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Abstract : In this study, a restoring viscous damper is introduced for X-type damper system which is designed for the seismic response
control of large spatial structures. A nonlinear numerical model for its behavior is developed using the result of dynamic loading tests. The
X-type damper system is composed of restoring viscous dampers and connecting devices such as adjustable wire bracing, where the
damping capacity of the system is controllable by changing the number of the dampers. The restoring viscous damper is devised to exert
main damping force in tension direction, which is effective to prevent the buckling of bracing subjected to compressive axial force. To
evaluate the performance of the proposed damper, dynamic cyclic loading tests are performed by using manufactured dampers at full scale.
In order to construct the numerical model of the damper system, its model parameters are first identified using a nonlinear curve fitting
method with the test data. The numerical simulations are then performed to validate the accuracy of the numerical model in comparison
with the experimental test results. It is expected that the proposed system is effectively applicable to various building structures for seismic
performance enhancement.
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LME B Bzt AFEE A Aol elg oA
2 2geka ek shAk olof sl tiee] 715

2 o)A e X212 WRIAA 7L BEE 2o YRAAAY} vt g ®] ALY YRR 7o) Tast
Al GAY WRIETFo] AJYER] F2 =% A5E & Aoz Yyeha ok 2| 2 AZEo] Yy w17t
= o8 e Tzt A A it 1y 22011 0]& 57 theo] YR 7| EA So] 4=
afjet AAA A4S skt EIF S A & Zxlo] AAE T oL}t gAF AZ=Eo| tist yREY
Al GSolA WA= A]%19] ¥lE7} F7Fskal 9L, APEL 2013W7HA] 13.4%0] 1|3 Qlow, 22t
73 Ay of| thet Bkt o R Qlal A& WRIAEA g AH A2 7|zoz o ] YRALAA 7} Hew
2 B o] oigt Aol wobx|aL Qlok 53] A% FRE 3% nnko 2 2ANE T Q) ulebA 7)E R
Y & SA] Al 75 R elokste AR Z|REAIA 2ol YRAL Aol sk AlslE 9= g A%
2 =9 ARJAA deiA = o w2 a5 YXIA 9l Arstolr
Lo] Wasits v ST 9t Ao R AZES WiAde S FAZI7] Hgt
o] A g, ASH 2 A 5 thaolEAlA YWARZ; oo 1xEo] 7hg 1 s 277

" Corresponding Author : Wonsuk Park, Tel : +82-61-450-2471, E-mail : wonsuk@mokpo.ac.kr
Department of Civil Engineering, Mokpo National University, 1666 Youngsan-ro, Chonggye-myeon, Muan-gun, Jeonnam 58554, Korea

52



HFH 3L Lz Ezo] el M =9,
7M1 o] & ARG sk
& Z7H71E e diitzel Aol
2 H4uto] o) Fagol %ﬂ% %
3, P WY 58 7M7) A9 o
x2o] BIE YAT 4 ot TR o WA

AHTAE B Bgsher] ofelgo] mECh whe}

/\] Aol

A ZZol ke 7H14 2 damping device) 0|43}
of FRES FHNES F7HI7IT, BASHS o

A717] $18 Al 9 A
3] A e,
AR BAA 2R Ao ofs) wAshe A%

1o O

el digt 7 2

o

7:.%47101] X‘XWI UﬂToﬂ %LZ o B gl KA
Solgt Aol vk ARk 7]Eo] A ot
AR 7H2]7] A]ﬁEé}ﬁ Flg 1o] KL.QI ue} Zro] 4-22A]

Hejlo] Y(bracing)®] X2 <l
BAES W= Sl
A5k awo] B2 BEY
P B3] ozt FREY A

CD

of ZFAUA} A=
ZHal7)el Aok oz

s,

g Axo]c.
2ol it AP
A AR U
Aro] a7k,

e
Qakelo] TislA
28 F40) 7417

Fig. 1. Examples of typical bracing damper system,
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Table 1. Maximum damping forces according to variations of

loading velocity

Positive (Tension Spring) Negative (Compression Spring)
Velocity Damping Force Velocity Damping Force
(mmnvsec) (kN) (mny/sec) (kN)

1 32.828 -1 -37.602

2 31.412 2 -46.522

4 33.410 4 -53.349

6 34.977 -6 -58.571

8 35.388 -8 -60.362

10 36.165 -10 -61.686

15 38.051 -15 -64.616

20 40.511 20 -64.563

30 41421 -30 -63.874
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Table 2. Numerical model parameters using nonlinear curve
fitting

Parameters
Load direction
Cy @
Positive (Tension) 5444 x 10° 0.084
Negative (Compression) 113.17 x 10° 0.140
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Fig. 9. Comparative results of hysteresis curve between
experiment and numerical model (4 mm/sec).
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