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Earthquake Site name Peak value G.W.L. Estimated lig.
Acceleration Velocity (kine) (GL-m) depth (GL-m)
(gal)
1964 Niigata Earthquake Kawagishicho 159 58.5 2.0 20~10.0
Shinano River site 159 58.5 0.6 06~13.0
Agano River site 159 58.5 0.9 09~78
Sewage tank site 159 58.5 0.4 04~6.4
Road site 159 58.5 235 25~17.0
South bank of Showa bridge 159 58.5 0.5 05~35
1968 Tokachi-oki Aomori Port 208 40.1 1.1 1.1~13.5
Earthquake Hachinohe (paper plant P2) 233 348 1.2 None
Hachinohe (paper plant P5) 233 348 1.2 None
Hachinohe (paper plant P1) 233 34.8 1.2 12~4.0
Hachinohe (paper plant P4) 233 34.8 12 12~6.0
Hachinohe (paper plant P6) 233 34.8 1.0 12~69
1978 Miyagiken-oki Ishinomaki oil tank BN2 270 20.9 0.6 06~16.8
Earthquake Ishinomaki oil tank BC4 (Improved) 270 20.9 1.4 None
1980 Chiba-Ibaraki Owi Island 95 74 1.0 None
Earthquake
1982 Urakawa-oki Muroran Port (Irie area) 164 17.4 1.2 12~13.8
Earthquake Tokachi Port (No. 2 Wharf) 253 134 1.3 None
1983 Nihonkai-Chubu Akita Port (Seismometer location) 205 30.1 0.8 08~4.0
Earthquake Akita Port (Gaiko Port) 205 30.1 15 1.5~16.0
Akita Port (Oohama No. 1 Wharf) 205 30.1 0.5 None
Akita Port (Oohama No. 3 Wharf) 205 30.1 14 14~12
Akita Port (Nakashima No. 3 Wharf) 205 30.1 1.7 1.7~10.5
Akita Port (West wharf) 205 30.1 1.6 None
Aomori Port (Yukawa area) 168 25.6 1.5 None
1987 Chibaken Toho-oki Sunamachi 122 10.5 6.2 None
Earthquake
1993 Kushiro-oki Kushiro Port (East Port) 468 64.1 2.3 23~175
Earthquake Kushiro Port (West Port No. 1 Wharf) 468 64.1 1:7 1.7~13.5
Kushiro Port (East Port Fishery 468 64.1 1.3 1.3~15.0
Wharf)
Kushiro Port (West Port No.2 Wharf) 468 64.1 1.6 None
Tokachi Port 260 17.7 1.6 None
1993 Hokkaido Nansei-oki Muroran Port 218 129 1.8 None
Earthquake Hakodate Port (Yukawa Wharf No.4) 149 21.5 23 23~16.2
Hakodate Port (Yukawa Wharf No.5) 149 21.5 2.0 62~13.2
1994 Hokkaido Toho-oki Nemuro Port (East section) 367 27.6 1.3 2.1~8.8
Earthquake Nemuro Port (Kaigancho) 367 27.6 3.1 54~11.5
Nemuro Port (East Port) 269 21.0 25 64~12.0
Kushiro Port (West Port) 269 21.0 3.1 None
Kushiro Harbor (West Port) 269 21.0 29 None
1995 Hyogoken Nambu Port Island 341 91.1 3.0 30~184
Earthquake Kainan Port 128 9.7 22 None
Takasago 198 4.0 25 None
Kobe Port 525 109.0 14 14~16.5
2000 Tottori Seibu Sakai Minato Fishing Port 302 58.0 1.0 1.0~5.0
Earthquake Takeuchi apartment complex 302 58.0 1.0 1.0~13.5
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No Earthquake Site and its classification Liquefaction investigation TFDRSA Proposed method
1 Niigata, Japan, 16/06/1964, M=7.5 Kawagishi-cho (—) Y 0.74 Y
2 Friuli, Italy, 05/05/1976, M=6.5 Tolmezzo (—) N —-0.53 N
3 Tabas, Iran, 16/09/1978, M=7.4 Dayhook (—) N 0.0001 N
4 Taba (-) N -03 N
5 Victoria, Mexico, 09/06/1980, M=6.4 Cerro Prieto (B) N 0.11 N
6 Chihuahua (C) N -0.02 N
7 Nihonkai-Chubu, Japan, 26/05/1983, M=7.7 Hachirogata (—) Y 0.68 Y
8 Superstition Hills, USA, 24/11/1987, M=6.6 Brawley (C) N 0.14 N
9 Calipatria fire station (C) N 0.11 N
10 EL Centro Imp. (C) N 0.14 N
11 Parachute test site (B) N 0.17 N
12 Plaster city (C) N 0.29 N
13 POE road (—) N 0.24 N
14 Superstition Mtn. (B) N 0.03 N
15 Westmorland fire station (C) N 0.13 N
16 Wildlife GL (—) Y 0.57 Y
17 Loma Prieta, USA, 18/10/1989, M=6.9 Agnews state hospital (C) N 0.17 N
18 Aped2-Redhwood city (D) N 0.19 N
19 Corralitos (B) N 0.02 N
20 Gilroy array #2 (C) N -0.38 N
21 Gilroy array #6 (B) N 0.25 N
22 Halls valley (C) N 0.36 N
23 Hallister-Smith & Pine (—) N 0.01 N
24 Richmond City Hall (C) N 0.35 N
25 SF intern airport (—) N 0.19 N
26 Treasure island (D) N 0.28 N
27 Northbridge, USA, 17/01/1994, M=6.7 Arleta-Nordhoff fire station (C) N —-0.02 N
28 LA-Baldwin Hills (B) N 0.30 N
29 LA-century city (B) N 0.17 N
30 LA-hollywood storage FF (C) N 031 N
31 Leona valley #6 (C) N 0.38 N
32 Newhall-fire station (C) N 035 N
33 0Old ridge route (B) N 023 N
34 Tarzana, Cedar Hill (-) N 045 N
35 Vasquez rocks park (B) N 034 N
36 Kobe, Japan, 16/01/1995, M=6.9 Kakogawa (D) N 0.23 N
37 KJMA (B) N —~0.09 N
38 Nishi-Akashi (D) N 0.20 N
39 Port island (-) Y 0.83 Y
40 Shin-Osaka (D) N 0.15 N
41 Takatazuka (D) N -1.0 N
42 Takatori (D) N 031 N
43 Kocaeli, Turkey, 17/08/1999, M=7.4 Ambarli (D) N 030 N
44 Arcehk (B) N 0.17 N
45 Bursa Tofas (—) N 028 N
46 Duzce (C) N 0.29 N
47 Goynuk (—) N 0.06 N
48 Chi-Chi, Taiwan, 20/09,1999, M=7.6 Als (B) N 0.03 N
49 CHY002 (D) N 018 N
50 CHYO006 (C) N 03 N
51 CHYO008 (D) N 02 N
52 CHY014 (C) N 0.1 N
53 CHY024 (C) N 0.04 N
54 Tangshan, China, 28/07/1976, M=7.8 Ground (—) N 0.26 N
55 Lijiang after shake, China, 05/02/1994, M=6.0 Ground (—) N 0.28 N
56 Longling after shake, China, 09/06/1997, M=6.2 Ground (—) N 0.24 N
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No. Site PGA PGV Record Lique- Reference
type*  faction for
EW NS ubD Vector  Vector lique-
(c m,"'s2 ) (cmj'sz) (c:m,"s2 ) sum sum faction
(cm ,.v’s2 ) (em/s)
Niigata Earthquake 16/06/1964
1 Kawagishi-cho 170.86  128.92 55.84  186.06 65.1 S LIQ [19]
Tokachi-Oki Earthquake 1/05/1968
2 Aomori Habor 196.53  227.31 156.38 27591 39.9 F LIQ [20]
3 Hachinohe Harbor 20621  311.73 13545 31276 39.1 F NON
4 Muroran Harbor 15535 221.50 11336 22962 35.7 F NON
Miyagiken-Oki Earthquake 12/106/1978
5 Shiogama Harbor 288.17 31433 213.86  316.12 53.6 F NON
Nihonkai-Chibu Earthquake 26/05/1983
6 Akita-S 20545  190.09 4093 22242 374 F NON
7 Hachirogata 14436  165.51 131.84 17736 729 F LIQ [21]
Michoacan, Mexico Earthquake 19/09/1985
8 C. de Abastos Frigorifico 94.62 80.53 27.24 10968 38.3 F NON
9 Caleta de Campo 13849 137.84 88.35 140.14 20.7 F NON
10 SC&T 167.92 97.97 36.64 18761 63.6 F NON
11 Tacubaya, D.F. 33.23 34.40 19.16 3697 10.4 F NON
12 Tlahuac Bombas 106.67  135.88 2398 13790 68.6 F NON
Superstition Hills Earthquake 24/11/1987
13 Wildlife GL 179.52  201.15 414.81 20660 30.6 F LIQ [22]
14 Wildlife GL -7.5 103.29  168.63 99.67 17552 220 D NON
Chibaken-Toho-Oki Earthquake 17/12/1987
15 Chiba Array, IIS 213.60  327.06 124.77 32933 15.5 F NON
16 Katsuura (KT552), NIED 189.38  209.04 131.88 25734 254 F NON
17 Kisarazu (KT521), NIED 357.44 38435 62.05 40356 30.9 F NON
18 Mobara, Stokogyo 419.72  361.87 132,18 47565 353 F NON
19 Narashino, Takenaka ED 151.87 242.63 97.21 24263 9.1 F NON
Loma Prieta Farthquake 18/10/1989
20 Agnew, Agnews State Hospital 15757 163.08 8225 178.44 31.6 F NON
21 Capitola, Fire Station 390.79  462.92 500.05 541.69 41.1 F NON
22 Corralitos, Eurcka Canyon Rd. 46938 617.70 431.06  634.07 56.6 F NON
23 Emeryville, 6363 Christic Ave 25469 21033 58.52 255.53 452 F NON
24 Foster City, Redwood Shores 27761  252.63 10099  297.60 46.9 F NON
25 Gilroy #1, Gavilan College 43362 426.61 20636 436.07 39.2 F NON
26 Hollister, South St and Pine Drive 174.55  361.90 19321 364.93 62.5 F NON
27 Santa Cruz, UCSC/Lick Lab. 401.54 433.12 32457 49195 22.1 F NON
28 Saratoga, Aloha Ave. 316.19  494.45 35335  497.30 56.3 F NON
29 SF, International Airport 32580 230.77 63.31 378.08 343 F NON
30 SF, Presidio 194 87 97.91 56.22 195.59 344 F NON
31 Treasure Island 155.85 97.94 15.86 158.72 343 F SuUs [23]
Kushiro-Oki Earthquake 15/01/1993
32 Hanasaki-F 15837  146.92 9329 169.96 9.7 F NON
33 Kushiro, IMA 919.13  814.72 465.33  1024.07 71.2 F NON
34 Kushiro-G 34393  467.78 34240  467.82 62.1 F SuUs [24])
35 Kushiro-GB 26458 204.43 109.54 280.85 19.5 D NON
36 Nemuro, IMA 215.73 195.88 85.63 216.10 12.8 F NON
37 Tokachi-M 319.51  406.38 22365  408.76 19.3 F NON
38 Urakawa, IMA 26468 22443 65.12 281.82 294 F NON
39 Urakawa-S 170.22  317.14 87.87 322.09 21.2 F NON
Hokkaido-Nansei-Oki Earthquake 12/07/1993
40 Hakodate-F 115.14  118.28 61.53 144.85 33.2 F NON
41 Hakodate-FB 59.75 71.00 45.87 71.01 16.4 D NON
42 Hakodate-M 148.80 14542 87.25 151.79 324 F NON
43 Suttsu, JMA 202.18 21597 5098  216.65 16.0 F NON
Northridge Earthquake 1710111994
44 LA, Bell Postal Facility, Ground 15420 260.35 81.64 27263 17.4 F NON
45 LA, Griffith Observatory 291.10 163.78 14292 291.94 28.5 F NON
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46 LA, Sepulveda Canyon, Ground 462.06 257.63 150.34 470.11 283 F NON

47 LA, Wadsworth VA Hosp., South 297.95 38294 14496 47131 392 F NON

48 Newhall, LA County Fire Station 571.62 578.19 53735 73184 1191 F NON

49 Pasadena, 535 South Wilson Ave. 141.08  161.41 10263 16180 109 F NON

50 Tarzana, Cedar Hill Nursery 1744.53  970.74  1027.51 196520 1147 F NON

51 Topanga, Fire Station, Ground 193.65 326.52 201.17 35881 17.7 F NON

52 Santa Monica City Hall, Ground 865.97 362.62 22767 86634 41.7 F NON

53 Sylmar County Hospital 592.64 826.76 52499 82735 1312 F NON

Hokkaido-Toho-Oki Earthquake 04/10/1994

54 Kushiro, IMA 47338 45496 192.92 56131 376 F NON

55 Nemuro, IMA 33033 369.05 18348 414.02 314 F NON

56 Tomakomai, JMA 81.13  102.80 3009 10545 104 F NON

57 Urakawa, JMA 14448  114.82 3890  181.06 154 F NON

Sanriku-Haruka-Oki Earthquake 28/12/1994
58 Hachinohe, IMA 48839  602.31 94.11 67332 319 F NON
Hyogoken-Nanbu Earthquake 17/01/1995

59 Amagasaki Bridge GR-2 29390 264.64 32402 34068 574 F SUS t
60 Amagasaki-G 49851 32424 31032 49956 615 F LIQ [25]
61 Amagasaki No.3 P.P,, KE 353.62 226.63 37338 366.00 589 F LIQ [26]
62 Gen. Tech. Research Inst. GL, KE 647.50  298.60 205.04 687.51 58.1 F NON

63 Higashi-Kobe Bridge 280.72 32731 394 84 411.52 992 F LIQ [27]
64 Inagawa GR-1, PWRI 417.26  421.56 36135 46795 41.1 F NON

65 Kobe, IMA 617.34  818.01 33224 84788 1053 F NON

66 Kobe-Dai8-G 389.58  686.09 34132 72663 1894 S LIQ [28]
67 Kobe-JI-S 229.73 52478 44587 58330 1109 F LIQ [29]
68 Kobe University, CEORKA 307.69  276.06 45437 32424 572 F NON

69 JR Nishi Akashi Station 45475 47370  380.14 50699 4738 F NON

70 Port Island GL 28434 341.22 55591 42654 1032 F LIQ [30]
7 Port Island GL-16 543.19 56488 78959 636,79 884 D LIQ [31]
72 Port Island GL-32 461.72 54359 20000 71322 850 D SUS [31]
73 Port Island GL-83 30259 67878  186.69 72322 729 D NON

74 Rokko Island City, B3, BIF 195.59 31956 507.75 386.03 748 S SuUs [29]
75 Shin Kobe S.S., KE 58425 51073 49533  688.11 102.6 F NON

76 Tadaoka, CEORKA 190.99 29001  129.19 293.16 247 F NON

77 JR Takarazuka Station 683.63 60094 41820 6904 976 F NON

78 JR Takatori Station 656.98 60555 27931 74274 156.8 F SUS [29]
79 Yotsubahsi GR-1, PWRI 329.60 251.63  223.06 36233 305 F NON

Kagoshimaken-Hokuseibu Earthquake 13/05/1997

80 Akune (KGS004) 124.98 155.81 99.67 17346 185 F NON

81 Miyanojoh (KGS005) 901.05 902.10 28759 97657 468 F NON

82 Ohkuchi (KGS003) 176.32  172.08 6394 18745 10.3 F NON

83 Sendai (KGS007) 317.53 30046 14939 34030 322 F NON

*$ — Structure, F — Free field, D — downhole,
“*LIQ — liquefied, SUS — suspicious, NON — non-liquefied.
'Contacted PWRI.
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Method of Suzuki Method of Method of Ozaki Proposed Method
Miyajima and Takada

Level 0 No liquefaction Low possibility No liquefaction = No liquefaction
for liquefaction

Level 0.5 — High possibility Possible Liquefaction
for liquefactionn liquefaction suspicion
Level 1 Liquefaction Very high Liquefaction Liquefaction
possibility for
liquefaction
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Abstract

Soil liguefaction is a phenomenon in which the shear strength of granular cohesionless
soils will reduce or even vanish in a very short time under effect of dynamic loads such
as earthquake or blast and the soil changes from a solid to a liquefied state. Detection of
liquefaction occurance is one of the most important factors when a structure is constructed
on a ground which is suspected to soil liquefaction or subjected to intensive dynamic
loads such as earthquakes. There fore, it is needed to analyze earthquake waves during an
earthquake happening. The most appropriate method for analyzing earthquake waves is
the time- frequency analysis.

In this thesis, the recorded accelerations of earthquakes in many liquefied and non-
liquefied sites were analyzed by wavelet transfer using MATLAB® program and three-
dimensional wavelet spectrum of each earthquake was determined. An index was defined
and assigned which demonstrates whether the site is liquefied or non-liquefied. This index
names Index of Liquefaction Detection (I.L.D.), shows the rational volume oscillations
of 3D earthquake spectrum before and after PGA occurance and can be reached by the
estimation of volume under earthquake 3D spectrum which determines ranges for both
liquefied and non-liquefied sites and indicates that it is less than one for non-liquefied

sites whereas it is more than one for liquefied sites.

Key words: Soil liquefaction, wavelet transfer, earthquake, detection of liquefaction

occurance.
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