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Damping System Design for Apartment Buildings
Using Equivalent Frame Model
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ABSTRACT The purpose of this research is to introduce the simplified equivalent frame model for the equivalent lateral force
procedure, the response spectrum procedure and nonlinear procedure according to ASCE7-10 in order to reduce the time of
performance and reasonably evaluate the effect of applying the damping system with the various conditions for the analysis and the
variable. In this research, the seismic performance assessment and the design of the damping system were conducted through the
nonlinear time history analysis based on the performance based seismic design in ASCE7-10 in regard to applying the damping
system to apartment buildings which is lately issued. The optimal design based on the 75% of seismic base shear was performed for
an apartment building. The seismic performance assessment were conducted to check the safety of the building, and the economic
evaluation was performed by comparing the amount of resource for the optimal designed building with the amount of resource for the
original building. In addition, hysteresis dampers was applied to the apartment building, and the suggested equivalent frame model
was performed using the damping system design in ASCE7-10, then its control effects were proved in the full scale model of the

apartment building which was used in this research.
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Fig. 1 Typical plan of the apartment building (unit: mm)
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Fig. 2 Division of concrete material strength and Full
Scale 3D FE Model for the apartment building
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Table 1 Wind design parameters

Parameter Design coefficient Remark
Design velocity 30 m/sec -

Wind force B -
Importance factor 1.0 j .

Table 2 Seismic design parameters

Parameter Design coefficient |Remark
Zone 0191 -
Site soil S -
Seismic design category D -
Reponse modification 5.0 (2-0. ordinary i
factor reinforced shear walls)
Overstrength factor 2.5 -
Deflection amplification
factor 43 i
Importance factor 1.2 I
Table 3 Column detail
Mark| C2A C2B C3 C3A C4B

00,
4500, — +— +— 4500,

Detail| 4 [T]

200
00

Spec.| 8-D25 | 12-D25 | 10-D25 | 8-D25 | 8-D25 | 8-D25
Mark| C1,C6 | CIA | C1AA ClB C4A C5A

Detaill 4 g A

1200

930

(3~RF) (3~18F) (3-18F)
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Table 5 Factors to translate lower-bound material properties
to expected strength material properties

Material property Factor

Concrete compressive strength 1.50
Reinforcing steel tensile and yield strength 1.25
Connector steel yield strength 1.50

Table 6 Effectives stiffness values

Spec.| 6-D25 | 10-D25 | 8-D25 | 12-D25 | 10-D25 | 10-D25

Table 4 Beam detail

G3(2~11F) G6A

Component Flexural Shear Axial
P rigidity rigidity rigidity
Beam-non-prestressed | 0.5Ecl, 0.4E.Ay -
Beam-prestessed El, 0.4E.A. -

Mark G2B

4500 80, e 4700 4700 ¢
Detalll 5+ 3F |dF 7T | &7

(e R)

Upper| 7-D19 | 3-D19 | 8-DI19 | 3-D19 | 6-D19 | 9-D19

Column with
compression due to
design gravity
loads =0.5A,f".

0.7E], | 0.4EA, E.Ag

Lower| 3-D19 | 4-D19 | 3-D19 | 4-D19 | 4-D19 | 5-D19

Stirup[D10@100/D10@200[D10@100D10@200D10@100D10@200

Mark Gl Gl1A G4

1500, 1500, 4500y 4500, 4500, 4500,

3 peeeey g e B ey B

Detail )

Column with
compression due to
design gravity 0.5El, 0.4E.A. E.Ag
loads<0.3A,f.
or with tension

Upper| 8-D19 | 3-D19 | 7-D19 | 3-D19 | 6-D19 | 2-DI19

Lower| 3-D19 | 4-D19 | 3-D19 | 4-D19 | 3-D19 | 4-D19

Walls-uncracked

(or inspection) 0.8Ec] 0.4EcAw E.Ag

StirmuplD10@100[D10@200/D10@100D10@200D10@100D10@200

Walls-cracked 0.5El, 0.4E.A. E.Ag
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Fig. 3 Nonlinear model for structural components
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Fig. 4 Response spectra for ground motions
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Fig. 8 Equivalent plan of the apartment building
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Table 7 Strength coefficient according to division of the
material strength and the reduced strength by rebar

A B C D E  |Remark

73 1 0.98 0.96 0.94 - -

72 - - - 0.846 | 0.45 -

Z1 - - - 0.752 0.4 -
Table 8 Column capacity of equivalent model

Strength Moment Moment
Zone factor sFrength s.trength Remark
Xdir (kNm) | Ydir (kNm)

B1 | Z3A 1 11238 10473 -
1F | Z3B | 0.98 11014 10264 -
2F | Z3C | 0.96 10789 10054 -
3F |Z3D | 0.94 10564 9845 -
4F | Z3D | 0.94 10564 9845 -
SF | Z3D | 0.94 10564 9845 -
6F | Z2D | 0.846 9508 8860 -
7F | Z2D | 0.846 9508 8860 -
8F | Z2D | 0.846 9508 8860 -
OF | Z2D | 0.846 9508 8860 -
10F | Z2D | 0.846 9508 8860 -
11F| Z1D | 0.752 8451 7876 -
12F | Z1D | 0.752 8451 7876 -
13F| Z1D | 0.752 8451 7876 -
14F | Z1D | 0.752 8451 7876 -
ISF| Z1D | 0.752 8451 7876 -
16F | Z1D | 0.752 8451 7876 -
17F | Z1E 0.4 4495 4189 -
18F | Z1E 0.4 4495 4189 -
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Table 9 Comparison between the modal periods of full
scale FE model and equivalent model

FSFE model Equivalent error (%)
model
Ist mode 2.0365 2.039 0.12
2nd mode 1.8732 1.872 0.06
3rd mode 1.7022 1.700 0.13
16000
14000
—_ 12000 getTraasene
z +
< 10000
g
2 8000
% 5000
[aa]
4000 p PoX
2000 L PoY
]
o 0.001 0.002 0.003 0.004
Drift(0)

Fig. 9 Pushover results of equivalent frame model

(a) X-dir (b) Y-dir

Fig. 10 Pushover responses of equivalent frame model
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Fig. 16 Detail of damping device

Table 10 Characteristics of damping device

Wire diameter| d, Oax K1 K2 F,
(mm) (mm) | (mm) |(kNmm)|(kN/mm)| (kN)
0.9 0.48 30 |520.83| 6.30 250

(a) DBE Level (b) MCE Level

Fig. 17 Time history responses of outter damping system
applying the EI Centro Earthquake
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(a2) DBE Level (b) MCE Level

Fig. 18 Time history responses of inner damping system
applying the El Centro Earthquake
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Fig. 19 Nonlinear response history analysis Comparison
between Damping System and Undamped System
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Fig. 20 Nonlinear response history analysis Comparison
between Damping System and Undamped System
(EI Centro DBE, 6F Y-dir.)
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