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Analytical Performance Evaluation of Structure Reinforced with HRS Damper
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Abstract

In this study, an incremental loading test of the HRS(Hybrid Rubber Slit) damper was additionally performed to define
the physical characteristics according to the incremental test results, and an analytical study was performed according to the
damping design procedure by selecting an example structure. As a result of performing seismic performance evaluation
before reinforcement by selecting a RC structure similar to an actual school structure as an example structure, the story
drift ratio was satisfied, but some column members collapsed due to bending deformation. In order to secure the seismic
performance, the damping design procedure of the HRS damper was presented and performed. As a result of calculating
the amount of damping device according to the expected damping ratio and applying it to the example structure, the
hysteresis behavior was stable without decrease in strength, and the story drift ratio and the shear force were reduced
according to the damping effect. Finally the column members that had collapsed before reinforcement satisfied the LS Level.
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(Table 1) Properties of HRS Damper

Properties Load(+) Load(-)

Yield Strength (kN) 174.74 174.74
Yield Displacement (nm) 7.19 7.19
Initial Stiffness (KN/mm) 24.30 24.30
Post-Yield Stiffness (kN/mm) 16.84 14.75
Post-Yield Stiffness Ratio (3) 0.7 0.60

Max Strength (KN) 405.13 372.59
Max Displacement (mm) 20.76 20.60
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(Table 2) Condition of Seismic Load

Condition Value
Seismic zone factor(s) 018
Site Class 52
Seismic use group 1
Importance Factor (Ig) 1.2
Response Modification Factor (R) 3.0
Fundamental Period (T) 0.587 sec
Seismic Response Coefficient(C) 0.145
Effective Weight (W) 34215.6
Base Shear (V) 4961.9kN
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(Table 3) Earthquake data

Case Number Earthquake Max. Acc(gal)
Case 1 EQ1 SanFernando(X-dir) 022
EQ2 SanFernando(Y-dir) 022
Case 2 EQ3 Northridge(X-dir) 0.32
EQ4 Northridge(Y-dir) 0.29
EQ5 Kobe(X-dlir) 0.26
Cased g Kobe(Y-dir) 020
EQ7 Kocaeli(X-dir) 029
Case 4 EQ8 Kocaeli(Y-dir) 0.24
Case 5 EQ9 Chi-Chi A(X-dir) 0.24
EQ10 Chi-Chi A(Y-dir) 0.33
Case 6 EQI11 Chi-Chi B(X-dir) 0.24
EQ12 Chi-Chi B(Y-dir) 028
Case 7 EQI13 Loma Prieta(X-dir) 037
EQ14 Loma Prieta(Y-dir) 0.29
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(Table 4) Target of Story Drift Ratio for
Seismic Performance

Structure Non-Seismic
Type Design
RCMoment | IO | IS | CP | IO | IS | CP
Frame 0.7 2 3 049 14 | 21

Seismic Design
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(Table 5) Performance Level of Column

Rotation / Shear Force(kN) Perform
1 iteria of
Column | Criteria o Force Strength | Ratio ance
CP Level Level
1C2 0.0105 / -
i 87.75 101 0.86
(2Axis) 0.0079 Coll
1C2 | 0.0063 / orapse
104.40 101 1.03
(3Axis) 0.0079
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(Table 6) Condition of Seismic Load

Effective Damping(3 ) coe]?ﬁ?cIiI;:I;ll’cr(lgBD)
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(Table 7) Effective damping ratio of HRS Damper

Seismic Device | Energy dissipation Number of
Story | Story Force(kN) | Story Drift(m) | £ XD,(kN-m) ) &Y P ) ]
Displacement(m) (kN-m) installation
4F 2212.455 0.0087 19.2483585 0.0087 9.9853326 dea
3F 1258.834 0.0092 11.5812728 0.0092 23.8561068 dea
2F 901.9256 0.0111 10.01137416 0.0111 23.8561068 dea
1F 497.7442 0.0123 6.12225366 0.0123 34.91833394 dea
YW, 9261
Eopr = L= =0.1569
47 W, 590.158
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