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SEISMIC PERFORMANCE ASSESSMENT OF RC FRAME STRUCTURES
WITH ENERGY DISSIPATION AND ISOLATION
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China Earthquake Administration, Harbin, Heilongjiang 150080, China)

Abstract: It introduces the basic method and process of seismic performance assessment of RC frame structures
with energy dissipation and isolated devices based on the FEMA P-58 theory. A typical multi-story RC frame
structure is designed, based on which buckling restrained braces and isolation bearings are added to form a BRB-
frame structure and an isolated frame structure. The finite element models of the three structures are established in
OpenSees software. Appropriate seismic records are selected and scaled to analyze the structural responses of the
three structures. The intensity-based assessment method in FEMA P-58 is used. The structural response and
seismic loss results of the ordinary frame structure, BRB-frame structure and isolated frame structure under four
seismic intensities levels (i.e., frequently occurred earthquake, design level earthquake, maximum considered
earthquake, very rare level earthquake) are compared. The results of seismic performance assessment show that
the use of either an isolated frame structure or an BRB-frame structure can effectively reduce the repair cost and
repair time of the building under earthquakes. Compared with the ordinary frame, the repair cost and repair time
of the isolated structure under rare earthquakes can be reduced by 65% and 58%, respectively, and those of the
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BRB-braced frame structure can be reduced by 47% and 34%, respectively.

Key words: RC frame structures; buckling-restrained brace; base-isolated; seismic performance assessment;
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Flow chart of seismic performance evaluation based on FEMA P-58 theory
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Table 1 Design information of buckling restrained braces
B2 Fme) KM HEEA/mm EERYmm’
5 42.51 4.88 1132.41 1460
4 42.51 4.88 1186.33 1460
3 42.51 4.88 1381.81 1460
2 42.51 4.88 1422.25 1460
1 42.51 4.88 2035.64 2535
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Table 2 Mechanical properties of LRB400
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Table 3 Information of selected ground motion records

W5 B AL )RR AL R
EQ1 Imperial Valley-06, 10/15/1979, Delta

Superstition Hills-02, 11/24/1987,
El Centro Imperial Valley

EQ3 Superstition Hills-02, 11/24/1987, Poe Road 0.475 2230 0.010

PGA/g NPTS  dr
0.367 10015 0.010

0.357 11999 0.005

EQ4 Loma Prieta, 10/18/1989,Capitola 0.458 7999 0.005
EQ5 Northridge-01, 1/17/1994, Canyon Country 0.534 1999 0.010
EQ6 Landers, 6/28/1992,Coolwater 0.275 7180 0.004
EQ7 Northridge-01, 1/17/1994,Beverly Hills 0.434 2999 0.010
EQ8 Kobe Japan, 1/16/1995,Shin-Osaka 0.217 4096 0.010
EQ9 Kocaeli Turkey, 8/17/1999,Duzce 0.216 5437 0.005
EQ10 Chi-Chi Taiwan, 9/20/1999,CHY 101 0.333 18000 0.005
EQI1 Duzce Turkey, 11/12/1999,Bolu 0.739 5590 0.010
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Table 4 Scaling factors of ground motions

Fiy S(T)g ZibHiE  FEARME FHME WESME
EQl 0517 0.089 0.267 0.563 0.861
EQ2  0.589 0.078 0.234 0.494 0.756
EQ3  0.403 0.114 0.342 0.722 1.104
EQ4 0711 0.065 0.194 0.409 0.626
EQ5  0.568 0.081 0.243 0.512 0.783
EQ6  0.410 0.112 0.336 0.710 1.085
EQ7  1.020 0.045 0.135 0.285 0.436
EQ8  0.508 0.090 0.271 0.573 0.876
EQY 0474 0.097 0.291 0.614 0.939
EQI0  0.599 0.077 0.230 0.486 0.743
EQI1  0.906 0.051 0.152 0.321 0.491
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Fig. 7 Scaling results of acceleration response spectra

under four intensity levels
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Table 5 Summary of loss assessment results
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ghiFT - - ; - . - ; 5
W BRB ki 5% Wi BRB [ Wi BRB 53 e BRB e %
HEAB IRATT T 0.48 0.11 0.003 14.19 6.95 1.42 23.21 15.18 9.67 51.5 23.53 19.43
Hefzr1a /d 13 0.35 0.2 18 16 4 63 33 22 104 49 40
LAWN -GN — — — — — — 0.9 1.4 0.22 22 1.9 1.2
ZANEUN - — — — — — 2.1 2.8 0.7 3 32 1.4
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