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ABSTRACT : Recently, high-performance steels have been increasingly used for structural materials in buildings and bridges

with the demand for high-rise and long-span of main structures. This paper offers a series of basic study for the design

specification of structural members using high performance steel, that is material properties of HSA800 (High-performance

rolled steel for building structures). Built-up square tube stub columns with variables of width-to-thickness ratios are

planned as a parametric study in order to investigate the local buckling behaviors and check the current design limit of

width-to-thickness ratio. In addition, the buckling behaviors of stub columns obtained finite element (FE) analysis were

compared with those from experimental tests. The verified FE model was used for parametric study and checked applicability

of high-strength steel on current design specification.

KEYWORDS : high performance steel, width-to-thickness ratio, local buckling, stub column, built-up square tube
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A ()= A (-1 E JeRd 4= 9len A ()Y 4= 7 Table 1. Details of test specimens
7‘} /’\Jl (3_1)‘?’} (4_1)i E}fﬁﬂﬂ‘:} . Size of section Length Py
Specimen (mm) (mm) b/t A, )
Q. =A,JA=b,/b (1)  SCBHASIOL goi00x9 | 300 | O, 2236.44
SCB-HSAS00 12.87
0.=1 (n, < 1.49) (5-1) i 1851359 | 450 | iy 3480.14
SCBHSAS0| 1180418050 | 600 | 17:82 |20.48|4723.84
18 (NC)
_ 192 1— 0.34 (A > 1.49) (4-1) SCB-HSAS00 22.78
@ =" N | PGe =t FISAS00) Copsxozsn | 750 | 2208 5O6T7.53
SCB’_%EASOO [1-270x270x9 | 800 2(;7? 7211.23
MR anEUHY wue EAA)e AEARS
(Q.)= * Noncompact: **Slender
LOAD
Q,=1.0 A\ <0.64 (5) $
Q, =1.415—0.65); 0.64 < A\, < 1.17 (6) [} LD
1 Strain Gage
0.90
QS = )\2 )\f > 1.17 (7) Stub Column
f
b kE
i714, A A, = f/ﬂ/
k,= ———1(0.35< k.< 0.76)°|C}.

AATHL o] z2h83sl= k=98] FJELT F)Oﬂ
Tusly] Ao #Hehol IR WsleE AT
ofz} JE-Hzo] tig = mesiof st o] H8A]
THF ol o3t e oA AFGe FEALAF(Q)E
AHgelA AwE £ QT ole FRAZSH(F, )T FET

Fig. 1 Test Set-up
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Table 2. Test results for built-up box section column

Length

(L. mm) Area(Ag, mm2)

Specimen

Max. Compressive
loads(PeMax, kN)

Max. Compressive

stress(cemax, MPa) Failure mode

SCB-HSA800-8 300 2939

2822

Weld fracture after upper

968 local buckling

SCB-HSA800-13 450 4573

4000

882 Lower local buckling

SCB-HSA800-18 600 6208

5098

Weld fracture after mid-upper

828 local buckling

SCB-HSA800-23 750 7842

5810

Weld fracture after mid-upper

757 local buckling

SCB-HSA800-28 800 9477

6403

Weld fracture after center

681 local buckling

Axial Load (kN)

T T T
10 15 20 25

Axial Displacement (mm)

(a) Axial load-axial displacement relationships

1200

1000 4

Average stress n:memzi

HSA-b/t 13
HSA-b/t_18
—8— HSAbt 23
—e—  HSA-b/t_28

40000 60000 80000
Strain (*107-6)
(b) Average stress-strain relationships

Fig. 2 Comparison of test and analysis results

=
A3

UTME AHgsle] st 2d4@74dd 95 4=
X))
=}

AR Aozl Ay %3%(5‘4fﬂ‘ﬂ-1 Pora),
AT (0, 1) 2D FEFFE Table 29 HElatH
AR WE FekE(P)-FHH(5) HAFAY %ﬁ‘%‘?—‘?
(0,)-H¥%(e,) WATAL Fig. 28827 34, @4
A3 Ad)el vepi.

_Q
T

|

& M25d 3=(8d 1242) 20134

6d

3.2 oMz 3 A3

TS
M‘&

L, [ oo w

QA —E,—H/H IL‘E:E“O] ANSYS[IG]E_ }%.3}04 3
A, vAE F=siAe Bl A
7159 5FEAS HA
. FAEATE HSA800 ~ H
g Y ATE uiEtoz H)A

RS

o

[3sl
i
o,
tlo

(¢}

=
R
N
A
BN
o

1
.

“
Y
P‘L
£l
O.
o3

JTH 5
rE
ot
o
<
%
r ll‘
BL JQ

‘O,
o

¢

multi-linear kinematic hardening A&
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Table 3. Comparison of test and analysis results i B P
Buckling Loads:Pcr = £ 4
Specimen Analysis | Test |Difference| { :i /1)
N | (N) (%) . b
SCB-HSA800-8 2,674 2,819 54 9.01
SCB-HSA800-13 | 3,972 3,997 0.6 8.71 ¢
SCB-HSA800-18 | 5,172 5,098 14 8.58 s I
SCB-HSA800-23 | 6,095 5,889 3.4 8.50
SCB-HSA800-28 | 6,466 6,403 0.9 7.50

(a) Typical FE model

(b) Cross-section

Fig. 3 Typical FE Model and cross-Section

A ANER 3 Aggae] SRS Fig 3(b)dl Uitk SgolEe]
HEA|] 2 ARRtollth dubdog AdAl= HduE A =AM (b/t)E 8, 13, 18, 23, 28, 33, 38, 43(Table
g gellre] IR Ass & F fz}ﬁ = olF Hujz 4 Fz) o7 ARsIT, Bde] Zol(L)E Hlek Ur%& g
AT AEZAR A=) F7PF Uehsken, Hdl yEAd T 93 BEAdA e 98 v AYER) EE=
< AY FHEze] WA g8 WZe] AskEw= =o|(H)o] 3.5M2 AZsl] WEATE Fa)5] r/} e
/o] velth. Table 34 Hizo] ZHAGH e %7128 (Initial Imperfection, 1.1.)°l W2 =A% ®l
staoteo] Wizt A@AT|et AT o= < AEE 2k 98k ATw st AAA T Edd
2.3%= M Edo] APAANE vwA FL3| St How  Waoe nd WAL A o =
P-H SA800 801]7\1 P= W4 (Parameter)E, HSAS002
4. HEAF TS, 8& BEFAM(b/1)E IR,
ﬁﬁﬁ%‘ﬂi Aozl FHH(F, )& QAR Agox o
SNEAERE dojzl Arie Addziele] va, AR ol FEAE(F,)2 FALSKF,/F,))5t] @PEAA7IE
do] A% agln AFE 29 o8] MgAT 3 PBe) o (Fig. 7oA A4) 9 vlmsitt.
AHSET, 339 AdATe 2RAEHE] 5 (b/t)
7} 28 795 A9 RE A} vizdddd ddsie 4.1 Haoig At
2 Dol 79 g fedTrh Besith 2 A
Ao met W 2PA0H] MR FYa 2 AT A7 Aol HUYE (P, )& Table 4

Table 4. Test results for various parameters

Amplification factor of initial imperfection(I.I) F, F,
Large LL(LI=1.0) Small L.I(L1=0.001) ) A
Specimen (ienrig) ( AgArfnilz) Max. . Max. . Max. . Max. . Q,

’ ' Compressive | Compressive | Compressive | Compressive Large | Small | Large | Small

loads stress loads stress II 11 11 I

(PeMax, kN) | (cemax,MPa) | (PeMax, kN) | (cemax,MPa) o o o o

P-HSA800-8 315 2916 2591 889 2675 917 1.00 | 1.17 [ 1.21 | 1.17 | 1.21
P-HSA800-13 473 4536 3838 846 4097 903 1.00 | 1.11 | 1.19 | 1.11 | 1.19
P-HSA800-18 630 6156 4980 809 5454 886 1.00 | 1.06 | 1.16 | 1.06 | 1.16
P-HSA800-23 7188 7776 5873 755 6706 862 1.00 { 0.99 | 1.13 ] 0.99 | 1.13
P-HSA800-28 945 9396 6485 690 7582 807 0.89 1091 | 1.06 |1.02]|1.19
P-HSA800-33| 1103 11016 6833 620 8246 749 0.7910.82]0.98 | 1.03 | 1.25
P-HSA800-38 | 1260 12636 6984 553 9520 753 0.70 1 0.73 1 0.99 | 1.04 | 1.41
P-HSA800-43| 1418 14256 7118 499 9934 697 0.63 1066|092 1.04 | 145
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—— P-HSAB00-8
— — P-HSAB00-13

—~ - P-HSAB00-18
s —-— P-HSAB00-23
6000 —s— P-HSAB00-28
——— P-HSABD0-33
—— P-HSAB00-38
—+#— P-HSAB00-43

Axlal Load (kN)
g
]

Displacement (mm)

(a) Using large I.1.(I.1=1.0) amplification factor

12000
—— P-HEAB00-8
— — P-HEABOC-13
10000 - — - P-HSAB00-18
— = P-HSAB0OO-23
—s— P-HSABOO0-28
—a— P.HSAB00-33
z 8000 —s— P-HSAB0D-38
= —s— P-HSABDC-43
A
6000
ot
- 5,
*
< 4000 - ————
i
2000 { —
[} T
o 10 20 30 40 50

Displacement {(mm)
(b) Using small I.1.(1.1=0.001) amplification factor

Fig. 4 Analysis results of parametric studies (Axial
load-axial displacement relationships)
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WAZHL 242 Fig. 49 Fig. 59 YR
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228 s=2z7xsts =23 H5H 35(E
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1000

B00

E
E 600 4
£
é
& 400 4 —— P-HSAB00-8
i e — — P-HSAE00-13
I — — - P-HSAB00-18
= — = P-HSABD0-23
200 4 —— PHSARO0-28

(] 20000 40000 60000  8OOOO 100000 120000 140000
Strain (*10%-6)

(a) Using large I.I1.(I.1=1.0) amplification factor

1000

800 4

600 4
|

Stress (NImm®)

400 —— P-HSABOO-8

— = P-HSABOO-13
- ~ == P-HSAB00-18
—-— P-HSABOO-23
—— P-HSABOO-28
——— P-HSABOO-33
—+— P-HSAB00-38
—s— P-HSABOO-43

200

(] 20000 40000  600DD  BOODO 100000 120000 140000
Strain (*104-8)

(b) Using small I.1.(1.1=0.001) smplification factor

Fig. b Analysis results of parametric studies (Average
stress-strain relationships)

AEAARECEN

(a) P-HSA800-8 with
large 1.1.(1.1=1.0)

(b) P-HSA800-8 with
small 1.1.(1.1=0.001)

(c) P-HSA800-43 with
large I.1.(1.1=1.0)

(d) P-HSA800-43 with
small 1.1.(1.1=0.001)

Fig. 6 Comparison of typical local buckling modes &
stress distribution
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HEXE Fig. 69 Weplisich. el yehdukel 2ol
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