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Abstract:

should have an enough safety margin to avoid collapse subjected to a severe or mega earthquake. However,

Collapse safety is the most important objective of performance-based aseismic design. Buildings

current Chinese seismic design code for building structures does not provide an explicit design or a quantitative
evaluation method for collapse-resistant capacity. In this paper, the collapse-resistant capacities and safety
margins against collapse of multi-story reinforced concrete (RC) frames with different seismic fortification levels
are quantitatively evaluated, with a collapse fragility analysis based on an incremental dynamic analysis (IDA).
The influences of the axial compression ratio and the failure mode to the collapse-resistant capacity are discussed,
and suggestions are proposed to improve the current design.

Key words: frame structure; incremental dynamic analysis; seismic fortification intensity; collapse mechanism;

safety margin against collapse
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Table 1  Ground motion records

ek RIEAED g WiEf I

1 6.7 1994 Northridge, USA Beverly Hills-Mulhol NORTHR/MUL279
2 6.7 1994 Northridge, USA Canyon Country-WLC NORTHR/LOS270
3 7.1 1999 Duzce,Turkey Bolu DUZCE/BOL090

4 7.1 1999 Hector Mine, USA Hector HECTOR/HEC090
5 6.5 1979 Imperial Valley, USA Delta IMPVALL/H-DLT352
6 6.5 1979 Imperial Valley, USA EI Centro Array #11 IMPVALL/H-E11230
7 6.9 1995 Kobe, Japan Nishi-Akashi KOBE/NIS090

8 6.9 1995 Kobe, Japan Shin-Osaka KOBE/SHI090

9 7.5 1999 Kocaeli, Turkey Duzce KOCAELI/DZC270
10 7.5 1999 Kocaeli, Turkey Arcelik KOCAELI/ARC090
11 7.3 1992 Landers, USA Yermo Fire Station LANDERS/YER360
12 73 1992 Landers, USA Coolwater LANDERS/CLW-TR
13 6.9 1989 Loma Prieta, USA Capitola LOMAP/CAP090
14 6.9 1989 Loma Prieta, USA Gilroy Array #3 LOMAP/GO30090
15 7.4 1990 Manjil,Iran Abbar MANIJIL/ABBAR-T
16 6.5 1987 Superstition Hills, USA EI Centro Imp. Co. SUPERST/B-ICC090
17 6.5 1987 Superstition Hills, USA Poe Road (temp) SUPERST/B-POE360
18 7.0 1992 Cape Mendocino, USA Rio Dell Overpass CAPEMEND/RIO360
19 7.6 1999 Chi-Chi, Taiwan CHY101 CHICHI/CHY101-N
20 7.6 1999 Chi-Chi, Taiwan TCU045 CHICHI/TCU045-N
21 6.6 1971 San Fernando, USA LA-Hollywood Stor SRERNPEL180
22 6.5 1976 Friuli, Italy Tolmezzo FRIULI/A-TMZ270
23 7.0 1940 Imperial Valley, USA EI Centro Array #9 IMPVALL/I-ELC180
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Table 2 Cross-section sizes and material strengths

SR G SF1-6 SF1-7 SF1-7.5 SF1-8 SF1-8.5
B RS /mm 200%x450 200%x450 300%500 300%500 300%500
L RS /mm 200x300 200x300 300x300 300%300 300%300
1 5—3 EAAI R~ /mm 400x400 400%400 600%600 600%600 800%800
4 JZ—6 AR~} /mm 300x400 300x400 400%600 400x600 600%800
PRI R C30
R NS HRB335

600 250 600 350 600 250 600
250 1150 250 250 250 1150 250

650 500 500 650
1150 250 1150 | 500 1150 250 1150
300 1400 300 250 300 1400 300

350 350 350 350
1300 250 1300 ] 600 1300 250 1300
500 1400 500 250 500 1400 500

350 350 350 350

1550 250 1550 ) 750 1550 250 1550
500 1350 500 350 500 1350 500

400 500 500 400
1700 250 1700 ] 800 1700 250 1700
500 1350 500 450 500 1350 500

400 500 500 400
1750 250 1750 ] 900 1750 250 1750
500 1350 500 450 500 1350 500

500 700 700 500

(a) SF1-6

600 250 600 350 600 250 600
300 1150 300 250 300 1150 300

650 500 500 650
1150 250 1150 | 500 1150 250 1150
350 1400 350 250 350 1400 350

350 350 350 350
1300 250 1300 ] 600 f1300 250 1300
400 1400 400 250 400 1400 400

350 350 350 350
1550 250 1550 ) 750 | 1550 250 1550
500 1350 500 350 500 1350 500

450 600 600 450
1700 250 1700 ) 850 J1700 250 1700
550 1350 550 450 550 1350 550

450 600 600 450
1750 250 1750 ) 900 J1750 250 1750
550 1350 550 150 550 1350 550

600 700 700 600

(b) SF1-7
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600 250 600 350 600 250 600
400 800 400 250 400 800 400

850 700 700 850
1050 250 1050 | 650 1050 250 1050
450 950 450 450 450 950 450

500 500 500 500
1350 250 1350 | 950 1350 250 1350
600 950 600 700 600 950 600

500 500 500 500
1750 250 1750 ] 1250 | 1750 250 1750
750 950 750 | 1000 750 950 750

900 900 900 900
1950 250 1950 ] 1450 | 1950 250 1950
850 950 850 | 1200 | 850 950 850

900 900 900 900
1800 250 1800 ] 1300 f1800 250 1800
800 950 800 | 1050 | 800 950 800

1000 950 950 1000

(c) SF1-7.5

750 350 750 450 750 350 750
500 850 500 350 500 850 500

1000 1000 1000 1000
1300 350 1300] 800 1300 350 1300
500 1000 500 | 550 500 1000 500

500 600 600 500
1900 500 1900 ) 1150 J1900 500 1900
800 1000 800 900 800 1000 800

500 500 500 500

2350 600 2350) 1500 2350 600 2350
1050 1000 1050 | 1200 }1050 1000 1050

1000 1000 1000 1000
2600 650 2600) 1700 2600 650 2600
1200 1000 1200 ] 1400 }1200 1000 1200
1000 1000 1000 1000
2300 600 2300) 1450 2300 600 2300
1050 1000 1050 | 1200 }1050 1000 1050

3

1250 1150 1150 1250
1100 350 1100 700 1100 350 1100
500 750 500 650 500 750 500

1300 1300 1300 1300
1700 450 1700 ] 950 1700 450 1700

650 950 650 | 750 650 950 650

1300 1300 1300 1300
2150 550 2150 | 1300 |2150 550 2150
850 950 850 | 1100 850 950 850

1300 1300 1300 1300

2500 650 2500 ) 1600 f2500 650 2500
1100 950 1100 ) 1350 [1100 950 1100

1600 1600 1600 1600
2500 650 2500 ) 1600 f2500 650 2500
1150 950 1150 ) 1350 [1150 950 1150
1600 1600 1600 1600
2000 500 2000) 1200 {2000 500 2000
850 950 850 | 1000 | 850 950 850

1850 1650 1650 1850

(e) SF1-8.5
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Fig.2 Reinforcement in columns and beams
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Table 3 Largest column axial compression ratio and

maximum story drift ratio under frequent earthquake

Hit g s

SF1-6 SF1-7 SF1-7.5 SF1-8 SF1-8.5

I KR L 0.64 065 034 032 021
CHITEY s b R — 09 0.9 0.8 0.8

NETERORAFAMF M 11416 1/708  1/835  1/577  1/648
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Fig.3 Structural fragility curves
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Table 4 Collapse probabilities and CMR for RC frame with
different seismic fortification levels

B R SF1-6  SF1-7 SF1-7.5 SF1-8 SF1-8.5
MR TENE 0% 4% 0% 0% 0%
Bl M e 0% 65% 4% 13% 0%
CMR 3.29 1.60 2.06 2.70 2.82
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LU STHVE N HUTHZ B Fabn s, ()&
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CMR= Su(T1)s0vs1/Sal(T1) s (2)
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Table 5 Corresponding intensities at variant earthquake levels
for different seismic fortification levels

B U 6 7 7.5 8 8.5 9
Z i = PGA /gal 18 35 55 70 110 140
FiiEHFE PGA /gal 50 100 150 200 300 400

il RE PGA /gal 110 220 310 400 510 620
KRS PGA /gal 220 400 400 620 620 800
PGA mz/PGA s 2.2 2.2 2.1 2.0 1.7 1.55
PGA suue/PGA somw: 44 40 27 32 21 20

AN TR s 20 5 A 28 45 ) 1R LA 8 i % AR 2
CMR FEARLLECUIER 4 1K 4. Bk 6 FEBEBi Y SF1-6
A, ARG CMR FabrBEHE PR T 2L 32
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104 |—e—SF1-7
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Fig.4 Comparison of CMR of RC frames with different
seismic fortification levels
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Fig.6 Distribution of columns with calculated reinforcement of RC frames with different fortification levels (illustrated with \\)
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