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Abstract - In general, exterior columns of a structure are subjected to varying axial load caused by the flexural behavior of the
structure. This variation in the axial load may affect the seismic performance of columns, however there is not enough research
in this regard. Accordingly, this study conducted static loading test to investigate the effect of the varying axial load on stud col-
umn members. The H-beam rolled compact member was selected as the specimen, and experimental variables are the variation
of axial load and the initial axial load. As the test results, it has been found that the flexure capacity of the column is predom-
inantly affected by the applied axial load changed in the initial axial load, and the increasing axial load reduces flexural strength
and plastic deformation of the column. Although it is found that the relationship between the applied axial load and the flexural
strength in consideration of the varying axial load effect properly satisfies the axial load-moment interaction curve of the design
criteria, when a column is designed only by the initial axial force, there is a possibility that the flexural strength is overestimated.
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SHAE S g oA S5k, s
1 A etol weh IRbH o 7 95 &
FAZA AAES. = 772 A
+ American Institute of Steel Construction
(AISCYE= 7155 A410] 2(53], 4520 1) Leiap|
f5te] 19364 2= 3T S-S0 tit =248
2] (interaction equation)= A|A| 513117, 1986 AISC-LRFD
of| AlAIE Bt Z2of| tigt 28 Aol FA7HA]
ARGE| L UL o] AT of whet 7] 557 4Rt ok

Note.-Discussion open until April 30, 2021. This manuscript for
this paper was submitted for review and possible publication on
August 10, 2020; revised September 11, 2020; approved on Sep-
tember 16, 2020.

Copyright © 2020 by Korean Society of Steel Construction
“Corresponding author.

Tel. +82-51-510-8516 Fax. +82-51-510-8181

E-mail. haeyong@pusan.ac.kr

ofof 5H= B AuI Gl OJgk 23 LIS AL, P6)S o
e e 4 slof 152 51<) 3 48

w P aye ol 22
4gsl0] AP 5 U A 1
1 Qe ol 2 g vt 2 g heo) A E AT

AR o] MA N e YFIAT, 551 25
ol tsto] 325 BAEQ) AAXE AN G A0
2 7ks|3 ok

ShAjet AR FAuI( o] Tt ol )7t A 7
9. B0l Hieh 72501 AL e @ 0
of o] #4)A] 51, Fig. 13} o] A
03 Seio] 2¢iol wgalA Ak ol AEFAL o
£402 Y915 75N 71 A 4§k MEEHL
P HEIAG A1 2 P4 L AR 32

Sz 8ls] =0 4328 A5 5 (5 A]1683) 2020 102 297


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2020.32.5.297&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

A
1
&
=2
=)
ru
T
o&
014
_li
l m
-lN
10
ok
oXx

s
=,
r o
ol
i)
el
ey
re
-

A5 12 715 R A 0] A S Hrt
8430] 9low, o] AL P57 |HAA S
5|00} & Algoleka Wbt 21494 =4

Story force, F 282 Agsl:= shte] 7SEAAS =517 Y5t
Fig 2(2)9} Zo] AETHE] oJgh B2 S v myle
=29 7| sHi ANkE 1 2SIelth Sl 3 mE 7}
§o150 AR A 2ol Lome 4531 A
A=364 0& 88275 A 2 A2 U HF 7, H-300x
150%6.5%x95 ARR5}ICH 73203} 3] AS-S 1L35)7| 95}
Center of gravity —* == of 27] AN F52 S o] 2| 9] HPE Alofst
b et wEbA faFE o], K= A FA4Zo] Loj| thst

Fig. 1. Additional axial load due to o] R 2, HOlURR2 0.52 A7 5= Slth(Fig. 2(b)
cantilever behavior of a structure 2x). AR 200 T2 A o GHEA I AAASHS

bl
Table 19] {5}t =71 7] B AISC 3600 w2} A9
SO SR o] £ B-71s Bl FYE vAPg 8 4ol 31 7

>
AYE = HANSZ 7ot R 9 A AFHUESE o] ki o =Tt Fig, 32 7| 545248 LFERA 2
o= g g Qg 28 2 A A 9] 7GR A F AY

-
=

)
0

Q,

o]} RALe] A FEHAE, P, o] ehsh 2 H e
Hplo 2 Lol olo] wel MBS L 3

L 715 FA # e A dTE FU-gH o= 59
TET} 2011 Oh et al "2 HE 7 7158 Tt o2 =49

—
—v
«—

«—

Story shear

o] Z7H EL gAhe B9 YR S WYY Bk U
2 Sasioih, 970 T TS TRt el it
57152 F=AC Al e, ARt AA)] Az ?l
3 Fx24459 A2 T TAF AR, HE
Zejo] 71 55A9] 3§ 2o} A st A o] Aol A .
~ B o (a) Extraction from a structure
3 JFL TIAT Y-S Belsgieh o 1Y
B Aol A A7) A was e 54 4 7
! Lateral

FATES 5Pk A JA HEZ BUE 9 | sooon
2 ARSI, 27| eSS MeR ot y y o
ST F dde stk A2y et = vl ] D

_ - i
QAO]-EH Oﬂ U}—E 7]%-1?—111 o) % 7(;‘5, }_7] 7(;‘/‘61 ];Ll LH a x"i 6]'03 Strong axis, K i 2.0 Weak axis, K = 0.5
ool A0] FEAES] Ak AT RO, 7120 e ww (b) Boundary conditions
E A5 ARG A9} v wsheiTh Fig. 2. Setting concept of specimen
Table 1. Sectional properties and strength capacity of the specimen

Member Section Steel L Ty Z, P, P, M,
type grade (mm) (mm) (mm?®) (kN) (kN) (kN-m)
SS275
Column H-300%150%6.5%9 1,600 334 522,077 1,266 1,171 145.8
(Korean)

Where, L: length of member, r,: radius of gyration of area at weak-axis (r, = yI,/A), Z,: plastic section modulus at strong-axis, P,: axial strength for yielding of

full cross section, P.,: critical axial strength for flexural buckling, M,,: full plastic moment at strong axis
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Fig. 3. Slenderness of the specimen
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Fig. 4. Test plan and test setup
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Table 2. Axial load control plan
Initial | Axial load at | Varying | Range of
Specimen” ?xial drigt ;nglz of axiaAl[l)oad V'flrlyingd
orce 0 1a axial loa
(kN) (kN) (kN) ratio
C-0 300 300 0 0.24-0.24
IC-50 250 300 50 0.20-0.24
DC-50 350 300 50 0.28-0.24
1C-150 150 300 150 0.12-0.24
DC-150 450 300 150 0.36-0.24
1C-250 50 300 250 0.04-0.24
DC-250 550 300 250 0.44-0.24
CI-150 300 450 150 0.24-0.36
CD-150 300 150 150 0.24-0.12

Specimen name specifies variable pattern of axial force (C: constant, IC:
increase to constant value, DC: decrease to constant value, CI: increase
from constant value, CD: decrease from constant value) and axial force

varying to the drift angle of 0.03 rad (numbers after hyphen).

Constant axial force:
300 kN

g
I
C-0 0.12 Cc-0
—— IC series — CI-150
----- DC series -=--- CD-150
0
0 001 002 003 0.04 0 0.0l 002 003 0.04
Drift angle (rad) Drift angle (rad)
(a) IC/DS series (b) CI/CD series

Fig. 5. Loading pattern of vertical direction
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Table 3. Average material properties of structural members from coupon tests

Steel . Thickness Young’s modulus | Yield strength Tensile strength gl fln Yield ratio
rade Location (mm) E oy oy (%) /o
g (MPa) (MPa) (MPa) o g
Flange 9.0 204,653 279.25 440.56 32.7 0.63
SS275 Web 6.5 211,137 311.23 445.08 31.8 0.70
Requirements (1 < 16) >275 410-550 >21 -
Z 600 Z 600 Z 600 — Z 600
g 400 [ g 400 [ T 400 | e - g 400 =
= 200 = 200 = 200 /4' 2200 [T
i o g o g o e £
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
. 120 120 120
Z £ 100 Z 100 £ 100 i
E El E E = Eliso
= = 60 5 5 =z- CD-150
- - \\
L L I ~
2 E 20 E 20 E 20
SIS = = =
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Horizontal displacement (mm) Horizontal displacement (mm) Horizontal displacement (mm) Horizontal displacement (mm)
(a) IC/DC-50 (b) IC/DC-150 (c) IC/DC-250 (d) CI/CD-150

Fig. 8. Load-horizontal displacement relationship
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Table 4. Summary of experimental results
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Fig. 12. Derivation of yield point and ultimate state

Specimen Ki' O 0, On 0, U K,
(N/mm) (rad) (kN) (kN) (rad) 6,/6,) (KN/mm)
C-0 5.28 0.0091 77.05 0.0197 84.55 0.0354 2.67 0.68
I1C-50 5.44 0.0092 80.36 0.0211 88.30 0.0309 2.35 1.12
DC-50 5.23 0.0089 74.71 0.0196 82.36 0.0307 243 0.93
1C-150 5.97 0.0084 79.93 0.0192 88.00 0.0294 2.52 1.07
DC-150 4.93 0.0087 68.66 0.0210 77.15 0.0348 3.01 0.70
1C-250 5.69 0.0089 81.36 0.0207 89.85 0.0309 2.24 1.11
DC-250 4.91 0.0081 63.31 0.0165 69.71 0.0347 3.31 0.48
CI-150 5.69 0.0077 69.67 0.0187 77.43 0.0249 2.26 1.55
CD-150 5.16 0.0100 82.98 0.0630 105.52 - - -

*K[: initial stiffness
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Table 5. Variation of the axial load in test
. P; Py Py Py P . i i
Specimen (kN) (rad) (kN) (kN) Pi/P, AP, i/ P, AP.i/ Py AP,/ Py
C-0 300.1 300.1 300.0 299.4 0.2371 0.0000 -0.0002 -0.0006
IC-50 250.7 270.1 282.1 298.2 0.1980 0.0154 0.0248 0.0376
DC-50 350.7 330.2 320.9 302.9 0.2770 -0.0162 -0.0235 -0.0378
1C-150 150.5 211.3 240.1 289.7 0.1189 0.0480 0.0708 0.1100
DC-150 450.4 396.9 355.6 289.2 0.3558 -0.0422 -0.0748 -0.1273
1C-250 50.1 165.4 215.2 296.5 0.0396 0.0911 0.1304 0.1946
DC-250 549.8 477.0 433.7 287.5 0.4344 -0.0576 -0.0918 -0.2072
CI-150 300.2 355.6 385.9 415.9 0.2372 0.0438 0.0676 0.0914
CD-150 300.4 223.1 0.0 - 0.2373 -0.0610 -0.2373 -
*P,: axial yield strength of full cross-section of a column (= 6,A)
0.5 10
O Initial (P))
0.4 O Yielding (P,) 3
® Maximum (P,,)
O  Ultimate (P,,)
g 4 +
. g X - A _
SEE g a
% ¥ [ o co
= IC/DC-50
> || + 1C/DC-150
X 1C/DC-250
A CL150
CD- DC- DC- DC- C-0 IC- 1C- IC-  Cl- ’ 0 200 400 600
150 250 150 50 50 150 250 150 P, (kN)

Fig. 13. Experimental axial load distribution
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