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Seismic Performance Evaluation of Building with Piloti
using Steel stilt damper’
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Abstract - On November 152017, the second strongest earthquake occurred in Pohang, which was 5.4 in size. The duration of the earthquake
was short, but the damage was serious. In this study, reinforcing effect of steel slit damper was analyzed based on the dynamic test results of the
previously studied reinforced concrete frame. After that, push over analysis and nonlinear time history analysis using OpenSees were selected
for the residential building with piloti as the target building, and the total deformation of the structure, the plastic rotation angle of the member

end and the shear force of the column were evaluated.
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Table 1. Observatory Information (Gyeongju)

Station consc(i)iltlion Latitude | Longitude A‘;‘;Zigo_
MKL S 35.73 129.24 ES-T
DKIJ S 35.70 129.12 ES-T
USN Sc 35.95 129.11 CMG-5T

Table 2. Gyeongju Earthquake PGA, EPGA, S,(1.0) (g)

Station | Component P(Cg} ;A‘ EI(DSA S"E;jo)
E-W 0.346 0.153 0.031
MKL
N-S 0.275 0.164 0.053
E-W 0.091 0.039 0.016
DKIJ
N-S 0.098 0.084 0.026
E-W 0.400 0.293 0.031
USN
N-S 0.430 0.192 0.026
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Fig. 1. Response spectrum of Gyeongju earthquake
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Table 3. Observatory Informaion (Pohang)

Station sl Latitude | Longitude Accelero-
condition meter
CHS Sp 36.3919 129.0794 ES-T
HAK Sp 35.9296 129.5004 ES-T
DKJ Sp 35.9468 129.1089 CMG-5T
PHA2 | Unknown | 36.1930 129.3708 ES-T

Table 4. Pohang Earthquake PGA, EPGA, Sa(1.0) (g)

Station | Component P(Cg} )A EI();A Sa((gl).O)
E-W 0.021 0.016 0.003
CHS
N-S 0.027 0.018 0.003
E-W 0.026 0.025 0.015
HAK
N-S 0.036 0.035 0.015
E-W 0.150 0.121 0.057
PHA2
N-S 0.244 0.142 0.208
E-W 0.025 0.014 0.004
DKJ
N-S 0.047 0.030 0.009
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Fig. 2 Response spectrum of Pohang earthquake
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Fig. 3. Response spectrum of domestic and overseas earthquakes
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Fig. 4. Specimen NS and NS-D
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Fig. 6. Steel plate slit damper reinforcement (NS-D)
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Fig. 9. OpenSees Modeling (NS-D)
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Fig. 10. Material Models of OpenSees
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Fig. 11. Comparison of experimental result and OpenSees
analysis result (maximum)
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Table 5. Response Characteristics

of earthquakes

Station Component PGA (g) EPGA (g)
El Centro N-S 0.319 0.307
Northridge N-S 0.843 0.799

Kobe N-S 0.834 0.698

Table 6. Maximum drift ratio of OpenSees analysis result

. El :
Earthquake | Gyeongju | Pohang Centro Kobe | Northridge
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Stroy | (%)
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Fig. 18. Response curve of Gyeongju earthquake
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Table 7. Rotation of 1% story column

Maximum rotation (rad)
Earthquak
arthquake node node node node node
1001 1002 1003 1004 1005
Pohang 0.0018 | -0.0018 | 0.0018 | 0.0021 | -0.0029
El Centro 0.0053 0.0050 0.0055 0.0058 0.0053
Kobe 0.0374 | 0.0382 | 0.0384 | 0.0384 | 0.0386
Northridge -0.0137 | -0.0149 | -0.0145 | -0.0151 | -0.0165
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Fig. 23. Moment - Rotation of column
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Fig. 25. Shear force - Shear strain of column

Maximum rotation (rad)

Earthquake Element 2201 Element 2202 Element 2203 Element 2204
End-i End-j End-i End-j End-i End-j End-i End-j
Gyeongju 0.0014 -0.0013 0.0042 -0.0039 0.0015 -0.0011 0.0007 -0.0006
Pohang 0.0058 -0.0058 0.0095 -0.0096 0.0058 -0.0054 0.0038 -0.0042
El Centro 0.0086 -0.0101 0.0127 -0.0150 0.0083 -0.0095 -0.0072 -0.0103
Kobe -0.0417 -0.0528 0.0417 -0.0614 -0.0405 -0.0528 -0.0470 -0.0483
Northridge 0.0251 -0.0136 0.0317 -0.0182 0.0243 0.0132 0.0216 0.0196
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Fig. 26. Modeling of seismic reinforcement
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Fig. 27. Pushover analysis result after reinforcement
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Fig. 28. Drift ratio after steel slit damper reinforcement
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Table 9. Rotation of 1* story column after reinforcement

Maximum Rotation (rad)
Earthquake node node node node node
1001 1002 1003 1004 1005
Pohang 0.00 0.00 0.00 0.00 0.00
El Centro 0.0009 | -0.0013 | -0.0010 | -0.0013 | -0.0024
Kobe 0.0173 0.0176 | 0.0176 0.0177 0.0175
Northridge -0.0069 | -0.0084 | -0.0079 | -0.0085 | -0.0104
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Fig. 29. Moment - Rotation of column
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Table 10. Rotation of Beam after reinforcement

Maximum Rotation (rad)
Earthquake Element 2201 Element 2202 Element 2203 Element 2204
End-i End-j End-i End-j End-i End-j End-i End-j
Gyeongju 0.0015 -0.0011 0.0007 -0.0006
Pohang -0.0007 -0.0006 0.0005 -0.0007 0.0058 -0.0054 0.0038 -0.0042
El Centro 0.0041 0.0037 0.0034 0.0028 0.0083 -0.0095 -0.0072 -0.0103
Kobe -0.0243 -0.0263 -0.0187 -0.0247 -0.0405 -0.0528 -0.0470 -0.0483
Northridge 0.30153 0.0119 0.0117 0.0101 0.0243 0.0132 0.0216 0.0196
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Table 11. Shear force of column after reinforcement

Column (1001) Gyeongju Pohang El Centro Kobe Northridge
Shear Force (kN) 46.4 42.0 109.9 2189 249.3
ShearStrain 0.0017 0.0017 0.0046 0.0237 0.0139
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Table 12. Response characteristics of buildings before and after
reinforcement

Roof Drift Column (1101)
(%) Shear Strain
Earthquake
Non-reinf | Reinforce Non-reinf | Reinforce
orcement ment orcement ment
Gyeongju 0.08 - 0.0016
Pohang 0.31 0.13 0.0056 0.0017
El Centro 0.55 0.27 0.0102 0.0046
Kobe 2.33 1.36 0.0450 0.0237
Northridge 0.69 0.29 0.0203 0.0139
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