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Table A.2. Supplemental records that were added to the primary recordset of Table A.1 for 
cloud analysis of the Van Nuys Testbed building. These records were used in Chapter 7. 

# Event MechanismYear Mw Station Name Distance 

USGS 
Soil 
Type FileName1 HP LP

1 Superstitn Hills SS 1987 6.7 Wildlife Liquef. Array 24.4 D SUPERST/B-IVW360 0.1 40

2 Loma Prieta RV/OB 1989 6.9 Coyote Lake Dam (Downst) 22.3 D LOMAP/CLD285 0.1 29

3 Northridge TH 1994 6.7 Canoga Park - Topanga Can  15.8 D NORTHR/CNP106 0.05 30

4 Loma Prieta RV/OB 1989 6.9 Gilroy Array #4   16.1 D LOMAP/G04000 0.2 28

5 Imperial Valley SS 1979 6.5 Bonds Corner 2.5 D IMPVALL/H-BCR230 0.1 40

6 Coalinga RV/OB 1983 6.4 Cantua Creek School 25.5 D COALINGA/H-CAK270 0.2 23

7 Imperial Valley SS 1979 6.5 Calexico Fire Station 10.6 D IMPVALL/H-CXO315 0.2 40

8 Imperial Valley SS 1979 6.5 El Centro Array #12 18.2 D IMPVALL/H-E12230 0.1 40

9 Northridge TH 1994 6.7 LA - Hollywood Stor FF 25.5 D NORTHR/HOL360 0.2 23

10 Imperial Valley SS 1979 6.5 Cucapah 23.6 D IMPVALL/H-QKP085 0.05 null

11 Imperial Valley SS 1979 6.5 SAHOP Casa Flores 11.1 C IMPVALL/H-SHP270 0.2 null

12 San Fernando RV 1971 6.6 Lake Hughes #1   25.8 C SFERN/L01111 0.5 35

13 San Fernando RV 1971 6.6 Palmdale Fire Station 25.4 D SFERN/PDL210 0.5 35

14 Cape Mendocino - 1992 7.1 Rio Dell Overpass - FF 18.5 C CAPEMEND/RIO270 0.07 23

15 Northridge TH 1994 6.7 Sepulveda VA 8.9 D NORTHR/SPV270 0.1 null

16 Loma Prieta RV/OB 1989 6.9 WAHO 16.9 D LOMAP/WAH090 0.1 null

17 Coalinga RV/OB 1983 6.4 Parkfield - Cholame 12W   55.2 D COALINGA/H-C12270 0.2 23

18 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 1   40.4 D COALINGA/H-COW000 0.2 20

19 Imperial Valley SS 1979 6.5 Coachella Canal #4 49.3 D IMPVALL/H-CC4045 0.2 40

20 Imperial Valley SS 1979 6.5 Delta 43.6 D IMPVALL/H-DLT262 0.05

21 Imperial Valley SS 1979 6.5 Niland Fire Station   35.9 D IMPVALL/H-NIL090 0.1 30

22 Northridge TH 1994 6.7 Bell Gardens - Jaboneria 46.6 D NORTHR/JAB310 0.13 30

23 Northridge TH 1994 6.7 Lawndale - Osage Ave   42.4 D NORTHR/LOA092 0.13 30

24 Northridge TH 1994 6.7 LB - Rancho Los Cerritos   54.3 D NORTHR/LBR000 0.16 23

25 Coyote Lake SS 1979 5.7 Gilroy Array #4   4.5 D COYOTELK/G04360 0.12 25

26 Point Mugu RV 1973 5.8 Port Hueneme   25.0 D PTMUGU/PHN180 0.2 25

27 Whittier Narrows RV 1987 6.0 Compton - Castlegate St   16.9 D WHITTIER/A-CAS000 0.09 25

28 Whittier Narrows RV 1987 6.0 Carson - Catskill Ave 28.1 D WHITTIER/A-CAT090 0.18 25

29 Northridge TH 1994 6.7 Encino, Ventura Blvd. #1 17.7 - *NR-env1/transverse - - 

30 Northridge TH 1994 6.7 Encino, Ventura Blvd. #9 17.9 - *NR-env9/transverse - - 

31 Northridge TH 1994 6.7 N. Hollywood, Landershim Blvd #1 18.4 - *NR-nhl2/longitudinal - - 

32 Northridge TH 1994 6.7 Van Nuys, Sherman Way #1 12.8 - *NR-vns1/transverse - - 

33 Northridge TH 1994 6.7 Van Nuys, 7-story Hotel 11.3 - *NR-vnuy/longitudinal - - 

34 Northridge TH 1994 6.7 Woodland Hills, Oxnard Street #4 20.0 - *NR-whox/transverse - - 

35 San Fernando RV 1971 6.6 Los Angeles, 14724 Ventura Blvd 16.3 - *SF-253/longitudinal - - 

36 San Fernando RV 1971 6.6 Los Angeles, 15910 Ventura Blvd 16.2 - *SF-461/longitudinal - - 

37 San Fernando RV 1971 6.6 Los Angeles, 15250 Ventura Blvd 16.4 - *SF-466/transverse - - 

38 San Fernando RV 1971 6.6 Glendale, Muni. Bldg. 633 E Brdwy 18.8 - *SF-glen/transverse - - 

39 San Fernando RV 1971 6.6 Van Nuys, 7-story Hotel 9.5 - *SF-vnuy/longitudinal - - 

 

1 Filenames preceded by an asterisk come from the Somerville ground motion set for the Van 
Nuys tesbed project (2001b). 
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For initial studies of ground motions intensity measures, it was desirable to have earthquake 

ground motions with a range of intensity measure values. Thus, as seen in Figure A.1, the records 

of Table A.1 and Table A.2 were selected to have a range of magnitude and distance values. 
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Figure A.1. Magnitudes and distances of the primary and secondary datasets (Table A.1 and 
Table A.2) used for analysis of the Van Nuys Testbed building. 

 

 



Appendix A  239 
   
 

 

Table A.3. The “LMSR-N” Record set from the work of Medina and Ibarra. These records 
were used in Chapters 3, 4 and 5. 

# Event Mechanism Year Mw Station Name Dist.

USGS 
Soil 
Type FileName HP LP

1 Imperial Valley SS 1979 6.5 Calipatria Fire Station 23.8 C IMPVALL\H-CAL315 0.1 40

2 Imperial Valley SS 1979 6.5 Chihuahua 28.7 C IMPVALL\H-CHI012 0.05  

3 Imperial Valley SS 1979 6.5 Compuertas 32.6 C IMPVALL\H-CMP015 0.2  

4 Imperial Valley SS 1979 6.5 El Centro Array #1 15.5 C IMPVALL\H-E01140 0.1 40

5 Imperial Valley SS 1979 6.5 El Centro Array #12 18.2 C IMPVALL\H-E12230 0.1 40

6 Imperial Valley SS 1979 6.5 El Centro Array #13 21.9 C IMPVALL\H-E13230 0.2 40

7 Imperial Valley SS 1979 6.5 Niland Fire Station 35.9 C IMPVALL\H-NIL090 0.1 30

8 Imperial Valley SS 1979 6.5 Plaster City 31.7 C IMPVALL\H-PLS135 0.1 40

9 Imperial Valley SS 1979 6.5 Cucapah 23.6 C IMPVALL\H-QKP085 0.05  

10 Imperial Valley SS 1979 6.5 Westmorland Fire Sta 15.1 C IMPVALL\H-WSM180 0.1 40

11 Loma Prieta RV/OB 1989 6.9 Agnews State Hospital 28.2 C LOMAP\AGW000 0.2 30

12 Loma Prieta RV/OB 1989 6.9 Capitola 14.5 C LOMAP\CAP090 0.2 40

13 Loma Prieta RV/OB 1989 6.9 Gilroy Array #3 14.4 C LOMAP\G03090 0.1 40

14 Loma Prieta RV/OB 1989 6.9 Gilroy Array #4 16.1 C LOMAP\G04090 0.2 30

15 Loma Prieta RV/OB 1989 6.9 Gilroy Array #7 24.2 C LOMAP\GMR000 0.2 40

16 Loma Prieta RV/OB 1989 6.9 Hollister City Hall 28.2 C LOMAP\HCH090 0.1 29

17 Loma Prieta RV/OB 1989 6.9 Hollister Diff. Array 25.8 C LOMAP\HDA255 0.1 33

18 Loma Prieta RV/OB 1989 6.9 Halls Valley 31.6 C LOMAP\HVR000 0.2 22

19 Loma Prieta RV/OB 1989 6.9 Salinas - John & Work 32.6 C LOMAP\SJW250 0.1 28

20 Loma Prieta RV/OB 1989 6.9 Palo Alto - SLAC Lab 36.3 B LOMAP\SLC270 0.2 33

21 Loma Prieta RV/OB 1989 6.9 Sunnyvale - Colton Ave. 28.8 C LOMAP\SVL270 0.1 40

22 Northridge RV 1994 6.7 LA - Centinela St 30.9 C NORTHR\CEN245 0.2 30

23 Northridge RV 1994 6.7 Canoga Park - Topanga Can 15.8 C NORTHR\CNP196 0.05 30

24 Northridge RV 1994 6.7 LA - N Faring Rd 23.9 C NORTHR\FAR000 0.13 30

25 Northridge RV 1994 6.7 LA - Fletcher Dr 29.5 C NORTHR\FLE234 0.15 30

26 Northridge RV 1994 6.7 Glendale - Las Palmas 25.4 C NORTHR\GLP267 0.1 30

27 Northridge RV 1994 6.7 LA - Hollywood Stor FF # 25.5 C NORTHR\PEL090 0.2 23

28 Northridge RV 1994 6.7 Lake Hughes #1 # 36.3 B NORTHR\L01000 0.12 23

29 Northridge RV 1994 6.7 Leona Valley #2 # 37.7 C NORTHR\LV2090 0.2 23

30 Northridge RV 1994 6.7 Leona Valley #6 # 38.5 C NORTHR\LV6090 0.2 23

31 Northridge RV 1994 6.7 La Crescenta - New York 22.3 C NORTHR\NYA180 0.1 30

32 Northridge RV 1994 6.7 LA - Pico & Sentous # 32.7 C NORTHR\PIC180 0.2 46

33 Northridge RV 1994 6.7 Northridge - 17645 Saticoy St 13.3 C NORTHR\STC090 0.1 30

34 Northridge RV 1994 6.7 LA - Saturn St 30 C NORTHR\STN020 0.1 30

35 Northridge RV 1994 6.7 LA - E Vernon Ave 39.3 C NORTHR\VER180 0.1 30

36 San Fernando RV 1971 6.6 LA - Hollywood Stor FF 21.2 C SFERN\PEL180 0.2 35

37 Superstitn Hills SS 1987 6.7 Brawley Airport 18.2 C SUPERST\B-BRA225 0.1 23

38 Superstitn Hills SS 1987 6.7 El Centro Imp. Co. Cent 13.9 C SUPERST\B-ICC000 0.1 40

39 Superstitn Hills SS 1987 6.7 Plaster City 21 C SUPERST\B-PLS135 0.2 18

40 Superstitn Hills SS 1987 6.7 Westmorland Fire Sta 13.3 C SUPERST\B-WSM090 0.1 35
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Table A.4. Near-fault records used for Chapter 5. Note that these records came from the Next 
Generation Attenuation (NGA) ground motion database (2005) rather than the PEER ground 
motion database. 

# Location Mechanism Year Mw Station Name Distance 
GMX Soil 
Type 

1 Parkfield SS 1966 6.2 Cholame - Shandon Array #2 6.28 D 

2 Parkfield SS 1966 6.2 Temblor pre-1969 15.96 A 

3 San Fernando RV 1971 6.6 Pacoima Dam (upper left abut) 1.81 A 

4 Gazli, USSR RV 1976 6.8 Karakyr 5.46 A 

5 Tabas, Iran RV 1978 7.4 Tabas 2.05 A 

6 Coyote Lake SS 1979 5.7 Gilroy Array #6 3.11 A 

7 Imperial Valley-06 SS 1979 6.5 Brawley Airport 10.42 D 

8 Imperial Valley-06 SS 1979 6.5 EC County Center FF 7.31 D 

9 Imperial Valley-06 SS 1979 6.5 EC Meloland Overpass FF 0.07 D 

10 Imperial Valley-06 SS 1979 6.5 El Centro Array #10 6.17 D 

11 Imperial Valley-06 SS 1979 6.5 El Centro Array #4 7.05 D 

12 Imperial Valley-06 SS 1979 6.5 El Centro Array #5 3.95 D 

13 Imperial Valley-06 SS 1979 6.5 El Centro Array #6 1.35 D 

14 Imperial Valley-06 SS 1979 6.5 El Centro Array #7 0.56 D 

15 Imperial Valley-06 SS 1979 6.5 El Centro Array #8 3.86 D 

16 Imperial Valley-06 SS 1979 6.5 El Centro Differential Array 5.09 D 

17 Imperial Valley-06 SS 1979 6.5 Westmorland Fire Sta 15.25 D 

18 Coalinga-01 RV 1983 6.4 Pleasant Valley P.P. - bldg 8.41 D 

19 Morgan Hill SS 1984 6.2 Anderson Dam (Downstream) 3.26 D 

20 Morgan Hill SS 1984 6.2 Coyote Lake Dam (SW Abut) 0.53 A 

21 Morgan Hill SS 1984 6.2 Gilroy Array #6 9.86 A 

22 Morgan Hill SS 1984 6.2 Halls Valley 3.48 C 

23 Nahanni, Canada RV 1985 6.8 Site 1 9.60 A 

24 Nahanni, Canada RV 1985 6.8 Site 2 4.93 A 

25 N. Palm Springs RV/OB 1986 6.1 Desert Hot Springs 6.82 D 

26 N. Palm Springs RV/OB 1986 6.1 North Palm Springs 4.04 D 

27 N. Palm Springs RV/OB 1986 6.1 Whitewater Trout Farm 6.04 C 

28 Whittier Narrows-01 RV/OB 1987 6.0 Bell Gardens - Jaboneria 17.79 D 

29 Whittier Narrows-01 RV/OB 1987 6.0 Downey - Co Maint Bldg 20.82 D 

30 Whittier Narrows-01 RV/OB 1987 6.0 Norwalk - Imp Hwy, S Grnd 20.42 D 

31 Whittier Narrows-01 RV/OB 1987 6.0 Santa Fe Springs - E.Joslin 18.49 D 

32 Superstition Hills-02 SS 1987 6.5 El Centro Imp. Co. Cent 18.20 D 

33 Superstition Hills-02 SS 1987 6.5 Parachute Test Site 0.95 D 

34 Loma Prieta RV/OB 1989 6.9 Gilroy - Gavilan Coll. 9.96 B 

35 Loma Prieta RV/OB 1989 6.9 Gilroy - Historic Bldg. 10.97 D 

36 Loma Prieta RV/OB 1989 6.9 Gilroy Array #1 9.64 A 

37 Loma Prieta RV/OB 1989 6.9 Gilroy Array #2 11.07 D 

38 Loma Prieta RV/OB 1989 6.9 Gilroy Array #3 12.82 D 

39 Loma Prieta RV/OB 1989 6.9 Gilroy Array #4 14.34 D 

40 Loma Prieta RV/OB 1989 6.9 LGPC 3.88 A 

 



Appendix A  241 
   
 

 

 Table A.4 (continued). Near-fault records used for Chapter 5. 

 

# FileName1 HP LP Tp
2 X3 θ3 Xcos(θ)3 Y3 φ3 Ycos(φ)3 

1 PARKF/C02065.at2 0.20 10 0.67 1 4.74 1.00 0.83 4.05  

2 PARKF/TMB_051_FN.at2 0.20 15 0.4 1 10.43 0.98 0.83 34.39  

3 SFERN/PUL_195_FN.at2 0.10 35 1.34 0.25 63.42  0.8 7.53 0.79 

4 GAZLI/GAZ_177_FN.at2 0.05 38 1.06 0 89.96  1 3.15  

5 TABAS/TAB-TR.at2 0.05  4.7 0.6 12.56  0.32 0.58 0.32 

6 COYOTELK/G06_246_FN.at2 0.08 25 0.91 0.62 16.99 0.59 0.71 0.93  

7 IMPVALL/H-BRA_233_FN.at2 0.10 40 4.8 0.76 10.54 0.75 0.65 48.4  

8 IMPVALL/H-ECC_233_FN.at2 0.10 40 3.7 0.55 18.15 0.52 0.78 32.28  

9 IMPVALL/H-EMO_233_FN.at2 0.10 40 3 0.39 5.37 0.39 0.78 0.34  

10 IMPVALL/H-E10_233_FN.at2 0.10 40 6.1 0.5 17.53 0.48 0.78 28.5  

11 IMPVALL/H-E04_233_FN.at2 0.10 40 3.7 0.53 11.49 0.52 0.68 38.49  

12 IMPVALL/H-E05_233_FN.at2 0.10 40 3.4 0.55 4.68 0.55 0.72 22.82  

13 IMPVALL/H-E06_233_FN.at2 0.10 40 3.3 0.55 0.78 0.55 0.76 7.85  

14 IMPVALL/H-E07_233_FN.at2 0.10 40 3.2 0.55 4.8 0.55 0.78 3.07  

15 IMPVALL/H-E08_233_FN.at2 0.10 40 4.2 0.55 11.52 0.54 0.78 19.39  

16 IMPVALL/H-EDA_233_FN.at2 0.10 40 3.7 0.53 14.55 0.51 0.78 24.48  

17 IMPVALL/H-WSM_233_FN.at2 0.10 40 4.6 0.76 3.04 0.76 0.72 25.71  

18 COALINGA/H-PVB_047_FN.at2 0.20 20 1.1 0.15 76.24  0.21 4.61 0.21 

19 MORGAN/AND_058_FN.at2 0.10 30 0.45 0.61 11.12 0.60 0.7 20.73  

20 MORGAN/CYC_058_FN.at2 0.10 39 0.75 0.91 0.4 0.91 0.7 1.15  

21 MORGAN/G06_058_FN.at2 0.10 35 1.15 0.98 0.95 0.98 0.7 4.07  

22 MORGAN/HVR_058_FN.at2 0.20 26 0.84 0.02 6.74 0.02 0.7 3.11  

23 NAHANNI/S1_070_FN.at2 0.05 63 3.4 0.11 55.73  0.1 79.91 0.02 

24 NAHANNI/S2_070_FN.at2 0.10 63 0.55 0.11 56.61  0.47 30.77 0.40 

25 PALMSPR/DSP_197_FN.at2 0.50 46 0.42 0.47 7.01  0.66 37.43  

26 PALMSPR/NPS_197_FN.at2 0.15 20 0.91 0.43 36.12  0.73 14.47 0.71 

27 PALMSPR/WWT_197_FN.at2 0.10 40 0.53 0.18 32.22  0.71 32.4 0.60 

28 WHITTIER/A-JAB_190_FN.at2 0.25 25 0.62 0.5 62.84  0.03 24.36 0.03 

29 WHITTIER/A-DWN_190_FN.at2 0.20 30 0.81 0.5 70.33  0.03 14.02 0.03 

30 WHITTIER/A-NOR_190_FN.at2 0.15 40 0.6 0.36 76.12  0.03 15.12 0.03 

31 WHITTIER/A-EJS_190_FN.at2 0.35 25 0.26 0.15 82.71  0.03 21.45 0.03 

32 SUPERST/B-ICC_037_FN.at2 0.10 40 1.5 0.9 8.31 0.89 0.75 29.91  

33 SUPERST/B-PTS_037_FN.at2 0.06 20 1.9 0.8 3.4 0.80 0.75 6.01  

34 LOMAP/GIL_038_FN.at2 0.20 45 0.39 0.5 23.03  0.81 12.96  

35 LOMAP/GOF_038_FN.at2 0.20 38 1.29 0.5 30.89  0.81 19.54 0.76 

36 LOMAP/G01_038_FN.at2 0.20 50 0.4 0.5 22.84  0.81 12.45  

37 LOMAP/G02_038_FN.at2 0.20 40 1.56 0.5 25.42  0.81 16.18  

38 LOMAP/G03_038_FN.at2 0.10 33 0.47 0.5 27.13  0.81 19.32  

39 LOMAP/G04_038_FN.at2 0.20 28 1.5 0.5 30.26  0.81 23.02  

40 LOMAP/LGP_038_FN.at2 0.10 80 0.75 0.45 14.37  0.81 5.32 0.81 
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Table A.4 (continued). Near-fault records used for Chapter 5. 

# Location Mechanism Year Mw Station Name Distance 
GMX Soil 
Type 

41 Loma Prieta RV/OB 1989 6.9 Saratoga - Aloha Ave 8.50 D 

42 Loma Prieta RV/OB 1989 6.9 Saratoga - W Valley Coll. 9.31 D 

43 Sierra Madre RV 1991 5.6 Cogswell Dam - Right Abutment 22.00 A 

44 Erzican, Turkey SS 1992 6.7 Erzincan 4.38 D 

45 Landers SS 1992 7.3 Lucerne 2.19 A 

46 Northridge-01 RV 1994 6.7 Canoga Park - Topanga Can 14.70 D 

47 Northridge-01 RV 1994 6.7 Canyon Country - W Lost Cany 12.44 C 

48 Northridge-01 RV 1994 6.7 Jensen Filter Plant 5.43 B 

49 Northridge-01 RV 1994 6.7 LA - Sepulveda VA Hospital 8.44 D 

50 Northridge-01 RV 1994 6.7 LA Dam 5.92 A 

51 Northridge-01 RV 1994 6.7 Newhall - Fire Sta 5.92 D 

52 Northridge-01 RV 1994 6.7 Newhall - W Pico Canyon Rd. 5.48 B 

53 Northridge-01 RV 1994 6.7 Pacoima Dam (downstr) 7.01 A 

54 Northridge-01 RV 1994 6.7 Pacoima Kagel Canyon 7.26 B 

55 Northridge-01 RV 1994 6.7 Rinaldi Receiving Sta 6.50 B 

56 Northridge-01 RV 1994 6.7 Sylmar - Converter Sta 5.35 D 

57 Northridge-01 RV 1994 6.7 Sylmar - Converter Sta East 5.19 B 

58 Northridge-01 RV 1994 6.7 Sylmar - Olive View Med FF 5.30 D 

59 Kobe, Japan SS 1995 6.9 KJMA 0.96 B 

60 Kocaeli, Turkey SS 1999 7.5 Arcelik 13.49 B 

61 Kocaeli, Turkey SS 1999 7.5 Duzce 15.37 D 

62 Kocaeli, Turkey SS 1999 7.5 Gebze 10.92 A 

63 Kocaeli, Turkey SS 1999 7.5 Sakarya 3.12 B 

64 Kocaeli, Turkey SS 1999 7.5 Yarimca 4.83 D 

65 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU052 0.66 A 

66 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU065 0.59 D 

67 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU068 0.32 A 

68 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU075 0.91 D 

69 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU076 2.76 D 

70 Chi-Chi, Taiwan RV/OB 1999 7.6 TCU129 1.84 D 
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Table A.4 (continued). Near-fault records used for Chapter 5. 

# FileName1 HP LP Tp
2 X3 θ3 Xcos(θ)3 Y3 φ3 Ycos(φ)3 

41 LOMAP/STG_038_FN.at2 0.10 38 1.69 0.5 23.2  0.81 11.53  

42 LOMAP/WVC_038_FN.at2 0.10 38 1.15 0.5 27.61  0.81 15.65 0.78 

43 SMADRE/chan1_152_FN.at2 0.50 23 0.29 0.13 51.57  0.07 89.22  

44 ERZIKAN/ERZ_032_FN.at2 0.10  2.3 0.31 1.95 0.31 0.75 25.06  

45 LANDERS/LCN_239_FN.at2 0.08 60 4.5 0.66 20.24 0.62 0.47 8.32  

46 NORTHR/CNP_032_FN.at2 0.05 30 2.05 0.25 23.66  0.41 56.34 0.23 

47 NORTHR/LOS_032_FN.at2 0.05 30 0.67 0.15 84.31  0.81 6.42 0.80 

48 NORTHR/JEN_032_FN.at2 0.08  2.9 0.1 82.22  0.81 13.7 0.79 

49 NORTHR/0637_032_FN.at2 0.08 50 0.85 0.19 66.62  0.72 26.01 0.65 

50 NORTHR/LDM_032_FN.at2 0.10  1.34 0.02 88.45  0.81 16.04 0.78 

51 NORTHR/NWH_032_FN.at2 0.12 23 1.25 0.5 63.44  0.81 3.99 0.81 

52 NORTHR/WPI_032_FN.at2 0.05 30 2.3 0.78 41.13  0.81 10.99  

53 NORTHR/PAC_032_FN.at2 0.16 23 0.44 0.22 76.56  0.81 1.46 0.81 

54 NORTHR/PKC_032_FN.at2 0.14 23 0.88 0.22 63.46  0.81 5.41  

55 NORTHR/RRS_032_FN.at2 0.06 30 1.06 0.08 82.22  0.81 18.3 0.77 

56 NORTHR/SCS_032_FN.at2   3 0.07 84.62  0.81 13.29 0.79 

57 NORTHR/SCE_032_FN.at2   3.1 0.03 87.53  0.81 12.18 0.79 

58 NORTHR/SYL_032_FN.at2 0.12 23 2.58 0.08 84.98  0.81 6.32 0.81 

59 KOBE/KJM_140_FN.at2 0.05  0.85 0.3 7.83 0.30 0.87 13.16  

60 KOCAELI/ARC_184_FN.at2 0.07 50 9.2 0.35 19.92 0.33 0.64 40.92  

61 KOCAELI/DZC_163_FN.at2  20 3.8 0.65 17.4 0.62 0.55 14.72  

62 KOCAELI/GBZ_184_FN.at2 0.03 25 4.3 0.34 23.87 0.31 0.64 37.34  

63 KOCAELI/SKR090.at2   5.7 0.24 3.56 0.24 0.73 25.32  

64 KOCAELI/YPT_180_FN.at2 0.07 50 3.8 0.14 13.92 0.14 0.64 4.57  

65 CHICHI/TCU052_278_FN.at2 0.04 50 6.7 0.43 34.77  0.39 6.59 0.39 

66 CHICHI/TCU065_272_FN.at2 0.03 50 4.5 0.22 46.3  0.38 5.99 0.38 

67 CHICHI/TCU068_280_FN.at2 0.03 50 9 0.48 33.32  0.39 7.01 0.39 

68 CHICHI/TCU075_271_FN.at2 0.03 50 4.4 0.15 54.08  0.36 4.05 0.36 

69 CHICHI/TCU076_271_FN.at2 0.10 50 3.2 0.06 63.27  0.32 0.05 0.32 

70 CHICHI/TCU129_271_FN.at2 0.03 50 4.1 0.05 73.62  0.29 3.75 0.29 

 

2 Pulse period as measured by Tothong and Cornell (2005a). 

3 Near-fault ground motion parameters as specified in Somerville et al. (1997). Blanks denote 
that the parameter is not applicable (e.g., Xcos(θ) is only provided for strike-slip events 
within the distance range where directivity is suggested). 
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Table A.5. Expanded record set used for calculation of response spectral correlations in 
Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

1 Cape Mendocino RV 1992 7.1 Eureka - Myrtle & West  44.6 B D 

2 Cape Mendocino RV 1992 7.1 Fortuna - Fortuna Blvd  23.6 B D 

3 Cape Mendocino RV 1992 7.1 Petrolia  9.5 C D 

4 Cape Mendocino RV 1992 7.1 Rio Dell Overpass - FF  18.5 B C 

5 Chalfant Valley SS 1986 5.9 Bishop - LADWP South St 24 - D 

6 Chalfant Valley SS 1986 6.2 Bishop - LADWP South St 9.2 - D 

7 Chalfant Valley SS 1986 5.8 Bishop - LADWP South St 13 - D 

8 Chalfant Valley SS 1986 6.2 Convict Creek 44.9 - D 

9 Chalfant Valley SS 1986 6.2 McGee Creek Surface 36.3 - C 

10 Chalfant Valley SS 1986 5.9 Zack Brothers Ranch 11 - D 

11 Chalfant Valley SS 1986 6.2 Zack Brothers Ranch 18.7 - D 

12 Coalinga RV/OB 1983 6.4 Cantua Creek School 25.5 - D 

13 Coalinga RV 1983 5.8 Palmer Ave 12.2 - B 

14 Coalinga RV/OB 1983 6.4 Parkfield - Cholame 12W 55.2 - D 

15 Coalinga RV/OB 1983 6.4 Parkfield - Cholame 2WA 42.8 - D 

16 Coalinga RV/OB 1983 6.4 Parkfield - Cholame 3W 43.9 - C 

17 Coalinga RV/OB 1983 6.4 Parkfield - Cholame 4W 44.7 - C 

18 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 1 40.4 - D 

19 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 10 30.4 - D 

20 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 11 28.4 - B 

21 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 12 29.5 - C 

22 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 14 29.9 - C 

23 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 15 29.9 - B 

24 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 16 28.1 - C 

25 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 3 36.4 - D 

26 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 4 34.3 - B 

27 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 6 32.8 - B 

28 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 7 31 - C 

29 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 8 29.6 - B 

30 Coalinga RV/OB 1983 6.4 Parkfield - Fault Zone 9 31.9 - B 

31 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 1W 46.5 - D 

32 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 2E 32.3 - D 

33 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 2W 36.6 - B 

34 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 3E 29.2 - D 

35 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 3W 38.8 - B 

36 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 4W 41 - B 

37 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 5W 43.7 - B 

38 Coalinga RV/OB 1983 6.4 Parkfield - Gold Hill 6W 48 - C 

39 Coalinga RV/OB 1983 6.4 Parkfield - Vineyard Cany 1E 26.7 - C 

40 Coalinga RV/OB 1983 6.4 Parkfield - Vineyard Cany 2W 30.7 - C 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

1 CAPEMEND\EUR-UP CAPEMEND\EUR000 CAPEMEND\EUR090 0.16 23 

2 CAPEMEND\FOR-UP CAPEMEND\FOR000 CAPEMEND\FOR090 0.07 23 

3 CAPEMEND\PET-UP CAPEMEND\PET000 CAPEMEND\PET090 0.07 23 

4 CAPEMEND\RIO-UP CAPEMEND\RIO270 CAPEMEND\RIO360 0.07 23 

5 CHALFANT\B-LAD-UP CHALFANT\B-LAD270 CHALFANT\B-LAD180 0.11 20 

6 CHALFANT\A-LAD-UP CHALFANT\A-LAD180 CHALFANT\A-LAD270 0.1 30 

7 CHALFANT\D-LAD-UP CHALFANT\D-LAD160 CHALFANT\D-LAD070 0.2 20 

8 CHALFANT\A-CVK-UP CHALFANT\A-CVK090 CHALFANT\A-CVK000 0.2 30 

9 CHALFANT\A-MCG-UP CHALFANT\A-MCG270 CHALFANT\A-MCG360 0.1 35 

10 CHALFANT\B-ZAK-UP CHALFANT\B-ZAK270 CHALFANT\B-ZAK360 0.11 30 

11 CHALFANT\A-ZAK-UP CHALFANT\A-ZAK270 CHALFANT\A-ZAK360 0.2 33 

12 COALINGA\H-CAK-UP COALINGA\H-CAK270 COALINGA\H-CAK360 0.2 23 

13 COALINGA\D-PLM-UP COALINGA\D-PLM360 COALINGA\D-PLM270 0.2 20 

14 COALINGA\H-C12-UP COALINGA\H-C12270 COALINGA\H-C12360 0.2 21 

15 COALINGA\H-C02-UP COALINGA\H-C02000 COALINGA\H-C02090 0.2 22 

16 COALINGA\H-C03-UP COALINGA\H-C03000 COALINGA\H-C03090 0.2 21 

17 COALINGA\H-C04-UP COALINGA\H-C04000 COALINGA\H-C04090 0.2 21 

18 COALINGA\H-COW-UP COALINGA\H-COW000 COALINGA\H-COW090 0.2 20 

19 COALINGA\H-Z10-UP COALINGA\H-Z10000 COALINGA\H-Z10090 0.2 21 

20 COALINGA\H-Z11-UP COALINGA\H-Z11000 COALINGA\H-Z11090 0.2 21 

21 COALINGA\H-PRK-UP COALINGA\H-PRK090 COALINGA\H-PRK180 0.2 20 

22 COALINGA\H-Z14-UP COALINGA\H-Z14090 COALINGA\H-Z14000 0.2 23 

23 COALINGA\H-Z15-UP COALINGA\H-Z15000 COALINGA\H-Z15090 0.2 20 

24 COALINGA\H-Z16-UP COALINGA\H-Z16000 COALINGA\H-Z16090 0.2 26 

25 COALINGA\H-COH-UP COALINGA\H-COH000 COALINGA\H-COH090 0.1 22 

26 COALINGA\H-Z04-UP COALINGA\H-Z04000 COALINGA\H-Z04090 0.2 22 

27 COALINGA\H-Z06-UP COALINGA\H-Z06000 COALINGA\H-Z06090 0.2 24 

28 COALINGA\H-Z07-UP COALINGA\H-Z07000 COALINGA\H-Z07090 0.2 30 

29 COALINGA\H-Z08-UP COALINGA\H-Z08000 COALINGA\H-Z08090 0.2 21 

30 COALINGA\H-Z09-UP COALINGA\H-Z09000 COALINGA\H-Z09090 0.2 23 

31 COALINGA\H-PG1-UP COALINGA\H-PG1000 COALINGA\H-PG1090 0.2 22 

32 COALINGA\H-GH2-UP COALINGA\H-GH2000 COALINGA\H-GH2090 0.2 30 

33 COALINGA\H-PG2-UP COALINGA\H-PG2000 COALINGA\H-PG2090 0.2 20 

34 COALINGA\H-GH3-UP COALINGA\H-GH3000 COALINGA\H-GH3090 0.2 26 

35 COALINGA\H-PG3-UP COALINGA\H-PG3000 COALINGA\H-PG3090 0.2 30 

36 COALINGA\H-PG4-UP COALINGA\H-PG4000 COALINGA\H-PG4090 0.2 30 

37 COALINGA\H-PG5-UP COALINGA\H-PG5000 COALINGA\H-PG5090 0.2 26 

38 COALINGA\H-PG6-UP COALINGA\H-PG6000 COALINGA\H-PG6090 0.2 30 

39 COALINGA\H-PV1-UP COALINGA\H-PV1000 COALINGA\H-PV1090 0.2 23 

40 COALINGA\H-VC2-UP COALINGA\H-VC2000 COALINGA\H-VC2090 0.2 30 

4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

41 Coalinga RV/OB 1983 6.4 Parkfield - Vineyard Cany 4W 34.6 - B 

42 Coalinga RV/OB 1983 6.4 Parkfield - Vineyard Cany 6W 41 - C 

43 Coalinga RV/OB 1983 6.4 Pleasant Valley P.P. - bldg 8.5 - D 

44 Coalinga RV 1983 5.8 Pleasant Valley P.P. - FF 17.4 - D 

45 Coalinga RV/OB 1983 6.4 Pleasant Valley P.P. - yard 8.5 - D 

46 Coyote Lake SS 1979 5.7 Gilroy Array #2 7.5 C D 

47 Coyote Lake SS 1979 5.7 Gilroy Array #6 3.1 B B 

48 Coyote Lake SS 1979 5.7 San Juan Bautista, 24 Polk St 15.6 B D 

49 Duzce, Turkey SS 1999 7.1 Duzce 8.2 C D 

50 Duzce, Turkey SS 1999 7.1 Lamont 1058 0.9 B B 

51 Duzce, Turkey SS 1999 7.1 Lamont 1059 8.5 - B 

52 Duzce, Turkey SS 1999 7.1 Lamont 1061 15.6 B B 

53 Duzce, Turkey SS 1999 7.1 Lamont 1062 13.3 - B 

54 Duzce, Turkey SS 1999 7.1 Lamont 375 8.2 - B 

55 Duzce, Turkey SS 1999 7.1 Sakarya 49.9 B B 

56 Friuli, Italy - 1976 6.5 Barcis 49.7 - B 

57 Friuli, Italy - 1976 6.5 Codroipo 34.6 - D 

58 Friuli, Italy - 1976 6.5 Tolmezzo 37.7 - B 

59 Imperial Valley SS 1979 6.5 Bonds Corner 2.5 C D 

60 Imperial Valley SS 1979 6.5 Brawley Airport 8.5 C D 

61 Imperial Valley SS 1979 6.5 Calexico Fire Station 10.6 C D 

62 Imperial Valley SS 1979 6.5 Calipatria Fire Station 23.8 C D 

63 Imperial Valley SS 1979 6.5 Coachella Canal #4 49.3 C D 

64 Imperial Valley SS 1979 6.5 EC County Center FF 7.6 C D 

65 Imperial Valley SS 1979 6.5 EC Meloland Overpass FF 0.5 C D 

66 Imperial Valley SS 1979 6.5 El Centro Array #1 15.5 C D 

67 Imperial Valley SS 1979 6.5 El Centro Array #10 8.6 C D 

68 Imperial Valley SS 1979 6.5 El Centro Array #11 12.6 C D 

69 Imperial Valley SS 1979 6.5 El Centro Array #12 18.2 C D 

70 Imperial Valley SS 1979 6.5 El Centro Array #13 21.9 C D 

71 Imperial Valley SS 1979 6.5 El Centro Array #4 4.2 C D 

72 Imperial Valley SS 1979 6.5 El Centro Array #5 1 C D 

73 Imperial Valley SS 1979 6.5 El Centro Array #6 1 C D 

74 Imperial Valley SS 1979 6.5 El Centro Array #7 0.6 C D 

75 Imperial Valley SS 1979 6.5 El Centro Array #8 3.8 C D 

76 Imperial Valley SS 1979 6.5 El Centro Differential Array 5.3 C D 

77 Imperial Valley SS 1979 6.5 Holtville Post Office 7.5 C D 

78 Imperial Valley SS 1979 6.5 Niland Fire Station 35.9 C D 

79 Imperial Valley SS 1979 6.5 Parachute Test Site 14.2 B D 

80 Imperial Valley SS 1979 6.5 Plaster City 31.7 C D 

 



Appendix A  247 
   
 

 

Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

41 COALINGA\H-VC4-UP COALINGA\H-VC4000 COALINGA\H-VC4090 0.2 27 

42 COALINGA\H-VC6-UP COALINGA\H-VC6000 COALINGA\H-VC6090 0.2 25 

43 COALINGA\H-PVB-UP COALINGA\H-PVB045 COALINGA\H-PVB135 0.2 20 

44 COALINGA\D-PVP-UP COALINGA\D-PVP270 COALINGA\D-PVP360 0.1 30 

45 COALINGA\H-PVY-UP COALINGA\H-PVY045 COALINGA\H-PVY135 0.2 31 

46 COYOTELK\G02-UP COYOTELK\G02050 COYOTELK\G02140 0.2 40 

47 COYOTELK\G06-UP COYOTELK\G06230 COYOTELK\G06320 0.2 25 

48 COYOTELK\SJB-UP COYOTELK\SJB213 COYOTELK\SJB303 0.2 20 

49 DUZCE\DZC-UP DUZCE\DZC180 DUZCE\DZC270 0.08 50 

50 DUZCE\1058-V DUZCE\1058-N DUZCE\1058-E 0.06 50 

51 DUZCE\1059-V DUZCE\1059-N DUZCE\1059-E 0.06 50 

52 DUZCE\1061-V DUZCE\1061-N DUZCE\1061-E 0.07 50 

53 DUZCE\1062-V DUZCE\1062-N DUZCE\1062-E 0.06 50 

54 DUZCE\375-V DUZCE\375-N DUZCE\375-E 0.15 50 

55 DUZCE\SKR-UP DUZCE\SKR180 DUZCE\SKR090 0.05 40 

56 FRIULI\A-BCS-UP FRIULI\A-BCS000 FRIULI\A-BCS270 0.2 30 

57 FRIULI\A-COD-UP FRIULI\A-COD000 FRIULI\A-COD270 0.1 25 

58 FRIULI\A-TMZ-UP FRIULI\A-TMZ000 FRIULI\A-TMZ270 0.1 30 

59 IMPVALL\H-BCR-UP IMPVALL\H-BCR140 IMPVALL\H-BCR230 0.1 40 

60 IMPVALL\H-BRA-UP IMPVALL\H-BRA225 IMPVALL\H-BRA315 0.1 40 

61 IMPVALL\H-CXO-UP IMPVALL\H-CXO225 IMPVALL\H-CXO315 0.2 40 

62 IMPVALL\H-CAL-UP IMPVALL\H-CAL225 IMPVALL\H-CAL315 0.1 40 

63 IMPVALL\H-CC4-UP IMPVALL\H-CC4045 IMPVALL\H-CC4135 0.2 40 

64 IMPVALL\H-ECC-UP IMPVALL\H-ECC002 IMPVALL\H-ECC092 0.1 35 

65 IMPVALL\H-EMO-UP IMPVALL\H-EMO000 IMPVALL\H-EMO270 0.1 40 

66 IMPVALL\H-E01-UP IMPVALL\H-E01140 IMPVALL\H-E01230 0.1 40 

67 IMPVALL\H-E10-UP IMPVALL\H-E10050 IMPVALL\H-E10320 0.1 40 

68 IMPVALL\H-E11-UP IMPVALL\H-E11230 IMPVALL\H-E11140 0.2 40 

69 IMPVALL\H-E12-UP IMPVALL\H-E12140 IMPVALL\H-E12230 0.1 40 

70 IMPVALL\H-E13-UP IMPVALL\H-E13140 IMPVALL\H-E13230 0.2 40 

71 IMPVALL\H-E04-UP IMPVALL\H-E04140 IMPVALL\H-E04230 0.1 40 

72 IMPVALL\H-E05-UP IMPVALL\H-E05140 IMPVALL\H-E05230 0.1 40 

73 IMPVALL\H-E06-UP IMPVALL\H-E06140 IMPVALL\H-E06230 0.2 40 

74 IMPVALL\H-E07-UP IMPVALL\H-E07140 IMPVALL\H-E07230 0.1 40 

75 IMPVALL\H-E08-UP IMPVALL\H-E08140 IMPVALL\H-E08230 0.1 40 

76 IMPVALL\H-EDA-UP IMPVALL\H-EDA270 IMPVALL\H-EDA360 0.1 40 

77 IMPVALL\H-HVP-UP IMPVALL\H-HVP225 IMPVALL\H-HVP315 0.1 40 

78 IMPVALL\H-NIL-UP IMPVALL\H-NIL090 IMPVALL\H-NIL360 0.1 30 

79 IMPVALL\H-PTS-UP IMPVALL\H-PTS225 IMPVALL\H-PTS315 0.1 40 

80 IMPVALL\H-PLS-UP IMPVALL\H-PLS045 IMPVALL\H-PLS135 0.1 40 

4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

81 Imperial Valley SS 1979 6.5 Superstition Mtn Camera 26 B A 

82 Imperial Valley SS 1979 6.5 Westmorland Fire Sta 15.1 C D 

83 Kobe SS 1995 6.9 Abeno 23.8 C D 

84 Kobe SS 1995 6.9 Tadoka 30.5 C D 

85 Kocaeli, Turkey SS 1999 7.4 Arcelik 17 B B 

86 Kocaeli, Turkey SS 1999 7.4 Atakoy 67.5 C D 

87 Kocaeli, Turkey SS 1999 7.4 Bursa Tofas 62.7 - D 

88 Kocaeli, Turkey SS 1999 7.4 Cekmece 76.1 C B 

89 Kocaeli, Turkey SS 1999 7.4 Fatih 64.5 - C 

90 Kocaeli, Turkey SS 1999 7.4 Goynuk 35.5 - B 

91 Kocaeli, Turkey SS 1999 7.4 Iznik 31.8 C D 

92 Kocaeli, Turkey SS 1999 7.4 Mecidiyekoy 62.3 B B 

93 Kocaeli, Turkey SS 1999 7.4 Zeytinburnu 63.1 C D 

94 Landers SS 1992 7.3 Baker Fire Station  88.5 B D 

95 Landers SS 1992 7.3 Barstow  36.1 B D 

96 Landers SS 1992 7.3 Boron Fire Station  90.6 B D 

97 Landers SS 1992 7.3 Coolwater 21.2 B D 

98 Landers SS 1992 7.3 Desert Hot Springs  23.2 B D 

99 Landers SS 1992 7.3 Fort Irwin  64.2 B D 

100 Landers SS 1992 7.3 Hemet Fire Station  69.5 C D 

101 Landers SS 1992 7.3 Indio - Coachella Canal  55.7 C D 

102 Landers SS 1992 7.3 Joshua Tree  11.6 B C 

103 Landers SS 1992 7.3 Palm Springs Airport  37.5 C D 

104 Landers SS 1992 7.3 Riverside Airport  96.1 B B 

105 Landers SS 1992 7.3 San Bernardino-E &Hospitality 80.5 C D 

106 Landers SS 1992 7.3 Yermo Fire Station  24.9 C D 

107 Loma Prieta RV/OB 1989 6.9 Agnews State Hospital 28.2 C D 

108 Loma Prieta RV/OB 1989 6.9 Anderson Dam (Downstream) 21.4 B D 

109 Loma Prieta RV/OB 1989 6.9 Anderson Dam (L Abut) 21.4 B A 

110 Loma Prieta RV/OB 1989 6.9 APEEL 10 - Skyline 47.8 B A 

111 Loma Prieta RV/OB 1989 6.9 APEEL 2E Hayward Muir Sch 57.4 C D 

112 Loma Prieta RV/OB 1989 6.9 APEEL 3E Hayward CSUH 57.1 B A 

113 Loma Prieta RV/OB 1989 6.9 APEEL 7 - Pulgas 47.7 B A 

114 Loma Prieta RV/OB 1989 6.9 APEEL 9 - Crystal Springs Res 46.9 B A 

115 Loma Prieta RV/OB 1989 6.9 Belmont - Envirotech 49.9 B A 

116 Loma Prieta RV/OB 1989 6.9 Berkeley LBL 83.6 B A 

117 Loma Prieta RV/OB 1989 6.9 Capitola 14.5 C C 

118 Loma Prieta RV/OB 1989 6.9 Corralitos 5.1 B B 

119 Loma Prieta RV/OB 1989 6.9 Fremont - Emerson Court 43.4 C B 

120 Loma Prieta RV/OB 1989 6.9 Fremont - Mission San Jose 43 B B 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

81 IMPVALL\H-SUP-UP IMPVALL\H-SUP045 IMPVALL\H-SUP135 0.1 40 

82 IMPVALL\H-WSM-UP IMPVALL\H-WSM090 IMPVALL\H-WSM180 0.1 40 

83 KOBE\ABN-UP KOBE\ABN000 KOBE\ABN090 0.05 40 

84 KOBE\TDO-UP KOBE\TDO000 KOBE\TDO090 0.05 40 

85 KOCAELI\ARCDWN KOCAELI\ARC000 KOCAELI\ARC090 0.08 50 

86 KOCAELI\ATK-UP KOCAELI\ATK000 KOCAELI\ATK090 0.08 40 

87 KOCAELI\BUR-UP KOCAELI\BUR090 KOCAELI\BUR000 0.08 50 

88 KOCAELI\CNA-UP KOCAELI\CNA000 KOCAELI\CNA090 0.02 50 

89 KOCAELI\FAT-UP KOCAELI\FAT000 KOCAELI\FAT090 0.03 50 

90 KOCAELI\GYN-UP KOCAELI\GYN090 KOCAELI\GYN000 0.15 25 

91 KOCAELI\IZN-UP KOCAELI\IZN180 KOCAELI\IZN090 0.1 25 

92 KOCAELI\MCD--V KOCAELI\MCD000 KOCAELI\MCD090 0.1 50 

93 KOCAELI\ZYT-UP KOCAELI\ZYT000 KOCAELI\ZYT090 0.06 50 

94 LANDERS\BAK-UP LANDERS\BAK050 LANDERS\BAK140 0.1 23 

95 LANDERS\BRS-UP LANDERS\BRS000 LANDERS\BRS090 0.07 23 

96 LANDERS\BFS-UP LANDERS\BFS000 LANDERS\BFS090 0.07 23 

97 LANDERS\CLW-UP LANDERS\CLW-LN LANDERS\CLW-TR 0.1 30 

98 LANDERS\DSP-UP LANDERS\DSP000 LANDERS\DSP090 0.07 23 

99 LANDERS\FTI-UP LANDERS\FTI000 LANDERS\FTI090 0.07 23 

100 LANDERS\H05-UP LANDERS\H05000 LANDERS\H05090 0.16 23 

101 LANDERS\IND-UP LANDERS\IND000 LANDERS\IND090 0.1 23 

102 LANDERS\JOS-UP LANDERS\JOS000 LANDERS\JOS090 0.07 23 

103 LANDERS\PSA-UP LANDERS\PSA000 LANDERS\PSA090 0.07 23 

104 LANDERS\RIV-UP LANDERS\RIV180 LANDERS\RIV270 0.16 23 

105 LANDERS\HOS-UP LANDERS\HOS090 LANDERS\HOS180 0.1 50 

106 LANDERS\YER-UP LANDERS\YER270 LANDERS\YER360 0.07 23 

107 LOMAP\AGW-UP LOMAP\AGW000 LOMAP\AGW090 0.2 30 

108 LOMAP\AND-UP LOMAP\AND270 LOMAP\AND360 0.2 40 

109 LOMAP\ADL-UP LOMAP\ADL250 LOMAP\ADL340 0.1 32 

110 LOMAP\A10-UP LOMAP\A10000 LOMAP\A10090 0.1 20 

111 LOMAP\A2E-UP LOMAP\A2E000 LOMAP\A2E090 0.2 25 

112 LOMAP\A3E-UP LOMAP\A3E000 LOMAP\A3E090 0.2 30 

113 LOMAP\A07-UP LOMAP\A07000 LOMAP\A07090 0.1 22 

114 LOMAP\A09-UP LOMAP\A09137 LOMAP\A09227 0.2 40 

115 LOMAP\BES-UP LOMAP\BES000 LOMAP\BES090 0.2 22 

116 LOMAP\BRK-UP LOMAP\BRK000 LOMAP\BRK090 0.2 18 

117 LOMAP\CAP-UP LOMAP\CAP000 LOMAP\CAP090 0.2 40 

118 LOMAP\CLS-UP LOMAP\CLS000 LOMAP\CLS090 0.2 32 

119 LOMAP\FMS-UP LOMAP\FMS090 LOMAP\FMS180 0.1 31 

120 LOMAP\FRE-UP LOMAP\FRE000 LOMAP\FRE090 0.2 24 

 
4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

121 Loma Prieta RV/OB 1989 6.9 Gilroy - Gavilan Coll. 11.6 B B 

122 Loma Prieta RV/OB 1989 6.9 Gilroy - Historic Bldg. 12.7 - D 

123 Loma Prieta RV/OB 1989 6.9 Gilroy Array #2 12.7 C D 

124 Loma Prieta RV/OB 1989 6.9 Gilroy Array #3 14.4 C D 

125 Loma Prieta RV/OB 1989 6.9 Gilroy Array #4 16.1 C D 

126 Loma Prieta RV/OB 1989 6.9 Gilroy Array #6 19.9 B B 

127 Loma Prieta RV/OB 1989 6.9 Gilroy Array #7 24.2 C B 

128 Loma Prieta RV/OB 1989 6.9 Golden Gate Bridge 85.1 B A 

129 Loma Prieta RV/OB 1989 6.9 Halls Valley 31.6 C C 

130 Loma Prieta RV/OB 1989 6.9 Hayward - BART Sta 58.9 B D 

131 Loma Prieta RV/OB 1989 6.9 Hollister - South & Pine 28.8 - D 

132 Loma Prieta RV/OB 1989 6.9 Hollister City Hall 28.2 C D 

133 Loma Prieta RV/OB 1989 6.9 Hollister Diff. Array 25.8 C D 

134 Loma Prieta RV/OB 1989 6.9 Oakland - Title & Trust 77.4 C D 

135 Loma Prieta RV/OB 1989 6.9 Palo Alto - 1900 Embarc. 36.1 C D 

136 Loma Prieta RV/OB 1989 6.9 Palo Alto - SLAC Lab 36.3 B A 

137 Loma Prieta RV/OB 1989 6.9 Richmond City Hall 93.1 C D 

138 Loma Prieta RV/OB 1989 6.9 SAGO South - Surface 34.7 B B 

139 Loma Prieta RV/OB 1989 6.9 Salinas - John & Work 32.6 C D 

140 Loma Prieta RV/OB 1989 6.9 Saratoga - Aloha Ave 13 B D 

141 Loma Prieta RV/OB 1989 6.9 SF - Diamond Heights 77 B A 

142 Loma Prieta RV/OB 1989 6.9 SF - Presidio 83.1 B A 

143 Loma Prieta RV/OB 1989 6.9 SF Intern. Airport 64.4 C D 

144 Loma Prieta RV/OB 1989 6.9 Sunnyvale - Colton Ave. 28.8 C D 

145 Loma Prieta RV/OB 1989 6.9 UCSC Lick Observatory 17.9 B A 

146 Loma Prieta RV/OB 1989 6.9 Woodside 39.9 B B 

147 Mammoth Lakes RV/OB 1980 6.3 Convict Creek 9 - D 

148 Mammoth Lakes SS 1980 6 Convict Creek 17.4 - D 

149 Mammoth Lakes SS 1980 5.7 Convict Creek 3 - D 

150 Mammoth Lakes RV/OB 1980 6 Convict Creek 18.6 - D 

151 Morgan Hill SS 1984 6.2 Anderson Dam (Downstream) 2.6 B D 

152 Morgan Hill SS 1984 6.2 Capitola 38.1 C C 

153 Morgan Hill SS 1984 6.2 Corralitos 22.7 B B 

154 Morgan Hill SS 1984 6.2 Gilroy Array #2 15.1 C D 

155 Morgan Hill SS 1984 6.2 Gilroy Array #3 14.6 C D 

156 Morgan Hill SS 1984 6.2 Gilroy Array #4 12.8 C D 

157 Morgan Hill SS 1984 6.2 Gilroy Array #6 11.8 B B 

158 Morgan Hill SS 1984 6.2 Gilroy Array #7 14 C B 

159 Morgan Hill SS 1984 6.2 Halls Valley 3.4 C C 

160 Morgan Hill SS 1984 6.2 Hollister City Hall 32.5 C D 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

121 LOMAP\GIL-UP LOMAP\GIL067 LOMAP\GIL337 0.2 35 

122 LOMAP\GOF-UP LOMAP\GOF090 LOMAP\GOF180 0.2 38 

123 LOMAP\G02-UP LOMAP\G02000 LOMAP\G02090 0.2 31 

124 LOMAP\G03-UP LOMAP\G03000 LOMAP\G03090 0.1 33 

125 LOMAP\G04-UP LOMAP\G04000 LOMAP\G04090 0.2 28 

126 LOMAP\G06-UP LOMAP\G06000 LOMAP\G06090 0.2 31 

127 LOMAP\GMR-UP LOMAP\GMR000 LOMAP\GMR090 0.2 35 

128 LOMAP\GGB-UP LOMAP\GGB270 LOMAP\GGB360 0.2 22 

129 LOMAP\HVR-UP LOMAP\HVR000 LOMAP\HVR090 0.2 22 

130 LOMAP\HWB-UP LOMAP\HWB220 LOMAP\HWB310 0.2 31 

131 LOMAP\HSP-UP LOMAP\HSP000 LOMAP\HSP090 0.1 23 

132 LOMAP\HCH-UP LOMAP\HCH090 LOMAP\HCH180 0.1 29 

133 LOMAP\HDA-UP LOMAP\HDA165 LOMAP\HDA255 0.1 33 

134 LOMAP\TIB-UP LOMAP\TIB180 LOMAP\TIB270 0.2 38 

135 LOMAP\PAE-UP LOMAP\PAE000 LOMAP\PAE090 0.2 30 

136 LOMAP\SLC-UP LOMAP\SLC270 LOMAP\SLC360 0.2 28 

137 LOMAP\RCH-UP LOMAP\RCH190 LOMAP\RCH280 0.2 25 

138 LOMAP\SG3-UP LOMAP\SG3261 LOMAP\SG3351 0.1 25 

139 LOMAP\SJW-UP LOMAP\SJW160 LOMAP\SJW250 0.1 28 

140 LOMAP\STG-UP LOMAP\STG000 LOMAP\STG090 0.1 38 

141 LOMAP\DMH-UP LOMAP\DMH000 LOMAP\DMH090 0.2 22 

142 LOMAP\PRS-UP LOMAP\PRS000 LOMAP\PRS090 0.1 31 

143 LOMAP\SFO-UP LOMAP\SFO000 LOMAP\SFO090 0.2 30 

144 LOMAP\SVL-UP LOMAP\SVL270 LOMAP\SVL360 0.1 32 

145 LOMAP\LOB-UP LOMAP\LOB000 LOMAP\LOB090 0.2 40 

146 LOMAP\WDS-UP LOMAP\WDS000 LOMAP\WDS090 0.1 25 

147 MAMMOTH\I-CVK-UP MAMMOTH\I-CVK090 MAMMOTH\I-CVK180 0.2 41 

148 MAMMOTH\A-CVK-UP MAMMOTH\A-CVK090 MAMMOTH\A-CVK180 0.2 30 

149 MAMMOTH\B-CVK-UP MAMMOTH\B-CVK090 MAMMOTH\B-CVK180 0.2 35 

150 MAMMOTH\L-CVK-UP MAMMOTH\L-CVK090 MAMMOTH\L-CVK180 0.1 40 

151 MORGAN\AND-UP MORGAN\AND250 MORGAN\AND340 0.1 30 

152 MORGAN\CAP-UP MORGAN\CAP042 MORGAN\CAP132 0.2 28 

153 MORGAN\CLS-UP MORGAN\CLS220 MORGAN\CLS310 0.2 24 

154 MORGAN\G02-UP MORGAN\G02000 MORGAN\G02090 0.2 31 

155 MORGAN\G03-UP MORGAN\G03000 MORGAN\G03090 0.1 32 

156 MORGAN\G04-UP MORGAN\G04270 MORGAN\G04360 0.1 25 

157 MORGAN\G06-UP MORGAN\G06000 MORGAN\G06090 0.1 27 

158 MORGAN\GMR-UP MORGAN\GMR000 MORGAN\GMR090 0.1 30 

159 MORGAN\HVR-UP MORGAN\HVR150 MORGAN\HVR240 0.2 26 

160 MORGAN\HCH-UP MORGAN\HCH001 MORGAN\HCH271 0.2 19 

 
4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

161 Morgan Hill SS 1984 6.2 Hollister Diff Array #1 28.3 C D 

162 Morgan Hill SS 1984 6.2 Hollister Diff Array #3 28.3 C D 

163 Morgan Hill SS 1984 6.2 Hollister Diff Array #4 28.3 C D 

164 Morgan Hill SS 1984 6.2 Hollister Diff Array #5 28.3 C D 

165 Morgan Hill SS 1984 6.2 Hollister Diff. Array 28.3 C D 

166 Morgan Hill SS 1984 6.2 San Juan Bautista, 24 Polk St 30.3 B D 

167 N. Palm Springs RV/OB 1986 6 Cabazon 16.3 - D 

168 N. Palm Springs RV/OB 1986 6 Hesperia 75.9 B D 

169 N. Palm Springs RV/OB 1986 6 Indio 39.6 - D 

170 N. Palm Springs RV/OB 1986 6 Puerta La Cruz 71.9 B B 

171 Northridge RV 1994 6.7 Alhambra - Fremont School 35.7 B D 

172 Northridge RV 1994 6.7 Anaverde Valley - City R  38.4 C D 

173 Northridge RV 1994 6.7 Arleta - Nordhoff Fire Sta  9.2 C D 

174 Northridge RV 1994 6.7 Bell Gardens - Jaboneria 46.6 C D 

175 Northridge RV 1994 6.7 Burbank - Howard Rd. 20 B B 

176 Northridge RV 1994 6.7 Camarillo 36.5 C - 

177 Northridge RV 1994 6.7 Canoga Park - Topanga Can 15.8 C D 

178 Northridge RV 1994 6.7 Canyon Country - W Lost Cany 13 C D 

179 Northridge RV 1994 6.7 Castaic - Old Ridge Route  22.6 B B 

180 Northridge RV 1994 6.7 Downey - Co Maint Bldg  47.6 C D 

181 Northridge RV 1994 6.7 Elizabeth Lake  37.2 C D 

182 Northridge RV 1994 6.7 Hollywood - Willoughby Ave 25.7 B D 

183 Northridge RV 1994 6.7 Huntington Beach - Lake St  79.6 C D 

184 Northridge RV 1994 6.7 Inglewood - Union Oil  44.7 B D 

185 Northridge RV 1994 6.7 LA - Baldwin Hills  31.3 B B 

186 Northridge RV 1994 6.7 LA - Centinela St 30.9 C D 

187 Northridge RV 1994 6.7 LA - Century City CC North  25.7 C D 

188 Northridge RV 1994 6.7 LA - E Vernon Ave 39.3 C D 

189 Northridge RV 1994 6.7 LA - Hollywood Stor FF  25.5 C D 

190 Northridge RV 1994 6.7 LA - N Faring Rd 23.9 C B 

191 Northridge RV 1994 6.7 LA - N Westmoreland 29 B D 

192 Northridge RV 1994 6.7 LA - Pico & Sentous  32.7 C D 

193 Northridge RV 1994 6.7 LA - Saturn St 30 C D 

194 Northridge RV 1994 6.7 LA - Temple & Hope  32.3 B A 

195 Northridge RV 1994 6.7 LA - UCLA Grounds 14.9 B - 

196 Northridge RV 1994 6.7 LA - Univ. Hospital  34.6 B A 

197 Northridge RV 1994 6.7 Lake Hughes #1 36.3 B C 

198 Northridge RV 1994 6.7 Lake Hughes #12A 22.8 B C 

199 Northridge RV 1994 6.7 Lake Hughes #4 - Camp Mend 32.3 B B 

200 Northridge RV 1994 6.7 Lake Hughes #4B - Camp Mend 32.3 B B 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

161 MORGAN\HD1-UP MORGAN\HD1255 MORGAN\HD1165 0.2 30 

162 MORGAN\HD3-UP MORGAN\HD3255 MORGAN\HD3165 0.2 30 

163 MORGAN\HD4-UP MORGAN\HD4165 MORGAN\HD4255 0.2 30 

164 MORGAN\HD5-UP MORGAN\HD5165 MORGAN\HD5255 0.2 30 

165 MORGAN\HDA-UP MORGAN\HDA165 MORGAN\HDA255 0.2 23 

166 MORGAN\SJB-UP MORGAN\SJB213 MORGAN\SJB303 0.1 21 

167 PALMSPR\CAB-UP PALMSPR\CAB180 PALMSPR\CAB270 0.2 40 

168 PALMSPR\HES-UP PALMSPR\HES002 PALMSPR\HES092 0.2 25 

169 PALMSPR\INO-UP PALMSPR\INO225 PALMSPR\INO315 0.1 35 

170 PALMSPR\PLC-UP PALMSPR\PLC258 PALMSPR\PLC348 0.2 32 

171 NORTHR\ALH-UP NORTHR\ALH090 NORTHR\ALH360 0.12 25 

172 NORTHR\ANA-UP NORTHR\ANA090 NORTHR\ANA180 0.2 46 

173 NORTHR\ARL-UP NORTHR\ARL090 NORTHR\ARL360 0.12 23 

174 NORTHR\JAB-UP NORTHR\JAB220 NORTHR\JAB310 0.13 30 

175 NORTHR\HOW-UP NORTHR\HOW060 NORTHR\HOW330 0.1 30 

176 NORTHR\CMR-UP NORTHR\CMR180 NORTHR\CMR270 0.1 25 

177 NORTHR\CNP-UP NORTHR\CNP106 NORTHR\CNP196 0.1 30 

178 NORTHR\LOS-UP NORTHR\LOS270 NORTHR\LOS000 0.2 30 

179 NORTHR\ORR-UP NORTHR\ORR090 NORTHR\ORR360 0.12 23 

180 NORTHR\DWN-UP NORTHR\DWN090 NORTHR\DWN360 0.2 23 

181 NORTHR\ELI-UP NORTHR\ELI090 NORTHR\ELI180 0.16 46 

182 NORTHR\WIL-UP NORTHR\WIL180 NORTHR\WIL090 0.2 30 

183 NORTHR\HNT-UP NORTHR\HNT000 NORTHR\HNT090 0.2 23 

184 NORTHR\ING-UP NORTHR\ING000 NORTHR\ING090 0.16 23 

185 NORTHR\BLD-UP NORTHR\BLD090 NORTHR\BLD360 0.16 23 

186 NORTHR\CEN-UP NORTHR\CEN155 NORTHR\CEN245 0.2 30 

187 NORTHR\CCN-UP NORTHR\CCN090 NORTHR\CCN360 0.14 23 

188 NORTHR\VER-UP NORTHR\VER090 NORTHR\VER180 0.2 30 

189 NORTHR\PEL-UP NORTHR\PEL090 NORTHR\PEL360 0.2 23 

190 NORTHR\FAR-UP NORTHR\FAR000 NORTHR\FAR090 0.2 30 

191 NORTHR\WST-UP NORTHR\WST000 NORTHR\WST270 0.2 30 

192 NORTHR\PIC-UP NORTHR\PIC090 NORTHR\PIC180 0.2 46 

193 NORTHR\STN-UP NORTHR\STN020 NORTHR\STN110 0.13 30 

194 NORTHR\TEM-UP NORTHR\TEM090 NORTHR\TEM180 0.2 46 

195 NORTHR\UCL-UP NORTHR\UCL090 NORTHR\UCL360 0.08 25 

196 NORTHR\UNI-UP NORTHR\UNI005 NORTHR\UNI095 0.2 46 

197 NORTHR\L01-UP NORTHR\L01000 NORTHR\L01090 0.12 23 

198 NORTHR\H12-UP NORTHR\H12090 NORTHR\H12180 0.13 46 

199 NORTHR\L04-UP NORTHR\L04000 NORTHR\L04090 0.12 23 

200 NORTHR\L4B-UP NORTHR\L4B000 NORTHR\L4B090 0.12 23 

 
4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

201 Northridge RV 1994 6.7 Lawndale - Osage Ave 42.4 C D 

202 Northridge RV 1994 6.7 LB - Rancho Los Cerritos  54.3 - D 

203 Northridge RV 1994 6.7 Leona Valley #2 37.7 C - 

204 Northridge RV 1994 6.7 Leona Valley #4 38.1 C - 

205 Northridge RV 1994 6.7 Leona Valley #5 - Ritter 38.3 C C 

206 Northridge RV 1994 6.7 Leona Valley #6 38.5 C D 

207 Northridge RV 1994 6.7 N Hollywood - Coldwater Can 14.6 B C 

208 Northridge RV 1994 6.7 Neenach - Sacatara Ck  53.2 B D 

209 Northridge RV 1994 6.7 Newhall - Fire Sta  7.1 C D 

210 Northridge RV 1994 6.7 Newhall - W Pico Canyon Rd. 7.1 B C 

211 Northridge RV 1994 6.7 Newport Bch - Irvine Ave. F.S 87.6 B - 

212 Northridge RV 1994 6.7 Newport Bch - Newp & Coast  84.6 B B 

213 Northridge RV 1994 6.7 Pacific Palisades - Sunset 26.2 B B 

214 Northridge RV 1994 6.7 Pacoima Kagel Canyon  8.2 B B 

215 Northridge RV 1994 6.7 Palmdale - Hwy 14 & Palmdale 43.6 C C 

216 Northridge RV 1994 6.7 Phelan - Wilson Ranch  86.1 B D 

217 Northridge RV 1994 6.7 Playa Del Rey - Saran 34.2 B D 

218 Northridge RV 1994 6.7 Port Hueneme - Naval Lab.  54.3 C D 

219 Northridge RV 1994 6.7 Rolling Hills Est-Rancho Vista 46.6 B - 

220 Northridge RV 1994 6.7 Santa Monica City Hall  27.6 C D 

221 Northridge RV 1994 6.7 Seal Beach - Office Bldg  64.9 B D 

222 Northridge RV 1994 6.7 Sun Valley - Roscoe Blvd 12.3 C D 

223 Northridge RV 1994 6.7 Sunland - Mt Gleason Ave 17.7 B C 

224 Northridge RV 1994 6.7 Sylmar - Olive View Med FF  6.4 C D 

225 Northridge RV 1994 6.7 Tarzana - Cedar Hill  17.5 C B 

226 Northridge RV 1994 6.7 Terminal Island - S Seaside 60 C D 

227 Northridge RV 1994 6.7 West Covina - S Orange Ave 54.1 C B 

228 Parkfield SS 1966 6.1 Cholame #12 14.7 B B 

229 Parkfield SS 1966 6.1 Cholame #8 9.2 C B 

230 Point Mugu RV 1973 5.8 Port Hueneme 25 C D 

231 San Fernando RV 1971 6.6 2516 Via Tejon PV 65.1 - C 

232 San Fernando RV 1971 6.6 Cedar Springs Pumphouse 87.6 - B 

233 San Fernando RV 1971 6.6 Fort Tejon 64.1 B B 

234 San Fernando RV 1971 6.6 Gormon - Oso Pump Plant 48.1 C C 

235 San Fernando RV 1971 6.6 LB - Terminal Island 69.2 C D 

236 San Fernando RV 1971 6.6 Pearblossom Pump 38.9 B B 

237 San Fernando RV 1971 6.6 Wheeler Ridge - Ground 81.6 C D 

238 San Fernando RV 1971 6.6 Wrightwood - 6074 Park Dr 60.3 B B 

239 Santa Barbara RV/OB 1978 6 Santa Barbara Courthouse 14 B D 

240 Superstitn Hills(A SS NaN 6.3 Wildlife Liquef. Array 24.7 - D 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

201 NORTHR\LOA-UP NORTHR\LOA092 NORTHR\LOA182 0.13 30 

202 NORTHR\LBR-UP NORTHR\LBR000 NORTHR\LBR090 0.16 23 

203 NORTHR\LV2-UP NORTHR\LV2000 NORTHR\LV2090 0.2 23 

204 NORTHR\LV4-UP NORTHR\LV4000 NORTHR\LV4090 0.2 23 

205 NORTHR\LV5-UP NORTHR\LV5000 NORTHR\LV5090 0.2 23 

206 NORTHR\LV6-UP NORTHR\LV6090 NORTHR\LV6360 0.2 23 

207 NORTHR\CWC-UP NORTHR\CWC180 NORTHR\CWC270 0.13 30 

208 NORTHR\NEE-UP NORTHR\NEE090 NORTHR\NEE180 0.12 46 

209 NORTHR\NWH-UP NORTHR\NWH090 NORTHR\NWH360 0.12 23 

210 NORTHR\WPI-UP NORTHR\WPI046 NORTHR\WPI316 0.1 30 

211 NORTHR\NBI-UP NORTHR\NBI000 NORTHR\NBI090 0.2 23 

212 NORTHR\NEW-UP NORTHR\NEW090 NORTHR\NEW180 0.17 46 

213 NORTHR\SUN-UP NORTHR\SUN190 NORTHR\SUN280 0.1 30 

214 NORTHR\PKC-UP NORTHR\PKC090 NORTHR\PKC360 0.2 23 

215 NORTHR\PHP-UP NORTHR\PHP000 NORTHR\PHP270 0.2 46 

216 NORTHR\PHE-UP NORTHR\PHE090 NORTHR\PHE180 0.2 46 

217 NORTHR\SAR-UP NORTHR\SAR000 NORTHR\SAR270 0.1 30 

218 NORTHR\PTH-UP NORTHR\PTH090 NORTHR\PTH180 0.14 23 

219 NORTHR\RHE-UP NORTHR\RHE090 NORTHR\RHE360 0.15 25 

220 NORTHR\STM-UP NORTHR\STM090 NORTHR\STM360 0.14 23 

221 NORTHR\SEA-UP NORTHR\SEA000 NORTHR\SEA090 0.16 46 

222 NORTHR\RO3-UP NORTHR\RO3000 NORTHR\RO3090 0.1 30 

223 NORTHR\GLE-UP NORTHR\GLE170 NORTHR\GLE260 0.1 30 

224 NORTHR\SYL-UP NORTHR\SYL090 NORTHR\SYL360 0.12 23 

225 NORTHR\TAR-UP NORTHR\TAR090 NORTHR\TAR360 0.1 23 

226 NORTHR\SSE-UP NORTHR\SSE240 NORTHR\SSE330 0.13 30 

227 NORTHR\SOR-UP NORTHR\SOR225 NORTHR\SOR315 0.2 30 

228 PARKF\C12DWN PARKF\C12050 PARKF\C12320 0.2 20 

229 PARKF\C08DWN PARKF\C08050 PARKF\C08320 0.2 20 

230 PTMUGU\PHN-UP PTMUGU\PHN180 PTMUGU\PHN270 0.2 25 

231 SFERN\PVEDWN SFERN\PVE065 SFERN\PVE155 0.2 20 

232 SFERN\CSPDWN SFERN\CSP126 SFERN\CSP216 0.1 20 

233 SFERN\FTJ-UP SFERN\FTJ000 SFERN\FTJ090 0.1 20 

234 SFERN\OPP-UP SFERN\OPP000 SFERN\OPP270 0.1 23 

235 SFERN\TLI-UP SFERN\TLI249 SFERN\TLI339 0.1 20 

236 SFERN\PPPDWN SFERN\PPP000 SFERN\PPP270 0.2 35 

237 SFERN\WRP-UP SFERN\WRP090 SFERN\WRP180 0.1 23 

238 SFERN\WTWDWN SFERN\WTW025 SFERN\WTW295 0.2 30 

239 SBARB\SBA-UP SBARB\SBA132 SBARB\SBA222 0.1 26 

240 SUPERST\A-IVW-UP SUPERST\A-IVW090 SUPERST\A-IVW360 0.2 50 

 
4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 



256  Appendix A  
 

 

Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# Event Mechanism Year Mw Station Name Distance 

USGS 
Soil 
Type 

GM 
Soil 
Type 

241 Superstitn Hills(B SS NaN 6.7 El Centro Imp. Co. Cent 13.9 C D 

242 Superstitn Hills(B SS NaN 6.7 Westmorland Fire Sta 13.3 C D 

243 Superstitn Hills(B SS NaN 6.7 Wildlife Liquef. Array 24.4 - D 

244 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 C00 64 - D 

245 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 E01 64 - D 

246 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 I01 64 - D 

247 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 I07 64 - D 

248 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 M01 64 - D 

249 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 M07 64 - D 

250 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 O01 64 - D 

251 Taiwan SMART1(40) RV/OB 1986 6.4 SMART1 O07 64 - D 

252 Taiwan SMART1(45) RV 1986 7.3 SMART1 C00 39 - D 

253 Taiwan SMART1(45) RV 1986 7.3 SMART1 E01 39 - D 

254 Taiwan SMART1(45) RV 1986 7.3 SMART1 E02 39 - D 

255 Taiwan SMART1(45) RV 1986 7.3 SMART1 I01 39 - D 

256 Taiwan SMART1(45) RV 1986 7.3 SMART1 I07 39 - D 

257 Taiwan SMART1(45) RV 1986 7.3 SMART1 M01 39 - D 

258 Taiwan SMART1(45) RV 1986 7.3 SMART1 M07 39 - D 

259 Taiwan SMART1(45) RV 1986 7.3 SMART1 O01 39 - D 

260 Taiwan SMART1(45) RV 1986 7.3 SMART1 O02 39 - D 

261 Taiwan SMART1(45) RV 1986 7.3 SMART1 O04 39 - D 

262 Taiwan SMART1(45) RV 1986 7.3 SMART1 O06 39 - D 

263 Taiwan SMART1(45) RV 1986 7.3 SMART1 O07 39 - D 

264 Taiwan SMART1(45) RV 1986 7.3 SMART1 O08 39 - D 

265 Taiwan SMART1(45) RV 1986 7.3 SMART1 O10 39 - D 

266 Taiwan SMART1(45) RV 1986 7.3 SMART1 O12 39 - D 

267 Whittier Narrows RV 1987 6 LA - 116th St School 22.5 B D 
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Table A.5 (continued). Expanded record set used for calculation of response spectral 
correlations in Chapter 8. These records were also used as the library of records in Chapter 6. 

# FileName (Vertical) Filename (Horiz. #1) Filename (Horiz. #2) HP4 LP4 

241 SUPERST\B-ICC-UP SUPERST\B-ICC000 SUPERST\B-ICC090 0.1 38 

242 SUPERST\B-WSM-UP SUPERST\B-WSM090 SUPERST\B-WSM180 0.1 35 

243 SUPERST\B-IVW-UP SUPERST\B-IVW090 SUPERST\B-IVW360 0.1 40 

244 SMART1\40C00DN SMART1\40C00EW SMART1\40C00NS 0.2 25 

245 SMART1\40E01DN SMART1\40E01EW SMART1\40E01NS 0.2 25 

246 SMART1\40I01DN SMART1\40I01EW SMART1\40I01NS 0.2 25 

247 SMART1\40I07DN SMART1\40I07EW SMART1\40I07NS 0.2 25 

248 SMART1\40M01DN SMART1\40M01EW SMART1\40M01NS 0.2 25 

249 SMART1\40M07DN SMART1\40M07EW SMART1\40M07NS 0.2 25 

250 SMART1\40O01DN SMART1\40O01EW SMART1\40O01NS 0.2 25 

251 SMART1\40O07DN SMART1\40O07EW SMART1\40O07NS 0.2 25 

252 SMART1\45C00DN SMART1\45C00EW SMART1\45C00NS 0.1 25 

253 SMART1\45E01DN SMART1\45E01EW SMART1\45E01NS 0.1 25 

254 SMART1\45E02DN SMART1\45E02EW SMART1\45E02NS 0.1 25 

255 SMART1\45I01DN SMART1\45I01EW SMART1\45I01NS 0.1 25 

256 SMART1\45I07DN SMART1\45I07EW SMART1\45I07NS 0.1 25 

257 SMART1\45M01DN SMART1\45M01EW SMART1\45M01NS 0.1 25 

258 SMART1\45M07DN SMART1\45M07NS SMART1\45M07EW 0.2 25 

259 SMART1\45O01DN SMART1\45O01EW SMART1\45O01NS 0.1 25 

260 SMART1\45O02DN SMART1\45O02EW SMART1\45O02NS 0.1 25 

261 SMART1\45O04DN SMART1\45O04EW SMART1\45O04NS 0.1 25 

262 SMART1\45O06DN SMART1\45O06EW SMART1\45O06NS 0.1 25 

263 SMART1\45O07DN SMART1\45O07EW SMART1\45O07NS 0.1 25 

264 SMART1\45O08DN SMART1\45O08EW SMART1\45O08NS 0.1 25 

265 SMART1\45O10DN SMART1\45O10EW SMART1\45O10NS 0.1 25 

266 SMART1\45O12DN SMART1\45O12EW SMART1\45O12NS 0.2 25 

267 WHITTIER\A-116-UP WHITTIER\A-116270 WHITTIER\A-116360 0.2 30 

 
4 Maximum high-pass frequency among the three components, and minimum low-pass 
frequency among the three components. 
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Table A.6. M,R-Based Records for Chapter 5. Selected to match Van Nuys disaggregation 
with IM=Sa(0.8s). 

# 0.1g 0.2g 0.4g 0.6g 0.8g 1g 1.4g 1.8g 2.4g 3g 4g 

1   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1)   2 (1) 

2   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1)   4 (1) 

3   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2)   7 (2) 

4   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1)   9 (1) 

5  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1)  10 (1) 

6  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1)  13 (1) 

7  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1) 

8  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1)  26 (1) 

9  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1)  35 (1) 

10  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1)  41 (1) 

11  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2)  59 (2) 

12  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1)  69 (1) 

13  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2)  77 (2) 

14  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1)  79 (1) 

15  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2)  87 (2) 

16  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2)  88 (2) 

17  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2)  89 (2) 

18  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1)  92 (1) 

19  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1)  97 (1) 

20  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2)  98 (2) 

21 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 108 (1) 

22 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 114 (1) 

23 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 115 (1) 

24 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 116 (2) 

25 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 

26 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 140 (2) 

27 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 150 (2) 

28 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 152 (1) 

29 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 159 (1) 

30 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 174 (1) 

31 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 181 (2) 

32 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 193 (1) 

33 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 218 (2) 

34 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 230 (1) 

35 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 231 (1) 

36 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 250 (2) 

37 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 251 (2) 

38 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 256 (2) 

39 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 260 (1) 

40 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 266 (1) 

The column specifies the Sa(0.8s) “stripe” level in units of g. The row refers to the record 
number within that stripe. For each row and column, the first number specifies the record (as 
numbered in Table A.5) and the number in parentheses specifies the horizontal component 
number (as numbered in Table A.5). 
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Table A.7. ε-Based Records for Chapter 5. Selected to match Van Nuys disaggregation with 
IM=Sa(0.8s). 

# 0.1g 0.2g 0.4g 0.6g 0.8g 1g 1.4g 1.8g 2.4g 3g 4g 

1   4 (2)   4 (1)   5 (2)   3 (1)   3 (1)   3 (1)   3 (2)   3 (2)   3 (2)   3 (2)   3 (2) 

2   7 (1)  10 (1)  12 (1)   3 (2)   3 (2)   3 (2)  11 (1)  11 (1)  11 (1)  11 (1)  11 (1) 

3  10 (2)  17 (2)  15 (1)  12 (1)  11 (1)  11 (1)  12 (2)  11 (2)  11 (2)  11 (2)  11 (2) 

4  14 (2)  28 (1)  15 (2)  12 (2)  12 (1)  12 (2)  18 (1)  18 (1)  18 (1)  18 (1)  18 (1) 

5  38 (1)  28 (2)  16 (2)  18 (1)  12 (2)  18 (1)  22 (1)  22 (1)  22 (1)  22 (1)  22 (1) 

6  64 (2)  44 (2)  21 (2)  21 (2)  18 (1)  22 (1)  22 (2)  22 (2)  22 (2)  22 (2)  22 (2) 

7  68 (2)  48 (1)  31 (1)  25 (2)  22 (2)  22 (2)  96 (1)  96 (1)  96 (1)  96 (1)  96 (1) 

8  76 (1)  48 (2)  39 (1)  45 (1)  25 (2)  25 (2) 130 (1) 130 (1) 130 (1) 130 (1) 130 (1) 

9  76 (2)  57 (1)  39 (2)  46 (2)  45 (1)  45 (1) 131 (1) 131 (1) 131 (1) 131 (1) 131 (1) 

10  83 (1)  59 (1)  46 (2)  49 (2)  49 (2)  96 (1) 132 (1) 132 (1) 132 (1) 132 (1) 132 (1) 

11  86 (2)  74 (2)  49 (2)  63 (2)  96 (1) 129 (1) 132 (2) 132 (2) 132 (2) 132 (2) 132 (2) 

12  91 (2)  89 (1)  63 (2) 105 (1) 129 (1) 130 (1) 133 (1) 133 (1) 133 (1) 133 (1) 133 (1) 

13  93 (1)  93 (2)  84 (1) 129 (1) 130 (1) 132 (1) 133 (2) 133 (2) 133 (2) 133 (2) 133 (2) 

14  95 (2) 102 (2)  97 (2) 130 (1) 132 (1) 132 (2) 134 (1) 134 (1) 134 (1) 134 (1) 134 (1) 

15 101 (1) 106 (1) 105 (1) 132 (2) 132 (2) 133 (1) 134 (2) 134 (2) 134 (2) 134 (2) 134 (2) 

16 105 (2) 123 (1) 117 (1) 133 (1) 133 (1) 133 (2) 135 (2) 135 (2) 135 (2) 135 (2) 135 (2) 

17 107 (2) 124 (1) 117 (2) 133 (2) 133 (2) 134 (1) 137 (1) 137 (1) 137 (1) 137 (1) 137 (1) 

18 108 (1) 131 (2) 148 (1) 135 (2) 135 (2) 135 (2) 143 (1) 143 (1) 143 (1) 143 (1) 143 (1) 

19 108 (2) 152 (2) 160 (2) 137 (2) 137 (2) 137 (2) 143 (2) 143 (2) 143 (2) 143 (2) 143 (2) 

20 111 (2) 162 (1) 161 (2) 160 (2) 143 (1) 143 (1) 182 (1) 182 (1) 182 (1) 182 (1) 182 (1) 

21 129 (2) 163 (1) 164 (2) 182 (1) 160 (2) 143 (2) 186 (2) 186 (2) 186 (2) 186 (2) 186 (2) 

22 140 (1) 164 (1) 165 (1) 186 (2) 182 (1) 160 (2) 189 (2) 189 (2) 189 (2) 189 (2) 189 (2) 

23 144 (2) 173 (1) 177 (2) 189 (2) 186 (2) 182 (1) 193 (1) 193 (2) 193 (2) 193 (2) 193 (2) 

24 147 (1) 177 (1) 178 (1) 191 (2) 189 (2) 186 (2) 193 (2) 209 (2) 209 (2) 209 (2) 209 (2) 

25 181 (1) 178 (2) 180 (2) 193 (1) 193 (1) 189 (2) 209 (2) 244 (1) 244 (1) 244 (1) 244 (1) 

26 183 (1) 181 (2) 187 (2) 193 (2) 193 (2) 193 (1) 244 (1) 244 (2) 244 (2) 244 (2) 244 (2) 

27 186 (1) 182 (2) 191 (2) 205 (1) 205 (1) 193 (2) 244 (2) 245 (1) 245 (1) 245 (1) 245 (1) 

28 206 (1) 184 (2) 205 (1) 209 (2) 209 (2) 209 (2) 245 (2) 245 (2) 245 (2) 245 (2) 245 (2) 

29 216 (1) 189 (1) 217 (1) 217 (1) 220 (1) 220 (1) 246 (1) 246 (1) 246 (1) 246 (1) 246 (1) 

30 216 (2) 192 (2) 222 (2) 220 (1) 222 (2) 243 (2) 246 (2) 246 (2) 246 (2) 246 (2) 246 (2) 

31 217 (2) 205 (2) 224 (1) 222 (2) 226 (2) 244 (2) 247 (1) 247 (1) 247 (1) 247 (1) 247 (1) 

32 221 (2) 208 (2) 224 (2) 226 (1) 243 (2) 245 (2) 247 (2) 247 (2) 247 (2) 247 (2) 247 (2) 

33 230 (2) 209 (1) 226 (1) 226 (2) 245 (2) 246 (2) 248 (1) 248 (1) 248 (1) 248 (1) 248 (1) 

34 240 (1) 252 (2) 226 (2) 243 (2) 250 (1) 247 (2) 248 (2) 248 (2) 248 (2) 248 (2) 248 (2) 

35 240 (2) 255 (2) 253 (2) 253 (2) 251 (2) 250 (1) 249 (2) 249 (1) 249 (1) 249 (1) 249 (1) 

36 253 (1) 256 (1) 256 (2) 258 (2) 253 (2) 251 (2) 250 (1) 249 (2) 249 (2) 249 (2) 249 (2) 

37 254 (2) 257 (2) 258 (2) 261 (1) 261 (1) 253 (2) 250 (2) 250 (1) 250 (1) 250 (1) 250 (1) 

38 261 (2) 264 (1) 261 (1) 262 (2) 262 (2) 262 (2) 251 (1) 250 (2) 250 (2) 250 (2) 250 (2) 

39 262 (1) 265 (1) 266 (1) 264 (2) 264 (2) 264 (2) 251 (2) 251 (1) 251 (1) 251 (1) 251 (1) 

40 265 (2) 266 (2) 267 (2) 267 (1) 267 (1) 267 (1) 267 (1) 251 (2) 251 (2) 251 (2) 251 (2) 

The column specifies the Sa(0.8s) “stripe” level in units of g. The row refers to the record 
number within that stripe. For each row and column, the first number specifies the record (as 
numbered in Table A.5) and the number in parentheses specifies the horizontal component 
number (as numbered in Table A.5). 
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Table A.8. CMS-ε records for Chapter 5. Selected to match spectral shape based on Van Nuys 
disaggregation with IM=Sa(0.8s). 

# 0.1g 0.2g 0.4g 0.6g 0.8g 1g 1.4g 1.8g 2.4g 3g 4g 

1 201 (2) 201 (2) 209 (2) 241 (1) 266 (1)  39 (1)  95 (2)  57 (1)  57 (1)  57 (1) 246 (2) 

2 240 (1) 242 (1) 215 (1) 266 (1)  39 (1)  95 (2)  39 (1)  95 (2) 249 (2) 246 (2) 247 (2) 

3  38 (1) 215 (1) 241 (1) 184 (2)  95 (2) 266 (1)  57 (1) 249 (2) 246 (2) 249 (2) 251 (1) 

4 187 (1) 255 (2) 184 (2) 209 (2) 259 (1) 259 (1) 222 (2)  39 (1)  95 (2) 257 (1)  57 (1) 

5 245 (2) 209 (2) 174 (2) 259 (1) 241 (1) 252 (1) 252 (1) 222 (2)  39 (1) 244 (2) 258 (2) 

6 166 (2) 240 (1) 187 (2) 101 (1) 101 (1) 222 (2) 249 (2) 252 (1) 257 (1) 258 (2) 257 (1) 

7 252 (2)  98 (2) 100 (2) 100 (2) 252 (1)  57 (1) 259 (1) 192 (2) 244 (2) 247 (2) 244 (2) 

8 231 (2) 166 (2)  98 (2)  39 (1) 184 (2) 131 (1) 131 (1) 166 (1) 222 (2)  95 (2) 249 (2) 

9 235 (1) 173 (2) 255 (2) 187 (2) 131 (1) 241 (1) 266 (1) 246 (2)   3 (2)  39 (1) 250 (1) 

10 242 (1) 174 (2) 201 (1) 174 (2) 222 (2) 101 (1) 192 (2)   3 (2) 252 (1) 251 (1) 182 (1) 

11   4 (1) 163 (1)  83 (1) 215 (1) 209 (2) 263 (1) 166 (1) 131 (1) 258 (2)   3 (2) 133 (1) 

12 221 (1)   5 (2) 123 (1)  95 (2) 263 (1) 192 (2) 263 (1) 257 (1) 166 (1) 246 (1) 246 (1) 

13 173 (2) 123 (1) 242 (1) 201 (1)  57 (1) 102 (1)   3 (2) 244 (2) 192 (2) 222 (2) 248 (2) 

14 208 (1) 187 (2) 266 (1) 252 (1) 102 (1) 184 (2) 257 (1)  22 (1)  22 (1)  22 (1) 245 (1) 

15 177 (2) 177 (2)  71 (1)  83 (1) 100 (2) 249 (2) 102 (1) 259 (1) 246 (1) 166 (1)   3 (2) 

16 108 (2) 100 (2) 101 (1) 131 (1) 255 (1) 166 (1) 253 (2) 266 (1) 131 (1) 252 (1) 265 (1) 

17 215 (1)  83 (1)  93 (1) 255 (1) 192 (2) 255 (1) 101 (1) 263 (1) 247 (2) 133 (1) 132 (1) 

18 163 (1) 201 (1) 259 (1) 102 (1) 187 (2) 173 (1)  22 (1) 253 (2)  74 (1) 248 (2)  39 (1) 

19 255 (2)  16 (1) 201 (2)  98 (2) 174 (2) 224 (1) 161 (2) 161 (2) 251 (1) 192 (2)  22 (1) 

20  42 (2) 184 (2) 255 (1) 123 (1) 173 (1) 100 (2)  74 (1)  74 (1) 159 (2) 265 (1) 244 (1) 

21 172 (2)  71 (1)  39 (1)  71 (1) 224 (1) 209 (2) 246 (2) 159 (2) 161 (2)  74 (1)  74 (1) 

22   7 (2)  93 (1) 173 (2) 263 (1) 166 (1)  96 (2) 241 (1) 246 (1) 253 (2) 182 (1) 264 (2) 

23 240 (2)  38 (1)  16 (1) 222 (2) 201 (1) 253 (2)  65 (1) 258 (2) 133 (1)  49 (2)  95 (2) 

24  32 (1) 245 (2)   2 (2) 255 (2) 249 (2) 261 (1) 244 (2)  65 (1)  49 (2) 250 (1) 166 (1) 

25   5 (2) 241 (1) 163 (1)  93 (1) 215 (1)  74 (1) 173 (1)  49 (2) 265 (1) 159 (2) 222 (2) 

26  75 (2) 252 (2)   5 (2) 197 (1)  83 (1) 161 (2)  96 (2) 102 (1) 248 (2) 131 (1)  49 (2) 

27  98 (2) 187 (1) 164 (1) 224 (1) 197 (1) 256 (1) 159 (2) 265 (1) 263 (1) 161 (2) 256 (2) 

28 257 (2) 164 (1) 197 (1) 173 (1) 261 (1) 264 (1) 246 (1) 264 (1)  65 (1) 245 (1) 252 (1) 

29  15 (1) 221 (1)   6 (1) 137 (2)  96 (2) 257 (1) 256 (1) 256 (1) 182 (1) 253 (2) 192 (2) 

30 218 (1) 144 (1)  95 (2)  57 (1) 137 (2)  65 (1) 264 (1) 133 (1) 266 (1)  65 (1) 159 (2) 

31 260 (2)  75 (2) 102 (1)  95 (1)  71 (1)   3 (2) 224 (1)  96 (2) 259 (1) 132 (1)  65 (1) 

32 139 (1) 108 (2) 252 (1) 192 (2) 256 (1) 187 (2) 261 (1)  21 (2) 264 (1) 264 (2) 130 (1) 

33  16 (1)   2 (2) 131 (1) 261 (1) 264 (1) 197 (1)  49 (2) 101 (1)  21 (2) 263 (1) 161 (2) 

34 209 (2)  15 (2) 137 (2) 242 (1) 123 (1) 174 (2) 255 (1) 173 (1) 264 (2) 256 (2) 250 (2) 

35  15 (2) 172 (2) 100 (1)   6 (1)  95 (1)  22 (1)  21 (2) 251 (1)  16 (2) 264 (1) 131 (1) 

36 147 (1)   2 (1)   2 (1)  96 (2) 253 (2) 137 (2) 184 (2) 247 (2) 256 (1) 244 (1) 253 (2) 

37 123 (1)  28 (1) 216 (1) 216 (1)  74 (1) 201 (1) 265 (1)  16 (2) 250 (1)  21 (2) 264 (1) 

38 189 (1)  76 (1)  95 (1) 166 (1) 230 (1)  83 (1) 258 (2) 261 (1) 132 (1) 130 (1)  74 (2) 

39 222 (1)  42 (2) 263 (1) 230 (1)  98 (2) 230 (1)  16 (2) 248 (2) 245 (1) 223 (2)  21 (2) 

40 174 (2) 218 (1) 224 (1) 256 (1)  65 (1) 164 (2) 164 (2) 224 (1) 256 (2) 165 (1) 223 (2) 

The column specifies the Sa(0.8s) “stripe” level in units of g. The row refers to the record 
number within that stripe. For each row and column, the first number specifies the record (as 
numbered in Table A.5) and the number in parentheses specifies the horizontal component 
number (as numbered in Table A.5). 



 

 261  
 
 

 

Appendix B  
 

 

Supporting details for the correlation model 
of Chapter 8 
 

In Chapter 8, a several statements were made about properties of spectral acceleration 

correlations that were not explained in detail in the text. In this Appendix, details to support those 

statements are presented for interested readers. 

B.1 Correlations of geometric mean spectral acceleration values 

It was stated in Chapter 8 that the correlation coefficient prediction for lnSa values of arbitrary 

components with the same orientation could also be used to model correlation coefficients for 

geometric mean lnSa values. Geometric mean spectral acceleration values are computed using the 

equation 

 . .( ) ( ) ( )g m x ySa T Sa T Sa T=  (B.1) 

or equivalently 

 . .
ln ( ) ln ( )

ln ( )
2

x y
g m

Sa T Sa T
Sa T

+
=  (B.2) 

where . .( )g mSa T  is the geometric mean spectral acceleration at period T and ( ) and ( )x ySa T Sa T  

are the spectral acceleration values of the two horizontal components (denoted the x and y 

components) at period T. 

In this section, we will show that the correlation coefficient between . . 1ln ( )g mSa T  and 

. . 2ln ( )g mSa T  is approximately equal to the correlation coefficient between 

1 2ln ( ) and ln ( )x xSa T Sa T , where T1 and T2 are two periods of interest. 

B.1.1 Mathematical derivation 

Let spectral acceleration values of the two horizontal components be defined as follows 
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 (B.3) 
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where ( )Tµ  and ( )Tσ  are deterministic functions from a ground motion prediction model that 

represent the mean and standard deviation, respectively, of lnSa. The variables ( )x Tε  and ( )y Tε  

are random variables with zero mean and unit standard deviation that represent the record-to-

record variability of ground motions, given their magnitude, distance, etc. Then the geometric 

mean of spectral acceleration is defined as 

 
( ) ( )ln ( ) ln ( )ln ( ) ( ) ( )

2 2
x yx x

gm
T TSa T Sa TSa T T T

ε ε
µ σ

++
= = +  (B.4) 

The correlation coefficient of ln ( )gmSa T  at two periods is then 
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Recognizing that [ ]1 2 1 2 , 1 2( ), ( ) ( ), ( ) ( , )
x xx x y yCov T T Cov T T T Tε εε ε ε ε ρ⎡ ⎤= =⎣ ⎦  and that 

1 2 1 2 , 1 2( ), ( ) ( ), ( ) ( , )
x yx y y xCov T T Cov T T T Tε εε ε ε ε ρ⎡ ⎤ ⎡ ⎤= =⎣ ⎦ ⎣ ⎦ , Equation B.5 simplifies to 
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Using the approximation that , 1( )
x y

Tε ερ  is a linear function of lnT1 (per Equation 8.7), the 

denominator of Equation B.6 can be approximated by  

 ( )( ) ( )2

, 1 , 2 , 1 21 ( ) 1 ( ) 1 ( )
x y x y x y

T T T Tε ε ε ε ε ερ ρ ρ+ + ≅ +  (B.7) 

Substituting B.7 into B.6 gives 
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Then we use the approximation  

 , 1 2 , 1 2 , 1 2( , ) ( ) ( , )
x y x y x x

T T T T T Tε ε ε ε ε ερ ρ ρ≅ ⋅  (B.9) 

as was found to be valid for fitting Equation 8.11. Substituting B.9 into B.8 gives 
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Canceling terms and recognizing that , 1 2 ln ,ln 1 2( , ) ( , )
x x x xSa SaT T T Tε ερ ρ= , we have 

 
2 2ln ( ),ln ( ) ln ,ln 1 2( , )

gm gm x xSa T Sa T Sa Sa T Tρ ρ≅  (B.11) 

Thus, given two assumptions that were found to be reasonable in Chapter 8, we can show that the 

correlation coefficient between . . 1ln ( )g mSa T  and . . 2ln ( )g mSa T  is approximately equal to the 

correlation coefficient between 1 2ln ( ) and ln ( )x xSa T Sa T . 

B.1.2 Empirical evidence 

To support the mathematical result of Section B.1.1, we also see empirically that correlation 

coefficients between . . 1ln ( )g mSa T  and . . 2ln ( )g mSa T  are approximately equal to the correlation 

coefficients between 1 2ln ( ) and ln ( )x xSa T Sa T . The contours of the correlation coefficients of a 

single ground motion component as a function of T1 and T2 are displayed in Figure B.1 (this is the 

same as Figure 8.4a, but is repeated here to facilitate comparison with the figure to follow). The 

contours for correlation coefficients of geometric mean spectral acceleration values are displayed 

in Figure B.2. The two figures are nearly identical.  
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Figure B.1: Empirical spectral acceleration correlation contours for single ground motion 
components at two periods. 
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Figure B.2: Empirical spectral acceleration correlation contours for geometric means at two 
periods. 

Another comparison of the correlation coefficient estimates for arbitrary component and 

geometric mean spectral acceleration values is seen in Figure B.3. For each period pair 

considered (i.e., each location on Figure B.1 and Figure B.2), the two empirical correlation 

coefficients are plotted versus each other. We see that the agreement is very good. 
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Figure B.3: Comparison of correlation coefficients for geometric mean ε values versus 
correlation coefficients for arbitrary component ε values. 
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Given the results of Sections B.1.1 and B.1.2, it seems likely that any minor differences 

between estimated correlation coefficients are due to the finite samples of data used for the 

estimates, rather than any underlying differences. 

B.2 Correlations of inter-event epsilon values 

In Chapter 8 it was also stated that the equation for correlations of spectral acceleration values of 

a single component can be used to approximate the correlation of inter-event ε values. This 

statement will now be examined in more detail. For this study, the inter-event terms from the 

Abrahamson and Silva (1997) attenuation model were used, as provided by Abrahamson (2004). 

The original set of inter-event terms provided by Abrahamson included events with magnitudes 

beween 4.4 and 7.4, but only the events with magnitude greater than 5.5 were retained here (no 

events with magnitude less than 5.5 were used for the other correlation computations, so for 

consistency they are not used here either). 

Contours of the correlation matrix for these terms are shown in Figure B.4. It is clear that 

there are differences between Figure B.4 and Figure B.1.  
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Figure B.4: Empirical correlation contours for inter-event ε values. 

Another comparison of the empirical correlation coefficient estimates is seen in Figure B.5. 

For each period pair considered, the correlation coefficient estimates for the two ε values are 

plotted versus each other. We see that the agreement between the two is not perfect, and is 

certainly not as good as the agreement for geometric mean Sa values seen earlier in Figure B.3. 
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There are several possible explanations for this. First, while the same record sets were used 

earlier for both the geometric mean and arbitrary component correlations, here we do not have 

that luxury. The inter-event ε values were provided by Abrahamson, and so the events used are 

not identical. Second, there are a much smaller number of data points available for estimating 

correlations of inter-event ε values (only 36 events are available, versus 534 total horizontal 

components used for arbitrary component ε values), which decreases the confidence with which 

the correlation coefficients can be estimated. Third, and perhaps most importantly, there may be 

physical reasons why the two sets of correlations are in fact different. 
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Figure B.5: Comparison of correlation coefficients for inter-event ε values versus correlation 
coefficients for total ε values. 

To determine the true extent of the differences seen in Figure B.5, statistical hypothesis 

testing was used to determine the significance of apparent differences in the two correlation 

coefficient estimates (Neter et al. 1996, p644). First the z-transform was taking for each 

correlation coefficient estimate, in order to stabilize its variance (see Equation 8.5). The test 

statistic is then 

 1 2

1 2

*
1 1

3 3

z zz

n n

−
=

+
− −

 (B.12) 

where z1 and z2 are the z-transformed correlation coefficients for the inter-event ε values and the 

arbitrary component ε values, respectively, and n1 and n2 are the number of data points used for 

estimating each (usually 36 and 534, although the number is slightly lower for the inter-event ε 
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values at a few periods, because not all events were used at all periods due to filter-frequency 

limitations). If the two correlation coefficients are equal, and as long as n1 and n2 are greater than 

about 25 (which is true here), then z* is distributed approximately as a standard normal random 

variable. Hence, if | *| 1.96z > , we can conclude that the two correlation coefficients differ with a 

5% significance level21. This criterion allows us to identify the region of Figure B.5 where 

apparent differences in the two correlation coefficients are not statistically significant. Setting 

n1=36 and n2=534, we have the criteria 
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1 2
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2 1 2 1
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 (B.13) 

which simplifies to 

 1 2
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1 1ln 0.703
1 1

ρ ρ
ρ ρ
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<⎜ ⎟− +⎝ ⎠

 (B.14) 

The region where this inequality holds is shown in Figure B.6, with the data from Figure B.5 

superimposed. If the correlation coefficients for inter-event ε values were in fact equal to 

correlation coefficients for total ε values, we would expect to see 95% of the points inside the 

shaded region and 5% outside. In the figure, however, 58% of the points are inside the shaded 

region, with 42% outside, indicating that significant differences between the two occur more 

often than expected. However, many of the statistically significant differences occur in the top 

right corner of the plot, where the difference in absolute correlation values is not large. For 

example, the difference between correlation coefficients of 0.9 and 0.95 is statistically significant, 

but may or may not have practical significance in application.  

                                                 
21 Lack of statistical significance does not necessarily imply that the correlation coefficients are equal. It 
merely indicates that, given the limited data available, it is difficult to detect a significant difference 
between the two.  
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Figure B.6: Comparison of correlation coefficients for inter-event ε values versus correlation 
coefficients for total ε values, and the region with no statistical significance (at the 5% level) 
superimposed. 

Given the small number of inter-event ε data available, no attempt was made to fit a new 

correlation model for the inter-event ε data. Using Equation 8.9 as an approximation for the 

correlation of inter-event ε values may be a reasonable approach in the absence of other models. 

In the future, a model specific to the inter-event ε data could be fit that would likely provide 

improved predictions. 

B.3 Positive definiteness of correlation matrices 

The correlation coefficient model of Chapter 8, when combined with marginal variances provided 

by the ground motion prediction (attenuation) model, specifies the covariance matrix of a vector 

of spectral acceleration values with varying periods and orientations. It is necessary that the 

variance of any linear combination of these spectral acceleration values be non-negative, which 

leads to the requirement that the covariance matrix be positive definite. It can be shown that the 

covariance matrix is positive definite if and only if the correlation matrix is positive definite. So 

to confirm that the specified correlation model is permissible, it suffices to shown that 

corresponding correlation matrices are positive definite. 

A common method for determining the positive-definiteness of a matrix A involves 

attempting to factor the matrix into the form T=A R R , where R is an upper triangular matrix 
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with positive diagonal entries. The factorization is called a Cholesky decomposition, and is 

possible if and only if A is positive definite (Lay 1997, p456).  

Correlation matrices were created for each of the correlation models proposed in Chapter 8. 

For each model (e.g., horizontal/horizontal in the same direction, horizontal/vertical, etc.), a 

75x75 correlation matrix was formed by evaluating the appropriate predictive equation at 75 

periods between 0.05 and 5 seconds. The Cholesky decomposition was performed for each of 

these matrices and was found to exist. Further, a 225x225 correlation matrix was constructed 

consisting of correlations for spectral values at 75 periods in all three directions (two horizontal 

and one vertical) simultaneously. The Cholesky decomposition also exists for this matrix. 

The Cholesky decomposition was attempted and found to exist for the correlation matrix 

computed using the model of Inoue and Cornell (1990), but it does not exist for the correlation 

matrix computed using the model of Abrahamson et al. (2003). 

B.4 Correlation as a function of magnitude or distance 

The proposed correlation coefficient predictions are functions of the two periods considered 

and the orientations of the ground motion components considered. The possibility exists that they 

are also functions of the magnitude or distance of the ground motion. In order to consider this 

possibility, records were selected within magnitude or distance bins, and the calculated 

correlation coefficient from each bin was compared to the original correlation coefficient 

calculated using all of the records.  

The results are displayed graphically in Figure B.7 below. Here, correlation coefficients are 

computed at a period of 1s for opposite horizontal components and for horizontal versus vertical 

components. The correlation coefficients are computed using all records, and this coefficient is 

compared to correlation coefficients selected using only those records that fall within a magnitude 

or distance bin (+/-0.2 magnitude units or +/-10km are used as the bin limits). In Figure B.8 and 

Figure B.9, correlation coefficients are displayed for opposite horizontal components versus 

magnitude and distance, respectively, for a range of considered periods. No systematic trends are 

seen in any of these figures, indicating that the predictive equations do not need to include terms 

for the magnitude or distance of the event. 
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Figure B.7: Correlation coefficients for ε values at a period of 1 second as a function of 
magnitude and distance. (a) Opposite horizontal components versus magnitude. (b) Opposite 
horizontal components versus distance. (c) Horizontal/vertical components versus magnitude. 
(d) Horizontal/vertical components versus distance. 
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Figure B.8: Correlation coefficients for  ε values between opposite horizontal components as 
a function of magnitude for several periods. (a) Period = 0.05s. (b) Period = 0.2s. (c) Period = 
1s. (d) Period = 5s. 
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Figure B.9: Correlation coefficients for  ε values between opposite horizontal components as 
a function of distance for several periods. (a) Period = 0.05s. (b) Period = 0.2s. (c) Period = 
1s. (d) Period = 5s. 

The above computations were performed for the case when the two periods of interest are 

equal. The same computations could be repeated for correlation coefficients at two differing 

periods. However, the number of possible combinations is very large. The procedure was 

repeated for a small number of period combinations, and again no trends were seen. Because of 

the lack of trends seen in any of these tests, no systematic investigation of all period pairs was 

performed. At this point it was concluded that there is no detectible trend in correlation 

coefficients as a function of either magnitude or distance. 

B.5 Modification of ground motion prediction (attenuation) models 

Throughout this dissertation, it was stated that typical ground motion predictions for geometric 

mean spectral accelerations can be converted into predictions for arbitrary components of ground 

motion, given knowledge of correlations of the two horizontal components. The importance of 
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distinguishing between the two was discussed in Chapter 6, and the equation for the conversion 

was given in (8.19) 

 
2

. .2
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2 ( , )
( , )

1
x y

g m
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M T
M T

ε ε

σ
σ

ρ
=

+
 (8.19) 

where ( , )H M Tσ  is the standard deviation of a single component spectral acceleration (which is 

typically a function of magnitude and the period considered), . .( , )g m M Tσ  is the standard 

deviation of geometric mean spectral acceleration, and ,x yε ερ  is the correlation between two 

orthogonal horizontal components at the period T. 

Given this equation for conversion, the Abrahamson and Silva (1997) ground motion 

prediction model can be easily modified for prediction of arbitrary components. The only change 

necessary is the modification of the b5 and b6 components for the standard deviations, presented 

in Table 4 of Abrahamson and Silva (1997). The replacement values for these coefficients are 

given in Table 3.1, based on the correlation model of Chapter 8. 
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Table B.1. Coefficients for the standard deviation of arbitrary component standard deviations, 
to be used with the Abrahamson and Silva (1997) ground motion prediction model. 

Period b5 b6 
       0.01 0.72 0.139 
       0.02 0.72 0.139 
       0.03 0.72 0.139 
       0.04 0.73 0.139 
       0.05 0.74 0.139 
       0.06 0.75 0.139 
     0.075 0.76 0.139 
       0.09 0.76 0.139 
       0.10 0.77 0.140 
       0.12 0.78 0.140 
       0.15 0.79 0.140 
       0.17 0.80 0.140 
       0.20 0.80 0.141 
       0.24 0.81 0.141 
       0.30 0.82 0.141 
       0.36 0.83 0.142 
       0.40 0.84 0.139 
       0.46 0.84 0.137 
       0.50 0.85 0.134 
       0.60 0.85 0.134 
       0.75 0.86 0.130 
       0.85 0.87 0.128 
       1.00 0.87 0.125 
       1.50 0.89 0.117 
       2.00 0.91 0.112 
       3.00 0.93 0.104 
       4.00 0.94 0.099 
       5.00 0.96 0.094  
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Accounting for near-fault effects in ground 
motion prediction 

 

C.1 Modification of mean predictions 

As discussed in Section 5.5.1, ε values should be computed with care for pulse-like ground 

motions. Particularly when one is concerned about the occurency of velocity pulses, one should 

use a ground motion prediction model that accounts for pulse-like ground motions explicitly. 

Most prediction models in use today do not account for this effect, unfortunately. However, 

Somerville et al. (1997)22 have proposed a modification to the Abrahamson and Silva (1997) 

prediction model that accounts for near-fault effects. The Somerville et al. model includes 

modifications for both fault-normal ground motion components and average components. Here 

the modification for fault-normal components is used, because all of the records used here are 

known to be oriented in the fault-normal direction. 

In Figure C.1, the effect of the near-fault modification is illustrated. The 5% damped response 

spectrum of the Lucerne recording from the 1992 Landers earthquake is shown. In addition, the 

predicted median response spectra are plotted using the Abrahamson and Silva (1997) model, 

both with and without near-fault modifications. It can be seen that for this ground motion, the 

near-fault modification has the effect of raising the median prediction for periods greater than 

0.6s. It should be noted that this near-fault modification may also lower the median prediction if, 

for example, the fault geometry suggests that the rupture is moving away from the site and 

                                                 
22 For this work, the model of Bozorgnia (Bozorgnia and Bertero 2004, Chapter 5) is used, which is based 
on the Somerville 1997 model. The Somerville 1997 model was originally adapted for prediction by 
Abrahamson (2000), who tapered the modification off as the magnitude decreased or the distance 
increased. Bozorgnia repeats a description of the Abrahamson model, but corrects mistakes that are present 
in the Abrahamson manuscript. 
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negative directivity effects are likely to be present. For the record set considered here, however, 

the modification typically increases the median prediction because the records have been 

preferentially selected have positive directivity effects. The modification also modifies the 

standard deviation of the prediction. Because ε values are computed as deviations of the record 

response spectrum from the predicted response spectrum, it can be seen that the Lucerne record’s 

ε values will change at periods larger than 0.6 seconds. 
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Figure C.1. The response spectrum of the Lucerne recording from the 1992 Landers 
earthquake, along with predicted median spectra from ground motion prediction models with 
and without near-fault effects accounted for. 

The near-fault modification should improve the accuracy of the ground motion predictions. 

This can be tested by looking at the residual (ε) values computed from the predictions with and 

without the near-fault modification. The ε values should theoretically have a standard normal 

distribution. This can be checked by examining histograms of the ε values from the 70 pulse-like 

ground motions. These histograms are shown in Figure C.2. Epsilon values are computed for each 

record using the model of Abrahamson and Silva (1997), both with and without modification for 

near-fault effects. For each record, ε values were computed from 0.6 to 5.0 seconds, in increments 

of 0.01 seconds. The ε values for all records and all periods are pooled and used to generate the 

histograms of Figure C.2. The theoretical distribution is also superimposed for comparison. In 

Figure C.2b, the histogram tends to fall to the right of the theoretical distribution, suggesting that 

the unmodified prediction equation is biased for this specific class of records (it tends to under-
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predict the spectral acceleration values of these pulse-like records). In Figure C.2a, the match 

between the theoretical distribution and the empirical histogram is improved, indicating that 

much of the bias has been removed. Although the match is not perfect in Figure C.2a, it is 

certainly better than in Figure C.2b. Thus, the near-fault modification has improved the fit of the 

ground motion prediction for near-fault records. 
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Figure C.2. Histograms of ε values computed for the 70 near-fault ground motions at periods 
from 0.6 seconds to 5.0 seconds, both with (a) and without (b) modification to account for 
near-fault effects. 
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C.2 Correlations among spectral values at varying periods 

In order to perform vector-valued hazard analysis for the vector IM consisting of Sa(T1) and 

RT1,T2, it is not enough to modify the mean and standard deviations to account for near-fault 

effects. One must also know the correlation coefficient between lnSa(T1) and lnSa(T2) values for 

near-fault ground motions. A correlation coefficient model for ordinary ground motions is 

presented in Chapter 8, but the unique characteristics of pulse-like ground motions suggest that 

perhaps their spectral values have different correlation coefficients than ordinary ground motions.  

Empirical correlation coefficients were estimated for the 70 near-fault ground motions used 

in Chapter 5, using the method of Chapter 8 and using the ground motion prediction model 

discussed in the previous section. Contours of these correlation coefficients as a function of the 

two periods are shown in Figure C.3, along with the correlation coefficients from ordinary ground 

motions, for comparison. The near-fault ground motions appear to have lower correlation 

coefficients for a given T1 and T2, and even have negative correlation coefficients for some 

widely separated period pairs. However, for period ratios likely to be considered (e.g., the 

T2=T1*2 suggestion in Chapter 5), the correlations are in fact not significantly different. This 

suggests that if the period pairs are not widely separated, the correlation model of Chapter 8 may 

be a reasonable approximation. The preferred approach for pulse-like ground motions, however, 

would be to take correlations from the empirical results shown here (this is especially important 

when the period pairs are widely separated). In the future, a predictive equation could be fit to 

this data from pulse-like records by using the method of Chapter 8. 
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(b) 
Figure C.3. Empirical correlation contours for horizontal spectral acceleration values in the 
same direction at two periods (T1 and T2) for (a) pulse-like and (b) ordinary ground motions. 



 

 279  
 
 

 

Appendix D  
 

 

Fitting a lognormal distribution for collapse 
capacity, when different records are used at 
each IM level 

 
A useful structural response quantity to estimate from dynamic analyses is the probability of 

collapse as a function of IM (typically Sa at the first-mode period of the structure). This result can 

then be combined with a ground motion hazard to compute the mean annual rate of structural 

collapse (e.g., Shome and Cornell 1999, FEMA 2000a, Ibarra 2003). 

In most work using this method, the collapse capacity can be found by repeatedly scaling a 

ground motion (i.e., using incremental dynamic analysis) until the ground motion causes collapse 

of the structure. Using this method, each ground motion has a single Sa value associated with its 

collapse. By repeating this process for a set of ground motions, one can obtain a set of Sa values 

associated with the onset of collapse, as illustrated in Figure D.1. The probability of collapse at a 

given Sa level, Sa*, can then be estimated as the fraction of records for which collapse occurs at a 

level lower than Sa*. A plot of this estimate is shown in Figure D.2. The distribution of Sa levels 

which cause the structure to collapse is often assumed to be lognormal, and so a lognormal 

distribution is fitted to the results. This can be done by taking logarithms of each Sa value 

associated with collapse of a record. The mean and standard deviation of the log Sa values can 

then be calculated, using e.g., the method of moments (Rice 1995), and converted in the 

parameters of the lognormal distribution (see, e.g., Ibarra 2003). Alternatively, counted fractiles 

could be used to estimate the mean and standard deviation. The resulting fitted distribution is also 

shown in Figure D.2. 
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Figure D.1: Incremental dynamic analyses of the Van Nuys building, used to identify Sa 
values associated with collapse for each record.  
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Figure D.2: Probability of collapse using an empirical CCDF and a fitted lognormal CCDF, 
for a set of records. 

The above method is straightforward, but it cannot be used to estimate the probability of 

collapse for Figure 6.11 of Chapter 6. This is because different records are used at each Sa level, 

and so the incremental dynamic analysis approach illustrated in Figure D.1 cannot be used. 
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Instead of an Sa value associated with the onset of collapse for each record, we have, for each Sa 

level, the fraction of records at that level that caused collapse. This is illustrated in Figure D.3. 

For this figure, probabilities of collapse were obtained from records specially selected to match 

target epsilon values at each Sa level (i.e., the records selected using Method 3 in Chapter 6). 
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Figure D.3: Empirical probability of collapse for a set of Sa values, obtained from records 
selected to match target epsilon values at each Sa level. 

It is possible to fit a lognormal distribution to the observations of Figure D.3, but the process 

is slightly more difficult. The goal is to identify the lognormal distribution parameters so that the 

fitted distribution predicts probabilities is as close to the observed probabilities of collapse as 

possible. To illustrate, consider the following. The observed probability of collapse at level Sai is  

 # of collapses at  level ( | )
total number of records

i
i observed

Sa SaP C Sa =  (D.1) 

and the predicted probabilities of collapse are 

 ln

ln

ˆln
( | ) 1

ˆ
Cap

Cap

i Sa
i pred

Sa

Sa
P C Sa

µ

σ

⎛ ⎞−
⎜ ⎟= − Φ
⎜ ⎟
⎝ ⎠

 (D.2) 

where lnˆ
iSaµ  and lnˆ

iSaσ  are the parameters of the estimated lognormal distribution. In the basic 

case above, lnˆ
iSaµ  and lnˆ

iSaσ  could be estimated directly from the IDA results (i.e., the data of 

Figure D.1). When the records are changing at each Sa level, however, another method is needed. 
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One method for estimating these parameters would be to minimize the total squared errors 

between the estimated probability of collapse and the observed probability of collapse over all of 

the Sa levels considered. That is, 

 

( )2
ln ln ,

2

,

ˆ ˆ{ , } min ( | ) ( | )

lnmin ( | ) 1

Cap CapSa Sa i observed i pred
i

i
i observed

i

P C Sa P C Sa
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µ σ

µ σ

µ σ

µ
σ

= −

⎛ ⎞−⎛ ⎞= − + Φ⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠

∑

∑
 (D.3) 

This is a straightforward nonlinear optimization that can be easily performed with a variety of 

algorithms, taking care to verify (usually visually) that the minimum is actually a global 

minimum (and not just a local minimum). 

However, the least-squares method ignores a fundamental property of the data: the variance 

of the observations is non-constant. That is, if zero collapses are observed at a given Sa level and 

the fitted probability of collapse is 0.1, then this error is much larger than fitting a probability of 

collapse of 0.6 at an Sa level where 50% collapses are observed. In order to account for the non-

constant variance, the method of maximum likelihood can be applied (e.g., Rice 1995). This 

estimate is then 

 ln ln ,

ln lnˆ ˆ{ , } max 1
i i

Cap Cap

n N n
i i

Sa Sa
i

Sa Sa
µ σ

µ µµ σ
σ σ

−⎛ ⎞− −⎛ ⎞ ⎛ ⎞= − Φ Φ⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

∑  (D.4) 

where ni is the number of collapses observed at Sa level Sai, and N is the total number of records 

analyzed at level Sai. This method was observed by the author to be more sensitive to local 

minima than the above least squares method, at least for the examples considered in this 

dissertation. However, an equivalent way to estimate the lognormal distribution using maximum 

likelihood is to use generalized linear regression with a Probit link function (Agresti 2002). This 

is because generalized linear regression uses maximum likelihood as its optimization scheme. 

This regression function is available in many statistical software packages. The inputs to the 

function are the number of records at each Sa level and number of collapses at each Sa level (the 

“y” data from Figure D.3), along with the associated Sa level (the “x” data). The Probit model fits 

a normal CDF, and so the Sa values should actually be input as lnSa values in order to obtain a 

lognormal CDF in terms of Sa. Estimates obtained using this scheme were observed to always be 

at the global minimum, unlike the manually implemented maximum likelihood method. An 

illustration of the fitted distribution is displayed in Figure D.4. 
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Figure D.4: Empirical probability of collapse and a lognormal distribution fitted using 
generalized linear regression with a Probit link function. 

This method was used to obtain estimated the probabilities of collapse in Figure 6.11 of this 

dissertation. Note that although this method is slightly more complicated than the standard 

method used elsewhere, it is also more flexible. For example, if one is primarily interested in the 

lower tail of the distribution (as is often the case, because lower Sa values occur much more 

frequently), then only this portion of the data need be obtained for fitting. For example, Sa 

“stripes” could be analyzed for increasing Sa levels until a certain fraction (e.g. 40% or 50%) of 

the records cause collapse. Then the analysis can be stopped, and the distribution fitted without 

knowledge of the effect of larger Sa values. This may be advantageous when structural analyses 

are expensive. 
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Appendix E  

 

Use of mean disaggregation values to model 
target spectra 

 
The mean values of M, R and ε (referred to here as M , R  and ε ) from disaggregation have 

been used to develop target spectra in Chapter 6. Strictly speaking, however, there are a range of 

(M, R, ε) values that could result in occurrence of the target Sa(T1) value. For example, a 

disaggregation obtained from the U.S. Geological Survey (2002) is shown in Figure E.1 for the 

Van Nuys, California site used as an example throughout this dissertation; this disaggregation is 

for the Sa(1s) value exceeded with 2% probability in 50 years. A description of the seismicity at 

this site is provided by Somerville (2001b). The mean (M, R, ε) values are (6.8, 9.1km, 1.44), but 

the plot indicates that a range magnitude, distance and ε values contribute. 
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Figure E.1: Example disaggregation for Sa(1.0s) at the Van Nuys site discussed in Chapter six 
(USGS 2002). 

In order to develop the true distribution of conditional spectra, one should consider a 

weighted combination of conditional spectra from each possible (M, R, ε) triplet, where the 

weights are assigned according to the probability of that triplet causing the target Sa(T1) value to 

be exceeded (these probabilities are readily available from standard PSHA disaggregation). 

Consider n possible (M, R, ε) values, denoted (Mi, Ri, εi), with associated probability pi. That is 

 
1

( , , ) ,   where 1
n

i i i i i
i

P M M R R p pε ε
=

= = = = =∑  (E.1) 

We can then use conditional means and variances, and the total probability theorem (Benjamin 

and Cornell 1970), to compute the mean and variance of the resulting spectrum. The conditional 

mean of lnSa(T2) given lnSa(T1)=x is  

 ( )2 1 1 2ln ( )|ln ( ) ln 2 ln 2 ln ( ),ln ( ) 1
1

( , , ) ( , ) ( )
n

Sa T Sa T x i Sa i i Sa i Sa T Sa T i
i

p M R T M T Tµ µ σ ρ ε=
=

= ⋅ + ⋅∑  (E.2) 

where ln 2( , , )Sa i iM R Tµ  and ln 2( , )Sa iM Tσ  are the mean and standard deviation from a ground 

motion prediction model, following the notation of Chapter 6. The term 
1 2ln ( ),ln ( )Sa T Sa Tρ  is the 
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correlation of spectral values from Chapter 8 (Equation 8.9). Note that 
1 2ln ( ),ln ( )Sa T Sa Tρ  is specified 

for a given magnitude and distance, but it is found empirically to be insensitive to (i.e., 

independent of) the actual magnitude or distance value (see Section B.4). Similarly, the 

conditional variance of lnSa(T2) given lnSa(T1)=x is 
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In order to achieve practical approximations, we make the first-order approximation that that the 

marginal mean and standard deviation ln ( , , )Sa M R Tµ  and ln ( , )Sa M Tσ  are linear functions of M 

and R. Then, using Taylor expansions about M  and R , we obtain the First-Order, Second 

Moment (Melchers 1999) approximation of the conditional mean and variance of the target 

spectrum, given lnSa(T1)=x. The conditional mean is 
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and Equation E.2 simplifies to Equation 6.1. We make the additional approximation that the 

variance in conditional lnSa(T2) values is primarily due to ε rather than variations in causal 

magnitudes and distances. That is, 
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Under this approximation, then Equation E.3 simplifies to Equation 6.2. These 

approximations are convenient because it is much simpler to consider the spectrum at only the 

mean (M, R, ε) values. 

To test the validity of this approximation, consider the following examples. For the site of 

interest here, the conditional spectral shape developed from M , R , ε  was very close to the 

conditional spectral shape developed using the rigorous procedure (the conditional means and 

variances nearly always differed by less than a few percent between the two methods). Note that 

when the ground motion hazard is dominated by a single magnitude and distance, Equation E.4 is 

exact (the site in Figure E.1 looks like this, as will many coastal California sites and certain 

Central and Eastern US sites near Charleston or New Madrid).  
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A more difficult test can be performed by considering a hypothetical site where multiple 

earthquake events contribute to the hazard at a given Sa(T1) level, and these events have very 

different mean spectral shapes. Such a site is considered here. The hypothetical site is near two 

faults, each of which produces only a single characteristic earthquake, as illustrated schematically 

in Figure E.2. 

 
Figure E.2: Schematic illustration of the hypothetical site considered. 

The two faults produce earthquake events with the following properties: Fault A produces 

only Magnitude 6 earthquakes at a distance of 10 km from the site. This is referred to as “Event 

A.” Event A has a mean annual frequency of occurrence of 0.01 (i.e., a mean return period of 100 

years). Fault B produces only magnitude 8 events at a distance of 25 km from the site. This event 

is referred to as Event B, and has a mean annual frequency of occurrence of 0.002 (i.e., a mean 

return period of 500 years). These two events have very different mean spectra, as predicted by 

the attenuation model of Abrahamson and Silva (1997) and displayed in Figure E.3. 

Site 

Fault A 

Fault B 

10 km 

25 km 
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Figure E.3: Predicted mean spectra from the two possible events. 

The ground motion intensity resulting from these faults is a random variable, due to variation 

in the earthquakes’ stress drop, slip distribution, etc., even given multiple earthquakes with the 

same magnitude and distance. The uncertainty in spectral acceleration values is illustrated in 

Figure E.4, which displays the mean spectra and the mean spectra +/- one standard deviation. 

Given that the ground motion spectral acceleration is a random variable, the possibility exists that 

the spectral acceleration resulting from an earthquake is much larger than the mean ground 

motion associated with the earthquake’s magnitude and distance (this would be a “positive 

epsilon” ground motion). Consider the exceedance of an Sa(1s) value of 0.9g. (This level of 

intensity is chosen because it has a 4*10-4 annual rate of exceedance at the given site, as will be 

calculated below. If a Poisson model for earthquake recurrence is assumed, this corresponds to 

the Sa(1s) ground motion level exceeded with 2% probability in 50 years—a common design 

level in structural engineering.) This Sa(0.1s)=0.9g ground motion is also displayed in Figure E.4. 

It is clear from this figure that the target Sa level is slightly more than one standard deviation 

larger than the mean Sa from Event B. It is approximately two standard deviations larger than the 

mean Sa from Event A. However, Event A has a much higher rate of occurrence, and so it will 

still make a significant contribution to the ground motion hazard at this Sa level. 



290  Appendix E 
 

 

10
-1

10
0

10
-2

10
-1

10
0

S
a 

[g
]

T [s]

Mean spectrum given Event A
Mean spectrum +/- σ given Event A
Mean spectrum given Event B
Mean spectrum +/- σ given Event B
Target Sa(T1) value

 
Figure E.4: Predicted mean spectra from the two possible events along with +/- one standard 
deviation. The target Sa(1s) value is also noted. 

In fact, the contribution of each event to the hazard at this Sa level can be computed using 

disaggregation (McGuire 1995, Bazzurro and Cornell 1999). Given the rates of occurrence of the 

two events given above, and the mean and standard deviation of log Sa(1s) given each of the 

events (log Sa values, given magnitude and distance, have been seen to be well-represented by 

Gaussian distributions), disaggregation can be performed. Some of the relevant data is 

summarized below. 

Event A: 
Mean of lnSa(1s) given Event A = -1.7356 

Standard deviation of lnSa (1s) given Event A = 0.7494 

Probability of exceeding Sa(1s)=0.9g, given Event A = 0.0148 

Mean annual rate of Sa(1s)>0.9g due to earthquakes from Fault A = 0.01*0.0148=1.48*10-4 

Event B: 
Mean of lnSa (1s) given Event B = -0.8329 

Standard deviation of lnSa (1s) given Event B = 0.6243  

Probability of exceeding Sa(1s)=0.9g, given Event B = 0.1219 

Mean annual rate of Sa(1s)>0.9g due to earthquakes from Fault B = 0.002*0.1219= 2.44*10-4 
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By summing the mean annual frequencies of Sa(1s)>0.9g due to the two events, we get a total 

mean annual frequency of ~4*10-4, as noted above23. We can now use disaggregation to 

determine the contribution of each event to exceedance of 0.9g, along with the associated ε value. 

Using PSHA disaggregation, we find that given occurrence of a ground motion with Sa(1s)>0.9g, 

the probability is 0.38 that the ground motion came from Event A, and the probability is 0.62 that 

the ground motion came from Event B (these are the “pi” probabilities needed in the equations 

throughout this Appendix). Note that these probabilities are just the relative contributions of the 

two events to the total mean annual frequency of exceeding 0.9g. Further, the disaggregation 

values associated with these two events can also be determined. Given Event A, the causal 

magnitude, distance and ε values are 6, 10 and 2.18, respectively24. Given Event B, the causal 

magnitude, distance and ε values are 8, 25 and 1.17, respectively. These are the Mi, Ri and εi 

values needed in the equations throughout this Appendix. Further, we can weight these two M, R 

,ε triples by their associated probabilities of causing Sa(1s)>0.9g to determine the mean M, R and 

ε. In this example, they are M =7.25, R =19.3 km, and ε =1.55. These are the values used for the 

approximation of Equations 6.1 and 6.2. Note that these values are not associated with either of 

the two earthquakes that can physically occur at the site; however, they will produce a reasonable 

approximation of the Conditional Mean Spectrum, considering ε, as will now be demonstrated.  

In Figure E.5, the Conditional Mean Spectra, considering ε, are plotted for several situations. 

The conditional mean spectra are plotted, given Sa(1s)=0.9g and occurrence of either Event A or 

B. These two spectra are then combined using Equation E.2 to compute the CMS-ε, which is also 

shown in Figure E.5. 

                                                 
23 As can be observed in Figure E.4, the ground motion level associated with the 2% in 50 years hazard is 
much larger than the mean ground motion from any possible earthquake. Although not always emphasized, 
this is often the case in real sites as well, particularly in seismically active areas such as the Western United 
States. 
24 Here the McGuire (1995) disaggregation method is used to obtain ε, rather the alternative method 
considered by the Bazzurro and Cornell (1999). As mentioned in Chapter 6, the McGuire method is more 
appropriate for this record-selection problem. 
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Figure E.5: Conditional mean spectra given occurrence of the individual events, and then 
combined CMS-ε spectrum that is proposed as a target spectrum for record selection. 

The CMS-ε spectrum shown in Figure E.5 is the exact spectrum for this site to use in the 

record selection procedure proposed in Chapter 6. As an alternative, the M , R , and ε  values 

from this site can be used to approximate the CMS-ε spectrum, using Equation 6.1. The two 

CMS-ε spectra are shown in Figure E.6, and the agreement is seen to be reasonable. 



Appendix E  293 
   
 

 

10
-1

10
0

10
-2

10
-1

10
0

S
a 

[g
]

T [s]

Exact CMS-ε spectrum
Approximate CMS-ε spectrum

 
Figure E.6: Exact (using Equation E.2) and approximate (using Equation 6.1) CMS-ε spectra 
for the given hypothetical site. 

Further, one could compare the exact and approximate conditional standard deviations of the 

response spectrum given Sa(1s)=0.9g. These are displayed graphically in Figure E.7.  
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Figure E.7: (a) Exact conditional mean and standard deviation of the response spectrum, given 
Sa(1s)=0.9g. (using Equations E.2 and E.3). (b) Approximate conditional mean and standard 
deviation of the response spectrum, given Sa(1s)=0.9g. (using Equations 6.1 and 6.2). 

Visually, the results from Figure E.7 look comparable. Within the range T/3 to T*3 (the range 

of the response spectrum that might be expected to affect a structure with fundamental period T, 

which is equal to 1s in this example), the approximate mean differs from the exact mean by no 

more than 12%. The conditional standard deviations differ by no more than 20% over this range.  
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These errors could be considered an upper bound on the errors that might occur at a real site. 

This site was specifically constructed to have significant contributions from two events with 

dramatically different magnitudes. In some situations, this might approximately represent the 

hazard at a site (e.g., Sa(1s) at the 2% in 50 year hazard level for Atlanta, shown in Figure E.8, 

has significant contributions from two different sources), and by idealizing this as two sources, 

one could repeat the calculation performed above to compute a more exact CMS-ε spectrum. 

Otherwise, at sites where the hazard is dominated by events with very similar magnitudes and 

distances (such as the one displayed in Figure E.1), there will be much less difference between 

the exact and approximate CMS-ε spectra. For this reason, the approximations used in Chapter 6 

are believed to be reasonable in many situations situations. 

 

 
Figure E.8: Disaggregation for Sa(1.0s) at the 2% in 50 year hazard level for Atlanta, Georgia 
(USGS 2002). 

The success of this approximation depends on the observation that the conditional variance in 

ε values at other periods has a much greater effect on variations in spectral shape than differences 

in mean spectra due to variations in magnitude and distance (because the variance of ε is large, 
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and because Sa is sensitive to changing values of ε) . Given the close match of the two 

procedures, the much simpler procedure of using M , R , ε  is recommended for most practice 

(the exact answer in the above example was easy to compute because there were only two 

possible events, but this is not the case at real sites). However, if the analyst has any concern 

about the accuracy of the approximate result for a given site, there is no obstacle other than 

programming time and computational effort preventing one from obtaining the exact conditional 

spectra (within the limits of the discrete disaggregation, which can often be fairly coarse). It 

should also be mentioned that M , R  values from disaggregation sometimes correspond to 

values that do not occur from any fault in the area surrounding the site (e.g., Bazzurro and 

Cornell, 1999, note that R  is sometimes intermediate between the distances to two major faults, 

as was the case in the example above), causing some to express concern about using M , R  as 

target values for record selection. This concern should be lessened here, because we are only 

using M  and R  to identify a target response spectrum distribution and not to identify target M 

and R values. The response spectra of records coming from magnitudes and distances that 

actually occur at the site and have the specified Sa(T)* level will agree well with the conditional 

response spectra based on M  and R  given Sa(T)*.  

One final concern that should be noted with this simplification is that when M , R  and ε  

obtained from disaggregation of Sa(T1) are used to predict Sa(T1), one does not necessarily obtain 

the target value of Sa(T1) back again. Although each (Mi, Ri, εi) triplet will produce an Sa(T1) 

value equal to the target, when one obtains the mean values of M, R and ε marginally, they do not 

necessarily produce this target Sa(T1) value. This results in the mean conditional spectra predicted 

by Equation 6.1 not actually passing through the Sa(T1) value that was conditioned on. There are 

two simple fixes for this. One is to re-assign ε  to the ε value that results in a prediction of the 

Sa(T1) target value; the modification will be small and this is consistent with the treatment of ε by 

McGuire (1995). The second option is to slightly re-scale the target spectrum so that it passes 

through the target Sa(T1) value. The second option has been adopted in this work, although the 

modification is so small that the first option will produce essentially identical results.  
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Appendix F  

 

Response results for two additional 
structures, using four methods for selecting 
ground motions 

 
To support the conclusions of Chapter 6, the four record-selection methods proposed in that 

chapter were used to analyze two additional structures. Both structures were considered to be 

located at the same Van Nuys, California, site used in Chapter 6. Several summary figures and 

tables are shown in this appendix, and the equivalent figures and tables from Chapter 6 are noted. 

F.1 First structure 

The first structure considered is a generic frame structure designed by Ibarra (2003), which has 

also been used in Chapters 3, 4 and 5. It has the following properties: 3 stories, T1 = 0.3s, ductility 

capacity (δc/δy) = 4, post-capping stiffness coefficient (αc)= -50%, V/W = 0.75 (i.e., Sayield(0.3s) = 

0.75g). 

This first-mode dominated structure has a fundamental period of 0.3 seconds, making it 

sensitive to shorter periods than the structure tested in Chapter 6. The hazard disaggregation 

values for Sa(0.3s) are given in Table F.1 through Table F.3, which correspond to Table 6.1 

through Table 6.3 in the body of the dissertation. At this shorter period, the hazard tends to be 

controlled by smaller magnitude events at closer distances than for the 0.8s period considered in 

Chapter 6. 
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Table F.1. Mean magnitude values from disaggregation of the Van Nuys site, and the mean 
magnitude values of the records selected using each of the four proposed methods. The mean 
magnitude value of the record library was 6.7. 

    Magnitude 

Sa(0.3s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  6.0 6.7 6.3 6.7 6.6 
0.4  6.0 6.7 6.1 6.5 6.5 
0.8  6.0 6.7 6.1 6.6 6.5 
1.2  6.0 6.7 6.1 6.7 6.6 
1.6  6.1 6.7 6.2 6.7 6.5 
2.2  6.1 6.7 6.2 6.7 6.5 
3.0  6.2 6.7 6.3 6.7 6.6 
4.0  6.3 6.7 6.4 6.7 6.6 
5.0   6.4 6.7 6.5 6.7 6.7  

 

 

Table F.2. Mean distance values from disaggregation of the Van Nuys site, and the mean 
distance values of the records selected using each of the four proposed methods. The mean 
distance value of the record library was 33 km. 

    Distance 

Sa(0.3s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  44.8 35.5 37.0 30.3 27.0 
0.4  20.5 35.5 20.0 32.0 26.2 
0.8  14.7 35.5 14.2 34.9 27.4 
1.2  12.7 35.5 12.7 36.3 27.0 
1.6  11.7 35.5 12.5 38.0 27.3 
2.2  10.7 35.5 11.7 37.1 28.4 
3.0  9.6 35.5 10.6 37.1 30.4 
4.0  8.8 35.5 9.0 37.1 31.6 
5.0   8.8 35.5 7.3 37.1 33.5  
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Table F.3. Mean ε values (at 0.3s) from disaggregation of the Van Nuys site, and the mean 
εvalues of the records selected using each of the four proposed methods. The mean ε value of 
the record library was 0.2. 

    Epsilon (ε) 

Sa(0.3s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  -0.2 0.2 0.2 -0.2 0.2 
0.4  0.6 0.2 0.4 0.6 0.3 
0.8  1.2 0.2 0.2 1.1 0.4 
1.2  1.5 0.2 0.5 1.4 0.6 
1.6  1.8 0.2 0.5 1.7 0.6 
2.2  2.1 0.2 0.5 1.7 0.5 
3.0  2.4 0.2 0.2 1.8 0.7 
4.0  2.6 0.2 0.0 1.8 0.7 
5.0   2.8 0.2 -0.2 1.8 0.7  

 
 

The conditional mean spectra at the Sa(0.3s) level corresponding to a 2% in 50 years hazard 

are shown in Figure F.1 (corresponding to Figure 6.7). The spectra from the Arbitrary Records 

and M, R-Based Records again tend to be larger at most periods. Note, however, that the mean 

spectrum from the MR-BR records has a slight “valley” at 0.4 seconds, which might cause these 

records to produce lower levels of nonlinear response than might otherwise be expected (a result 

which will be observed below). The valley observed here is believed to be a chance observation 

due to the finite sample size—there is no reason to expect a spectral shape like this to occur 

consistently. Note also that the trends in spectra become less clear at periods greater than 1 

second; however, this period range will have little or no effect on the short-period structure 

considered here. In fact, the variation of the spectra at these long periods occurs precisely because 

we have conditioned on spectral acceleration at a much shorter period. 
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Figure F.1: Conditional Mean Spectra at Sa(0.3s)=2.2g (given M =6.1, R =10.7 km and 
ε =2.1) and the mean response spectra of record sets selected using each of the four proposed 
record selection methods. 

 

The geometric mean of EDP as a function of IM is shown in Figure F.2 (corresponding to 

Figure 6.9), using the results from the four record-selection methods. The CMS-ε records produce 

smaller responses than the other methods. This may be because the record-selection method 

preferentially selects records with spectra that are somewhat smooth, in order to match the target 

spectrum; Carballo (2000) observed that records which were artificially processed to have very 

smooth spectra tend to produce lower levels of structural response, and the same effect may be 

occuring here to a lesser extent with the partially-smooth records. The MR-BR records produce 

responses comparable to the ε-BR records, possibly due to the valley in the MR-BR record 

spectra noticed earlier. Given the results from similar tests on the other structures, it is expected 

that the MR-BR records will typically produce larger responses (comparable to the AR-records’ 

responses). 
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Figure F.2: The geometric mean of maximum interstory drift ratio vs. Sa(T1) for the four 
record-selection methods considered. 

The standard deviations of log maximum interstory drift ratio from the three record sets are 

shown in Figure F.3 (comparable to Figure 6.10). These results are quite similar to Figure 6.10. 

The standard deviations are only reported for Sa levels where fewer than 50% of records caused 

collapse: when a large fraction of records cause collapse, then the standard deviation of non-

collapse responses becomes a less meaningful statistic. 
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Figure F.3: The standard deviation of log maximum interstory drift ratio vs. Sa(T1) for the 
four record-selection methods considered, at Sa(T1) levels where less than 50% of records 
cause collapse. 

The probability of collapse as a function of Sa is shown in Figure F.4 (which is comparable to 

Figure 6.11). The MR-BR records have relatively lower probabilities of causing collapse than in 

the other two test cases (Figure 6.11 and Figure F.10), possibly because of the valley in the 

spectra observed in Figure F.1. If more records were available to generate another sample of MR-

BR records, it would be expected that they would have similar probabilities of causing collapse as 

the AR records. 
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Figure F.4: Estimated probability of collapse vs. Sa(T1) (i.e., the collapse “fragility curve”) 
using the four record-selection methods considered. 

The Sa(0.3s)-based drift hazard curves are shown in Figure F.5. The trends here are 

comparable to those observed in Figure 6.13, except that the MR-BR records produces lower 

mean annual rates of exceedance. 
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Figure F.5: Mean annual frequency of exceeding various levels of maximum interstory drift 
ratio, as computed using the scalar intensity measure Sa(T1).  

When a vector IM incorporating ε is incorporated with the AR records, the resulting drift 

hazard curve agrees more closely with the (scalar-based) drift hazard curves estimated using ε-

BR records or CMS-ε records. However, when the MR-BR records are used with the vector IM, 

the result becomes too low. Again, it should be noted that with another sample of M,R-Based 

records, this behavior from the MR-BR records would likely not occur. 
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Figure F.6: Mean annual frequency of exceeding various levels of maximum interstory drift 
ratio, as computing using either the scalar intensity measure Sa(T1) or the vector intensity 
measure Sa(T1) and ε.  

None of the four record selection methods showed a statistically significant bias with record 

scaling. In Table F.5 (analogous to Table 6.4), p-values for maximum interstory drift versus scale 

factor are given, and no characteristics of statistical significance are evident. This is in contrast to 

results from Chapter 6 and the structure analyzed below, where Methods 1 and 2 display a 

statistically significant bias with scale factor. Even if this scaling bias is present with Methods 1 

and 2 in only two of the three structures considered, it is preferable to select records using 

Methods 3 or 4, which displayed no scaling bias in any of the three cases considered.  
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Table F.4. P-values from regression prediction of max interstory drift ratio as a function of 
scale factor for four methods of record selection, at seven levels of Sa(0.3s). P-values of less 
than 0.05 are marked in boldface.  

Sa(0.3s) 

Method 1: 
Arbitrary 
Records 

Method 2: M, 
R-Based 
Records 

Method 3:  
ε-Based 
Records 

Method 4: 
CMS-ε 
Method 

0.1 0.69 0.23 0.35 0.71 

0.4 0.69 0.28 0.36 0.87 

0.8 0.68 0.32 0.98 0.80 

1.2 0.07 0.47 0.11 0.07 

1.6 0.78 0.21 0.01 0.58 

2.2 0.66 0.83 0.05 0.70 

3 0.43 0.24 0.90 1.00 

median  
p-value 0.68 0.28 0.35 0.71 

 
 

F.2 Second structure  

The second structure considered is also a generic frame structure designed by Ibarra (2003). It has 

the following properties: 6 stories, T1 = 1.2s, ductility capacity (δc/δy) = 4, post-capping stiffness 

coefficient (αc)= -50%, V/W = 0.2 (i.e., Sayield(1.2s) = 0.2g). 

This structure has a fundamental period of 1.2 seconds. The hazard disaggregation values for 

Sa(1.2s) are given in Table F.5 through Table F.7, which correspond to Table 6.1 through Table 

6.3 in the body of the dissertation. The general trends in these tables are very similar to the trends 

observed in Table 6.1 through Table 6.3. 

Table F.5. Mean magnitude values from disaggregation of the Van Nuys site, and the mean 
magnitude values of the records selected using each of the four proposed methods. The mean 
magnitude value of the record library was 6.7. 

    Magnitude 

Sa(1.2s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  6.5 6.7 6.5 6.7 6.8 
0.2  6.6 6.7 6.6 6.8 6.8 
0.4  6.7 6.7 6.6 6.5 6.8 
0.6  6.7 6.7 6.6 6.5 6.8 
0.8  6.6 6.7 6.7 6.5 6.8 
1.2  6.6 6.7 6.6 6.6 6.7 
1.6  6.6 6.7 6.5 6.6 6.7 
2.0  6.6 6.7 6.6 6.6 6.7 
2.4   6.7 6.7 6.6 6.6 6.7  
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Table F.6. Mean distance values from disaggregation of the Van Nuys site, and the mean 
distance values of the records selected using each of the four proposed methods. The mean 
distance value of the record library was 33 km. 

    Distance 

Sa(1.2s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  62.1 35.5 59.0 31.6 28.3 
0.2  45.2 35.5 42.7 30.8 30.2 
0.4  31.8 35.5 31.9 34.1 34.3 
0.6  25.6 35.5 27.2 41.2 38.5 
0.8  21.6 35.5 20.9 46.5 42.8 
1.2  15.8 35.5 14.9 51.2 42.4 
1.6  11.9 35.5 10.4 51.2 42.6 
2.0  9.6 35.5 9.7 51.2 42.5 
2.4   9.0 35.5 10.0 51.2 42.5  

 

Table F.7. Mean ε values (at 1.2s) from disaggregation of the Van Nuys site, and the mean ε 
values of the records selected using each of the four proposed methods. The mean ε value of 
the record library was 0.1. 

    Epsilon (ε) 

Sa(1.2s) 
[g]   

Target 
from 

disagg 
1. AR 

Method 
2. MR-BR 
Method 

3. ε-BR 
Method 

4. CMS-ε 
Method 

0.1  0.2 -0.1 0.8 0.2 0.1 
0.2  0.7 -0.1 0.0 0.7 0.4 
0.4  1.2 -0.1 0.0 1.2 0.7 
0.6  1.6 -0.1 0.2 1.5 0.9 
0.8  1.8 -0.1 0.0 1.7 1.0 
1.2  2.1 -0.1 -0.2 1.9 1.2 
1.6  2.4 -0.1 -0.2 1.9 1.4 
2.0  2.5 -0.1 -0.1 1.9 1.4 
2.4   2.6 -0.1 0.1 1.9 1.4  

 

The conditional mean spectra at the Sa(1.2s) level corresponding to a 2% in 50 years hazard 

are shown in Figure F.7 (corresponding to Figure 6.7). The spectra from the Arbitrary Records 

and M,R-Based Records again tend to be larger than the ε-BR and CMS-ε spectra at all periods. 

Note that the target spectrum does not match the ε-BR and CMS-ε spectra near 2 seconds. 

Research in progress by the author suggests that the attenuation model used here (Abrahamson 

and Silva 1997) tends to over-predict Sa values in this period range, and thus leads to target 

spectra which are larger than the observed spectra. This does not significantly affect the results 

below, and no special effort was made to correct the difference, but it is interesting to note. 



308  Appendix F 
 

 

10
-1

10
0

10
-1

10
0

S
a 

[g
]

T [s]

CMS-ε spectrum
Mean record spectrum from Method 1 (AR)
Mean record spectrum from Method 2 (MR-BR)
Mean record spectrum from Method 3 (ε-BR)
Mean record spectrum from Method 4 (CMS-ε)

 
Figure F.7: Conditional Mean Spectrum at Sa(1.2s)=1.2g (given M =6.6, R =15.8 km and 
ε =2.1) and the mean response spectra of record sets selected using each of the four proposed 
record selection methods. 

The geometric mean of EDP as a function of IM is shown in Figure F.8 (corresponding to 

Figure 6.9), for the Sa levels at which less than 50% of records caused collapse. The ε-BR and 

CMS-ε records produce smaller responses, as was observed in Figure 6.9. 
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Figure F.8: The geometric mean of maximum interstory drift ratio vs. Sa(T1) for the four 
record-selection methods considered. 

The standard deviations of log maximum interstory drift ratio from the three record sets are 

shown in Figure F.9 (comparable to Figure 6.10). These results are quite similar to Figure 6.10. 
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Figure F.9: The standard deviation of log maximum interstory drift ratio vs. Sa(T1) for the 
four record-selection methods considered, at Sa(T1) levels where less than 50% of records 
cause collapse.  
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The probability of collapse as a function of Sa is shown in Figure F.10 (which corresponds to 

Figure 6.11). These results are also quite similar to Figure 6.11. 
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Figure F.10: Estimated probability of collapse vs. Sa(T1) (i.e., the collapse “fragility curve”) 
using the four record-selection methods considered.  

The Sa(1.2s)-based drift hazard curves are shown in Figure F.11. As in Figure 6.13, the MR-

BR and AR records produces higher mean annual rates of exceedance because of the higher 

median responses and probabilities of collapse shown above. In fact, the difference is as great as 

an order of magnitude in mean rates at for max interstory drift ratios near 0.1. However, when ε is 

incorporated in a vector IM for the MR-BR and AR records, their resulting estimated drift hazard 

curves are in much closer agreement with the lower two drift hazard curves, as is seen in Figure 

F.12. 
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Figure F.11: Mean annual frequency of exceeding various levels of maximum interstory drift 
ratio, as computed using the scalar intensity measure Sa(T1). 
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Figure F.12: Mean annual frequency of exceeding various levels of maximum interstory drift 
ratio, as computing using either the scalar intensity measure Sa(T1) or the vector intensity 
measure Sa(T1) and ε. 

In Table F.8 (analogous to Table 6.4), p-values for maximum interstory drift as a function of 

scale factor are given. As in Table 6.4, Methods 1 and 2 show a statistically significant trend as a 
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function of scale factor. To illustrate this trend graphically, plots of max interstory drift ratio as a 

function of scale factor ar shown in Figure F.13 (analogous to Figure 6.16) for the Sa(1.2s) level 

of 0.6g. 

Table F.8. P-values from regression prediction of max interstory drift ratio as a function of 
scale factor for four methods of record selection, at seven levels of Sa(1.2s). P-values of less 
than 0.05 are marked in boldface.  

Sa(1.2s) 

Method 1: 
Arbitrary 
Records 

Method 2: M, 
R-Based 
Records 

Method 3:  
ε-Based 
Records 

Method 4: 
CMS-ε 
Method 

0.1 0.00 0.02 0.43 0.72 

0.2 0.00 0.00 0.12 0.27 

0.4 0.01 0.00 0.42 0.80 

0.6 0.02 0.01 0.40 0.66 

0.8 0.10 0.01 0.22 0.78 

1.2 0.22 0.32 0.01 0.03 

1.6 0.47 0.31 0.01 0.21 
median  
p-value 0.02 0.01 0.22 0.66  
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(d) 
Figure F.13: Maximum interstory drift ratio versus record scale factor for each of the four 
selection methods considered, at an Sa(1.2s) level of 0.6g. Regression fits based on scale 
factor are shown with solid lines. Dashed horizontal lines corresponding to the mean 
prediction at a scale factor of one are shown for comparison. (a) Records using the AR 
Method. (b) Records using the MR-BR Method. (c) Records using the ε-BR Method. (d) 
Records using the CMS-ε Method.  

 

The conclusions drawn in Chapter 6 appear to hold for these two structures as well. There 

will still be some variation in estimated structural response because of the finite number of 

records used (this might be the source of the MR-BR records causing smaller levels of response 

in the 0.3s structure than had been expected). On average, however, the ε-BR and CMS-ε records 

tend to produce smaller mean responses and smaller probabilities of collapse for a given Sa(T1) 

level than do the AR and MR-BR records. As was argued in Chapter 6, the smaller responses 

from the ε-BR and CMS-ε records are more accurate than responses from the other records, 

because they account for the effect of ε, which has been observed to be a useful predictor of 

structural response. 





 

 315  
 
 

 

References 

 
 
Abrahamson N.A., 1988. Statistical properties of peak ground accelerations recorded by the 

SMART 1 array, Bulletin of the Seismological Society of America, 78 (1), 26-41. 
Abrahamson N.A., 1993. Nonstationary spectral matching program RSPMATCH. 
Abrahamson N.A. and Silva W.J., 1997. Empirical response spectral attenuation relations for 

shallow crustal earthquakes, Seismological Research Letters, 68 (1), 94-126. 
Abrahamson N.A., 2000a. Effects of rupture directivity on probabilistic seismic hazard analysis, 

in Sixth International Conference on Seismic Zonation, Oakland, California. 
Abrahamson N.A., 2000b. State of the practice of seismic hazard evaluation, in GeoEng 2000, 

Melbourne, Australia. 
Abrahamson N.A., Kammerer A., and Gregor N., 2003. Summary of scaling relations for spectral 

damping, peak velocity, and average spectral acceleration, Personal Communication.  
Abrahamson N.A., 2004. Personal communication. 
Agresti A., 2002. Categorical data analysis, Wiley, New York, 710 pp.  
Alavi B. and Krawinkler H., 2001. Effects of near-fault ground motions on frame structures, 

Blume Center Report #138, Stanford, California, 301 pp.  
American Society of Civil Engineers, 2002. ASCE standard: Minimum design loads for buildings 

and other structures, American Society of Civil Engineers, SEI/ASCE 7-02, Reston, VA.  
American Society of Civil Engineers, 2005. Seismic design criteria for structures, systems, and 

components in nuclear facilities, Structural Engineering Institute, Working Group for Seismic 
Design Criteria for Nuclear Facilities, ASCE/SEI 43-05, Reston, VA, 81 pp.  

Anderson J.G., 1997. Benefits of scenario ground motion maps, Engineering Geology, 48, 43-57. 
Aslani H. and Miranda E., 2003. Probabilistic response assessment for building-specific loss 

estimation, Pacific Earthquake Engineering Research Center, University of California at 
Berkeley, PEER 2003-03, Berkeley, California, 49 pp.  

Aslani H., 2005. Probabilistic earthquake loss estimation and loss deaggregation in buildings, 
Stanford University, Ph.D. Thesis, Stanford, CA.  

Baez J. and Miranda E., 2000. Amplification factors to estimate inelastic displacement demands 
for the design of structures in the near field, in Proceedings, 12th World Conference on 
Earthquake Engineering, Auckland, New-Zealand, 8 pp. 

Baker J.W. and Cornell C.A., 2003. Uncertainty specification and propagation for loss 
estimation using FOSM methods, Pacific Earthquake Engineering Research Center, 
University of California at Berkeley, PEER 2003-07, Berkeley, California, 89 pp.  

Baker J.W. and Cornell C.A., 2004. Choice of a vector of ground motion intensity measures for 
seismic demand hazard analysis, in Proceedings, 13th World Conference on Earthquake 
Engineering, Vancouver, Canada, 15 pp. 

Baker J.W. and Cornell C.A., 2005a. A vector-valued ground motion intensity measure consisting 
of spectral acceleration and epsilon, Earthquake Engineering & Structural Dynamics, 34 
(10), 1193-1217. 

Baker J.W. and Cornell C.A., 2005b. Which spectral acceleration are you using?, Earthquake 
Spectra (in press). 



316  References 
 

 

Banon H., Cornell C.A., Crouse C.B., Marshall P., Nadim F., and Younan A., 2001. ISO seismic 
design guidelines for offshore platforms, in Proceedings, 20th OMAE, OMAE 2001/S&R-
2114, Rio de Janeiro. 

Bazzurro P. and Cornell C.A., 1994a. Seismic hazard analysis of nonlinear structures I: 
Methodology, Journal of Structural Engineering, 120 (11), 3320. 

Bazzurro P. and Cornell C.A., 1994b. Seismic hazard analysis of nonlinear structures II: 
Applications, Journal of Structural Engineering, 120 (11), 3345. 

Bazzurro P., 1998. Probabilistic seismic demand analysis, Stanford University, Stanford, CA, 
329 pp. http://www.stanford.edu/group/rms/ 

Bazzurro P., Cornell C.A., Shome N., and Carballo J.E., 1998. Three proposals for characterizing 
MDOF nonlinear seismic response, Journal of Structural Engineering, 124 (11), 1281-1289. 

Bazzurro P. and Cornell C.A., 1999. Disaggregation of seismic hazard, Bulletin of the 
Seismological Society of America, 89 (2), 501-520. 

Bazzurro P. and Cornell C.A., 2002. Vector-valued probabilistic seismic hazard analysis, in 7th 
U.S. National Conference on Earthquake Engineering, Boston, MA, 10 pp. 

Bellman R.E., 1961. Adaptive control processes: A guided tour, Princeton University Press, 
Princeton, N.J.,, 255 pp.  

Benjamin J.R. and Cornell C.A., 1970. Probability, statistics, and decision for civil engineers, 
McGraw-Hill, New York, 684 pp.  

Bertero V., Mahin S., and Herrera R., 1978. Aseismic design implications of near-fault San 
Fernando earthquake records, Earthquake engineering & structural dynamics, 6 (1), 31-42. 

Bommer J.J., Scott S.G., and Sarma S.K., 2000. Hazard-consistent earthquake scenarios, Soil 
Dynamics and Earthquake Engineering, 19, 219-231. 

Bommer J.J. and Acevedo A.B., 2004. The use of real earthquake accelerograms as input to 
dynamic analysis, Journal of Earthquake Engineering, 08, 43-91. 

Boore D.M., Joyner W.B., and Fumal T.E., 1997. Equations for estimating horizontal response 
spectra and peak acceleration from western North American earthquakes: A summary of 
recent work, Seismological Research Letters, 68 (1), 128-153. 

Boore D.M., 2005. Erratum: Equations for estimating horizontal response spectra and peak 
acceleration from western North American earthquakes: A summary of recent work, 
Seismological Research Letters, 76 (3), 368-369. 

Bozorgnia Y. and Bertero V.V., 2004. Earthquake engineering: From engineering seismology to 
performance-based engineering, CRC Press, Boca Raton. Various pagings. 

Campbell K.W., 1997. Empirical near-source attenuation relationships for horizontal and vertical 
components of peak ground acceleration, peak ground velocity, and pseudo-absolute 
acceleration response spectra, Seismological Research Letters, 68 (1), 154-179. 

Carballo J.E. and Cornell C.A., 1998. Input to nonlinear structural analysis: Modification of 
available accelerograms for different source and site characteristics, in 6th U.S. National 
Conference on Earthquake Engineering, Seattle, WA, 13 pp. 

Carballo J.E., 2000. Probabilistic seismic demand analysis: Spectrum matching and design, 
Stanford University, Stanford, CA, 259 pp. http://www.stanford.edu/group/rms/ 

Chopra A.K., 2001. Dynamics of structures: Theory and applications to earthquake engineering, 
Prentice Hall, Upper Saddle River, NJ, 844 pp.  

Conte J.P., Pandit H., Stewart J.P., and Wallace J.W., 2003. Ground motion intensity measures 
for performance-based earthquake engineering, in Applications of Statistics and Probability 
in Civil Engineering: Proceedings of the 9th International Conference, 1465-1472 pp. 

Cordova P.P., Deierlein G.G., Mehanny S.S.F., and Cornell C.A., 2001. Development of a two-
parameter seismic intensity measure and probabilistic assessment procedure, in The Second 
U.S.-Japan Workshop on Performance-Based Earthquake Engineering Methodology for 
Reinforced Concrete Building Structures, Sapporo, Hokkaido, 187-206 pp. 



References  317 
   
 

 

Cornell C.A. and Krawinkler H., 2000. Progress and challenges in seismic performance 
assessment, PEER Center News, 3 (2). 

Cornell C.A., Jalayer F., Hamburger R.O., and Foutch D.A., 2002. Probabilistic basis for 2000 
SAC federal emergency management agency steel moment frame guidelines, Journal of 
Structural Engineering, 128 (4), 526-533. 

Deierlein G.G., 2004. Overview of a comprehensive framework for earthquake performance 
assessment, in International Workshop on Performance-Based Seismic Design Concepts and 
Implementation, Bled, Slovenia, 12 pp. 

Department of Energy, 1996. Guidelines for use of probabilistic seismic hazard curves at 
department of energy sites for department of energy facilities, Standard DOE-1024-92. 
www.eh.doe.gov/techstds/standard/std1024/std1024.pdf (accessed 8/13/05) 

Deutsch C.V. and Journel A.G., 1997. GSLIB geostatistical software library and user's guide, 
Oxford University Press, New York, 369 pp.  

Ditlevsen O., 1981. Uncertainty modeling: With applications to multidimensional civil 
engineering systems, McGraw-Hill International Book Co., New York ; London, 412 pp.  

Efron B. and Tibshirani R.J., 1993. An introduction to the bootstrap, Chapman & Hall, New 
York, 436 pp.  

FEMA 350, 2000a. Recommended seismic design criteria for new steel moment-frame buildings, 
prepared for the Federal Emergency Management Agency, SAC Joint Venture, Washington, 
D.C.  

FEMA 351, 2000b. Recommended seismic evaluation and upgrade criteria for existing welded 
steel moment-frame buildings, prepared for the Federal Emergency Management Agency, 
SAC Joint Venture, Washington, D.C.  

FEMA 352, 2000c. Recommended post-earthquake evaluation and repair criteria for welded 
steel moment-frame buildings, prepared for the Federal Emergency Management Agency, 
SAC Joint Venture, Washington, D.C.  

FEMA 356, 2000d. Prestandard and commentary for the seismic rehabilitation of buildings, 
Federal Emergency Management Agency, American Society of Civil Engineers, Washington, 
D.C.  

Frankel A.D., Petersen M.D., Mueller C.S., Haller K.M., Wheeler R.L., Leyendecker E.V., 
Wesson R.L., Harmsen S.C., Cramer C.H., Perkins D.M., and Rukstales K.S., 2002. 
Documentation for the 2002 update of the national seismic hazard maps, U.S. Geological 
Survey, Open-File Report 02-420, 33 pp.  

Frankel A.D., 2004. Personal communication. 
Fu Q. and Menun C., 2004. Seismic-environment-based simulation of near-fault ground motions, 

in Proceedings, 13th World Conference on Earthquake Engineering, Vancouver, Canada, 15 
pp. 

Fu Q., 2005. Modeling and prediction of fault-normal near-field ground motions 
   and structural response, Stanford University, Ph.D. Thesis, Stanford, CA.  
Garrick B., 1984. Recent case studies and advancements in probabilistic risk assessment., Risk 

analysis, 4 (4), 267. 
Han S.W. and Wen Y.K., 1994. Method of reliability-based calibration of seismic structural 

parameters., University of Illinois and Urbana-Champaign, UIUC-ENG-94 2016, Stuctural 
Research Series No. 595, Champaign, IL, 170 pp.  

Han S.W. and Wen Y.K., 1997. Method of reliability-based seismic design I: Equivalent 
nonlinear systems, Journal of Structural Engineering, 123 (3), 256-263. 

Haselton C., Mitrani-Reiser J., Goulet C., Deierlein G.G., Beck J.L., Porter K.A., Stewart J.P., 
and Taciroglu E., 2005. An assessment to benchmark the seismic performance of a code-
conforming reinforced-concrete moment-frame building, Pacific Earthquake Engineering 
Research Center, University of California at Berkeley, Berkeley, California (In preparation).  



318  References 
 

 

Hastie T., Tibshirani R., and Friedman J.H., 2001. The elements of statistical learning : Data 
mining, inference, and prediction, Springer, New York, 533 pp.  

Ibarra L.F., 2003. Global collapse of frame structures under seismic excitations, Stanford 
University, Stanford, CA, 324 pp.  

ICC, 2003. International building code, International Code Council.  
Iervolino I. and Cornell C.A., 2005a. Record selection for nonlinear seismic analysis of 

structures, Earthquake Spectra, 21 (3), 685-713. 
Iervolino I. and Cornell C.A., 2005b. Prediction of the occurence of velocity pulses in near-fault 

ground motions (in preparation). 
Inoue T. and Cornell C.A., 1990. Seismic hazard analysis of multi-degree-of-freedom structures, 

Reliability of Marine Structures, RMS-8, Stanford, CA, 70 pp.  
Iwan W.D., 1980. Estimating inelastic response spectra from elastic response spectra, Earthquake 

Engineering & Structural Dynamics, 8, 375-388. 
Jalayer F., 2003. Direct probabilistic seismic analysis: Implementing non-linear dynamic 

assessments, Stanford University, Ph.D. Thesis, Stanford, CA, 244 pp. 
http://www.stanford.edu/group/rms/ (accessed 3/14/05) 

Jalayer F. and Cornell C.A., 2003. A technical framework for probability-based demand and 
capacity factor design (DCFD) seismic formats, Pacific Earthquake Engineering Research 
Center, University of California at Berkeley, PEER 2003-08, Berkeley, California, 106 pp.  

Jalayer F., Beck J.L., and Porter K.A., 2004. Effects of ground motion uncertainty on predicting 
the response of an existing RC frame structure, in 13th World Conference on Earthquake 
Engineering, Vancouver, Canada, 10 pp. 

Kaplan S. and Garrick B.J., 1981. On the quantitative definition of risk, Risk analysis, 1 (1), 11-
27. 

Kennedy R.P., Short S.A., Merz K.L., Tokarz F.J., Idriss I.M., Power M.S., and Sadigh K., 1984. 
Engineering characterization of ground motion - task I: Effects of characteristics of free-field 
motion on structural response, U.S. Nuclear Regulatory Commision, NUREG/CR-3805, 
Washington, D.C.  

Kennedy R.P., Kincaid R.H., and Short S.A., 1985. Prediction of inelastic response from elastic 
response spectra considering localized nonlinearities and soil-structure interaction, in 8th 
SMIRT, 427-434 pp. 

Kennedy R.P., Wesley D.A., and Tong W.H., 1988. Probabilistic evaluation of the Diablo 
Canyon turbine building seismic capacity using nonlinear time history analysis, Pacific Gas 
& Electric Co. Report Number 1643.01.  

Kramer S.L., 1996. Geotechnical earthquake engineering, Prentice Hall, Upper Saddle River, 
N.J., 653 pp.  

Krawinkler H., 2005. Personal communication. 
Lay D., 1997. Linear algebra and its applications, Addison-Wesley, Reading, Massechusetts, 

486 pp.  
Lehmann E.L. and D'Abrera H.J.M., 1998. Nonparametrics : Statistical methods based on ranks, 

Prentice Hall, Upper Saddle River, N.J., 463 pp.  
Liu P.L. and Der Kiureghian A., 1986. Multivariate distribution models with prescribed 

marginals and covariances, Probabilistic Engineering Mechanics, 1 (2), 105-112. 
Luco N., 2002. Probabilistic seismic demand analysis, SMRF connection fractures, and near-

source effects, Stanford University, Stanford, CA, 260 pp. 
http://www.stanford.edu/group/rms/ 

Luco N. and Cornell C.A., 2005. Structure-specific scalar intensity measures for near-source and 
ordinary earthquake ground motions, Earthquake Spectra (Under revision for publication). 

Luco N. and Bazzurro P., 2005. Effects of earthquake record scaling on nonlinear structural 
response, PEER Lifelines Program, Report on PEER-LL Program Task 1G00 Addendum 
(Sub-task 1 of 3), 64 pp.  



References  319 
   
 

 

Luco N., Manuel L., Baldava S., and Bazzurro P., 2005. Correlation of damage of steel moment-
resisting frames to a vector-valued set of ground motion parameters, in 9th International 
Conference on Structural Safety and Reliability, Rome, Italy, 8 pp. 

Mackie K. and Stojadinovic B., 2003. Seismic demands for performance-based design of bridges, 
Pacific Earthquake Engineering Research Center, University of California at Berkeley, PEER 
2003-16, Berkeley, California, 150 pp.  

Mahin S., Bertero V., Chopra A.K., and Collins R., 1976. Response of the Olive View hospital 
main building during the San Fernando earthquake, Earthquake Engineering Research 
Center, University of California, UCB/EERC-76/22, Berkeley, California.  

Mavroeidis G.P. and Papageorgiou A.S., 2003. A mathematical representation of near-fault 
ground motions, Bulletin of the Seismological Society of America, 93 (3), 1099-1131. 

McGuire R.K., 1995. Probabilistic seismic hazard analysis and design earthquakes: Closing the 
loop, Bulletin of the Seismological Society of America, 85 (5), 1275-1284. 

McGuire R.K., Silva W.J., and Costantino C.J., 2001. Technical basis for revision of regulatory 
guidance on design ground motions hazard- and risk-consistent ground motion spectra 
guidelines, Division of Engineering Technology Office of Nuclear Regulatory Research U.S. 
Nuclear Regulatory Commission, NUREG/CR-6728, Washington, DC.  

McGuire R.K., 2004. Seismic hazard and risk analysis, Earthquake Engineering Research 
Institute, Berkeley, 240 pp.  

Medina R.A. and Krawinkler H., 2003. Seismic demands for nondeteriorating frame structures 
and their dependence on ground motions, Stanford University, John A. Blume Earthquake 
Engineering Center Report No. 144, Stanford, CA, 347 pp.  

Medina R.A. and Krawinkler H., 2005. Evaluation of drift demands for the seismic performance 
assessment of frames, Journal of Structural Engineering, 131 (7), 1003-1013. 

Mehanny S.S.F. and Deierlein G.G., 2000. Modeling and assessment of seismic performance of 
composite frames with reinforced concrete columns and steel beams, Stanford University, 
John A. Blume Earthquake Engineering Center Report No. 135, Stanford, CA, 442 pp.  

Melchers R.E., 1999. Structural reliability analysis and prediction, John Wiley, Chichester ; New 
York, 437 pp.  

Moehle J. and Deierlein G.G., 2004. A framework methodology for performance-based 
earthquake engineering, in Proceedings, 13th World Conference on Earthquake Engineering, 
Vancouver, Canada, 13 pp. 

Mori Y., Yamanaka T., Luco N., Nakashima M., and Cornell C.A., 2004. Predictors of seismic 
demand of SMRF buildings considering post-elastic mode shape, in 13th World Conference 
on Earthquake Engineering, Vancouver, Canada, 15 pp. 

Naeim F. and Lew M., 1995. On the use of design spectrum compatible time histories, 
Earthquake Spectra, 11 (1), 111-127. 

Neter J., Kutner M.H., Nachtsheim C.J., and Wasserman W., 1996. Applied linear statistical 
models, McGraw-Hill, Boston, 1408 pp.  

Next Generation Attenuation (NGA) project strong motion database. 2005. 
http://peer.berkeley.edu/nga/ (accessed 8/9/2005). 

Norwegian Technology Standards Institution, 1999. Actions and action effects, N-003, Oslo, 
Norway, 85 pp. http://www.standard.no/imaker.exe?id=1399 (accessed 3/13/05) 

Nuclear Regulatory Commision, 1997. Identification and characterization of seismic sources and 
determination of safe shutdown earthquake ground motion, Regulatory Guide 1.165. 
www.nrc.gov/reading-rm/doc-collections/reg-guides/power-reactors/active/01-165/ (accessed 
8/17/2005) 

NUREG, 1983. PRA procedures guide—a guide to the performance of probabilistic risk 
assessment for nuclear power plants, Division of Engineering Technology Office of Nuclear 
Regulatory Research U.S. Nuclear Regulatory Commission, NUREG/CR-2300, Washington, 
DC.  



320  References 
 

 

Pacific Gas & Electric, 1988. Final report of the Diablo Canyon long term seismic program, US 
Nuclear Regulatory Commission, Docket Numbers 50-275 and 50-323.  

PEER strong motion database. 2000. http://peer.berkeley.edu/smcat/ (accessed 6/29/2005). 
PEER Testbeds project site, 2004, http://www.peertestbeds.net. (accessed 6/29/2005). 
Penzien J. and Watabe M., 1975. Characteristics of 3-D earthquake ground motions, Earthquake 

engineering & structural dynamics, 3, 365–373. 
Pincheira J.A., Dotiwala F.S., and D'Souza J.T., 1999. Seismic analysis of older reinforced 

concrete columns, Earthquake Spectra, 15 (2), 245-272. 
Purvance M., 2005. Overturning of slender blocks: Numerical investigation and application to 
precariously balanced rocks in southern california, University of Nevada, Reno, Reno, NV, 233 

pp. ftp://dataworks.library.unr.edu/seismo/Data/PrecRock/purvance_dissertation.pdf 
(accessed 8/1/05) 

Reiter L., 1990. Earthquake hazard analysis: Issues and insights, Columbia University Press, 
New York, 254 pp.  

Rice J.A., 1995. Mathematical statistics and data analysis, Duxbury Press, Belmont, CA, xx, 
602, A49 pp.  

Ruiz-Garcia J., 2004. Perfomance-based assessment of existing structures accounting for residual 
displacements, 407 pp.  

Sadigh K., Chang C.-Y., Egan J.A., Makdisi F., and Youngs R.R., 1997. Attenuation 
relationships for shallow crustal earthquakes based on california strong motion data, 
Seismological Research Letters, 68 (1), 180-189. 

Sewell R.T., Toro G.R., and McGuire R.K., 1996. Impact of ground motion characterization on 
conservatism and variability in seismic risk estimates, U.S. Nuclear Regulatory Commission, 
NUREG/CR-6467, Washington, D.C.  

Shome N., Cornell C.A., Bazzurro P., and Carballo J.E., 1998. Earthquakes, records, and 
nonlinear responses, Earthquake Spectra, 14 (3), 469-500. 

Shome N., 1999. Probabilistic seismic demand analysis of nonlinear structures, Stanford 
University, 320 pp. http://www.stanford.edu/group/rms/ 

Shome N. and Cornell C.A., 1999. Probabilistic seismic demand analysis of nonlinear structures, 
RMS Program, RMS-35, Stanford, CA, 320 pp. http://www.stanford.edu/group/rms/ 
(accessed 3/14/05) 

Shome N. and Cornell C.A., 2000. Structural seismic demand analysis: Consideration of 
"collapse", in 8th ASCE Specialty Conference on Probabilistic Mechanics and Structural 
Reliability, University of Notre Dame, South Bend, Indiana, 7 pp. 

Silva W.J., 1987. WES RASCAL code for synthesizing earthquake ground motions, US Army 
Corps of Engineers State-of-the-Art for Assessing Earthquake Hazards in the United States 
Report 24, Paper S-73-1.  

Somerville P.G., Smith N.F., Graves R.W., and Abrahamson N.A., 1997. Modification of 
empirical strong ground motion attenuation relations to include the amplitude and duration 
effects of rupture directivity, Seismological Research Letters, 68 (1), 199-222. 

Somerville P.G., 2001a. PEER testbeds project report: Ground motion time histories for the UC 
lab building. www.peertestbeds.net/UCS/Somerville_Dec_2001_UCS_ground_motions.pdf 
(accessed 8/11/2005) 

Somerville P.G., 2001b. PEER testbeds project report: Ground motion time histories for the Van 
Nuys building. http://peer.berkeley.edu/peertestbeds/VNY/PrelimVanNuysHazardReport.pdf 
(accessed 8/11/05) 

Somerville P.G. and Thio H.K., 2003. Probabilistic vector-valued ground motion intensity 
measures and engineering demand measures for the PEER Van Nuys Holiday Inn PBEE 
testbed., SCEC 2003 Project Report.  

Somerville P.G., 2003. Magnitude scaling of the near fault rupture directivity pulse, Physics of 
the earth and planetary interiors, 137 (1), 12. 



References  321 
   
 

 

Somerville P.G. and Thio H.K., 2005. Probabilistic vector-valued seismic hazard analysis for 
near-fault ground motions, SCEC Project Report (in preparation).  

Spudich P., Joyner W.B., Lindh A.G., Boore D.M., Margaris B.M., and Fletcher J.B., 1999. 
SEA99: A revised ground motion prediction relation for use in extensional tectonic regimes, 
Bulletin of the Seismological Society of America, 89 (5), 1156-1170. 

Stewart J.P., Chiou S.-J., Bray J.D., Graves R.W., Somerville P.G., and Abrahamson N.A., 2001. 
Ground motion evaluation procedures for performance-based design, Pacific Earthquake 
Engineering Research Center, University of California at Berkeley, PEER 2001-09, Berkeley, 
California, 229 pp.  

Stewart J.P., Chiou S.J., Bray J.D., Graves R.W., Somerville P.G., and Abrahamson N.A., 2002. 
Ground motion evaluation procedures for performance-based design, Soil dynamics and 
earthquake engineering, 22 (9-12), 765-772. 

Taghavi S. and Miranda E., 2003. Probabilistic study of peak floor acceleration demands in linear 
structures, in Proceedings, Ninth International Conference on Applications of Statistics and 
Probability in Civil Engineering, San Francisco, California. 

Toro G.R. and Silva W.J., 2001. Scenario earthquakes for Saint Louis, MO, and Memphis, TN, 
and seismic hazard maps for the central United States region including the effect of site 
conditions, For US Geological Survey, award number 1434-HQ-97-GR-02981. 
http://www.riskeng.com/PDF/Scen_CEUS_Rept.pdf (Accessed 6/1/2005) 

Tothong P. and Cornell C.A., 2005a. Near-fault ground motions for seismic demand analysis (in 
preparation). 

Tothong P. and Cornell C.A., 2005b. An empirical ("attenuation law") ground motion prediction 
model for inelastic spectral displacement, Bulletin of the Seismological Society of America (In 
Preparation). 

Tothong P., Iervolino I., Baker J.W., and Cornell C.A., 2005. Probabilistic seismic hazard 
analysis accounting for the possibility of near-fault velocity pulses (in preparation). 

U.S. Geological Survey earthquake hazard maps. 2002. http://eqhazmaps.usgs.gov/ (accessed 
July 2 5, 2005). 

Vamvatsikos D., 2002. Seismic performance, capacity and reliability of structures as seen 
through incremental dynamic analysis, Stanford University, Stanford, CA, 152 pp. 
http://www.stanford.edu/group/rms/ 

Vamvatsikos D. and Cornell C.A., 2002. Incremental dynamic analysis, Earthquake Engineering 
& Structural Dynamics, 31 (3), 491-514. 

Vamvatsikos D. and Cornell C.A., 2004. Applied incremental dynamic analysis, Earthquake 
Spectra, 20 (2), 523-553. 

Vamvatsikos D. and Sigalas I., 2005. Seismic performance evaluation of a horizontally curved 
highway bridge using incremental dynamic analysis in 3D, in Proceedings, 4th European 
workshop on the seismic behavior of irregular and complex structures, 12 pp. 

Van Nuys hotel building testbed report: Exercising seismic performance assessment, 2004, 
Pacific Earthquake Engineering Research Center, University of California at Berkeley, 
Berkeley, California.  

Wang G.-Q., Zhou X.-Y., Ma Z.-J., and Zhang P.-Z., 2001. A preliminary study on the 
randomness of response spectra of the 1999 Chi-Chi, Taiwan, earthquake, Bulletin of the 
Seismological Society of America, 91 (5), 1358-1369. 

Winterstein S.R., Ude T.C., and Cornell C.A., 1993. Environmental parameters for extreme 
response: Inverse FORM with omission factors, in Proceedings, 6th International Conference 
on Structural Safety and Reliability, Innsbruck, Austria, 551-557 pp. 

Yun S.-Y., Hamburger R.O., Cornell C.A., and Foutch D.A., 2002. Seismic performance 
evaluation for steel moment frames, Journal of Structural Engineering, 128 (4), 12. 

 




