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ABSTRACT :

In this study, the local buckling behavior of steel built-up columns, fabricated with grade 800MPa high

performance (HSA800), was investigated to verify the suitability of width-to-thickness ratio limits adopted by the current
design code. For this purpose, an experimental program was designed and performed for HSA800 steel column specimens with

various width-to-thickness ratios. Then the experimental results were compared and verified with finite element analysis

results. The parametric analytical studies with various width-to-thickness ratios were also performed to investigate the

missing data from the limited experimental studies. From the experimental and analytical studies, It was found that the
finite analysis models could reasonably estimate the test results within the 5.3% average differences. The local buckling
behaviors of HSA800 steel columns were found to be largely depend on the values of initial imperfection introduced into finite

element analyses.

KEYWORDS : high performance steel, width-to-thickness ratio, local buckling, stub column, built-up H-shaped column

.M E
A2 Fuhel 7
st oplel uf

a2l *1]74]31 T

701-

b

e
4,

3z 2

=

Note.-Discussion open until December 31, 2013. This manuscript for
this paper was submitted for review and possible publication on
March 20, 2013; revised May 6, 2013; approved on May 29, 2013.

(© KSSC 2013

* )
Corresponding author

Tel. +82-42-821-1121

E-mail: tskim@hanbat.

Fax. +82-42-821-1590
ac.kr



olZal - olHAY - 2N - ZehS - AT

Fn

alelel A9 19605 = g A7t 79y
o], BlgollX = ASTMOA 57 150mm7HA] 54 %E
690MPa%] 7HAE &&sta lom, dEdM® AT
780MPage] ZZo] /Ndslo] F2mol| APHAoR ALy
At TN E 1990 Zule] BT 680MPa
W5 74 A Ao s 20099 mEPERE ¢
ZA HSBR00'™, 2011d A&T2& a4% A7
HSA800' 7} 7jkelo] skl #2(KS) ol FAE% R,
= HSAR009] &A1 deH 7l #et A4 243} KStde =
T uEale Aew Basell” sy gz By 7159 A
5o FRARZ A A5 AR A A 71448 A
o2 7iskar giek. SHA|RE o|2fgt 1S ARESH FAlol
et F2AA 7)Ee] rhdE o] oA ol A8 3] H3 &
AL L QoA odl tigk thd wiAe] AlF3E Aot}

F HSAS00 @ 24 ¥ A4 h543 Zae} g3
712V AARES vlwe A7} FEo], B
o] AdArE dPaATEAA Sske ARE TSk
Ao vepet® 1 wal 74
HSA800 2Ald 2t =HHE 7 ¢

=
Ao SANSEYE FPsta 1 2 Fiele]

b

re o [
TR

N

oX,
Y
iy
It
ot
[}
— o
e
3
e
1o,
ox
o,
ol
=
of
O
u|
£
N
R
i
]
£
e Al

o,
N
oJr
:—;‘f
£
1
=
=
:f!)L_"
>
k1
-9,
)
N
3¢
Hl
=
to
2
i
)
)

290 s=zz7=xsts =27 H25H 35(EH 1243) 20134 6

it

1A% HSAS00 5oz £ HIZ T
FAGEAE S T8It KBC 2009904 #¥st&5+
E 4EAY A, nzdase AR AE T Ad

m
o nk 2

=

< Be $HHIY A (A HfrEERes)9
A

(1)

7M. k., =4/+/h/t,, 0.35 < k, < 0.76

SAHGZ A SAX Y BZFAW (b/t, =4, 6, 8,
1009} dlBe] AZ5AM (h/t, =15, 20, 25)9 ZFo=
.

>

o

, N,
fr 1o ox o

ox
o
e
!
JH
f
=
R
N
N
—
o
ro,
>,
ot
i—“;
uf
2
1o,
r {
3l
i
>
)

=)
&
M N
S
i
kv

KL E
— < 4. LR > 0. o] AL
= 4T or * F, = 0.44QF, 9 7%
QF,
F, = Q[O.658 e }Fy (3)
KL E
BE sy, = m= . o 7
> 471 oF, F, <0.44QF% 3%
F, =0.877F, (4)

AR AE F3 d&=AE 2 (5) 9] dAaAAAS(Q)
£ u33i}

- A AHrEERL A 2H7E
D b/t(\,) < 0.64+/k.E/F,
Q,=1.0 (6)



E R

2) 0.64\/kE/F,<b/t(\,) < 1.17\/k.E/F,,

Q. =1.415—-0 652 £y (7)
s i\ kE
) b/t(\,)>1.17\/k.E/F,
0.90k E
= — (8)
b
Fy(?)

- Aet FARA A4

Q.= A,/4, 9)

oA71M, A, = AE FEZ(b, ) 23 FEDHA

A\ =140V E/f 9 3%

- E[|, 038 [E

be—1.92t\/f {1 pys \/ 7 }<b (10)

7N, f=P,/ A, (11)

4719 A& msle] 2R, P, v o] Ay
Eis=3

F, =0.877F, (12)

'P’/l = EI‘AQ (18)

o 2 K

4714, F, . BAASERE=(N/mm”) (Z ([(T/)Q)

,
A, 539 FHEE (mm’)
F,: 7309 FB2E (N/mm?)
E 79 e A% (N/mm?)
K frazadolAs
L A< 4eol(mm)
r o FEFd gk Tl 2273 (mm)

AgA e vedEs fEslr] Y dAFEAE A
sl7] flate] AEA Aol AdA 9 F(H)Y < w2
AZsISit. olgA AgE HAEA dFES Table 19 FE
Eyi=s

SHHEZ A3AC] Z9A 2 9Eo] AR&E HSA800 %
Z9] 12mm 2 9mm FHHl gt 9 7‘“]“’*@@% Table 2
9} Fig. 1] #Aelslda, KS D 599476 4% sjehr s

ETEE IHSL(HSA800) 22FH

S

chof

Table 1. Test specimens (Kim et al, 2012"?)

ZEEAS

Geometry b/te h/tw
Specimen H-H % B X t; % ty (Hﬁn) ( A‘?gﬁz = (h=
(mm) ’ 9.6) 25 7)
SCH-HSA800-4-15 | H-159x96x9x12 | 500 | 3,532 4 15
SCH-HSA800-6-15 | H-159x144x9x12 | 500 | 4,684 6 15
SCH-HSA800-8-15 | H-159x192x9x12 | 600 | 5,837 8 15
SCH-HSA800-4-20 | H-204x96x9x12 | 650 | 3,940 4 20
SCH-HSA800-6-20 | H-204x144x9x12 | 650 | 5,093 6 20
SCH-HSA800-8-20 | H-204x192x9x12 | 650 | 6,246 8 20
SCH-HSA800-10-20 | H-204x240x9x12 | 750 | 7,399 10 20
SCH-HSA800-6-25 | H-249x144x9x12 | 750 | 5,502 6 25
SCH-HSA800-8-25 | H-249x192x9x12 | 750 | 6,655 25
SCH-HSA800-10-25 | H-249x240x9x12 | 750 | 7,808 10 25
Table 2. Coupon test results
Elastic Yield Tensile Yield _
THK. | modulus | stress stress ratio El&gia
(mm) E Oy Ou 03//0'11 EL(%)
(GPa) (MPa) (MPa) | YR(%)
T9 196.21 | 760.95 | 874.14 87 18.86
T12 199.48 | 731.73 | 860.59 85 21.86
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Fig. 1 Nominal stress-strain curves
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Table 3. Chemical composition of HSA800(KS D 5994') 1200
e
Steel | ¢ | s | M | p | s |Carbon 00 | e
equivalent SO O
e Y
HSAS00|0.20013} | 0,551k | 3.0018k | 0.0159]H 0.006°14H| 060012k w0 - SR ===
°
400
UTM head 405
o T T T T
v} 10000 20000 30000 40000 50000
£ (*10%-8)
et S (a) web width-to-thickness Ratio =15
Stram gage Strain gage 1200 —— SCH-HSAB004-20(— — & # )
— SCH-HSAS006-20— — & & )
1000 : - ::ﬁﬁfﬂx . gg'|
Specumen
- 800 ,?r e _::-‘_:\ﬁ_hrh::‘:?iq N
E =~ R
-5 800 - S -
5
Fig. 2 Test Set-up 400
Table 4. Summary of test results (Kim et al, 2012""?) ]
Max. Max. . ? Y ; : : , -
. . Fallure o] S000 10000 15000 20000 25000 30000 35000
Specimen Conﬁ;())l;%s?ve Conslgeeisswe Mode at £ (*107-6)
Test End
(PeMax, kN) | (cemax, MPa) (b) web width-to-thickness Ratio =20
Global
SCH-HSA800-4-15 2,989 849 Buckling 1209 T
g g Lower Local 1000 4 — SCH-HSABOO-10-25(— — & B )
SCH-HSA800-6-15 4,224 904 Buckling
-~ - Mid Local 800 1 P S
SCH-HSA800-8-15 4,963 852 Buckling < ’ S i Ty
E £ —
5 ) Global z -
SCH-HSA800-4-20 3,323 847 Buckling 5
400 4
g g Mid Local
SCH-HSA800-6-20 4,427 872 Buckling o
- . Mid Local
SCH-HSA800-8-20 5,192 834 Buckling . ‘ | .
- Md Local o] 5000 10000 15000 20000
SCH-HSA800-10-20 5,552 752 Buckling € (0r5)
~ _ Mid Local (c) web width-to-thickness Ratio =25
SCH-HSA800-6-25 4,602 840 Buckling . _ .
= Local Fig. 3. Comparisons of test and analysis results for
er L.oca.
SCH-HSA800-8-25 5,198 784 %Ix)lckling built-up h-shaped steel stub columns
- Mid Local (Average stress-strain relationships)
SCH-HSA800-10-25 5,856 752 Buckling
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(b Multilinear Kinematic

(a) Multi-linear kinematic hardening model'™
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(b) ANSYS solid 185 element'™

Fig. 4 Material and element model used for ANSYS
finite element analysis
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Table 5. Comparisons of test and analysis results for
built-up H-shaped steel column

Buckling Load, Pe

Specimen Angzsis ’Il;iit DePSj,.tgn Puo/ | Pud/ [:f\/ .

&N) | RN | () | Po | P
SCH-HSA800-4-15 | 2,940 [2,989| 2,624 |1.016[1.139| 7.84
SCH-HSA800-4-20 | 3,205 [3,322| 2,875 |1.037|1.155| 8.05
SCH-HSA800-6-15 | 3,873 [4,224| 3,526 {1.090(1.198| 7.53
SCH-HSA800-6-20 | 4,117 |4,419| 3,807 [1.073|1.161| 7.69
SCH-HSA800-6-25 | 4,303 [4,597| 4,042 |1.068(1.137| 7.35
SCH-HSA800-8-15 | 4,632 [4,959| 4,404 |1.071|1.126| 8.84
SCH-HSA800-8-20 | 4,907 [5,192| 4,703 |1.058(1.104| 7.49
SCH-HSA800-8-25 | 5,044 [5,197| 4,931 [1.030(1.054| 7.14
SCH-HSA800-10-20| 5,390 |5,552| 5,379 |1.030(1.032| 8.50
SCH-HSA800-10-25| 5,566 [5,856| 5,622 [1.052(1.042| 6.99

Mean 1.053|1.115
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Table 6. Maximum compressive loads (kN) and ’ T s -
reduction factors (Q= £, /F,) from FEA (d) Flange width-thickness ratio of 10

1000

h/tw =i
b/ 15 | 20 | 25 | 30 | 35 | 40 | 45 50 . X _*::ﬁ

3149 | 3451 | 3646 | 3886 | 3940 | 4599 | 5261 | 5605 SR e
(1.00) | (1.00)|(0.97) [(0.85) | (0.75)| (0.67) | (0.61) | (0.55)

3877 | 4111 | 4300 | 4373 | 4516 | 4590 | 4658 | 4734
(1.00) | (1.00)|(0.97) [(0.85) | (0.75)| (0.67) | (0.61) | (0.55)

4639 | 4909 | 5031 | 5222 | 5153 | 5201 | 5382 | 5447
(1.00)|(1.00)|(0.97) [(0.85) | (0.75)| (0.67) | (0.61) | (0.55) b T R T e
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(0.96) |(0.96)| (0.94)[(0.81)] (0.70) [ (0.62) | (0.55) | (0.49) (e) Flange width-thickness ratio of 12

5464 | 6190 | 6388 | 6452 | 6656 | 7061 | 7016 | 6142 Fig. 7 Analysis results of parametric studies
(0.87)|(0.87)|(0.85) |(0.73)|(0.63)| (0.55 | (0.49) | (0.44) (Average stress-strain relationships)
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