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Strength reduction factor spectra with constant ductility for
offshore ground motions
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Abstract: In order to study the differences in inelastic response spectra between offshore and onshore ground mo-—
tions the characteristic of the strength reduction factor spectra with constant ductility for offshore ground motions
and their adjacent onshore ground motions were statistically analyzed. 67 ground motion records with two horizontal
components at 6 offshore and 8 adjacent onshore stations in 6 earthquake events were selected from Japanese K-NET
strong-motion network in recent years. Further 9 offshore ground motion records with two horizontal components at
7 offshore stations in 8 earthquake events were selected from the SEMS in the USA and the strength reduction fac—
tor spectra with constant ductility for offshore ground motions from the K-NET were compared with the offshore
ground motions from the SEMS. The influences of epicentral distance and water depth on the spectra were also dis—
cussed. In general the differences in strength reduction factor spectra between offshore and onshore ground motions
are little. The epicentral distance has some influence on the strength reduction factor spectra for offshore ground
motions especially for periods less than 1.5 s the larger the epicentral distance the lower spectral value will be.

It is found that the water depth has little effect on the spectra for offshore ground motions.
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Table 1  Information of offshore stations
(m)
KNG201 HIRATSUKA-ST1 34.5956°N 139.9183°E 2 197
KNG202 HIRATSUKA-ST2 34.7396°N 139.8393°E 2 339
KNG203 HIRATSUKA-ST3 34.7983°N 139.6435°E 902
KNG204 HIRATSUKA-ST4 34.8931°N 139.5711°E 933
KNG205 HIRATSUKA-STS 34.9413°N 139.4213°E 1 486
KNG206 HIRATSUKA-ST6 34.0966°N 139.3778°E 1 130
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Table 2 Information of six earthquake events in the K-NET database

) (km)
- 2006-04-21 02:50 34.940°N 139.195°E 5.8 7
2006-05-02 18:24 34.917°N 139.330°E 5.1 15
2009-08-411 05:07 34.785°N 138.498°E 6.5 23
2011341 14:46 38.103°N 142.860°E 9.0 24
20110345 22:31 35.308°N 138.713°E 6.4 14
2012-07-03 22:31 35.000°N 139.870°E 5.2 88
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3 SEMS

Table 3 Data of offshore stations in the SEMS

(m)
STHN 34.3367° —-119.5600° 50
S2EE 33.5867° —-118.1233° 73
S3EE 33.5700° -118.1300° 64
S31R 34.6117° -120.7317° 76
S4EU 33.5617° -118.1167° 217
S4GR 34.1800° —119.4700° 99
S4IR 34.6117° —-120.7300° 76
4 SEMS
Table 4  Information of earthquake events in the SEMS
11 )
SB81 Santa Barbara 81/09/04 15:50 33.66° -119.10° 5.95
NP86 North PalmS 86/07/08 09:20 34.00° -116.61° 6.10
0886 Oceanside 86/07/13 13:47 32.97° -117.87° 5.84
UP90 Upland 90/02/28 23:43 34.14° -117.70° 5.63
RC95 Ridgecrest 95/09/20 23:27 35.76° -117.64° 5.56
CL97 Calico 97/03/18 15:24 34.97° -116.82° 4.85
S9O7TA Simi Valley 97/04 /26 10:37 34.37° -118.67° 4.81
S97B Simi Valley 971704 /27 11:09 34.40° —-118.64° 4.72
5 SEMS
Table 5 Epicentral distances (km) of the stations in the SEMS
SB81 NP86 0886 UP90 RC95 CL97 S97A S97B
STHN 86.0
S2EE 147.5 72.5
S3EE 74.4
S3IR
S4EU
S4GR 258.1 76.7 79.3
S4IR 309.1 191.2
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Fig.2  Average strength reduction factor spectra with constant ductility for all the offshore and onshore

ground motions in the K-NET
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Al 20066421 ( :A B )
Appendix table Al information of ground motions for the earthquake on April 21 2006
(A group: offshore stations; B group: onshore stations)
PGA(Gal) _
(km)  V.(m/s) (m)
EW NS Q) Q)
Al KNG201 123.268 65.005 76 34.595 6 139.918 3
A2 KNG202 37.017 22.455 63 34.739 6 139.839 3
A3 KNG203 84.955 38.873 44 34.798 3 139.643 5
A4 KNG204 52.418 39.795 35 34.893 1 139.571 1
A5 KNG205 251.703 145. 940 21 34.941 3 139.421 3
A6 KNG206 119.569 81.320 24 35.096 6 139.377 8
B1 570001 209.613 99.552 25 292/10 35.142 4 139.079 5
B2 S70002 311.747 127.688 8.8 243/12 34.965 2 139.103 1
B3 SZ0007 130.721 144.957 23 343/10 34.977 1 138.946 6
B4 TKY008 80.523 92.359 25 377/20 34.785 2 139.390 9
BS TKY010 44.237 21.609 63 258/20 34.3779 139.257 3
A2 2006-05-02 ( :A B )
Appendix table A2 information of ground motions for the earthquake on May 2 2006
(A group: offshore stations; B group: onshore stations)
PGA(Gal) _
(km) V. (m/s) (m)
EW NS ) )
Al KNG201 36.367 34.106 65 34.595 6 139.918 3
A2 KNG202 24.845 22.287 51 34.739 6 139.839 3
A3 KNG203 175.713 98.423 32 34.798 3 139.643 5

A4 KNG204 101.279 104.738 22 34.893 1 139.571 1
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A2
PGA(Gal) _
(km)  V.(m/s) (m)
EW NS Q) Q)
A5 KNG205 418.672 252.064 8.8 34.9413 139.421 3
A6 KNG206 233.129 77.748 20 35.096 6 139.377 8
Bl KNG008 22.613 11.104 73 275720 35.5751 139.326 5
B2 SZ0001 126.390 66.322 34 292/10 35.142 4 139.079 5
B3 SZ0002 222.863 77.238 21 243/12 34.965 2 139.103 1
B4 TKY008 59.621 104.257 16 377/20 34.785 2 139.390 9
BS TKYO010 13.947 12.933 60 258/20 34.3779 139.257 3
A3 2009-6841 ( :A B )
Appendix table A3 information of ground motions for the earthquake on August 11 2009
(A group: offshore stations; B group: onshore stations)
PGA(Gal) _
(km)  V.(m/s) (m)
EW NS Q) Q)
Al KNG201 27.571 34.850 132 34.595 6 139.918 3
A2 KNG202 17.477 15.402 123 34.739 6 139.839 3
A3 KNG203 34.050 35.467 105 34.798 3 139.643 5
A4 KNG204 20. 806 25.566 99 34.893 1 139.571 1
A5 KNG205 56.366 47.886 86 34.941 3 139.421 3
A6 KNG206 89.002 94.936 87 35.096 6 139.377 8
Bl KNG008 36.134 26.921 116 275720 35.575 1 139.326 5
B2 S70001 135.626 129.990 66 292/10 35.142 4 139.079 5
B3 SZ0002 131.382 175.297 59 243 /12 34.965 2 139.103 1
B4 TKY009 66.717 57.996 87 283/20 34.687 4 139.441 2
B5 TKYO010 51.187 73.723 83 258/20 34.3779 139.257 3
A4 2011341 ( :A B )
Appendix table A4 information of ground motions for the earthquake on March 11 2011
(A group: offshore stations; B group: onshore stations)
PGA(Gal) _
(km)  V.(m/s) (m)
EW NS ) )
Al KNG201 123.835 107.079 471 34.595 6 139.918 3
A2 KNG202 149.993 94.919 462 34.739 6 139.839 3
A3 KNG203 90.94 69.20 467 34.798 3 139.643 5
A4 KNG204 65.196 59.817 463 34.893 1 139.571 1
A5 KNG205 150. 154 157.687 467 34.9413 139.4213
A6 KNG206 367.516 208. 749 457 35.096 6 139.377 8
Bl CHBO17 90.356 108.531 399 218/20 35.298 8 140.075 5
B2 KNGOO08 115.522 95.731 422 2751720 35.575 1 139.326 5
B3 570001 49.694 28.325 472 292/10 35.142 4 139.079 5
B4 SZ0002 74.741 43.712 485 243/12 34.965 2 139.103 1
B5 TKY009 23.855 23.885 488 283/20 34.687 4 139.441 2
B6 TKYO10 213.399 235.792 526 258/20 34.3779 139.257 3
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A5 2011345

( :A
Appendix table A5 information of ground motions for the earthquake on March 15 2011

B

(A group: offshore stations; B group: onshore stations)

)

PGA(Gal) _
(km) V. (m/s) (m)
EW NS Q) Q)
Al KNG201 46.500 33.376 136 34.595 6 139.918 3
A2 KNG202 24.063 14.840 121 34.739 6 139.839 3
A3 KNG203 84.538 76.398 102 34.798 3 139.643 5
A4 KNG204 40.79%4 22.652 91 34.893 1 139.571 1
A5 KNG205 105. 443 101.926 76 34.941 3 139.421 3
A6 KNG206 103.410 70.254 65 35.096 6 139.377 8
B1 CHBO17 12.639 13.655 124 218/20 35.298 8 140.075 5
B2 KNG008 37.373 51.832 63 2751720 35.575 1 139.326 5
B3 S70001 194.106 68.706 38 292/10 35.142 4 139.079 5
B4 SZ0002 36.836 46.340 52 243 /12 34.965 2 139.103 1
B5 TKY008 29.184 29.180 85 377/20 34.785 2 139.390 9
A6 2012 -07 -03 ( :A B )
Appendix table A6 information of ground motions for the earthquake on July 3 2012
(A group: offshore stations; B group: onshore stations)
PGA(Gal) _
(km)  V.(m/s) (m)
EW NS &) )

Al KNG201 83.132 91.948 45 34.595 6 139.918 3
A2 KNG202 135.746 106.527 29 34.739 6 139.839 3
A3 KNG203 70.773 86.059 31 34.798 3 139.643 5
A4 KNG204 56.191 54.516 30 34.893 1 139.571 1
A5 KNG205 155.703 170.789 41 34.941 3 139.421 3
A6 KNG206 118.567 74.272 46 35.096 6 139.377 8
Bl CHBO17 44.213 25.101 38 218/20 35.298 8 140.075 5
B2 KNGOO08 12.006 14.327 81 2751720 35.5751 139.326 5
B3 SZ0001 38.964 22.274 74 292/10 35.142 4 139.079 5
B4 SZ.0002 52.635 22.212 70 243/12 34.965 2 139.103 1
BS TKY009 36.363 34.030 52 283/20 34.687 4 139.441 2




