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Inelastic Seismic Response Control of the RC Framed Apartment Building
Structures Using Exterior-Installed Kagome Damping System

Moo-Won Hur', Young-Soo Chun’, Sang-Hyun Lee™™

Abstract: Various passive energy dissipation systems have been proposed and widely applied to real building structures under seismic load due to their
high energy-dissipation potential and low cost for installation and maintenance. This paper presents nonlinear dynamic analysis results of the
effectiveness of exterior-installed Kagome damping system(EKDS) in passively reducing seismic response. Kagome damping system proposed by
previous studies has isotropic and bi-linear hysteretic characteristics and the installation configuration is newly presented in this study. The 15 and
20 story RC framed apartment buildings are used for verifying the effectiveness of the EKDS. The stiffness ratio of the damper supporting column
to the original building, the number of the dampers, and the installed stories were considered as design parameters. Numerical results demonstrated
that the EKDS were very effective in reducing both the two horizontal directional seismic responses by just using smaller number of exterior-installed
damping system when compared to the traditional one-directional inter-story installed damping systems.
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Story st Mode 2nd Mode

Without EKDS 1.71 sec 1.64 sec e SRS A A T o] AR A A 2H
15 stories  EKDS-1F~3F" 1.70 sec 1.62 sec (0.8 Base Shear, ©]3}0.8 BS)= tldo.= s2 2 wlust

EKDS-1F~SF’ 1.68 sec 1.57 sec STt A A 28 ATt TP E A Table 29F 2.
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Table 2 Strength of concrete and steel

Table 5 Comparison of reinforcement amounts

Material Content S 1.0 BS(kN) 0.8 BS(kN)
0
1F ~ 5F fox =30 MPa R Column Beam Wall Total Column Beam Wall Total
Concrete oF ~ 11 fo = 27 MPa 5 764 1466 264 2494 655 1333 194 2182
11F ~25F fu =24 MPa stories (87%)
Less than HD13 fy =500 MPa 201200 2200 342 3742 1,143 2,006 204 A
Steel stories (92%)
More than HD16 f, =600 MPa
Table 3 Seismic design parameters A F=E A met Ao To] FestEol A ul
RS S 1} =] E Sk O 29 =
Coefficient of regional difference(A) 0.176 H= Aol Yet] dielth. 53] eitgo s 434
Sito s S, o) % A7 HE AWe] FFOE PR FHHF
Response modification factor(R) 5.0 of ojste] Thdo] A= of =iKtae] Fo] vl 2A] e
Displacement amplification factor(Cq) 4.5 Wk webA 22 Hop GAER) AAE flEiM =
Importance factor(I) 1.5 %a 6‘}'%}5]—]:]' ];1(_ ]"6‘*’] Z] HH H]EO] = '7_ q]/\ol-o

Table 4 Base shear of wind and earthquake load

. Earthquake(KN)
Story Wind load(kN)
1.0 BS 0.8BS
15 X-dir 571.2 5,564.3 44514
stories  Y-dir 3349.8 5,564.3 4,451.4
20 X-dir 841.6 6,274.8 5,019.8
stories  Y-dir 5043.9 6,274.8 5,019.8
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Fig. 3 Concept diagram of EKDS

Table 6 Specifications of Kagome damper

Damper Yield Ultimate  Yield Stress Ultimate
Hight(mm) Strain(%)  Strain(%) (MPa) Stress(MPa)
200 0.23 15 0.79 1.31
240
ko= ..szld‘ul/y%
160 -
>
=
E ky = 274.78kN/mm Keg=6.93kN/mm
0
0 10 20 30 a0

Displacement (mm)

Fig. 4 Hysteretic characteristics of Kagome damper
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Table 7 Static analysis result

Building EKDS Stiffness ratio Damper size(mm)
15 1F~3F 7.0 600x600
stories 1F~5F 2.5 400x400
20 1F~3F 7.0 700x700
stories 1F~5F 2.8 500x500
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Table 8 Nonlinear time-history analysis results

o Top displacement(cm) Base shear(kN)
Building - - -
X-dir Y-dir Story drift Base shear
15-stories 10.3 15.7 9,605 8,971
1.0 BS _
20-stories 14.9 23.7 10,896 10,645
15-stories 9.3(90.3%) 14.3(91.1%) 6,746(70.2%) 7,228(80.6%)
0.8 BS-EKDS-1F~3F :
20-stories 13.3(89.3%) 20.3(85.7%) 8,661(79.5%) 8,333(78.3%)
15-stories 8.8(85.4%) 14.0(89.2%) 6,910(71.9%) 6,985(77.9%)
0.8 BS-EKDS-1F~5F :
20-stories 13.1(87.9%) 19.4(81.9%) 8,540(78.4%) 8,198(77.0%)
15 T
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Fig. 8 Nonlinear time-history analysis results of EKDS(Installaion of EKDS up to third story, 15 stories)
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Fig. 9 Nonlinear time-history analysis results of EKDS(Installaion of EKDS up to fifth story, 15 stories)
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Fig. 10 Nonlinear time-history analysis results of EKDS(Installaion of EKDS up to third story, 20 stories)
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Fig. 11 Nonlinear time-history analysis results of EKDS(Installaion of EKDS up to fifth story, 20 stories)
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