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COMPRESSION TESTS ON SHORT STEEL COLUMNS

OF RECTANGULAR CROSS-SECTIONS

T« Introduction

Since 1947 a reseacch program on "Welded Continuous
Frames and Their Components" has been under way at Fritz En-
gineering Laboratory. Multiple tests on beams, columnns and
connections showed that some members reached the calculated
plastic hinge value and sustained it for a considerable rota~-
tione In contrary, other specimens failed prematurely due to

local buckling.

The seriousness of such premature failure was empha-
sized in Progress Report Q¥ and a study was proposed on local
inelastic buckling of structural steel members. The original
program was modified following the suggestions of Research
Committee C of the Column Research Council, Hence, tests on

plate assemblies were included from the beglinninge.

Testing proceeded along two lines:

(a) Tests of short compression coupons
as proposed in Report Q

(b) Tests of angle specimens

In this present report the results of tests (a) are

presented and compared with theoretical predictions.

Progress Report Q, "Inelastic Loecal Buckling of WF=-Sections",
by Ching Huan Yang and Lynn S, Beedle
Fritz Laboratory Report 205E~l
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1I. Summary of Theory

For slendsr columns, which buckle in the elastic range,

the critical load is given by the Euler formula:
Pg = T2 EL
(K1) 7

KL is the euynivalent length, the factor K depending on the
end conditions, (For pin enis K = 1,0; for fixed end K = 0,5)

In the plastic range the critical strength has besn
described, theoretlcally, by two loads:

(a) the tangent modulus load, obtained by replacing

the modulus of elasticity, E, in Euler's formula
by the tangent modulus of elasticity

Py = 12 EtT
(KL)*®

(b) the reduced modulus load, derived under the as=
sumption that unloading occurs on some fibers
of the cross=section during bucklinge Then the
modulus of elasticity is replaced by the reduced

modulus
E, = 4 ERg
e
( ‘l B +V'Et)
T2 EBEpl
and Pp = ] r

(KL)*®

Shanley cleared up the problem and came to the foloowing prin-
cipal conclusions:

1. Bending commences at the tangent modulus load with
an increase in load,

2¢ The maximum load lies between Pt and Pn, P, being
the upper limit,
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Shanley indicated that the formulas for computing the tangent-
modulus load do not apply when Et = 0, "since the 1limiting
column load 1s then determined by the stréss at vhich this
occurs',

Yang (Progress Report Q) emphasized the application
of the tangent-modulus thecrv to the strength of very short
specimens {abnve exurssaion for Py also applying to the
strain-hardening range) sand suggesting reasons for the in=-
crease in strenghlh above the yleld load without the necessity
for lateral support,.

Bleich discusses the problem on pages 21 and 22 of
his book "Buckling Strength of Metal Structures".

ITI. Scope of Tests

The scope of these tests on short columns 1s to inves~-
tigate the behavior of the column at and beyond the point at
which bending starts, especially with regard to the tangent-
modulug load, as computed from the stress-strain curve in the

strain~hardening range.

IV, Test Set=-up and Procedure

The short compression specimens were cut from the
flange of an 8WEF40 section as sketched in Fige 1. Dimensions
are shown in Table 1,

All specimens were precisely aligned by means of
straln readings taken on two sides of the specimen with Hug-
genberger strain geges (l=-inch gage length). At a load equal

to one-half of the yield load the Huggenberger gages were s~
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placed by a Peter's gage (2=inch gage length) and a wire was

attached to the specimen connecting the centerline of the col-

umn with an 0,001 inch Ames dial in order to measure the lateral

deflection of the centerline.

This set-up is shown in Fig, 4.

As the test nrnceeded continuously, simultaneous load,

strain and deflection readings were taken,

Specimen

c2
C3
C4
Cb
Cé
c7
Cc8

h =

U 5y

Tabhle 1

b £ L L
in in | in| B,
0,745 | 0,544 | 2,80 ! 5,15
0,745 | 04543 | 3420 | 5490
0,745 | 0,543 | 3465 | 6472
0,745 | 04545 | 4,33 | 7,94
0,745 | 04545 | 4,80 | 8480
0,750 | 04527 | 5465 | 10,91
0,527 | 6490

0,750

width, t = thickness and L =

13,10

1849

23564

length of apecimens

Test condltions simulate fixed ends, therefore, K=0.5

T =

KL _
= =

slenderness ratio

radius of gyration

=

|\ T

1

b t°

]
Vi

|

bt

L

St e

jie
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Ve ‘Results

Fige 1 shows a stress-strain curve which is an average
curve obtained from tests on the ghortest specimens (C2 and C3)
which showed practically identical results. These specimens
woere sufficlently stocky so that the stress=strain diagram
would not be affected significantly by the lengthe

From this aversge stress=strain curve, tangent-modulus
and reduced-modulus loads were computed and plotted in Fig. 2
as a function of the slenderness ratlio. The lower curve gives
the tangent-modulus and the higher one is a plot of the reduced=
modulus relationship. The plotted points indicate the ultimate
strength of the specimens, In Fige 3 curves giving the load as
a function of the deflection of the centerline are plotted,.

The arrows indicate the tangent-modulus load as com=-
puted from the strain-hardening range of the stress=strain curve.

Fige © shows the specimens after being tested.
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VI. Sumnary

From the load-deflection curves 1t is seen that bend=-
ing starts immedlately after reaching the yield point (except
for speqimens C7 and C8 which start to bend somewhat carlier),
However, this 1s not the load at which bending comuences to in-
crease rapidly and is, thus, not a "critical load”. Consistent
with thoory and with eazlier tosts the maximum loads are smaller
than the reduced=-modulus loads and greater than the tangent-
modulus loads,

Considering the load vs. lateral deflection curves of
Fligs 3, 1t is evident that up to the theoretical tangent-modulus
load (see arrows) the lateral deflection remains quite small,
In the regilon of this load, however, the deflection starts to
lnerease more rapidly. Thus, as nearly as can be determined in
tests, bending in the critical sense starts at the tangont-
modulus load, the tangent-modulus being determined in the strain-

hardening range.

The project "Welded Continuous Frames and Their Com-
ponents" is being carried out at Fritz Laboratory under the
general directlion of Lynn S, Boodle. Bruno Thiwlimann 1s pro-

ject director of the study on Inelastic Instebility.



60—

Stress
kips/in®

20

L7 .4//
8WF4C , /}47/
pdl ///
compression
coupons
! ! i % i
10 20 30 40 50 60
strain in/in
Fig. 1  Average Stress-strein Cu» 2 (Specimens C2 and C3)

o= HG0g

3
x 107

4




100 ! ‘ ‘ ; —

| Portion i

— L.f.f/i a7, shown .
5 ) L] in Fig. | 7

@ ! \ i_ B

| B
eo ;L - |
o TN
Stress - o) X ‘ ‘ ‘ : ~_ -
kips/':i.n2 e

' O <

601 \\ D) .
e \ 4 ~-- Reduced Modulus
- Tangent Modulus - \ © -,
40— ‘ \\ o ) \ —
] S 2
B (~yultimate strength N
PO _
H { ..IiL_ ‘.-‘:n‘l E___ts ‘ /

Ol 3 i ! T U Oy | E
0 5 10 15 20 25 30

..K?L-: effective slenderness ratio (X = 0.5)

Fig. 2 Column Curve and Observed Ultimate Strength of Specimens (inelastic range)

o~ HG0g



0 1 T |
| / - ¥ e ~&
80 b .
ce ]
Stress
kips/in®
60 e ; _ —
7 05/ —
40 - k» ~ - ~ /****&V@f&be yicld strecss level
J AR S \___J__‘/&. e C7-L ——- = e I T I et
1 4 - C8 s T e——
* ] —> stress at theoretical
' i tangent-modulus/load
20 -
‘K{ « test point
) WO ) SR \
/| R
==
0 ‘ | i |

Fig. 3

k— .05 g0 —=|

Deflection of Centerline

Average Stress vs. Lateral Deflection Curves

=G 03

b



=10

205E =2

i

Flg. 5 Specimens after te‘s*bji



	Lehigh University
	Lehigh Preserve
	1953

	Compression tests on short steel columns of rectangular cross-section, 1953
	G. Haaijer
	Recommended Citation


	tmp.1342713828.pdf.RtkxO

