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Characteristics of Hysteretic Behavior of Circular Steel Column
using SM490 for Loading Rate

. Y
Jang, Gab Chul* Chang, Kyong Ho

Abstract

The hysteretic behavior of steel structure under cyclic and dynami loading such as earthquake is different to that under static
loading. Because structural steels on dynamic deformation is different to static deformation with respect with mechanical char-
acteristics and stress-strain relationship. Therefore, to accurately predict the hysteretic behavior of steel structures such as cir-
cular steel columns under cyclic and dynamic loading, the difference of loading carrying capacity and deformation according to
loading rate, assumed static and dynamic deformation state, must be investigated. In this study, numerical analyses of circular
steel column using SM490 for change of loading rate and diameter-thickness ratio(D/t) were carried out by using three-dimen-
sional elastic-plastic finite element analysis and dynamic cyclic plasticity model of SM490 developed by the authors. Char-
acteristics of hysteretic behavior of circular steel column using SM490, load carrying capacity and energy dissipation ratio,
were clarified by analysis results.

Keywords : three-dimensional elastic-plastic finite element analysis, circular steel column, dynamic cyclic plasticity model,

loading rate
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2.1 SHUtEA Moo Xjot
drH o FH HIYEA & S Al FANt
Badwde 21y 2ol 13T 4= 3UtiJohn 5, 1985).

a(&eT)=fe)-g(&)-h(T) )

o7)1M, ov AFeE, ¢ HIE &%, = 252 Y

o) = BARF FeoMe] viELAdRd R ¢lojo] WiE3}
To e AR BRS olgAEE ASsh] Slsl Ak
o ofef ARRMENCH A AP AR} Hlwsle] 1 A%
2 EFAS AFUITHEAEE 5, 2004a, 2004b, 2004c).
Ak 7 dxAfel el 71xste] AAsslion U5
el A Al (Loading state)2} A 313 Ell (Unloading

sate) A(2), G 2ol TE3le] ATt
EY Li=E ‘t+ﬂL, ln(l +=2): Loading state )
E Z; =K L,+,BU1 In(] +0c_) Unloading state 3)

Ui
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HEEEER B AFME 104SHE At a8
a1, o2 ABAFE A A NA ALk
W= 52 A Ao dlele 252 Q1g dsld
S aEg 2ERYE B AF)4= John-Cook =S <l
g3to] o A3 o] BAskskith(John 5, 1985).
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h(T)—{l—(Tf—T) } (%)
Cq 7]}\‘] 5 mom \_.—-i 20°C= }\]-75 01'93\]:]’ T;ejt ‘I"A’Q'

T2 800°C ofF 7ol wig- sl 71EE 3 A HKim
5, 1998, 1998b, 1998c)ell 71Z3} T2 800°CE 4HY
aHArh e SHAFAENA istepS] 2ER AL
90%7F G5 WEEo] Jojar 7P| taat o] At
AH(Toyosada 5, 1991).
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T,=T,_ +AT= TH+0.9I pﬁdep ©6)
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2ol HEMS:

(mass

3% 7VAH 44 9 AR
YS (MPa) TS (MPa) YR (%) (GPa) E ft (GPa) & (%) EL (%)
365 549 66.5 204 10.4 1.24 30.6
SM490 AR A ) HEELEE Ty Ko R=h=lc)
o B oy Bu c e m
0.00018 -1514.80 0.00013 -1287.58 0.0008 5.675 1.45
R =15.00 mm
D1=635mm D2 =127 mm
—  ~ s ST
I W
254 mm !
50.0 mm
200.0 mm
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o ED/tH] A& oy _ D/tH] A=
(771, mm) (mm/sec) &, mm) (mm/sec)
D/t-100-0.1 0.1 D/t-60-0.1 0.1
D/t-100-1.0 1.0 D/t-60-1.0 1.0
D/t-100 100 D/t-60 60
D/t-100-10 9.0) 10 D/-60-10 (15.0) 10
D/t 100-100 100 D/t-60-100 100
D/t-80-0.1 0.1 D/t-40-0.1 0.1
D80 D/t-80-1.0 80 1.0 D40 D/t-40-1.0 50 1.0
t- t-
D/t-80-10 (11.25) 10 D/t-40-10 (225 10
D/t-80-100 100 D/t-40-100 100
240 240 240 240
120 120 120 120
g ) =) =)
E E E E
i £ i g
-120 -120 120 120
240 240 240 240
0 Horyzontal dis;?]acemem (ns?m} 0 o Horizontal dis;lacemmt (r’r'im} 1 B Horizontal dis:latemml (ﬁ?m) e Hortzontal dis&wmnm (ns?m} 1
(a) D/A-00-0.1 (b) D/t-00-1.0 (c) D/t-100-100 (d) D/t-100-100.0
240 240 240 40
120
=
E
3 o
g
E
==}
-1
INU.IOD =50 [1] 50 100 J“‘-Im =50 0 50 100 1“’:]“} =50 o 50 100 J“'-'IW =50 o 50 100
Horizontal displacement (mm) Horizontal displacement (mm) Horizontal displacement (mm) Horizontal displacement (mm)
(e) D/t-80-0.1 (f) D/t-80-1.0 (g) D/t-80-10.0 (h) D/t-80-100.0
0 20

= Horizontal load (tf) _

. Horizontal load (tf) _

- Horizontal load (if) _
=

100

1o Homzontal d.ispolanemem (;?m) " m Horzontal disglmm: (.sfm} " m Hortzontal disglmamm {|snom) w m Hésr?mmaldisglawnenl (ﬁm}
(g)-D/t 60-0.1 (h)-D/t 60-1.0 (1)-D/t 60-10.0 (j)-D/t 60-100.0
] ]
B0 =R
H K
: ]

=50 0 50
Horizontal displacement (mm)

(k)-D/t 40-0.1

=50 0 50
Horizontal displacement (mm)

(1)-D/t 40-1.0

=50 o S0
Horizontal displacement (mm)

(m)-D/t 40-10.0
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ML I 30 Hole= A 22 A7 900(mm),
0] 3404(mm) YF71Folth BAZRAL 71%319%'—91 A=k
E AHEE EsIgon Aole IAS AdAsE (P
WHEFH WL (H)E Akttt sk ﬂﬂ”lﬂ 3l&(Py)
o Hlggl] 0.124P k0] YA HES AfslsATth(Gao,
et al., 1998). WFEFHMHE AA|R|Ae5S o435} sl
% 39 o] FEFFHL ()bl vlElske] Ha S8k
© WHESEaE o2 Alsletnt. ofu, FEEwe] 2 S
HEE3 VS (Hy> 27l 23] Ak

T

M P H h
H,= Ty(l *Fy)’ % =3Er ™
saviEEE ARS8, Dk AskEEo]

o A - FHsES s LY £55 0.1, 1.0,

200

-2~ 0.1 mm/sec
- 1.0 mm/sec
=&~ 10 mm/sec

-0~ 100 mm/sec

150

100

30

)
=
(=]
=
-50
100
150
200
-80  -60 40 -20 0 20 40 60 80
Displacement (mm)
) D/t 100
200

-0-0.1 mm/sec
150 | =< 1.0 mm/sec
=& 10 mm/sec

-0~ 100 mm/sec

Load (tf)

-80 60 40 -20 0 20 40 60 80
Displacement (mm)

) D/t 60

10, 100 mm/sec® A3}tk (Fukumoto 5, 1991; Usami

5, 1998). D/t H] @ AJelEwd] wE sjawde E 29k
o] EH3ch.

32 Mzt o D

aY 4= H&%%}%— Xer‘l l D/tH 9} AJetETe] whE

olgde Holar Qiok. 1

g 5= Zﬂo}v—#ﬁﬂl e 6]7; e Fehars vlaskar gl

o} ABEE 0.1 mm/secs 7]EC 2 Bl o™ D/l
& Hlwdye osa g2

~D/A-100(D=900 mm, t=9 mm)

D/t 100-0.1 298 7|ZFog nlwd Ay AeEE 1.0
mm/sec?] A% 0.1 mm/sece} A AR ASS Holw
At sk wasH 57}3}951014 AolFs7ll e
Hy 9 sl Ao fAlg AsS Kolal .

ASHEE 105} 100 mm/sec?] 76‘—°r +38°14 Wstzo] A

o 6%, 15% S7FItE. 12y £48°1F 0.1 mm/sec &
dlof] B8] F43] A=) #A3k=E]o] 0.1 mm/sec DI} A9

AR WstEgks Bolar ot
—D/t 80(D=900 mm, t=11.25 mm)
ABEE 1.0 mm/sec®] 739 -359141 0.1 mm/secol] Bl

200

-0-0.1 mm/sec
150 =& 1.0 mm/sec
-&— 10 mm/sec

-0~ 100 mm/sec

-80  -60 -40 20 0 20 40 60 80
Displacement (mm)

(b) D/t 80
200
-0-0.1 mm/sec
150 | 2« 1.0 mm/sec
100 -t~ 10 mm/sec
-0~ 100 mm/sec
50
k)
'g 0
=]
=
=50
100
150
=200

-80  -60 -40 -20 0 20 40 60 80
Displacement (mm)

(d) D/t 40

3% 5 xRSO [hE SkE-Hel ZE=Me| Hln
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oF 10%3%E Watge] F7staom HAZQ] ogAES
0.1 mm/sec =3} FARSITE

ATEE 10 mm/secd] 7AF ASIEE 0.1 mm/sec EEo]]
HI3l -48004] oF 17% WstEo] Z7shH o]F Atizo=
Wateo] Askle] £580150l e ALY fAlS o€ ASS
Holx 3}

AEEE 100 mm/sec 22O A9 10 mm/sec A =
oAl +48001K A 26%7H] WstE o] S7ksliont of
A7)y F4838] 7Ask £50139= 0.1 mm/sec 2}
o] Ak ol ATS Hola Tt

2L ol

~-D/t 60(D=900 mm, t=15 mm)

AEE 1.0 mm/sec®] 7-F 0.1 mm/sec=dol] H|3] w]i
gk st ZolE Holuk HAAQI o]HFAEE 0.1 mm/sec
a9 Ae] fAlsict,

ABEE 10 mm/sec O] 739 +35004 F 5% diEh
o] Z7IeI e olF FA3] =Tt AskEe] -650MM= &
3] 0.1 mm/sec=dol] HI3] 10%4= WalEo] 7HA3sHc)

ANEEE 100 mm/sec=2 ] -9 10 mm/secZ@T A}
Sl 43800141 Hh 10%7H] htEo] F7ksliom o]%
A7) F43] gAask] 7801 F e 0.1 mm/secEHo] ]
sl oF 18% wistEo] sl

30

-0-0.1 mm/sec
25 - 1.0 mm/sec
=~ 10 mm/sec
-0~ 100 mm/sec
S
]
Els
.
510
5
0
0 1 3 4 6 7
Cycle
(a) D/t 100

30

-0-0.1 mm/sec
=% 1.0 mm/sec
-t 10 mm/sec

-0~ 100 mm/sec

[
w

=]
=

Energy dissipation

=

3 4
Cycle
(c) D/t 60

—D/t 40(D=900 mm, t=22.5 mm)

AdkEE 1.0 mm/sec2t 10 mm/sece] 739~ 0.1 mm/sec™
A3t FARE ASS Holal Q1o +56, oF 237 mlai
sl e UEtEZES ®olal Ytk 1.0 mm/secEHY] 9
ol 4%, 10 mm/secE2e] 745 Ho 6% = sk o]
st

A= 100 mm/secE @] - +38004 Hd 6%71A]
wsleo] F7kslou +5801% 543 AEAst o=
A3t 0.1 mmysec o] Bls] Ho 11% 22 WsiEs
Hola .

AFEE 0.1 mm/secsS 7= =2 DiH|9} AskER w
£ SM490 71T oA ES Rluddhe 7] Aol
FollMe AFeE AsIE= T F7H0.1->100 mm/sec)T=
= Ugtgo] S7IshH DIt AAESE 5, 4377159
A7 7S U5l 715 dAES & 4 ok
whA RolZo] Hap gl we} Aot SRS
0.1 mm/secx el Hla} FiH o= Walo] ZHashH Dit-
60 2 D/t-40 B 238 e (0.1 mm/secE )R}
s Watgks ®ola ot

—oYR] AAkEE
A 2EES WEsEe] o8 FE FHdUA

30

-0-0.1 mm/sec
- 1.0 mm/sec
-~ 10 mm/sec

- 100 mm/sec

— b3 (%]
L E=} uh

Energy dissipation

=

3 4
Cycle
(b) D/t 80

30

-0~ 0.1 mm/sec
= 1.0 mm/sec
- 10 mm/sec

-o- 100 mm/sec

Energy dissipation o
h =1 LA

=3

3 4
Cycle
(d) D/t 40
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(AE)9t 3o R(AE )9k HIZ A(®)el o) ALttt
(Fukumoto, 2002).

Energy Dissipation ratio =

®)

471X, AE=H,d,/2017] 937nz}e] A|g-FAPRo| wp o
YA 2AkaEe T7 6ol JERIITE 19 6(a), (b)ell B
Mkl o] D/t 1003+ D/t 80 =ele] 79 solZo] F7t
Sl W} ATt S7HERS duA] AMEs s SUls)
A5t iR MolZol| e Asle] Aol FUFE oA A
AHEE RS Bola ok o]9f e AT S-S
Fepapao] A3k} fAlHl Z7MelEele Alsksel w
& Wishy o]z} st Aeolgo] 71t wet Wate
o] F43] 1AsleE A TYS APl AR Dit
607} Dt 40 29| 7% I3 6(c), (d)ll Hole nle} 2
Nr= FARRE olA] 2FEEASS Hoela
Ao} MolFo] F7lelM AsiEErt S7HEE olUA] &
kg go] ZAES & 4 ok

o
B
Y
*
RS
L

4.4 E

e

SM49073A19] EARHEA R A 85 33k B
[AFTHE LS A% 2 s dne] vus
slod 7t aiA7Ive] Ae B erdAS HSSII AN
9 SA7EE o83l FHEES T HESEe)
S AE-FAR Pl T2 SM490 9FA7Fe] olE AT

-

SE oft Ml of

wnn
<
~
O
<o
oft
Y
2=

ko

HAARDS AEGOP o]F HEF 3
A9 EAEAFRRASNA S St A
e Ag ) NnE BH] 1 A= 2 By

2. AEA W ZEA] ABKEE 0.1 mm/secs 7E0 2
D/MIS} sl 2 SM490 BT olE AT
< Bladde Z7] AolFoAes Ao R AlslErt
S7H0.1-100 mm/sec)T5- UislEe] F7ksh D/Hl7E
DEEFE F, A7 A S WY
TS S & 4 QU vhA Mo|Fo] HA; 18
ol meh A=t S71S 0.1 mm/secE ol )
AiHos Walelo] 2ash D60 2 D40 BHE
2318 G2 (0.1 mm/sec )R} W& WSEZES B
o]l 3t

3. dux] 24kaE vlwgt A7 Di 1002 D/t 80 XEle]
735 HpolZo] F7Istel wet AslErE S1RE ol
YA 2Aaes S7RHANE viR RolZolMe H43]
743190k, Dit 602+ Dt 40 EHlo] ¢ %7] MolF
oNMe AR el FARE oUA] a8 Holu 4
olFo] F7kslaL ATt Sl wEt 3]8 ey

A Zbago] st
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