007 45,%00  £9.8x10d 74.5%
26 16 £3, 200 22,500 22,400 ° 7Y 46,200  £9.7x10° £7.5%
27 16 29,200 3Z,400 22,200 45,500 20.03106 26.5%

i e - » n - €
8 16 20,100 ~- 20,790 46,000 P9.1al0 40.5%
29 16 26,500 —-B4,0300 1930 46,200 £2.7xe’ 445
0 13 21,800 72,000 32,300 . af,00n pg.oxct 457

13 19,100 - 23RO 25,000 ie.mxL 87,
3 20,000 D e M0 g (7,000 ROLERIC 299
12 £9.090 — 6,100 . 25,000 #y.eyio€ 209,

NS

oo
[\ B AVIN g
=
i)

Lae 15, £00 -— 21,2007 41,200 .7 oxLo 8%

e ~ 5 - . . I o . Poran GO et O ~
C5 8D 18:190 - 22,000 0T gn,e00 peraaf 5. 5%
o ] 21,007 —— By, RBU0 . s1, 00 20O RIN - “2.5%

Ir o»ler Yo insure the proper corrclatiorn of vaeiua Soobs acd beunm
tests, tobl: £ or thae next paze “adicater Lorv eackr Lens’oa $97Cisien the netal

from wiich 1t was cut anc the tyoes of oean

n

“Lici, Te oum xunowlelro, vers

fymmzd from it purticular steel.
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Table 2

Correlation of Tension and
Bean Specimens

No. Tension Specimen Cut from . Test Holds for Beams
1-3 29,20 coupon. 12-23, 12-5
4-6 2%, 7o - coupon 14-2 1/4
R Ao 1D
o s
7-95 11, 12 _coupon 18-% &/4
19-21 14-2 1/4° 16-7/4, 14-1 1/2, 14-?“f}z
v ' o
22-2¢ 16-2 1/2 16-2 1/2 (»riginally
i8-2 1/2)
e Tive < v : oL
25-27 16-4 1/2 16-4 1/2
- . e - —
28-20 Wl 16-2 153-1 i/%, LS-1 &/4, 16-% |
Z1-BE  vu,qoc 18-1 1/2 ¢ 18-1, 18-1.172
26-26  1L0e0 £-5 2/4 27-2 5/4

Discussion

The accuracy of the tasts results, judged fien the datz of thwee

o

-
@

"identical” specimens, is very good iudesd, cxzept for = s vaiues ol the

spirm g o i At s b
Sarmm s I § A v

proporticnal limi* and except for E fo» specinen 2. in o/ tcacion {ests

[+

the mroportional limit is the property most difuicult {o deleraine wnd its
valuc depencs to o grsat extent on the instrureats uvser. Tas value THr X

for specimen 24 i evidently due to incorrect msasuien:cuts.

e results of these tzsts confirm *he conclusicrs ¢rawn from the

Tirst sct of tension tests (27th Report) viz., (a) That the modulus of

s s SR A4,

.elasticity for sheet steel is the sume as that of ordinmary structural steel,

i e, ° .
tten s o A S i 18R

i.e., #0x1n® £ 29, (b) Not &ll but aost of the stress strain curves,

e e s i




chow a gradual transition froa the straight line to the yield portion rather
[ S . :

than & sharp brakz. The stress strain curves are not included in this rejor:
A e o i e -
but are preserved in ocur tiles for future reference.

III. DEFLECTIONG Qi Biieas 2L CLaPNG

As the first step in the evaluation ¢f *he bean tests the following
work was completeqd:

(a) The geocuetric mouments of inertia, [ were computed for all-

geou’

15 types of beams tested so far. This I is coaputed frow the measured

¢imensions of the cross sections, aversged ror the three besns ol any given

type. The width of both flenges zre considered with thair full, unrecuced

o ot AT

value. (b) On the tasis of this Ige and E = 20x10% the theoreticul

is

laeflections ars comnutea for a load interval for which the load-dceflection
curves reveal purcly elastic bshavior. (c) The actual, measurec deflections

were determined ror that swie lozd interval, aguin averaged for the thrae

beams of each type. (&) The actuzl deflections were compareé vith the computed

ones.
Table 2
Geowaetric somonts of Incertia, sactual Deflections, Lff’//
anc Coanuted Deflcetions in tae miastice
B e 7211 R

Beam 1 P P : : G N

"y 5 vl S Q
Type v/t feod - UP in act coitp att eouiD
L4-%/4 10,1 - 9.77  £000 400 102 .98 \1.09
14-1 1/2 &0.°7 S 2250 500 159 ) 1.12

13-1 - &0.8 8.5 <000 400 .1c6 14 1.11

o5

1l6-1 1/24 21.6 13.0¢4 1600 - 400 08z 072 1.1



Jfeefr
-5 - 03
ey
28.9 £29.02 5000 500 - LE15%) 08 1.0% ¥)
/¢ 29.9 12.24 2000 500) .12z .109 1.12 |
1/2 20.6 10.01 1200 409 .080 .072 1.1z
1/4 21.2 17.55 2800 ' 253. 122 J115 - 1.12
1/4 47,4 £2.85 2000 599 1507 16 1.10 *)
1/é 46.5  14.69  £250 £57 .10 122 115
48.1 41.04 4500. 500 157 .126 1.&L
52.7 17.46 2000 250 .119 .0893 1.22
, 3/4 6.2 17.05 2000 200 .178 157 1.2
+ 1/2 80.2 £2.2¢ 00D 50 . 200 146 1.27
2/4 107.8  12.0% 800 400 L0957 .040 1.43

*) The valuses of the actual deflections for
these two types of beams are not yuite relia-
ble. On these beams deflections werse
measursd only on one side of fhe beaa and
thelr value may therafore be arfected by

twist. Ces 281h keport, Section II1I, c¢

In table Z

“w o= ywidth of projection of top rlange.(half—viuth of flunse)

= 1

it

hicknese oI metal

upper lowa of the loud ruage over which deflections ;ero detorained.
Pup was taken slightly belovw that loud et which the :(ivut po~aznent
ceflections vere obeserved.

lower loud uf that saas loud range, or iuiltizl lowa

= averngo n2aur:d - deflection over .thc given load rauge



2

'"Oﬂp = coimputed deflection over the sane range
Iveom = geometrical woment of inertia ~~mpntei froa the full cross ssclion &n
&=,

measured, without any .rcducvtion »f Tluange araus.

S35 ]

Table ¢ is arranged in incrensim ovcar nf #/+. Froa *hs la

4
U

a3

coiumn of this table it is seen *that for velu=: np tc about vy@ = 30 tle=

actual deflections ars in the average about 19% arper than the v lonutzC opais.
.’W

On the basis of the results ol the tepsion teste this discrep ncy cinnet be

ettributed to o lowver value of E. It seems, then, thet this ¢irfoewsncs is

«

rainly due to the fact that the flenges of none of the beams, as weld:?,

e s ——_ Y

e
R

were ~eally plane. Initial waviness, waich under lond straigihtens out in the

s ar A ST o LA S TSY et S SN

tension flanee end increases in intensity, however sligntly, on Lhé

< A A R AR PRt shr ¥ e <
PRI
PR
—

compression flange is bound to raise tho actual deflections above the
- e e e e e
thooretical value rfor a perfect specimen.

P

— e 4 s i e PRSI
it

From about w/t = 40 up the ratio ¢ /a ie scen to increase
act  comp e SR,

e e A

rather rapidly. ThiS Jucieates a
W‘W"
width of the top flange due to tue fornution of excessive comnraccion wLves.

This finding is in gualitative agreement with the observed fomaatinn of vavaes

-—-‘M tanamandl WM S
und also with the general considerations on vhich the design syeciticotions,
e o - . A A A S TV Sl o,

both for unstifrened und for stirrsned flanges were basca.

et e ot b e N "
e A T
e ~— aeat

S—

Furtier resulte of tho evaluation will be reported next aonti..
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