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Investigation on Global Collapse Resistant Capacity of RC Frame
under Near-fault Pulse-type Ground Motions
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Abstract First the cause and main characteristics of pulse-type ground motion in the near-fault regions were
introduced briefly and selection of near<fault pulse-type ground motion records based on Peak-toPeak Velocity
( PPV) and Normalized Cumulative Squared Velocity ( NCSV) were discussed. Then a 6-story reinforced
concrete frame with 3 bays was taken as a case study and the analytical model was built via OpenSees. 20 near—
fault pulse-type ground motion records were selected and spectral acceleration at the fundamental period of the
structure S, ( T,) was taken as intensity measure to scale the original ground motion records to conduct
incremental dynamic analysis ( IDA) on the structure. Maximum interstory drift ratio of the structure 6, and
maximum interstory drift ratio 8, . of each floor were chosen as damage measures to obtain the IDA curves of
the structure. Furthermore the global collapse resistant capacity was derived and the damage distribution of the

structure was evaluated based on the IDA results. Meanwhile the same analysis was conducted under chosen 20

farfield ground motion records for comparison. Comparison of the results shows that with the same intensity
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measure near-fault pulse-type ground motion is more likely to cause damage to the structure. The global
collapse resistant capacity of the structure under near-fault pulse-type ground motion is lower than that under
farfield ground motion. For a multi-story reinforced concrete frame structure plastic deformation is
concentrated more at the first floor of the structure.

Keywords nearHault ground motion velocity pulse global collapse resistant capacity incremental dynamic
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Table 1 Selected near-fault pulse-type ground motion records ’
PPV
T
/(em s o(s)
NF_Eq. 1 Imperial Valley-06 6.5 1979 EI Centro Array # 6 IMPVALL/H-E06_233 208 3.6
NF_Eq.2 Imperial Valley-06 6.5 1979 EI Centro Array # 7 IMPVALL/H-07_233 159 3.6
NF_Eq.3 Irpinia Italy-01 6.9 1980 Sturno ITALY /A-STU_223 107 3.1
NF_Eq. 4 Superstition Hills-02 6.5 1987 Parachute Test Site SUPERST/B-PTS_037 194 1.9
NF_Eq.5 Loma Prieta 6.9 1989 Saratoga-Aloha LOMAP/STG_038 62 6.2
NF_Eq. 6 Erzican Turkey 6.7 1992 Erzincan ERZIKAN/ERZ_032 160 2.5
NF_Eq.7 Cape Mendocino 7.0 1992 Petrolia CAPEMEND/PET_260 140 0.7
NF_Eq. 8 Landers 7.3 1992 Lucerne LANDERS/LCN_239 170 4.4
NF_Eq.9 Northridge-01 6.7 1994 Rinaldi Receiving Sta NORTHR/RRS_032 259 1.1
NF_Eq. 10 Northridge-01 6.7 1994 Sylmar-Olive View NORTHR/SYL_032 160 2.5
NF_Eq. 11 Kocaeli Turkey 7.5 1999 lzmit KOCAELI/IZT_180 52 4
NF_Eq. 12 Chi-Chi Taiwan 7.6 1999 TCU065 CHICHI/TCU065_272 442 10
NF_Eq. 13 Chi-Chi Taiwan 7.6 1999 TCU102 CHICHI/TCU102_278 165 2.6
NF_Eq. 14 Duzce Turkey 7.1 1999 Duzce DUZCE/DZC_172 126 0.9
NF_Eq. 15 Nahanni Canada 6.8 1985 Site2 NAHANNI_S2240 52 0.6
NF_Eq. 16 N. Palm Springs 6.1 1986 North Palm Springs PALMSPR_NPS210 109 2.5
NF_Eq. 17 Erzican Turkey 6.7 1992 Erzincan ERZINCAN_ERZ-NS 160 2.9
NF_Eq. 18 Northridge-01 6.7 1994 Newhall-W Pico Canyon NORTHR_WPI046 169 2.9
NF_Eq. 19 Imperial Valley-06 6.5 1979 EC County Center FF | IMPVALL. H_H-E£CC002 97 10
NF_Eq. 20 Imperial Valley-06 6.5 1979 EI Centro Array# 5 IMPVALL. H_H-£05140 150 4.2
' NF_Eq B
ATC-63 20 (1)
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(2)
3
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3.1 ’
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Table 2 Selected far-field ground motion records
FF_Eq. 1 Northridge 6.7 1994 Beverly Hills-Mulhol NORTHR /MULO09
FF_Eq.2 Northridge 6. 1994 Canyon Country-WLC NORTHR /LOS000
FF_Eq.3 Duzce Turkey 7.1 1999 Bolu DUZCE /BOL0O00
FF_Eq.4 Hector Mine 7.1 1999 Hector HECTOR /HEC000
FF_Eq.5 Imperial Valley 6.5 1979 Delta IMPVALL/H-DLT262
FF_Eq.6 Imperial Valley 6.5 1979 EI Centro Array#l1 IMPVALL/H-E11140
FF_Eq.7 Kobe Japan 6.9 1995 Nishi-Akashi KOBE /NIS000
FF_Eq.8 Kobe Japan 6.9 1995 Shin-Osaka KOBE /SHI0O00
FF_Eq.9 Kocaeli Turkey 7.5 1999 Duzce KOCAELI/DZC180
FF_Eq. 10 Kocaeli Turkey 7.5 1999 Arcelik KOCAELI/ARCO00
FF_Eq. 11 Landers 7.3 1992 Yermo Fire Station LANDERS/YER270
FF_Eq. 12 Landers 7.3 1992 Cool water LANDERS/CLW-LN
FF_Eq. 13 Loma Prieta 6.9 1989 Capitola LOMAP/CAPO00
FF_Eq. 14 Loma Prieta 6.9 1989 Gilroy Array #3 LOMAP/G03000
FF_Eq. 15 Manjillran 7.4 1990 Abbar MANJIL/ABBAR—L
FF_Eq. 16 Superstition Hills 6.5 1987 EI Centro Imp. Co. SUPERST/B-CC000
FF_Eq. 17 Superstition Hills 6.5 1987 Poe Road ( temp) SUPERST/B-POE270
FF_Eq. 18 Chi-Chi Taiwan 7.6 1999 CHY101 CHICHI/CHY101-E
FF_Eq. 19 Chi-Chi Taiwan 7.6 1999 TCU045 CHICHI/TCU045-E
FF_Eq. 20 San Fernando 6.6 1971 LA-Hollywood Stor SFERN/PEL090
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Fig. 11  The IDA curves of the 5th floor maximum interstory drift ratio



Structural Engineers Vol.33 No. 1

o 40

Structural Analysis

——NF_Eql ——NF_Eqll —« FF Eql —oFF Eqll
—=—NF_Eq2 ——NF_Eql2 —= FF Eq2 ——FF Eql2
—+—NF_Eq3 -x-NF_Eql3 —+FF Eq3 -»-FF Eql3
——NF_Eq4 -»-NF_Eql4 ——FF_Eq4 --FF Eql4
——NF _Eq5 ——NF_Eql5 —«FF_Eq5 —o—FF Eql5
—+—NF_Eq6 --+-NF_Eql6 —FF_Eq6 -+-FF _Eql6
——NF_Eq7 - NF_Eql7 ——FF _Eq7 --FF_Eql7
- —NF_Eq8 - NF_Eq18 o ——FF Eq8 ---FF_Eql8
~ ——NF_Eq9 -»--NF_Eql9 ~ —— FF_Eq9 -o-FF Eql9
i ——NF_Eq10--s--NF_Eq20 i ——FF_Eql0 -o--FF_Eq20
£9 3.2 3.2 - = .
=28 =28
w24 ¥l Ho 2.4
220 £ 2.0
& 16 7 1.6
= 1.2 = 1.2
08 = 08
X 04 X 04
) A B ) S S
% 0  0.001 0.002 0.003 0.004 0.005 % 0 0.001 0.002 0.003 0.004 0.005
' FANBEKZ AL A mas ' HS B R KB AR 1 Omas.s
(a) JETWT)Z kb2 (b) &
12 IDA
Fig. 12 The IDA curves of the 6th floor maximum interstory drift ratio
0mnx ib 5 0. 005
( 7— 12 ) N 1
3 o 9,
0,.. =0.05 N
o 2~6
3
Table 3 Comparison of ground motion records number to reach maximum or boundary interstory drift ratios
Oas i b Oas i b
1 0.05 20 20 4 0. 006 4 12
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Fig. 13 The collapse probability curves of the structure
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