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Abstract - In this study, inelastic buckling strength of HSA800 steel columns were tested to investigate the applicability of
current column curve (KBC2009, 2010 AISC-LRFD) to HSA800 steel. Key test variables included width-thickness ratio,
plate-edge restraints, and column slenderness ratio. Specimens made of ordinary steel (SM490) were also tested for comparison
purposes. All the concentrically loaded HSA800 specimens exhibited sufficient buckling strength compared to the current
column curve, but some of SM490 specimens showed understrength. This difference can be explained by the lower residual
stress present in HSA800 specimens.

Keywords - High-strength steel, Column test, Buckling strength, Effective buckling length, Resudual stress

1. ] & OQWiXHﬂWWW FA, Aol o] 2717k theFst

A h
T =] A5=E 2053 WAL FFOR o oto g graelg v B (e 7|2 TE, V)E, B
Aol w2 S FHHAETF FE I QU o2t +8F A olE7] 5)E 2o IPERA] 4o L Aol
A7) SI5te] QAT B00MPaHY] A%G TS Zojslm ok
AZE AR ol B A8elA ok AP ABE ool e-dFE FMol 712F B Pt W
T ode nA=AAe AET2A g HAste] AtEl  M77)12(KBC2009", 2010 AISC-LRFD) 9] thi B
FZE AL D=7 A o 3] HL_753HR] o] EE FU}
5t 2 Q7 Q) i
Note.-Discussion open until February 28, 2016. This manuscript &L et ol oleh AT AYAF2A ol A= IF
for this paper was submitted for review and possible publication 7%= 800MPad I =7FA(HSA800) &) Zeh=zo] thgt
;)El/;pril 16, 2015; revised May 15, 2015; approved on July 1, Rew7lt =2 AE )
' Bl ¢ (4]
Copyright (© 2015 by Korean Society of Steel Construction Lee et al. "% Kim et al. "2 A=A 2G| =
“Corresponding author. FaE 545 5] Adl S 2 BAYES Te 1A
Tel. +82-2-880-8735 Fax. +82-2-878-9061 ToE AT Al on] ek R el AakS o]

E-mail. ceholee@snu.ac.kr

R TR =BY 278 A4E(ED A1375) 20159 89 377


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2015.27.4.377&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

= g B4 wot AEsk=Alof tigk At
£ =33k v} 9lrh, A=A (HSAB00) 2 A2 Al
23t A3 F2AAR 2 RHETY
TR 450 22 AeE yetllon, @358 dukiAy
(SM490) &2 A|2He T A o] dF= AA7|ES] 7

2l AISC2010 & 29 7IzolA A FEF=(F)2
30%(0.3F) = A&kl Qle AF-5-4 ] A7)0 disl &=
e oto] IAE yEslA] 9rl= Z o] Rasmussen and
Hancock" o] 141 v} glo.u, o8 s 288 29

£o) PEREo HREYo| 7
(Fig. 1).

E3H Yoo et al e AR THA S Zhe 8 WEE,
Kim et al,®3} Lee et al "' SHHE thy o] 245
e AY 2 SR ssaS S6) Bolek, 2

oA g ATet shaATe] Aol A ekskow, 2712
gro] 7ol upeh ZwAo)} UehiAln AaaAY| %o
AFREE BE ARl

g L2 A 7]%(KBC2009Y, 2010 AISC-LRFD?) 2]
7159 F=7d=A TS SRR = =AY 7 A = Ayt
A Q] SE-HEYPE A U AF72d IV VIAHEHEE
o] 30%, 0370l 7125 5}3L ek, ofefe] =oloA] Bz

o] & AA) 0] o5t u) vlggAEA o]y FEAE
7t obISE AN FRALARIA)7 SNt
Am7rE g 1A o] Abge] EEeiAl= wA7E A
o webA 7] g o= A A=A O] ARgell il A7
o] A-87Fs/d oFE H7IE avt Qo

B— HS-H1-310-NC
—— SM-H1-370-NC

B—— HS-H1-310-NC
—— SM-H1-370-NC

\ 7%/
=

-200 -150 -100 -50 O 50 100 150 200
Distance from web center (mm)

(b) Residual stress in web

0.05 / N\ 0.2
10

-100 -80 60 40 20 0 20 40 60 80 100
Distance from flange center (mm)

(a) Residual stress in flange

Fig. 1. Distribution of normalized residual stress (normalized
by the yield stress of steel))

2 AYLS FAESE W= I (HSA800) 7152
AA o w2 g fEHS Hrhska, KBczoo9“](zo1o
AISC-LRFD"?) 7]Z0|| we} A 2 A 7534 of 2

E%}ZHOH 71%0 A=A F=AE A8l l= of |k ol
18] 2010 AISC-LRFD7oAE= i A1S =
450MPa o|5te] kAol 2§& A o= AlgkstaL 3t

A AN Y55 e VoS WEE T
A|7H](Slenderness ratio, A) 1,55 7|&C 2 et F=
FAA V), ¢ e ST =4 2), =2

H3tth(Fig, 2). HRAZ=A(A )& B FEAE
(£)7F AL a5 FALAEHE (L) 7F AR L, B2 =(F)
= dasH & & 4 Aok, webs $05 A Al 5
Tt w2 AEAA Y Aol ARPAA AREEE &t

_|_.

A <15 s F, = 044F,4 o

F Ty

Al
7— 0.658" =0.658 )

F/F,

o Uy
12

\ KBC2009
Y (2010 AISC-LRFD)

17 \
_\ !
Y Inelastic

" buckling

Elastic

0.8 _ buckling

Elastic formula

\
\ i:()}w i 0.877
F

Long (Slender)

0.6 4 Inelastic formula—T\

Lo _g6ssP —065%" N
F
0.4 v

0.2 1-Short {Stub)

Intermediate

o 0.5 1 15 2 2.5

Slenderness ratio %,

Fig. 2. Column curve of KBC2009 (2010 AISC-LRFD) specifi-
cation

378 st pzsrs] =27 A27d A4EEE A1373) 201549 8Y



A > 15 E= F, <044F, %

F, 0877

F, =087TF, or ——=——
, : N2

Fy

o714, 2ol Haag £ =L

FARAAE] A, =

A% A7 A
o 315 Aok
(F7H0) 0.2 A7)
F)02 A
AL 93l B2 222 A
e And 54E
== gslors

=
7% 48754 olng

N
ol

|

1o
a5
=]
o3
[l
Wl
o
=hi
ol
m {
oo
glr‘
=

it
o

o N

N
2o 12 oft

i
oz
oX,

Iy
!
oft
12

tlo
o
i
oft
ol
N
1o
ol

r
ox

i

fr
o

¢4

O
ne,
i
12

]‘

M
—

o
r

o

d

4

o,
S-S

< |
&

il
T_.rT
oL
=
10
fols
o

et
>
30,
oy
Ju
ki
ol
1
o}
2
_}l_,

S
fijo

il
ol
K

e
-
=2
>

fr

B
il
X,
ofo
H1
=2
o

2
ol

o

N
N
[
g
X

=

o
T
[o
o
i
r

oy
:

-z

=)

]
dpo

el

i
)
s
ut

A
tlo

=
o

P

4 T

b

BN

[

2 1

-

b

r'I

fo

B ox

o
> U
qr oo

Oft
-

o
(m
1o

jas

ol
i)
[
ut)
n=)

e

£
6=

(

Bl
4n
X
=
2

el
o
P
rir

fru

-
Eh
K
- r =
i
=%
ul

o2
M
o,
=2

:?L_l,
A—".
o
i
oM.
Ho
)
©
(o
/T u A i
B R

=
=
ol
»

o
o
fr
s
S

i Lo

N

__)il“
o
)
ol
o
o
oz
©
ot
i
)
O]
;
kT
¢4

o o, el
fl

=)
U
o
o
ok
N
4o
:(l)g
> O
2L
oflt
ol

N
R
Y
o
_O|L
2
ofl [
rf
=

b o

N
=)
=)

o
o
P

Fo

fr > B

il

8=
1
r

©
it
&)
o
& u
P

Ry

o
3
)
rlr
-
1p

e

>
jad

—

o i o B = BNt o o B 1o
|P8

M o 2

2oy P

lo
e
1
v

fr

-

(a) Box-section (b) Cruciform-section (c) H-section

Fig. 3. Specimen cross sections for concentric load tests
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Table 1. Test matrix for concentric load tests

Nominal
Specimen Specimen Length buckling
N A
shape designation L (mm) strength
P (kKN)
HS-B1-240-0.60 0.609 7,975
HS-B2-160-0.95| 3,000 0.942 4,139
Box |HS-B3-120-1.30 1.295 2,154
SM-B1-240-0.60 0.613 3,748
4,400
SM-B2-160-0.95 0.949 1,940
HS-X1-220-0.60 0.612 3,760
HS-X2-140-0.95| 1,500 0.950 1,880
Cruciform| HS-X3-100-1.30 1.309 935
SM-X1-220-0.60 0.616 1,767
2,200
SM-X2-140-0.95 0.956 881
HS-H1-220-0.60 0.617 5,559
HS-H2-150-0.95| 3,000 0.933 3,019
H HS-H3-110-1.30 1.318 1,500
SM-H1-220-0.65 0.621 2,613
4,400
SM-H2-150-0.95 0.940 1,415

Note: HS-B1-220-0.60

L Column slenderness ratio (design value)
Section width
Section shape
(B=box, X=cruciform, H=H shape)
HS=HSA800, SM=SM490

]
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Fig. 4. Test setup for concentric load tests and geometry of
semi-cylindrical jig
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Table 2. Tensile coupon test results

Steel nllgcizz[;lis Yield stress T::;;le Yield ratio
E (Mpay Do MPD oMby YR
HSA800 207,355 815 899 0.906
SM490 216,895 486 552 0.880
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Design value Test results e Fon
Specimens F, F..,./F, A P P F, FopnlFym | £ IF

ern crnl 'y c max er,m crm erml Fym yom yon
(MPa) (kN) (kN) (MPa) (%)
HS-B1-240-0.60 683 0.84 0.65 9,983 9,983 739 0.91 108
HS-B2-160-0.95 564 0.65 1.00 6,624 5,990 689 0.84 129
HS-B3-120-1.30 366 0.45 1.38 4,337 3,981 632 0.78 173
SM-B1-240-0.60 391 0.80 0.72 5,913 5,482 406 0.84 104
SM-B2-160-0.95 289 0.59 1.11 3,649 3,447 396 0.82 137

Fapasts) =2y A27d A4E(ED A1375) 20159 89

383



Table 4. Test results of cruciform-section specimens

Design value Test results I .
Speci 7 F
pecimens Fcr.n Fcr,n/Fy,n Ac Pmax Pcr,m Fcr,m Fcr,m/Fy.m y,m yn
(MPa) (kN) (kKN) (MPa) (%)
HS-X1-220-0.60 676 0.83 0.65 5,126 4,808 754 0.93 111
HS-X2-140-0.95 530 0.65 1.01 3,024 2,851 717 0.88 135
HS-X3-100-1.30 360 0.44 1.40 1,373 1,597 576 0.71 160
SM-X1-220-0.60 390 0.80 0.72 2,686 2,081 326 0.67 84
SM-X2-140-0.95 287 0.59 1.12 1,449 1,449 290 0.60 101
Table 5. Test results of H-section specimens
Design value Test results iy F, .
SpeCimenS Fz'r,r/ Fcr,n/FZV,n Ay Pax Pcr,m Fcr,m Fcr,m/Fiv,m ym yn
(MPa) (kN) (kN) (MPa) (%)
HS-H1-220-0.60 653 0.80 0.73 7,323 6,602 699 0.86 107
HS-H2-150-0.95 512 0.63 1.05 4,230 3,871 614 0.75 120
HS-H3-110-1.30 352 0.43 1.42 2,315 1,930 429 0.53 122
SM-H1-220-0.60 370 0.76 0.81 3,198 2,932 310 0.64 84
SM-H2-150-0.95 275 0.56 1.17 1,665 1,428 227 0.47 83
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