Km Check for updates

Journal of Korean Society of Steel Construction ISSN(print) 1226-363X  ISSN(online) 2287-4054

Vol.33, No.4, pp.203-214, August, 2021 DOI https://doi.org/10.7781/kjoss.2021.33.4.203
= =3 St 235 E
NAG-MA=ZE Mot StdX MITIAAHIC| 0|=EY ¢+

A Study on the Hysteretic Characteristics of Hybrid Steel Damper System
Using the High Ductile Low-Yield-Point Steel

Kim, Geon Ho', Ryu, Hong Sik?, Kim, Dong Keon®

'Graduate Student (Master Course), Dept. of ICT Integrated Safe Ocean Smart Cities Engineering, Dong-A University,
Busan, 49315, Korea
2Principal Researcher, Structure Research Group, POSCO Steel Solution Research Lab, Incheon, 21985, Korea
3 Associate Professor, Dept. of ICT Integrated Safe Ocean Smart Cities Engineering, Dong-A University, Busan, 49315, Korea

Abstract - In this study, the composite steel damper system using low-yield-point steel(HSA80) was proposed to obtain more
effective energy dissipation capacity than a general steel damper. The composite steel damper system using the low-yield-point
steel has the advantage of ensuring high stiffness and seismic performance by exhibiting excellent energy dissipation capabil-
ities and performing sequential yield characteristics. The experiments of the composite steel damper system were conducted to
investigate the hysteretic characteristics. Two types of steels carbon steel(SS275) and low-yield-point steel, were used to develop
the steel damper LSD(low-yield-point steel damper), CSD(carbon steel damper), and HSD(hybrid steel damper). In addition, the
behavior of HSD was analyzed through the nonlinear kinematic hardening model and the analytical were good matches with the
experimental results. In conclusion, HSD showed excellent energy dissipation capabilities to ensure stable seismic performance
based on the two types of loading protocols.
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(b) HSASO tensile coupon

Fig. 1. Tensile coupon tests (Unit: mm)
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Fig. 2. Comparison of stress-strain relationship
between HSA80 and SS275

Table 1. Average results of three tensile coupon tests

. E 5 fu Elongation
Specimen | \ipa) | (MPa) | (MPa) | /% | (%)
SS275 210,169 287 431 0.665 27
HSAS80 187,651 77 274 0.279 66

oF 1/4 YTk, T3k, R H 02 HE Q%
%%ﬂ%ﬂﬂ%ﬂq_irtiﬂ%&%@”

[\

HSDX Fig. 39} Zo] At & 0 2 §H=1H 97} ok
7 A FEIE o) %, AT H 0= FEANT} £

Holm,

2TAR-AGESE

AF85 B

o v 7

T A ARt pE T
SRR |

2 9F 2.3

HE 2 A olo] wtet ZAHR S o] AT
Ut ek *%ﬁiqﬂdﬂﬂﬂhﬁlﬂﬂ%ﬁﬂi
=]

S A AR A ] A

2 LSD
2. CSD7}

$A44 02 JEsto] hopet SstEo] ambaow oy

o1 =2 7S SR

flo

o= =i

Sk X .
oAU

A|Aglo|t},



HSD
L
. CSD
Z Quo [
<2
3
15
= 0,
LSD
[

6, Sgy2

Displacement (mm)

syl

Fig. 3. Hybrid steel damper system
using the low-yield-point steel
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Fig. 4. Design configuration of the steel slit damper
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Fig. 5. Detail of test specimen (Unit: mm)
Table 2. Test specimen
Strut 0 5 e
2 d¥ly dOy dBi
Specimen t B H Number of (kN) (mm) (kN/mm)
(mm) (mm) (mm) struts
LSD 15 60 100 1 24.45 0.17 142.75
CSD 25 30 200 4 56.84 1.58 36.05
LSD 15 60 100 1 0.17
HSD 81.29 178.80
CSD 25 30 200 4 1.58
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Table 3. Summary of experimental results
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Specimen | 4 Xy (mm) | kN/mm) | (kN)
LSD 25.66 0.32 81.16 92.82
CSD 61.82 1.62 38.68 111.82
HSD 80.76 0.87 115.14 191.35
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Table 4. Cumulative plastic deformation ratio of specimen

Wp (KN-mm) n
Specimen
LP-1 LP-2 LP-1 LP-2
LSD 59,782 13,556 7,282 1,654
CSD 54,196 12,918 541 129
HSD 113,568 25,021 1,616 356
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Fig. 17. Failure configuration after tests
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Table 5. Material parameter of nonlinear kinematic hardening

model
Isotropic hardening Kinematic hardening
Material 0 ) c .
(MPa) (MPa)
HSA80 145.02 59.05 8,589.88 72.40
SS275 87.76 53.87 4,728.41 53.87
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Fig. 19. Stress distribution of each analysis model

AT} R A0l FEHEATE oIt g H
LSD, CSD2} B4 534 A| 72| HSDS] LP-1 %
LP-2E 53t sk5-1 9] ol 341 A¥te] W= Fig. 209%

S FEHS] =2 A33E A4S(EH A1735) 2021 89 211



g3 2 AN AR ol A=A A7

O.

150 150 250
200l T Expcrlrpcnt
100 100 ---- Analysis ppapeetts
150 v
50 50 100
— > Z 50
) ) )
o 0 o 0 © 0
£ £ £
= = = -50
-50 -50 0
-100 - -100 - 130
—— Experiment —— Experiment 200
---- Analysis ---- Analysis -
-150 -150 -250
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
Displacement (mm) Displacement (mm) Displacement (mm)
(a) LSD (b) CSD (c) HSD
Fig. 20. Force-displacement response of LP-1
150 150 250
200 || — Experiment
100 00 [ e T Analysls e
S 150 | i
50 50 100
— > Z 50
) ) )
o 0 o 0 © 0
£ £ £
2 g g = £ 50
-50 i % //, -50 0
4100 , 4100 R . R I A me
—— Experiment —— Experiment 200 | EEETT
---- Analysis ---- Analysis -
-150 -150

-30 -20 -10 0 10

Displacement (mm)

(a) LSD

20 30 -10

Displacement (mm)

(b) CSD

0 10 20 30 -10 10

Displacement (mm)

(c) HSD

30

Fig. 21. Force-displacement response of LP-2

Fig. 213} Zt}. v]Ago|54stn gL AL83t A A=
A9 Ae} FARE o] A 52 LEhdlT). S 2 TS S
TZ5 LSD, CSD, HSD2] of| U] 2| AANFS LP-10]| 4] Zkzt
63,776 kN-mm, 60,137kN-mm, 125,915 kN-mm= A3 27}
9} 9F 10 % o] 2] LAFE YERH AL, LP-20]4] LSD, CSD,
HSDO] of| A A| AA S 7E27F 13,227 kN-mm, 13,508 kN-mm,
26,940kN-mm= A AT} F 5% o o] 225 H YT

6.2 &

£ QP G A1 7
779 LSD, CSDE 4 0.2 23sle] HSD
A ARA S AAS AT FHAS A A 0 7 e

A G5} PR A 0.2 2 A

W62 sk A= AlAEE Al

5
RO, ST olHAE, HHASHA, oflviA &

212 5737201 =g A3 A2 (EE A173%) 20219 8¢

o
=

Al
EEshltt

553 5o WAy
Aolat BYA A

RS

of The 3t

(1) EFA AR AR HSDL] A A Al o] A5 370
O] F7to & FRGF 4= 9l om, AN ATO] o] H A
I 3709 F2E0 2 YEFg T D CSDRFLSD7FEH]
A&5h=77HZone 1 <5,y1), @ LSD= @5 0] F A&
A B2 IR CSDE= B3 A5 ohe M0y <
Zone 2 < §,y2), @ CSDL} LSD7} & o] & A AF
Sh= 77H8,2 < Zone 3).

FEH QS M52 51 LSD, CSD2] A 3ol AEH
Q1 Alo]A] &R ¢] ZAxtel HSD2] A9oflA HSD_
LSD, HSD_CSD AE &3l Alo]A] FEHY] A=
ARSIl YRt HSDOlA] 2 9)7F A 2] o
22 A7 WA et FEHT AT A
2223t AR 02 FESF=olEATS

Ehiick

[¢)
A

7o A2 O

ET 212

(@)



(3) HSDO| o] AF 5 o= sl5-1 9] o] FAlofA
o] &334 9 FHdisks, oyAaAtg2 LD,
CSDO] 5} 9] o] Ao A 9] &7/ & 2
515, ol Al aikes Tl 3t gtk fALSHAl Lrelhdeh

(4) FE2E AJHPNIAIE 242 FEHF Y
A& U FAHEFo|H F2Eo] uta4Jeof o]=
717 Zste] A EE AdHES sk 3t
02 SO Al A A AF &) 2] - A
=70 2 47 LSD7} CSDE T 3 A Yepgth
0] LSDO] 3= H 9|7} CSDR T At A 0 & 2H7]
w20l T G oA oA 7F ZA A= 217
w70 g wetElth, T3 LSDO] 44 G ol 4 9] o
2|7} CSDETH A o2 G U= o]=LSDY A
350l folths AS ERIskgi:

7t

o
i

O] =2 20169 = FF(WSF) ] Lo = A+
o] A S ot =34 7] 2 ATAFI YU THNRF-201
6R1A6A1A03012812).

Z31 23 (References)

[1] Kim, K.-H., Ree, J.-H., Kim, Y.H., Kim, S., Kang,
S.Y., and Seo, W. (2018) Assessing Whether the 2017
M, 5.4 Pohang Earthquake in South Korea was an
Induced Event, Science, American Association for the
Advancement of Science, Vol.360, No0.6392, pp.1007-
1009.

[2] Oh, S.H. et al. (2011) Development of Technologies
for Improvement of Seismic Performance on the Ex-
isting Low-Rise Buildings: The Final Report, Research
Report, National Emergency Management Agency,
Korea (in Korean).

[3] Kim, Y.H., Oh, S.H., Kim, Y.J., Ryu, H.S., and Park,
H.Y. (2019) Analytical Study on the Damage Control
System with Installed Energy Absorber at the End of
a Beam Using Resistant Point Steel for Damper,
Proceedings of Annual Conference of Korean Society
of Steel Construction, KSSC, pp.25-26 (in Korean).

[4] Dargush, G.F., and Soong, T.T. (1995) Behavior of

934 - 35

i

A

Metallic Plate Dampers in Seismic Passive Energy
Dissipation Systems, Earthquake Spectra, Sage, Vol.
11, No.4, pp.545-568.

[5] Ahn, T.S., Kim, YJ., Park, JH., Kim, H.G., Jang,
D.W., and Oh, S.H. (2012) Experimental Study on a
Cantilever Type Metallic Damper for Seismic Retrofit
of Building Structures, Journal of Korean Society of
Steel Construction, KSSC, Vol.24, No.2, pp.149-161
(in Korean).

[6] Lee, S.-H., Oh, S.-H., and Baek, E.-L. (2011) The
Proposal of Steel Damper System to Improve the
Seismic Performance of Reinforced Concrete Frame,
Journal of the Architectural Institute of Korea — Struc-
ture & Construction, AIK, Vol.27, No.9, pp.21-28 (in
Korean).

[7] Wang, T., and Lou, Z. (1990) A Continuum Damage
Model for Weld Heat Affected Zone Under Low Cycle
Fatigue Loading, Engineering Fracture Mechanics,
Elsevier, Vol.37, No.4, pp.825-829.

[8] Wang, C., Fan, J.-S., Xu, L.-Y., and Nie, X. (2020)
Cyclic Hardening and Softening Behavior of the Low
Yield Point Steel: Implementation and Validation,
Engineering Structures, Elsevier, Vol.210, 110220.

[9] Chen, S.-J., and Jhang, C. (2011) Experimental Study
of Low-Yield-Point Steel Plate Shear Wall Under In-
Plane Load, Journal of Constructional Steel Research,
Elsevier, Vol.67, No.6, pp.977-985.

[10] Saeki, E., Sugisawa, M., and Yamaguchi, T. (1998)
Mechanical Properties of Low Yield Point Steels,
Journal of Materials in Civil Engineering, American
Society Civil Engineers, Vol.10, No.3, pp.143-152.

[11] Zhou, Z.G., and Li, Y.W. (2020) Experimental Inves-

tigation on Cumulative Damage Indices for Steel

Members Under Ultra-Low-Cycle Loading, Journal of

Constructional Steel Research, Elsevier, Vol.172,

106223.

Frederick, C.O., and Amstrong, P.J. (2007) A Mathe-

matical Representation of the Multiaxial Bauschinger

[12

—_—

Effect, Materials at High Temperatures, Taylor &
Francis, Vol.24, No.1, pp.1-26.

[13] Chaboche, J.L. (1986) Time-Independent Constitutive
Theories for Cyclic Plasticity, International Journal of
Plasticity, Elsevier, Vol.2, No.2, pp.149-188.

[14] American Society for Testing and Materials (2016)
Standard Test Methods for Tension Testing of Metallic
Materials (ASTM E8/E8M-16a), USA.

[15] Korea Society of Seismic Isolation and Vibration

SR SNE] 1R A3 AU EEAA1735) 202149 89 213



=l
rR
oXx
2
_?_I',
Iz
N
N,
o
>
>
o
Oft
o
I

A AR 27 2] o] H B AT

Control (2012) Peer-Review Guideline for Design of Cyclic Loading, Proceedings the IABSE of Sympo-
Structures with Damping Systems, Kimoondang, Korea siums, International Association for Bridge and Struc-
(in Korean). tural Engineering, Portugal, pp.119-124.

[16] Ministry of Land, Infrastructure and Transport (2019) [18] Park, Y.-J., and Ang, A.H.-S. (1985) Mechanistic Seis-
Seismic Design Standard for Buildings (KDS 41 17 00: mic Damage Model for Reinforced Concrete, Journal
2019), Korea (in Korean). of Structural Engineering, America Society of Civil

[17] Kato, B., Akiyama, H., and Yamanouchi, Y. (1973) Engineers, Vol.111, No.4, pp.722-739.

Predictable Properties of Material Under Incremental

8 % EATNAE7IEY FAHEEES EHAQ] oY R 24 EE LR Al L A-ATEAHHSAR0) S AHESE B9k
A ALA A AQFsE AT AL A-AFES AR B ANA AR 2 w2 20 A FE-2 B0 gt sk
o] 8314 0 & tf-g5t 2l QM H Y WA 52 G o= S 7Hth EFAA AXA A5 o|H EAZ nhetsr] Y F M S
9] A Q1 &A73(SS275)T A FEZH(HSAS0)S AF-51o] 73 A LSD(low-yield-point steel damper)2} CSD(carbon steel damper),
HSD(hybrid steel damper)E A A5} 0H, 1of thgt FAFSH A 3ot et E3 HSDY v A5Z 5517 el /3
Q.2514 72 T79) ABAQUSE A-8 31e] AR G142 Ao 0m, AT G AR A5HE Lhehict. 1 72 B sle] HSD
7} 7120 A AAISHL 9l F 7HA 9 oh5 TR EF| oAl A4 0 & tf-35tal 423 o A] ks S Hof ARl Wzl
2 BuEE AL BIsterh

.

W80l TAY- AP, 23F BAYH, B AW A, cheA S, o=

214 =57d72010] =g A3 AL (FE A173%) 20219 8¢



	고연성-저항복강을 사용한 복합강재 제진시스템의 이력특성 연구
	Abstract
	1. 서론
	2. 고연성-저항복강을 사용한 복합강재 제진시스템
	3. 실험개요
	4. 실험결과
	5. 복합강재 제진장치의 비선형 해석
	6. 결론
	참고문헌(References)
	요약


