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Abstract: This study selects 662 mainshock-aftershock (MS-AS) ground motions from PEER NGA-West2
ground motion database, to analyze the correlation of the intensity measures (IMs) among the MS-AS ground
motions. The correlation coefficients of these IMs among the MS-AS ground motions are calculated, and their
optimal probability models are determined according to the K-S test, the AIC criterion and the BIC criterion.
Meanwhile, the AIC criterion and the BIC criterion are used to determine the optimal copula functions among the
MS-AS ground motion IMs, and their joint distributions are built based on the copula functions. On this basis, the
conditional distribution and the conditional mean of the aftershock ground motion IMs are obtained, given those
of the mainshock. The results show that: the significant duration has the highest correlation amongst the 34
selected IMs, the joint distributions can be built using the Copula function with reasonable accuracy, and the
Copula conditional mean can be used to predict the IMs of the aftershock ground motions, given the IMs of the
mainshock ground motions.
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Table 1 List of the selected MS - AS earthquake sequences
ik S 44 T e SN CRukm
Elkd HH

40 Friuli, Italy-01 1 65 C1 0

43 Friuli, Italy-02 1 591 C2-0040 8.79

50 Imperial Valley-06 15 653 Cl 0

51 Imperial Valley-07 15 5.01 C2-0050 0

53 Livermore-01 5 58 C1 0

54 Livermore-02 5 542 C2-0053 10.75

56 Mammoth Lakes-01 2 606 Cl 0

61 Mammoth Lakes-06 2 594 C2-0056 5.24

68 Irpinia, Italy-01 10 6.9 Cl 0

69 Irpinia, Italy-02 10 6.2 C2-0068 241

76 Coalinga-01 1 636 ClI 0

80 Coalinga-05 1 5.77 C2-0076 0

103 Chalfant Valley-02 3 619 C1 0

104 Chalfant Valley-03 3 5.65 C2-0103 4.01

113 Whittier Narrows-01 66 599 Cl1 0

114 Whittier Narrows-02 66 527 C2-0113 0

136 Kocaeli, Turkey 8 751 Cl 0

138 Duzce, Turkey 8 7.14 C2-0136 15.68
137 Chi-Chi, Taiwan 147 762 Cl 0
175 Chi-Chi, Taiwan-06 147 6.3 C2-0137 0
234 Umbria Marche, Italy 6 6 Cl 0
237 Umbria Marche (aftershock 1), Italy 6 5.5 C2-0234 0
274 L'Aquila, Italy 22 63 C1 0
275 L'Aquila (aftershock 1), Italy 22 5.6 C2-0274 0
281 Darfield, New Zealand 45 7 C1 0

346 Christchurch, New Zealand 45 6.2 C2-0281 23.68
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Table 2 Intensity measures related to acceleration
EIkel SR AR A AR E L LA
1 T PGA =max i) guys?
2 77 Wk g ) A = cm/s”
3 A R CAV = [Tl 00t s
4 NAU FI Hall $4% 4y = [z cm/s™?
T (..
5 Arias 3 fE = QL iig ()dt cm/s
o 10 m/s™
6 Riddell 3 ! I, ={ ! ems
inax cm/s?
7 A R B 1= 4507 cm'/s**
8 B 0 PSA = max(S,) ens”
SI= j:'fsﬂ(T,g =0.05)dT
9 N3 S i o 4 ' em/s
S (T, 0.5=7;
10 A R B s B EPA = 3(275)“" cm/s”

32 5REFXENEESH
%3%$T%ﬁfﬁ%mﬁﬁﬁﬁ,AEXﬁ
5 4t 72 0 ) T PR N R A M A 5% e, (1)
%%%ﬂ%tﬁﬁﬁ,%ﬁMLﬁﬁﬁT$MN®
PUE RS v, NG, S, A
X
#=3 S5EEFENEESH

Table 3 Intensity measures related to velocity
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Table 4 Intensity measures related to displacement
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Table 5 Other intensity measures
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Table 6 Correlation coefficients of intensity measures
between mainshocks and aftershocks

. MxEM | HXEH
I N

P K S P K S

1 PGA 050 057 0.75 18 PSV 043 054 0.72
2 Ams 043 058 0.77 19 EPV 042 055 0.74
3 CAV  0.63 0.65 0.83 20 SI 041 056 0.75
4 45 051 060 0.78 21 VSI 043 0.56 0.75
5 In 031 060 0.78 22 PGD 020 0.50 0.70
6 1, 0.51 057 0.75 23 D 013 049  0.68
7 I8 036 0.59 0.78 24 CAI 029 057 0.76
8 PSA 050 055 0.73 25 Dy 020 054 0.73
9 ASI 052 057 0.76 26 Iy 029 0.54 0.74
10 EPA 0.51 058 0.76 27 PSD 038 0.57 0.76
11 PGV 030 051 0.70 28 EPD 039 058 0.77
12 Vims 022 051 0.70 29 DSI 039 0.58 0.77
13 CAD 053 0.62 0.81 30 o 080 0.58 0.76
14 Vis 034 057 0.77 31 FR, 045 043 0.62
15 Iam 013049 0.67 32 FR, 052 046 0.65
16 1, 0.62 0.57 0.75 33 Q 0.68 0.49 0.68
17 Ir 036 0.54 0.73 34 T, 034 035 049
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Fig.l1 Correlation coefficients of the selected IMs between the
MS-AS ground motions
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Table 7 Optimum distributions and their parameters of the
selected intensity measures

LR (InIM) ARE(nIM)
% S ol Ao A R s b Ao A A

5O KB KB

NGGEV X% p, P, P; NGGEV X% p, P, P
1PGA10 1 G -1.76083 — 11 1 N -3.011.17 —
2 Ams 10 1 G -3.17083 — 11 1 N -4531.14 —
3CAVI0O 0 G 673074 — 11 1 N 510096 —
4 4,10 1 G -166071 — 11 1 N -3.1009 —
5 I, 10 1 G 402142 — 11 1 N 114199 —
6 L, 10 1 G 609076 — 11 1 N 479 1.07 —
7 I, 10 1 G 702110 — 11 1 N 492155 —
8PSA10 1 G -053080 — 11 1 N -1.781.13 —
9 ASI10 1 G -1908 — 11 1 N -3171.13 —
I0OEPA10 1 G -191081 — 11 1 N -3.181.13 —
IIPGVOO 0 G 319098 — 11 1 N 150115 —
12 Vs 00 0 N 148118 — 11 1 N 021 1.19 —
13CAD11 1 GEV-04213643001 0 GEV-032127 2.65
14 Vs 11 0 GEV-03612527101 1 N 168 1.16 —
15I,bM 01 0 N -1.191.74 — 11 1 N -3782.08 —
16 y, 10 1 G —02005 — 11 1 N -1.090.69 —
17 Ir 11 0 GEV-0361.1830511 1 N 218 1.11 —
I8PSV10 0 G 41608 — 11 1 N 261 1.12 —
I9EPV10 0 G 26608 — 01 1 N 1.17 1.14 —
20 SI 10 0 G 429087 — 11 1 N 277 114 —
20VSI10 0 G 43508 — 11 1 N 291 111 —
22PGD10 0 G 03416214101 0 N 0.8 1.38 —
23D 10 1 G 177144 — 01 0 N -089147 —
24CAI'11 1 G 520151 — 11 1 GEV-0391.71 1.61
25 Dy 11 1 G 347145 — 01 0 GEV-0321.540.12
26 14 11 1 G 372139 — 00 0 GEV-0.331.46 0.62
27PSD11 0 GEV-04414120801 0 N 1.04 135 —
28EPD 11 0 GEV-0461.50080 01 0 N -029145 —
29DSI 11 0 GEV-04615021301 0 N 1.03 145 —
30 74 10 1 G 332055 — 00 0 G 3.06 059 —
31 FR, 01 0 GEV-0.330.67-22301 0 N -2.38049 —
32 FR, 11 1 G -036063 — 11 1 GEV-0400.72-1.52
33 Q 11 0 GEV-0.50027-09410 0 GEV—-0.490.22-0.84
34 T, 11 1 GEV-0461.07 028 11 0 GEV—-0.250.74-0.30
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Table 8 Optimum copula functions and their parameters
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