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EVALUATION OF MOMENT MAGNIFYING COEFFICIENTS OF RC
STRUCTURES BASED ON THE SEISMIC RISK ASSESSMENT METHOD

WANG Shu-he , ZHANG Ju-bing

(School of Civil and Resources Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Loss is a comprehensive index of structural seismic performance. In order to evaluate the rationality
of moment magnifying coefficients of concrete frame structures in the current national seismic code, a method of
seismic loss calculation was proposed. The method was based on structural fragility analysis and the loss
calculation frame FEMA P-58, and was from the viewpoint of seismic loss risk. Four reinforced concrete frame
structures with moment magnifying coefficients of 1.1, 1.3, 1.5, 1.7 were designed. The fragility curves and
fragility matrixes were obtained by using the incremental dynamic analysis. According to the seismic intensity
probability model, the probability distribution of various seismic intensity of the site was given. The 50-year and
annual monetary and human losses of every structure were calculated. The results indicate that the seismic loss
risk will decrease with the increase in moment magnifying coefficient. The 50-year total monetary loss ratio
ranges between 0.08 and 0.12. The human loss ratio ranges between 4.85x10™* and 1.12x10"3. The seismic loss
risk is acceptable if the structure is designed to the current national design code.
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Fig.1 Exceedance probability curve of seismic intensity
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Table 1 Probability distribution of the seismic

intensity of the site
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Table 2 Direct loss ratio in each damage state

WUPRES  EARSEL  BEWOR PAEEOR TEROR IR
BUK 0.02 0.10 0.30 0.70 1.0
®3 TRIRFRTS TEHER KL

Table 3 Indirect loss ratio in each damage state

BUPRE  RATEYE BMEE  DEEUR UEBUR e

H 0.0 0.0 1.0~10.0  10.0~50.0 50.0~200.0
Z 0.0 0.0 0.5~1.0  3.0~6.0  8.0~20.0
] 0.0 0.0 0.5 2.0 6.0

T 0.0 0.0 0.2 1.0 2.0
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Table 4 Fatality and maimed rate in each damage state
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BAEID) 0.0 0.0~0.05  0.02~0.30  0.1~5.0  5.0~70.0
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Fig.2 Sketches of the frame structure
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Table 5 Reinforcement parameter details of beams and columns
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Table 6 Information details of seismic records
75 = SR R VR INIESE PGA/(em = s7°) KP4 =R
1 Landers, 1992 7.5 84.74 95 Indio Riverside Co.
2 Landers, 1992 7.5 114.431 90 MECCA
3 Landers, 1992 7.5 278.377 90 Fire Station
4 Chi-Chi, 1999 7.7 390.383 360 CHY101
5 Chi-Chi, 1999 7.7 132.05 0 CHYO074
6 Chi-Chi, 1999 7.7 129.9 0 TCU065
7 Imperial Valley, 1979 6.6 105.65 45 Parachute Test Facility
8 Imperial Valley, 1979 6.6 209.398 45 Holtville
9 Imperial Valley, 1979 6.6 112.101 40 El Centro Array #13
10 Kobe, 1995 6.9 77.1 0 Osa
11 Kobe, 1995 6.9 238.336 0 Shin-Osaka
12 Kobe, 1995 6.9 294.98 0 Amagasaki
13 Northridge, 1994 6.7 444.148 0 Saticoy St.
14 Northridge, 1994 6.7 248.41 90 Coldwater Canyon Ave.
15 Palm Springs, 1986 6.0 40.288 90 Coachella Canal
16 Palm Springs, 1986 6.0 51.75 0 Joshua Tree
17 Morgan Hill, 1984 6.1 83.92 232 San Jose
18 Morgan Hill, 1984 6.1 81.4 270 San Justo Damsite
19 Loma Prieta, 1989 6.9 390.792 90 Capitola
20 Loma Prieta, 1989 6.9 469.384 90 Corralitos




VAl 2 137

43 HEHERSHH

18 B E) 7793 M (IDA) & W 45 2% 1 75 Bl 0 S5 3
IM 47— R 5B I 5 N A PR T B AT 3R
LEPERTRE M, FREN IM 5 45 My HUE e N FE bR DM
(e RHHLE, 1ZMZRRAE T EMES IO ERE T
MPLEERE, 2SR . IM $EhR iR
FHIAE HUE S INE B PGA, 5 45 Ky FE A A i xet
JSE PRI P S NS S(Th), A SCRARTEEN
IM #EbR. HifERNFEhr DM TR A5 450 B0
TR, WHRMERKSMERAO,, » EEKN
Bl a,,, » JE CAGE P55 S 103 1 R P R AE R
SERPIRAS, MATE & 2B SGE T,
B T 47 A LR R 5 K RO AR 5 IR 2 T, oA SR T Rl
HVEN DM F8HF o A EUE 7 M A SR i 28 1 ¢
FIRBEIAIRBR, ISR FE 2 St B T R AR 15
W, FERI b — b R BR A N S M AR R AR S
SER— %% IDA -5, Wl 3 Frs A M15
1 IDA 14k . =R Q)R HTIA IDA 74 5 SU(PGA,
0. )EWA(In(PGA),In(6,,,) ), FATLEMA,
3 4 MY PR RR 75 R BR AN -

BRI MI1:  In(6,,)=1.0257In(PGA)-3.65 (11)
BRI MI13:  In(d,, ) =1.0485In(PGA)—3.603 (12)
BRI M15:  In(6,, ) =1.0318In(PGA)-3.617 (13)
BRI M17:  In(@,, ) =1.019In(PGA)-3.651 (14)

AR R 1.2 TPERE I E S, K SAP2000
Sop B AT 4T Pushover A PASRIE T S AL F2 A
JRAE Oy, D0 1ea fi 2 A5 AR FH H70 7= #EYE GB50011-2010

JECERBY 1A, X A5 B TS R -2 S BY  Hh £
AT ALt fERRR 2R x b T AR A
S, M AT ER I T SO AR R O, 18, 4 MERL
10|
0.8 |
é" 0.6 [
L*é)
= 04}
0.2

P T T R B
100 200 300 400 500
T 547 B /mm

B3 MI15 B IDA 4k
Fig.3 The IDA curves of M15 model
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Table 7 Performance level limits of vertex displacement angle

PR BEARSENF 0, RO 20, AR 40,  TTEREIE 100,
MIl  0.00314 0.00628 0.01256 0.0314
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MI5  0.00342 0.00684 0.01368 0.0342
M17  0.00368 0.00736 0.01472 0.0368
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Fig.4 Fragility curves of each damage state of M15 model
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Table 8 Seismic fragility matrix of M15 model

FUE PGA/g FEATEN BHEUR TEEIR  UEEUR  HIE

6  0.0503 08673 0.1216 0.0110 0.0001 0
7 0.1006  0.7330 0.2433 0.0232 0.0004 0
8 0.2011  0.2101 0.5087 0.2556 0.0254  0.0001

R S ERIXEMERPRGRTE I HEE
Table 9 Probability of damage states of each model with an
earthquake of 8 magnitude

B BEARSEN RN ARRE MEEE (S
Mil 0.7450 0.1972 0.0463 0.0062  0.0053

Mi13 0.7531 0.1915 0.0454 0.0069 0.0032
MI5 0.7725 0.1788 0.0404 0.0060 0.0022
M17 0.7985 0.1621 0.0329 0.0042 0.0022
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Fig.6 The maximum inter-story displacement of each model
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Table 10  Seismic loss risk of each model

- ELESUE AR K L BATHRLL INGEER

50a la 50a la 50a la 50a la
Mll 0.05815 0.0012 0.06735 0.0013 0.1255 0.0025 1.12x107° 2.12x107°
M13 0.05586 0.0011 0.0557 0.0007 0.11156 0.0018 7.09x10* 1.2x107°
MI15 0.05185 0.0010 0.0454 0.0007 0.09725 0.0017 5.00x107* 1.14x107
M17 0.04719 0.0009 0.03805 0.0004 0.08524 0.0013 4.85x107* 4.2x107
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