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Seismic Performance Evaluation of the Low-Rise Buildings with
Different Seismic Retrofit Procedures
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/] ABSTRACT /

After an earthquake occurred in the Gyeongju, 2016, many low-story buildings have been questioned in terms of the seismic performance
since mostly they have been exempted from the seismic design requirement since 1988. In this study, a 3-story moment resisting frame
(MRF) building was analyzed and evaluated the seismic performance. Due to the insufficient seismic performance required for the seismic
performance levels, three different seismic retrofit schemes were proposed and their seismic performances were re-evaluated. While steel
brace and open shear wall retrofit systems mainly focused on the strength retrofit, the VES damper retrofit system is mainly to enhance the
energy dissipation capacity of the system and resultes in the increased ductility. The original building and 3 retrofitted buildings were
evaluated using the nonlinear static and nonlinear dynamic analyses and suggestions were proposed. Through the analysis of nonlinear
time history and push-over using MIDAS/Gen program, damages of the building in terms of top story and average story drift and effect of
reinforcement were analyzed.

Key words: Earthquake, Seismic performance evaluation, Steel brace, Open shear wall, VES damper, Seismic design, Nonlinear
time history analysis
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(b) Floor plan
Fig. 1. Information of target building

Fig. 2. Modeling of target building using MIDAS/Gen
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Fig. 3. Construction case of steel brace

Fig. 4. Modeling of steel brace using MIDAS/Gen
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Fig. 5. Construction case of open shear wall

Fig. 6. Modeling of open shear wall using MIDAS/Gen
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Fig. 7. Construction case of VES Damper
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Fig. 8. Load-Displacement curve of VES Damper

Table. 1. Property of VES Damper

Loading Frequency (Hz) 0.1
Horizontal Displacement (mm) 45
Shear Strain y (%) 3
Equivalent Shear Modulus G, (Mpa) 0.407
Equivalent Damping Factor heq 0.278
Equivalent Stiffness Koy 9,527.345
Effective Stiffness AKy 2,083.144
Equivalent Damping Coefficient C 65,465.5
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Table 2. Verification of VES Damper modeling effect on two-story
1 span frame system

Qriginal Frame Frame with VES Damper

Modeling

Capacity Curves Capacity Curves.

Pushover
Analysis

rod Displacement)

Maximum Strength 67 kN | Maximum Strength 340 kN

Displacement 0.11m

Displacement 0.18 m

Tiwe Histary Data
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Fig. 9. Time history data of Elcentro earthquake

Fig. 10. Hysteresis curve of VES Damper (MAX : 40.6kN)
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Table 3. Horizontal reaction force of VES Damper (7 earthquake)

Force carried Force carried
EARTHQUAKE by VES Damper 1| by VES Damper 2
Eq (1). Elcentro Site 340.5 323.9
Eq. (2). San Fernando 229.9 234.6
Eq. (3). Hollywood Storage 172.5 175.4
Eq. (4). Loma Prieta 337.6 334.3
Eq. (5). Northidge 390.4 367.8
Eq. (6). James RD 126.3 127.2
Eq. (7). Parkfield Cholame 282 284.5

Fig. 12. Retrofit location of VES Damper
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Fig. 13. Flowchart of seismic performance evaluation process

Table 4. Criteria for determining performance level of reinforced
concrete frame

Range of Demand/Capacity Ratio Performance Level
DCR < 0.5 10
0.5 < DCR < 0.75 LS
0.75 < DCR= 1.0 CP
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Table 5. Description of the damage state

Damage State Description

No structural realignment is necessary for structural

Immediate stability; however, the building may require adjustment

Occupancy level | and repairs to non-structural and mechanical

(10) components that are sensitive to the building
alignments.

Major structural realignment is required to restore
margin of safety for lateral stability; however, the
Life Safety level | required realignment and repair of the structure may

(LS) not be economically and practically feasible. The
building does not collapse right away, but it requires
maintenance and reinforcement.

Residual drift is sufficiently large that the structure is in

Collapse Prevent| danger of collapse from earthquake aftershocks. (note
(CP) . this performance point might be considered as

equivalent to collapse but with greater uncertainty)

When an earthquake occurs, the vertical load
resistance system loses its ability to resist vertical
loads. So that partial collapse or full collapse occurs.

Collapse
©

Immediate Occupancy Level(#5715, 10), Life Safety Level(S1% <t
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Reduced demand spectrum
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Fig. 14. Capacity Spectrum Method
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Fig. 16. Hinge status at the performance point
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Fig. 17. KBC 2016 response spectrum
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Table 6. Consider the kind of base architecture model and a natural periodicity

RECORD SCALE
EARTHQUAKE DATE STATION COMPONENT TIME MAGNITUDE DEPTH FACTOR
Eq. (1). Elcentro Site 1940/05/19 United States, Mexico 270 53.72 sec 6.9Mw 16 km 0.72
Greater Los Angeles Area
Eq. (2). San Fernando 1971/02/09 Southern California 159 61.88 sec 6.5-6.7Mw 13 km 0.79
United States
Eq. (3). Hollywood Storage | 1952/07/21 Southem California 270 78.62 sec 7.3Mw 16 km 1.67
G- (). Folyw 9 United States ’ ’ '
. San Francisco Bay Area
Eq. (4). Loma Prieta 1989/10/17 . 270 39.98 sec 6.9Mw 19 km 0.5
United States
Greater Los Angeles Area
Eq. (5). Northridge 1994/01/17 Southern California 90 59.98 sec 6.7Mw 18.3 km 04
United States
Baja California
Eq. (6). James RD 1979/10/15 Southern California 220 37.68 sec 6.4Mw 8 km 04
United States
Eq. (7). Parkfield Cholame 1966/06/28 United States, California 130 26.14 sec 6.0Mw 8.6 km 0.92

1.0
——KBC (x1.3)
—— 1940, El Centro Site
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g 0.6 —— 1989, Loma Prieta
= — 1994, Northridge
© 04l 1979, Jame RD
% T H —— 1966, Parkfield Cholame
Q
g 02
0.0
0 1 2 3 4
Period (s)

Fig. 18. Scaled earthquake using KBC 2016 response spectrum
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Fig. 19. Maximum displacement of roof floor about Elcentro earthquake

Table 7. Average maximum displacement of roof floor about
before and after retrofit

BEFORE AFTER REDUCTION
EARTHQUAKE RETROFIT RETDR;)mFIF; r()VES RATIO
Eq. (1) 0.64% 0.54% 16.11%
Eq. (2) 0.50% 0.48% 4.30%
Eq. (3) 0.46% 0.32% 30.92%
Eq. (4) 0.43% 0.39% 10.21%
Eq. (5) 0.46% 0.52% -13.69%
Eg. (6) 0.63% 0.33% 47.10%
Eq. (7) 0.27% 0.21% 22.11%
AVG. 0.48% 0.40% 16.72%
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