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STATIC AND DYNAMIC CYCLIC BUCKLING OF STEEL MEMBERS

Asnox K. Janl- :
Introduction

The number of tall steel buildings in seismic regions has increased rapidly in recent
years. Asthe building increases in height the need to ensure sufficient lateral strength and
stiffness becomes more acute. It has been realized that inelastic deformations can be and
need to be permitted in such structures in order to produce better designs. The inelastic
dynamic response of a braced frame structure is obtained by using the hysteretic force-
deformation relationship “for columns, girders and bracing members. This paper is.
concerned with the hysteretic behaviour of steel bracing members which are obtained fromn
two distinct orientations ; analytical methods (1, 2, 3, 4, 5, 6) and experimental tests on small
specimens (7,8,9, 10, 11). These approaches must be applied conservatively because of

" the lack of sufficient data on the cytlic dynamic characteristics of struciural steel Joaded

eliernatively into buckling and yielding.

The experimental studies have pointed out that compressive strength of steel bracing
members decreases with number of cycles which was not predicted by analytical methods.
The purpose of this paper is to compare the reduction in maximum compressive loads
obtained statically and dynamically. Such comparison will help in determining the validity
‘of using the static hysteresis behaviour of bracing members to predict the inelastic dynam ¢
response of braced steel frames.

Experimental Programme

Small scale specimens are easier 10 fabricate and test in the laboratory but have the
disadvantage of introducing the scale effects into the resuits. These results must be used
cautiously when extrapolated to practical applications. The size of specimens was dictated
by the capacity of the loading equipment. It was decided to use displacement control
rather than force control on all tests. Displacement control was preferred because at larger
displacement levels the change in force is small for relatively large displacement increments
making force control less accurate,

Tube Specimens

Eight wube specimens were made from 1-inch X l-inch cold-rolled. steel tubes, The
tubes were stress relieved by heating at 1200°F followed by slow cooling. Average yield
stress of annealed tube was 38.] ksi and average ultimate strain was 239%, over a gage length
of 9 inches. Details of tube specimens are given in Table 1. Four specimens were tested
statically and four idemical specimens were tesied dynamiically. Reciangular gusset plates
were placed inslots at the end of each tube. Welds were made all around the slot. Each
gusset plate was welded to a 12-inches x 6-inches x 0.75-inch end plate as shown in Figure |.

‘1 Reader in Civil Engineering, University of Roorkee, Roorkee, U.B. 247672.
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‘Table 1 Detnils of Tabe :Specimens
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*Specitien | GussétPlafeiSige  ‘Lemgth of Tubé Lir  Kifr
No. LxWxTh (inch) . (inch) -
1 3x25x1/2 18.16 60 34
2 3x2.5%1/2 31.60 100 54
3 3x3x1f8 31.60 100 92 .
4 3)<3><il/8 48.00 <149 134
Eng plate
t - { Gusset plote
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FIG 1 - CONNECTION DETAILS OF A TUBE
SPECIMEN (1inch 3 290 4mm)
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Angle Spéecimens:

Eight angle specimens were made from M1020 hot rolied single angle sections. Size of
 these angles varied from I-inch X 1-inch x J-inch to 1§-inch X 1}-inch x f-inch.  Their average
yield stress was 50 ksi and average ultimate strain was 199, over a gage length of 9-inches.
These specimens had no gusset plates and were directly welded to the end. plates. Details of -
angle specimens are given in Table 2. Four specimens were tested statically and four

identical specimens were tested dynamically. ' '

End plates of both tube and angle specimens were:md, to the support blocks of test -~
apparatus by means of eight {-inch diameter high tensile strength bolis.

Test Procedure : PO

Static and dynamic tests employed different. load sequenges. Lpading history used in
static tests is shown in Figure 2. The specimens were compressed upto a predetermined
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displacement level and then pulled in tension upio yield load P,. - Compression displacements
were expressed. in terms oftehspo¥ Yipld dispheninent Ay JBach cycle was completed in
six or seven steps in about threei minutes by manually &djusting the voltage control. ~Axial

load and axial displacement werg recorded on a X-Y plogter. ™

T:a‘_l-ﬂe*z: Detnily of Angle Specimens

Specimen . ‘Section Size Length L{r KL/r bjt
No. - (inch) . (inch)
L Ix1x1/4 333 170 85
2L 1x1x1/4 470 246 120 ,
3L 1x13x1/8 51.0 170 85 12
4L 13x13x1/8 565 240 120 10

ermnent
-

szpression { Deflection Control}
Y

; , VIV V"lV‘”H “LJAVAO/\\/\U/\

. FiG. 3. LOADING HISTORY FOR
FiG. 2 .LOADING HISTORY FOR STATIC TEST DYNAMIC TEST

Loading history used in dynamic tests is-shown iin Figure 3. This curve was mounted
on acurve follower. A typical set of five cyeles - was completed in one continuous sequence,
'The specimens were cycled between fixed displacément levels. By adjusting the voltage
control it was possible ‘to change the displacement amplitude for next set of cycles. With
the available curve follower it was possible to obtain a maximum loading rate of 1/16 cps -
whose output signals could be directly recorded on the X-Y plotter.

The research reported in this paper was part of a large testing programme (10, 11).
Each specimen was subjected to same order of load or deflection level in static and dynamic
tests. Therefore, itis believed that change of loading histories did not have any effect on
the accuracy of the results reported herein.

Analysis of Raxwlts ‘ | o |

Hysteresis 160ps~ of tube- specimen 2 (effective slésidetness ratio KL/r = 54) obtained at
‘116 ops are shown in Figure 4. It can be seen: that there is- a gradualbeduction:in its. tensile
and compressive - strengths.  After the firstcyele: a-permanent: plastic -deformation; a kink,
was observed aj the midspan and in the. gusset'plates -of each twbe specimren. - These. kinks

. did not disappear completely even when.the specimen was pulled in tension upto yield load.

At;he end of each cycle there was a net increase in length of a specimen. This increase
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FIG. 4 _HYSTERES!S BEHAVIOR OF TUBE SPECIMEN 2
(T kp=z8a5 kN, 1inch: 28 amm)

EFFECTIVE SLENDERNESS
RATIO KL fr=120

Angle specimen 2(
cycles -5 @ 116 cps

Detrectron _inch

0.2
Elongaton
4

B8
12 Compression

FIG. 5_|;1YST ERESIS BEHAVIOR OF ANGLE SPECIMEN 2L
(1 kip = 4. 45kN, 1inch = 25.4mm)
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in length is defined as column growth or residual elongation. Bairstow (12), Benham (13),
Jain (14), Kahn and Hanson (7), and Royles (15) also noted this observarion. - The reduction

in maximum compressive lpads may be due to the presence of kinks and the residual

elongation which never let the specimen become fully straight. The reduction in tensile
strength may be due to the residual elongation because, for the same displacement level in

tension, the specimen is not as straight as it was in the previous cycle.

Hysteresis loops of angle specimen 2L (effective slenderness ratio KL/r = 120} _'are

o
~.
& e

shown in Figure 5. It can be seen that there is a sudden drop in maximum compressive %
. .
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- loads between first and second cycles. The hysteresis ‘loops became repeatable after first
- two cycles. A typical set of next five cycles is shown in Figure 6 for angle specimen 1L, It

shows that if the displacement level is changed the hysteresis loops become repeatable after
one or two cycles. Similar observation was made in the tube specimens,

20 Tension
EFFECTIVE SLENDERNESS RATIO KL /rsgs
Angle specimen 1L o B
“Cycles 6-10 @ 1 16 cps =
v 12}
=]
o
)
B
Shertening £ longation
1 1 | L d J
08 3 % - U4 03 02 91 02

[¢]] O
Defiection . mncn  (Cycle 10

cycle 6

8 L Compresson
FIG.8_HYSTERESIS BEHAVIOR OF ANGLE SPECIMEN 1L

(1 kip = 4.4% kN ,linch = 2% 4 mm)

Maximum compressive loads obtained in the first cycles of static and dynamic tests are
shown in Table 3. These loads are expressed as percentage decrease between those obtained
in static and dynamic tests with respect to those in static test. It can be seen in column 3
that compressive loads are lower in static tests than those in dynamic tests in all the tube
specimens. This effect may be atiributed to the inertia of the loading and recording systems.
However, in angle specimens it can be noted that maximum compressive loads in first cycle
are higher in static tests than those in the dynamic tests. Therefore, it can be concluded

that the difference in static and dynamic compressive loads may not be due to the inertia
effects.

Width-thickness ratio (bjt) of the tube sectionsis 7.5. Maximum permissible b/t ratio
in accordance with American Institute of Steel Construction Specifications (AISC, 16) are
39 and 31 inelastic and plastic designs, Although all tube specimens satisfied b/t require-
ments, tube specimen | still developed local buckling at midspan and fractured in the 7th
cycle. No local buckling was observed in tube specimens 2,3 and 4. Width-thickness
ratios of angle sections are shown in ‘I'able 2. For angle sections w'th a yicld stress of 50 ksi
maximum permissible b/t ratios are 10.6 and 6.8 for elastic and plastic design in accordance
with AISC Specifications (16). Specimens made from l-inch X l-inch x §-inch angle sections
showed no local buckling, whereas, all other angle specimens developed local buckling.
Local buckling developed identically in each specimen tested statically or dynamically.

Therefore, it can be expected that local buckling equally affected the compressive loads in
static and dynamic tests,

Reduction in maximum compressive loads between first and second cycles with respect
to the first cycle, and between second and sixteenth cycles with respect to second cycle of
static test as well as of dynamic test are also shown in Table 3. These values are reported
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. ,mel»M*m and:-dynagiciteits se-es toldxcliadiothe dnevtiabeffectsinfithe tent qme&:
[if any.-Jhican. bﬂzlﬂenuthtmei ofileadirlg hain sigiifieant éact anthyrite ofdeduction.
.~ Ehis! Tahh;ahe shows that. ﬂmtmofrroducdmud;&nmxfor tube. aadximgk spegirhens; - |-

Therefore, hysteresis middels of axially loaded steel - Hietbers which “aré based' on'the >
static test data should be used with caution in the dynamic analysis of braced frame structures. '

'r.ub 3 “Reduction i t:ompnum Louls

Reducuomittwcem(m ptrcent) o
| - : I & 2 cycles of : 2 & 16 cycles of
Speci : irststatic] T T
pecimen KL‘?&. dynamic| Siatic Dynamic | Static Dynamic
L | cycles Test Test Test lest
TUBE 3
I 34 _—204 57 200 80 - S
2 5¢. <TOD ST ST T 288 435 o
3 92 -—188 42.8 51,0~ 210 39.5
4 .. 135 —185 388 48073077 -
ANGLE
VL =83 14.5 550 = 590 61.5 40.0
2L 120 8.5 314 648 - . 466 16.7
31, 83 276 =¢§ “43:6 VeS¢ 570 887
a - BRI h. o B T v
4L 12077 167 33,4 650 | Bg $bo
Conclusions e : : | o
_While this experimental programme was limited in scope, the following conclusions
were reached on the basis of the results concerning the cychc buckhng of axlally loaded :‘;w

1. The'rate of loadihg s:gmﬁcantiy mﬁ'uences thé reductmn in mammum compmme loa.ds
R ) axi%ﬂy Ionded steel members ' NS

" '2. The, rate of reducuon m comgre,sﬂye }oa.ds is dlﬁzerent l‘or d:ﬂ'erent cross-sectmnal

:&lr.The work presented hurem pomu oust: tbe need Eor more mﬁrmanon in 1he fqllqmng v

. arems: (a) A comparisohof static-and dynamic hystpizesis behaviour should berexwended

. to additional ‘excitation. frequencies and: crogsrsectional shapes ; and (b} hq# size _
specimens shiould-be tnmd to inVesttgaté the scale! eﬂ'ecm. . SR * ‘

' -Aclmowledgemenu

. The 1esearch reported in this paper was supported by the Nanonal Scxem;e Foundataon -i— F
while pursuing graduate smd:es at the{Umygsny of M:ch:garn, Anm= Arbor, chh;ggn .8, A
However. the results and conclusnona age those of the, writer and donot necessanly reﬂect k-
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the views of the spomsor: “The writér: iigrateﬁﬂ for the guidanee and “Kelp of Professers
Subhash C. Goel. and Rebert D. Hanson d-mmgthntﬂudm. B
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