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SCHOOL OF CIVIL ENGINEERING, CORNELL UNIVERSITY

TESTS ON LIGHT BZAMS OF COLD FORMED STEEL
FOR THE AMERICAN IRON AND STEEL INSTITUTE

Seventeenth Progress Report -~ March 35, 1941

I. SCOPE OF THIS REPORT

Failure tests on two specimens each of beams type A, B, C,
D, E, F, G, have been carried out, The lengthy final evaluation
of the results will be given in a later repﬁrt‘ However, the
fesults of the.tests reported herein allow the drawing of rather

definite conclusions.

I¥. FAILURE TESTS OF BEAMS A TO G INCL,

(a) Method of Testing

Two beams of each type were.loaded by two egual loads
symmetrically situated with respect to the center of the bean,
cach load being applied at a distance of 3 ft from the support,
The beams were léterally supported at theuioad points and at
the supports by means of the frames described in the Sixteenth
Report, thereby, lateral instability was prevented and the beams
were forced to fail éither by local buckling or by siwple yield~
ing in the portion of the beam between the load points. Two
Huggenberger gages were mounted on each half of the top flange
between the load points and deflection observations were made in
addition to the strain measurements, |

(v) Results

Only the finsl evaluation of the strain readings will

‘gveal the loade at which local buckling began. At the present:

‘ime, therefore, only the ultimate load, the ultimate stress,



and the particular form of failure of each of the beams can

ve reported on. This information is summarized in the following

table,
TABLE
Failure tests on two specimens each of beams type A,B,0,D,E,F,G,
Scem Gage Ult. load  Nominal - Type of Design stress
ult, stress failure
A1l 14 13.000 - 89,500 welds 25,000
A2 14  14.800 33,600 ‘local buckling 25,000
Bl 14 14,300 43,300 yielding yicld stress
B2 14 12.500 = 35.400 . welds yield stress
¢l 186 9.800 34,100 local buckling 10.000
g 2 18 9.475 23,300 local buckling 10,000
D1 18 8.500 27,200 local buckling 25,000
D2 18 8,935 39.500 local buckling 35,000
£1 16 8.000 35,100 vielding vield stress
E2 18 8,090 - 35,500 _ vielding vield stress
F 1 18 2,030 20.800 local buckling 10,000
F 2 18 4,980 20. 8600 - local buckling 10,000
G 31 18 5.410 - 31,300 local buckling 25,000
G 2 18 5.475 31,600 local buckling 25,000

Special Observations:

(a) Beams A 1 and B 2 did not fail in the top flange but failed
in the welds joining %the bottom flange to the web. In both
caoges 11 (beam A 1) and 15 (beem B 8) welds in a row on one side

of the web between the load and the support broke almost simulten-



eously. In order to avoid & similar failure of beam A 2, the
vottom flange of this beam was tack welded on bvoth sides toc the
turned over parts of the web. In addition, four welds on the top
‘flange broke on beam D 1 close the load point on the side toward
the support. This fact may be responsible for the someﬁhat

lower strength of D 1 as compared with D 3.

(b) Shear buckling of the web between the loads and the supports
was observed on‘both specimens of types F and G, On F 23 tho
shear waves were first noticed at P = 3400 lb, on boam G 3 at

P = 3500 1b. The waves formed rather suddenly at these loads.

On beens F 1 sand G 1 the first formation of these waves escaped

observation and they were noticed only at higher loads.

(¢) In no case was failure csused by premature buckling of the
lips of the top flanges. These lips remainasd essentially straight

until feilure developed in the horizontal portion of the top flange

(d) Approximately quadratic waves were observed on the top flanges
of &ll beans which.failed by local buckling. Thcse waves formed

at loads considerably below the ultimate, but in 21l ceses this
distortion was on a very smell scale until immedietely befors
feilure,

(e) No such waves were observed on those beems which failed by
yieldihg; the shape of these beams remecined practically undisturbhes
‘vp to the foilure load. At this load the top flenges of these
reems woere distorted in & rether irreguler menner in no way resci-
~1ingz the distinctly local buckling waves observed on the other
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(c) Discussion

(1) It is seen from the trbuleted results cf the prescnt
teste that the nominal ultimate stresées range from about 201000
p«.s.is up to the yield point, Consequently, the main purpose
of this series of tests has been achieved, viz,, information has
veen obtained on the relation of the ultimate stress to the Gim-
~ensions of the top flange and on the necessary dimensions of the
top flange in order that buckling be avoided and that the beam
fail ir yielding,

(3) The results of the tests of identical specimens of
the same type are in excellent agreement, except for beams A 1
and B 3, which failed in the welds,

(3) The beams which failed by local buckling, did so
at a stress considerably above their design stress and also at
akload considerably higher than that at which distinct buckling
waves were observed, This resuit is in agreement.with observa-

tions reported in the Twelfth Report. It is further seen that
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the ultimate stresses are by no means: pro“orulonal to (t/f)8

as should be expected from the Timoshenko theory. A STiT11 mors
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striking fact is the folloW1ng It is seen from the table that,

except for A 1 and B 8 where the welds failed, the ultimate load
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~of all beams of tne same gave 1s ebout the same, regardl°ss of
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the dlmen81ons of the top flange. Tn1s b°hQV1or quggests uhe
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tLought that for each particular_;hlcvnesq tbere is a dcflnlte
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Cpthum W1dth Whlch 1s thdt maximum w1dth at whlch y1 1a1n0
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J]thOut buckllng occurs. Any increase in width beyond this 1imit

v PR
vt S st d <
P - LT T

vill but little affect the ultimate load of the beam. In addition

it is seen that the ultimate loads are epproximetely proportional



to the squares of the flange thiskness, regardless of the widths.

It seem, therefore, at the present writing that the Timoshenko
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theory of plate buckling will have to be dlscarded as a basis
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for desxgn specifications for thin wall bgams.
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(4) A study of the literature revealed that this general

vehavior of thin sheets in compression is well known and delibera-
tely made use of in thé airplane industry. In particular it is
well known that the ultimate load of thin sheets is considerably
and, for very thin sheets; many times larger than that load at
which the flrst local buckling occurs, A sheet with considerable
buckling waves will st11l gafely carry its load and return to its
flat shepe when unloaded (86 called oil-eanning on airplane wings,
etc.; in service). The explanation df the discrepancy between

the buckling ﬁheory end results of thin sheet tests is to be seen
in the fact, that the buckling theory assumes that deflections, |
which are small ag compared with the thickneds of the sheet, are
sufficient to cause failure. This is true for fairly thick plates,
‘but does not hold for thin sheets, in which a buckling wave, the |
anplitude of which is many times larger than *he sheet thickness,
will not necessarily cause yielding cf thc¢ cuter fivers, This

is exactly what happens in thin flanges. This phenomenon of
"large buckling" to date has resisted all attompts of rigid mathe-
natical treatment and the chances for & practicable exact mathe-
x2tical solution are practicelly nil, V. Xarman has given a

simiemoirical enalysis of this behevior (Trans. A.C.M.E,. vol, 54,



p. 93, 1932) which is well confirmed experimentally end widely
used in airplane design. The results of the present tests are
in general in agreement with this approach; in particular, the
constancy of the ultimate load for each particular thickness,
regardless of the width, ig exactly predictable from V. Karman's
treatment; It is, therefore, to be hoped that on the basis of

‘this theory and bf the present tests, supplemented by results

published in the airplane literature, e simple design formula
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will be evolved which will be different from formulase based on
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Timoshenko's theory.

(5) As mentioned before, the lips in no case were the
reason for premature failure of the top flanges, The prescnt

tests, therefore, indicate that lips proportioncd according

to the principles stated in the’Thirteehth Report, provide suffi-

cient support for the flange without falllng themselves, The
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pfosent tests, however, do not give any indication whether lips

of smaller or larger depth than the ones tested in this program
would give the same results, In other words, & safe way of
designiﬁg tﬁe lip has been established; it is, however, not proved
that a wider range of allowable lip widths is not possible,

(8) Shear buckling in the webs of the 18 ga beams has
again been observed. As in previous tests (see Twelfth Revort)
these waves 4id not impair the strength of the beam, i.e¢,, the

veam ultimately failed in the top flange at a load far grester
than thaf at which the first web buckling was observed, This
behavior, too, is well known in other structural fields and its

aveluation in code form should not meke much difficulty. Additionol



tests on the cut-off outer portions of the present beems should

shed more light on this question; These tests are eslso designed

to give information on the necessity of using web sitiffcrers

under concentrated loads. It is plenned to carry out th.s investi-~

getion after the main tests on the present series have baen finichedl.
(7) The welds of beams A& 1 end B 8 feiled in simple shzar,

The fact that no such feilure occurred in B 1.sheyeﬂp§§pmggnsi~
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derable non~uniform1ty is encountered 1n the presentPSpot welds.
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‘ths behaV1or points to the nece851ty for obtalnlng adaltlonal inm

formation on the strength of spot welds in order to make possible

a.safe‘design of composite beams of the present wr similar. types.

(8) It will be noticed thet in the present beams, as well
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as in those dlscussed in the Slxteenth Report, vield p01nt streeeea
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have been obtained on all SDbleenS Whlch were supposed to de velop
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such strength ~ No such stresses have been obtelned on the beams
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.reported in the Twelfth Report The main difference between the
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present set-up and the one formerly used con51ets, as pointed out
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before‘ in the use of laterally restralnlng f*ameo. These frames
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serve the same purpose as braecing would do in a structure. There~
fore, the considerably greater strength developed in lsterally

supported beams points to the great importance of propcer lateral

racing in thin wall structures,
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IIT. SUMMARY

(1) Tests to investigste local buckling of the top flanges

heve been carried out on two specimens each of bcams A to G.



(2) The ultimate stresses of these beams renged from about
20,000 p.s.i, up to the yield point.
(3) It is believed that the detailed evaluation of these

test data W111 yleld sufflclent 1nformet10n for ueS1gn SDLlei~
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cétlons with respect to the strcngth of OOWPLGSQLOH flanges.
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T “M”TZSﬁA preliminary analysis of thc results seems to show
that such design formulae will be based on an approach to this
question widely used in the airplane industry rether than on
Timoshenko's theory of plate buckling,

(5) Shear buckling in the webs was observed in all 18 ga

gpecimens,

(6) Weld failure occurred in two of the 14 ga beems. This

occurrence again peoints to the n006381ty “of obtaining ¢ ddltlonal

information on the strength of spot welds.
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(7Y The przsbr+ Toots ae Well as those discussed in the
Sixteenth Report point to the great practical inncrtance of

proper bracing of thin wall structures,
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