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SHORT STEEL COLUMNS
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Lo < @»e@/ _ :
Preliminary Study of Test Prdgram - It is the purpose of

this prelimiﬂafy report to present to the A.I.S.C. Tech-
nical Research Committee further details in regard to the
Short Steel Column program, together with questions which

have arisen as a consequence of further study and thought

_glven to this investigation. It is desired either to ob-
- tain written comment. on these matters from individual
members of the committee or to hold another meeting of

.the'committee"in the near future for the purpose of thelr:

’

discussion. In thz meanwhile pilot tests will be proceéd-
ing on the first part of the program.-

"At the October 5th meeting of the Technical Research

Committes the program for the Short. Steel Column investiga-

tion was discussed and the general obJectives of the inves-

tigation were placed under two headings.

1. “lange Cripgling or Shorﬁ Colunns.
2. Strengfh of Short Columns with Varying
Ecoentricitiés of End Thrust,

Bach of thgse progfams will n0W~beAdiscussed in
greater detail than at the Octqber 5th meeting and the.
questions on which comment are desircd will be numbered
forAréference purposcs in‘coﬁsecutivé order.

[y

I. Flange Crippling of Short Colurmns - Theoretical solu-

tions™ for the elastic buckling of a thin plate with ore
side unsupportced are already available for the two extreme
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* Pimoshenko, ELASTIC STABITITY, pp. 339 and 342




conditions shown in Hig. la, (supportad.side simply sup-
ported) and Fig. 1b (supported sidec fixed). The outstand-
ing leg pf one-half of the flange of a rollcd column
section (Fig.lc) is in a condition somewherc between that
of Fig. la and 1b. Timoshenko also gives solutions for
this case under the hcading "Onc side clastically built in"
(loc.cit. p.344)., It is sufficient for thce present discus-
sion to point out that even for the woakest condition as
shown in I'ig. la ali commonly rolled shapcs and A.R.E.A,
specifications for built up colurms glve proportions for
which the critical stresscs arc above the yicld point cven
in the case of structural nickel stecl, The 6 x 8 x 7/16~
in., angle, with 8-in. lcgs outstanding is in a doubtful
rcgion and is the only ocxception.

Qucstion 1, s it cesirablc to study the crippling
. (o)

£ 4

-

strength of outstandin% leges of columns in such cases where
the critical loads are above the yilold point?

For all standard szctions this problem would be one
of plastic buckling., For short columns with 1/r 50 the
critical buckling stress of thevcolumn as & whole is ap-
proximatcly equal to t/ie yield;yoint stress of the material,
3ince the strength agyinst local crippling insofar as axial_
loads ars concerncd is alrsady above the yield point a de-
talled study of this'prbblom is of doubtful practical im-
portance.

s

Question 2. Would it not be desirable to limit

clastic buckling tests to a relatively small program to

check Timoshenko!s theory?



Close corrclation with Timoshenko'!s theory has
alresady been found for anglc struts,*

Whatever the answers to Guestions No. 1 and No. 2
may be, a very imporbtant »ractical problem remains., If
localized bending stresses are present in one or both
flanges of a column secctlon, what then will be the axial
load which will produce flange buckling? Such localized
stresses are induced by clip and seat anglecs in a beam-to-
column connection, The local buckling strength of the
coluwn flange under thls cumblnod stress condition may
possibly be rmch lowsr than for the case of axial load
alone., Very ncarly the same problem occurs at the cutoff
points of cover plates of the compression flange of a plate
girder, due in this casc to the cccontricity of load trans-
fer, Little attoention appecars to have been given to o
theoretical analysls of thls very practical problem. It is
proposed thereforec that a secrics of tcsts be made using the
setup shovn in Iig. 3, and that this problem be given par-
ticular attcention,

Question 3. Is a program of tvSto as shown in Fig.3

advisable?

Proposed Program for Flangc Crippling Tests - Part Ia

A serics of ton tests of short H-beam section with
flanges planed to varying thickness., Axial load will be ap-
plied along the lines indicatcd in Pig. 4a and 4b. The loéal
buckling of the flanges is not a function of 1/r of thewhole
* SOME NEW LXPERINENTS ON RUCKLING OF THIN WALL CONS RUCTIOh

by Bridget, Jocrome, and Vosscller - Transasctions; Am. Soc.
Mech.Engr. Applied Mechanics Division, Vol.65, p.b56¢, 1934



column but depends rather on the ratio of b/h of the indi-

vidual flange. (Scce Fig. 1 for notation).

Test Program Ia

Matorial: Structural Silicon Steel
10 scctions of 10 x 10 at 49 1lb, WF beam
scctions cach 4 ft, 4 in. long with cnds milled at right
angles with the longitudinal axis. Planc the outside of

the flanges to five diffcoront thicknesses as follows:

(2 with flanges plancd to 0.20 1in. thickness
(
22 with flangcs plancd to 0.235 in. thickness
10 : .
colurns (2 with flanges plancd to 0.27 in. thickness
in all '
(2 with flanges plancd to 0.305 in, thickncss
(
(2 with flangcs planed to 0.34 in. thicknoss

Tcst Program 1b

Flangc crippling tests on columms with loadcd beam
connections.
Three column sizes, probablys
10 x 10 Wr at 77 1b porifoot
10 x 10 WF at 49 1b pcr foot

10 x 10 WF at 49 1b.with flanges planed to
0,34 in. thickness

Threce typcs of conncection as shown in Fig. bSa, b, and c.
Threce tests on cach of the cbove with different amounts
of load on the centilever arms.
The forogoing program 1b calls for 27 tests in all,
with exact detnils to be worked out later aftcr comment by

the committec,



II. Short Steel Columm Program = At the October 5th meeting

it was decided that Part II of the pnrogram would be a general
study of short steel colums eccentrically loaded. The Z/r
ratio of these colurms was to be in the 20-30-40 range.

The purpqsé of this work is primarily that of determ-
ining simple workable formulas for column design which are
both safe and economical when used in the design of columns
in building frames. It is assumed that the eccentricity of
load acting on the end of the column is known., MNMethods for
determining this eccentricity in dny actual building column
depend on many factors and are outside the scope of the pre-
sent investigation. In laying out a program, however, it is
necessary to give some thought to the structural behavior of
a building frame, Considerable work along this line has
alreacy been accomplished by the British Steel Structures
Rescarch Committee® and their reports have been studied in
detall. The last noted reference presents the final recom=
mendations on the design of colurns. The allowable stresses
arc presented in the form of a chart based on theoretical
analyses which is presented here in Flg. 6, because of its
usefulness in laying out a colwmn program. If anything sim-
ilar to Fig. 6 should result from the present investigation
it seems likely that the results could be presented in the
form of an empirical formula as suggested at the meeting of

the committee, The chart in Fig. 6 is based on the worst ~

* Pirst Report of the Stecl Structures Research Committee
' pp. 2ll-224

Second Report of the Stecl Structures Research Cormittec

. _ pp. 13= 43

Final Report of the Steel Structurcs Research Committec
npe 436-545, pp.HHI=-565



probablec condition which mizhit arisc in a building column
regardless of whether the bonding is in the form of single
or double curvaturc. (No reduction of 1/b ratio of the com-
pression flange has becn made in this chart,.)

The results of the British Steel Structures Research
Commnittee show that the proportions of columns in buildings

usually allow them to be designed with practically the samne

allowable stress as is used in beam design provided the

columns are designed for known eccentricities of load. The

Z/r of building colurms is large only in the upper stories
of a building where the axial loads are small as compared
with the bending moments. For such a condition, as for ex-
ample, a ratio of direct stress to bending stress of 1:4,
the allowable combined stress from Fig. 6 would»be 17,500 p.
s.1. for an 1/r as high as 100, as compared with a basic allow-
able stress of 18,000 p.s.i. for short columns. When the axial
load becomes the major factor, as in the lower stories of a
building, the 1/r of the columns decreases along with the crit-
ical value which allows design on the basis of such high work-
ing stresses, For 95 per cent axial stress the column may be
designed for 17,000 p.s.i. maximum stress if the 1/r 1is 30 or
less.,

It seems evident from Fig. © and from the foregoing
discussion that for ‘short colums in the 20-40 range of 1/#
as proposed for this investigation, failure will not result
until the maximum stress in the column very nearly reaches

the yleld point of the material, The sexperimental check on



this question is one of the primary purposes of Part II of
the short coluwmn program. It now seems desirable, in addi-
tion, to test coclumms of higher Z/r - up to 100 - for cases
where the eccentricities of load are high., These tests
would tie the program in with other work and permit much
more general and complete conclusions to be reached. In
general, the tests should cover the following range:

Ratio of Average

Axial Stress to Range of 1/r
Maximum Bending to be Tested
Stress

100 = 140 -(only 3
80 - 120 (tests
60 = 100 (above 100

R0 O
1
O b= = = 0 i b

40 - 80
- 20 - 60
- 20 = 40
- 20 = 40

Question 4. Is this modification of the program

desirable?

The method of testing is another problem concerned
with Part II of this program. In a bullding, if the beams
framing into a column are symmetrically loaded so as to in-
troduce no eccentricity of load inte the column, the beams
will then provide a restraining action at the column ends.,
In this case a reduction of 1/r would be permissible in cal-
culating critical loads., On the other hand, if the becams
introduce bending into the colwmn, the tendency for buckling
will be increased.

Three different methods of testing columns with com-

bined thrust and moment will now be discussed,



¢

Method 1 - The colum is loaded axially in the testing
machine with varying eccentricities of load and the buckling
or yielding strength determined. (See Fig. 7a.)

Advantages: 1, Simple fabrication of test columns,.

2. Simple test procedure.

Disadvantage: 1. Eccentricities limited to core sec-
tion of column, unless special pro-
vision is. provided to develop ten-
sion between one side of column and
testing machine head.

Method 2 = The axial load would in each test be applied
in line with the centrecldal axes of the column., End moments
would be introduced through riveted beam-to-column connect=
ions with detachable loading beams as shown in Fig. 7b.

During the test definite end moments could be épplied
to the column after which axial load would be applied until
the column yieclded and failed.

| Advantages: 1. Applied end moments accurately known

and column always located in center
of testing machine,.
2. Large range of equivelent eccentri-
city easlily obtained.
3. Actuzl conditions closely simulated.
Disadvantages: 1. Mcre expensive anc complicated
test set-up than Method 1.
2. Bculvalent eccentricity of axial
lead. decreases during test, but
can be calculated reacily for any

ziven load.



_'9

Methcd 3 = Colurm tested as part of a frame as shown in
Fig. 7c. End monents developed in column by tightening
turnbuckle and loading spring.

During test.definite end moments would be developed
after which axial load would be applied until the column
‘yielded and failed,

Advantages: 1., A still closer simulation of actual
conditions in a bullding frame.
2. Large range of eccentricity casily
obtained.
3., Set-~up is simpler than Method 2.
Disacdvantages: 1. Introduces a new variable.
2, Calculation of end moments is a

statically indeterminate problem.-

SUMMARY OF FROPOSED PROGRAM

Part I - Flange Crippling.

g

a, Pilot tests on 10 x 10-in. WP short columns at

49 1b, to try out test mecthods,

3

b, Test series Ia - 1O :.short columns with flanges
planed to variable thiclkness.

c. Test series Ib = 27 short columns with loaded
beam connections. Three flanze thicknesszss, three types
of connections, three different beam loads,

d. Theoretical analysis of flange crippling prob-
lem, correlation with test results, and_design recormend =

ations.
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Part II - Columns With End Moments.

a. About 6 columns with zero cccenbricity of load
and variable 1/r (20-40) testod by Method 1.

b. Betwecn 20 and 30 colwmns tested by Method 2
with varying 1/r and varying ratio of end moment to axial
locad. Details to be decided on after tests in Part I are
finished.,

c. Study of results and presentation of design

methods,

The preceding prozrem may excecd slightly the 1limit-

ation of time and money availablc bubt is proposcd in this

form so that alterations may be mede in linc with recommend-

ations of the cormittee,



The material contained in this appendix consists
of the comment advanced by the members of the Structural
Research Committee of the American Institute of Steel
Construction after their review of the foregoing report.

It does not seem desirable to go farther with a
study of the crippling strength of outstanding legs of
columns except through a relatively small program to
check Timoshenko's theory. Test Program Ia is the part
of the program offered for this topic. It apparently
studies width to thickness ratios of flange from 15 to
25 within which range it should be possible to make the
flange crinple before the yield point of the column is
reached., It seems this 1s worth doing. It not only
would exhibit the sufficiency of the A.R.E.A. rules as
plotted on Fig. 2, but it would also give a designer not
governed by standerd specifications some leeway in mat-
ters qf design which might cause him some consternation
if he ﬁere not aware that it Would be posSible to de&i-
ate from the usual flange thickness rules in case of
necessity.

It seems very irmportant to test columns not only
under idealized conditions covered by IFig. 2, where the
only load on the flange is the axial load, but also for

actual conditions in a building, where portions of the



flange are under transverse moments large in comparison
with axial stresses. Program Ib is directed toward this
topic and additional suggestions and criticism concern-
ing the types of connections are needed,

The investigation of combined axial load and bend-
ing in the range indicated by the table on page 7 appears
to be justified in viow of the evidence presented; This
will dispose directly of Scction 6(a) of the A.I.S.C. spe-
cification which is an admitted rule of thumb and fre-
quently criticized.

As to the testing mcthods indicated on Fig. 7a,
7b, 7c, it scems the most desirable would be 7c¢ cutting
off the two beams to the right of thc spring connection
and omitting the rcst of the beams and auxiliary columns,
This would make the end moments determinate instead of in-
determinate. In this arrangcment, however, a problem
arises., As the axial load is incrcased the column will
gradually bend prior to buckling and the load in the:
spring will decrease as a rcesult of the bending. The
applied moment, therefore, will likewise be decreased.
Just how serious a matter this would be in an actual test
is a problem which will require further study, This is a
detail which may be settled later following additionaland

more widespread comment.
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