Kocaeli Event

This major strike-slip event occurred on the Northern Anatolian Fault in northwest
Turkey. Widespread liquefaction, building damage and settlement, lateral spreading, and
other seismic ground failures were observed after this earthquake. A large
reconnaissance effort evaluated these after effects. The PEER website contains a wesalth
of site information including SPT and CPT logs, and site maps. PGA estimates were
based on site response analyses and strong motion recordings.

There are two groups of sites. Thefirst group is from Phase 4 of the PEER research on

lateral spreads. The sites included are considered “level” ground sites. The second group
of sites are from the town of Adapazari.
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey
M,=7.4

Hotel Spanca SH-4 GW
PEER (2000), Cetin (2002)
Lateral Spreading

Level ground site.

Lateral spreading site horizontal displacement of 30 cm
and vertical displacement of 20 cm at the hole location.

Strength
Y
B Soil Class

0.8t02.4 Dsogmm)

1.60 %Fines

0.27 %P1

0.50

0.30

28.10 g. (MPa)

5.07 st.dev.

17.31 f, (kPa)

2.66 st.dev.

0.37 norm. exp.

0.09 Cq Cf

0.96 Cihin

0.03 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.38 st.dev.

0.13 Rf1(%)

0.34 stdev

468

GW
6.40

NP

0.95
0.41
4.27
1.99
0.70

2.00
1.00
8.54
3.99
191
0.83
0.45
0.29



1999 Kocaeli, Turkey
Hotel Spanca SH-4 GW
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey
M,=7.4

Police Station Site, PS-1
PEER (2000), Cetin (2002)
Lateral Spreading

Strength
Y
B Soil Class

1.8t02.8 Dsogmm)

2.30 %PFines

0.17 %Pl

1.00

0.30

39.55 g. (MPa)

3.38 st.dev.

26.80 fs (kPa)

2.48 st.dev.

0.40 norm. exp.

0.10 Cq Cf

0.94 Cinin

0.05 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.36 st.dev.

0.10 Rf1(%)

0.28 stdev
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SM
1.60
12
NP

1.15
0.23
21.62
4.51
0.54
2.00
1.00
43.23
9.03
2.29
0.47
1.89
0.55



1999 Kocaeli, Turkey
Police Station Site, PS-1
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey
M,=7.4

Soccer Field SF-5

PEER (2000), Cetin (2002)
Lateral Spreading

Level ground site.

Lateral spreading on the order of 30-40 cm measured at
CPT location

Strength
Y
C Soil Class SM
1.2t02.4 D50(mm) 1.30
1.80 %PFines 16
0.20 %Pl NP
1.00
0.30
30.30 g. (MPa) 1.30
3.90 st.dev. 0.81
22.45 fs (kPa) 15.21
2.48 st.dev. 6.01
0.37 norm. exp. 0.55
0.13 Cq 2.00
0.96 Cs 2.27
0.04 fs1 (kPa) 34.58
7.40 st.dev. 13.66
0.11 gc: (MPa) 2.61
0.31 st.dev. 1.62
0.12 R1(%) 1.17
0.39 stdev 0.97
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey
M,=7.4

Yalova Harbor Site, CPTU-YH-3
PEER (2000), Cetin (2002)

Lateral Spreading

Y
C

1.2t06.0

3.60
0.80
1.00
0.30

63.60

14.93

38.09
5.30
0.37
0.13
0.90
0.07
7.40
0.11
0.36
0.16
0.45

Strength

Soil Class
Dsomm)
%PFines
%Pl

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq, Cf
Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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SP-SM
0.29

NP

5.47
1.09
23.17
6.57
0.57
1.73
1.00
40.16
11.38
9.49
1.89
0.42
0.15



1999 Kocaeli, Turkey
Yalova Harbor Site, CPTU-YH-3
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress
Liquefied
Data Class

Critical Layer (m)
Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site B
PEER (2000), Sancio (2001), Sancio (2002)

Building Settlement and Tilting

Poor bldg performance over entire site. Bldg tilting, settlement,

and rotation.

Kuyudibi Ave btw. Gull and Yaprak St., Karaosman District

Adapazari strong motion station distance of 4km

gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

CPT-B1 & B4

Y
B

3.3t04.3

3.80
0.17
3.30
0.30

60.40
3.86

55.50
3.10
0.40

0.10
0.89
0.07
7.40
0.11
0.25
0.07
0.28

Strength

Soil Class
Dsommy
%PFines
%PI

d. (MPa)

st.dev.

f. (kPa)

st.dev.

norm. exp.
Cq, Cf
Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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SMto ML
0.12

35
na

3.94
1.78
30.34
9.38
0.65
1.47
1.00
44.49
13.75
5.77
2.62
0.77
0.42
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Adapazari Site B
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site C2

PEER (2000), Sancio (2001), Sancio (2002)
Foundation settlement and sand boils.

Ejecta consisted of low plasticity silt and silty fine sand.
Significant variation of stratigraphy both horizontally and
vertically throughout the site; fluvial deposition.

Bldg C2, Boluk St. in Istiklal district

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

CPT-C4 and SPT-C4 & C3

The critical layer is over the depth range of 3.3 to0 4.8 m.

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

Strength
Y
B Soil Class SMto ML
3.3t04.8 D50(mm) 0.12
4.05 %PFines 35
0.25 %PI na
0.44
0.30
73.61 g. (MPa) 1.74
5.26 st.dev. 1.01
38.19 fs (kPa) 17.96
341 st.dev. 8.18
0.40 norm. exp. 0.64
0.10 Cq Cf 1.85
0.88 Chhin 1.00
0.08 fs1 (kPa) 33.25
7.40 st.dev. 15.15
0.11 gc: (MPa) 3.22
0.44 st.dev. 1.87
0.13 R¢1(%) 1.03
0.29 stdev 0.76
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Adapazari Site C2
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site D

PEER (2000), Sancio (2001), Sancio (2002)
Bldg settlement and rotation.

Meydan Street, Cukurahmediye District

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g
CPT-C1 and SPT-C1

Thin Layer corrected

Strength
Y
B Soil Class

1.8t025 Dsomm)

2.15 %PFines

0.12 %PI

1.50

0.30

35.28 g. (MPa)

2.56 st.dev.

28.90 fs (kPa)

2.39 st.dev.

0.40 norm. exp.

0.10 Cq Cf

0.95 Cihin

0.04 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.30 st.dev.

0.08 Rf1(%)

0.28 stdev
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ML
0.06

65
na

1.27
0.72
7.29
4.07
0.75

2.00
1.10
14.58
8.14
2.79
1.43
0.58
0.40
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress
Liquefied
Data Class

Critical Layer (m)
Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site E
PEER (2000), Sancio (2001), Sancio (2002)
Bldg settlement, floor heave, sand boils.

Kavaklar Street, Tigcilar District

Adapazari strong motion station distance of 4km

gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

Settlement of bldgs on both mat and spread foundations.

Y
B

151t 3.0

2.25
0.25
0.50
0.30
40.13
4.85
22.96
2.75
0.40

0.10
0.94
0.05
7.40
0.11
0.43
0.13
0.30

Strength

Soil Class
Dsommy
%PFines
%PI

d. (MPa)

st.dev.

f. (kPa)

st.dev.

norm. exp.
Cq, Cf
Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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SP
0.51

na

2.03
0.94
8.24
3.98
0.73

2.00
1.00
16.48
7.97
4.06
1.89
0.41
0.27



1999 Kocaeli, Turkey
Adapazari Site E
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site F

PEER (2000), Sancio (2001), Sancio (2002)
Building Settlement

Adapazari strong motion station epicentral distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

Strength
Y
B Soil Class SM
1.81t0 3.0 Dsomm) 0.09
2.40 %Fines 42
0.20 %Pl NP
0.50
0.30
42.90 g. (MPa) 3.36
401 st.dev. 1.17
24.26 fs (kPa) 10.00
2.66 st.dev. 7.35
0.40 norm. exp. 0.73
0.10 Cq Cf 2.00
0.94 Cihin 1.00
0.05 fs1 (kPa) 20.00
7.40 st.dev. 14.71
0.11 gc: (MPa) 6.72
0.43 st.dev. 2.34
0.13 R¢1(%) 0.30
0.29 stdev 0.24
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1999 Kocaeli, Turkey
Adapazari Site F

: Ground Failure and Building Performance in Adapazari, Turkey
: Site F - Stnmez Street, Yenigin District, Adapazan

: 40.TTI48°N 30.40795°E

2 27 em with respect 1o CPT-F3
: ELC10 CFPS No, 991232 (a.p. v.d. Berg)
Water Table Elevation:

Responsible Engineers: J. D. Bray and R. B. Sancio, U, C. Berkeley

ZETAS (Zemin Teknolojisi, A. §.)

o 10 20

Dapth (m)
-




Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress
Liquefied
Data Class

Critical Layer (m)
Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site G

PEER (2000), Sancio (2001), Sancio (2002)

Bldg settlement, foundation failure, and sand boils.

Hasircilar Street, Yenigin District

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4g
CPT-G1 and SPT-G2 representative for all bldgs.
1 to 5 story bldgs all suffered damage and settlement

Ejecta of silty fine sand (SM)

Strength
Y
B Soil Class

15t02.7 Dsomm)

2.10 %PFines

0.20 %PI

0.45

0.30

37.50 g. (MPa)

3.96 st.dev.

21.31 f, (kPa)

2.58 st.dev.

0.40 norm. exp.

0.10 Cq Cf

0.95 Cihin

0.04 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.43 st.dev.

0.13 Rf1(%)

0.30 stdev
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ML
0.04
65
na

2.52
0.64
7.95
3.82
0.84
2.00
1.00
15.90
7.65
5.03
1.28
0.32
0.17



1999 Kocaeli, Turkey
Adapazari Site G
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress
Liquefied
Data Class

Critical Layer (m)
Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site H
PEER (2000), Sancio (2001), Sancio (2002)
Widespread and significant liquefaction

Kinali St., Yagcilar District

Adapazari strong motion station distance of 4km

gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

2t03
2.50
0.17
1.72
0.30

41.09
3.43

33.44
2.56
0.40

0.10
0.94
0.05
7.40
0.11
0.30
0.08
0.28

Strength

Soil Class
Dsomm)
%PFines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq, Cf
Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev

488

SM
0.19
15
na

2.63
0.97
15.34
5.99
0.68

2.00
1.00
30.69
11.99
5.27
1.93
0.58
0.31
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Adapazari Site H
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Earthquake: 1999 Kocaeli, Turkey

Magnitude: M,=7.4

Location: Adapazari Site |

References: PEER (2000), Sancio (2001), Sancio (2002)

Nature of Failure: Structural damage and bldg settlement.

Comments: Cark Avenue, near the intersection with Sedat Kirtetepe Avenue

Semerciler District

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

No surface evidence of liquefaction (e.g. sidewalk bulges,
sand boils, etc.)

Summary of Data:

Stress Strength
Liquefied Y
Data Class B Soil Class ML
Critical Layer (m) 3.0to 35 Dsomm) 0.02
Median Depth (m) 3.25 %Fines 65
st.dev. 0.08 %P1 na
Depth to GWT (m) 0.71
st.dev. 0.30
o, (kPa) 58.00 dc (MPa) 174
st.dev. 2.46 st.dev. 0.47
o, (kPa) 33.08 f, (kPa) 9.75
st.dev. 2.69 st.dev. 4.85
amax (9) 0.40 norm. exp. 0.72
st.dev. 0.10 Cq Cf 2.00
4 0.91 Cthin 1.00
st.dev. 0.06 fs1 (kPa) 19.50
M, 7.40 st.dev. 9.69
st.dev. 0.11 gc: (MPa) 3.47
CSR¢q 0.42 st.dev. 0.94
st.dev. 0.11 R¢1(%) 0.56
C.O.V.csr 0.27 stdev 0.32
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1999 Kocaeli, Turkey
Adapazari Site |

LCE-BYU-DELA

Projfect Mamie:
Laseamdon:

LGS Coairdiina bes
Tesit Mussber:

dkperaier:
Ddinbess

gl Failure ssd Build

CPTA {CPT -

rd.i ]

: ELCID CFFS No. 9912532 Ja.p. v Berg)

Performancs in Adapacar, Turkey
er Dhsenel, Adagaran

Warer Table Elevail }
Hesponsible Enginecrs: T,

Page: 1 of 1

Towd and . Chrsdcensen , B Y.L

g | WP Pl g fuPa]
[ i e 30 & 300 150 a 150 30
]
" =3
pfessnssnnnannns EEEEEEEEEEEEE [EERRRT " EERERRN
ES e L
rEyEEEEEEEEEEEEEEEEEE oo sssssmsEEEEnnenennnnEennpannnnpulannnnnny
4] 4]
sE =E l‘—
E ] ]
§ & [N
E rE [
=] & ]
B 2] |
10 ] ] 1]
11 ] 21 11 ]
F zl 12 1

491




Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site J

PEER (2000), Sancio (2001), Sancio (2002)
Bldg settlement, sidewalk heave, and sand boils

Cirak Street, Yenigun District

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

Boil ejecta silty sand (SM)

Uniform bldg settlement across site consistent with relativiey

constant soil profile.

Strength
Y
B Soil Class

1.5t0 3.5 Dsogmm)

2.50 %Fines

0.33 %Pl

0.60

0.30

44.45 0c (MPa)

6.36 st.dev.

25.81 f, (kPa)

3.07 st.dev.

0.40 norm. exp.

0.10 Cq Cf

0.94 Cinin

0.05 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.42 st.dev.

0.13 Rf1(%)

0.31 stdev
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ML
0.02

152
0.64
12.83
6.39
0.65

2.00
1.00
25.65
12.77
3.04
1.28
0.85
0.55
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress
Liquefied
Data Class

Critical Layer (m)
Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
ly

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site K
PEER (2000), Sancio (2001), Sancio (2002)

Bldg settlement and liquefaction

Kavaklar Ave

Adapazari strong motion station distance of 4km

gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

2to3
2.50
0.17
0.80
0.30

43.85
3.43

27.17
2.55
0.40

0.10
0.94
0.05
7.40
0.11
0.39
0.11
0.28

Strength

Soil Class
Dsomm)
%PFines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq, Cf
Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev

494

ML
0.03
86

1.87
0.73
16.95
6.35
0.62
2.00
1.00
33.90
12.69
3.74
1.46
0.91
0.49



1999 Kocaeli, Turkey
Adapazari Site K
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
Mg

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Kocaeli, Turkey

M,=7.4

Adapazari Site L

PEER (2000), Sancio (2001), Sancio (2002)
Bldg settlement and liquefaction

Adapazari strong motion station distance of 4km
gave 0.4 g.

Site response analysis gives 0.3-0.4¢g

Strength
Y
B Soil Class

2.0t0 2.8 Dsomm)

2.38 %PFines

0.13 %PI

1.72

0.30

38.78 g. (MPa)

2.75 st.dev.

32.35 fs (kPa)

2.46 st.dev.

0.40 norm. exp.

0.10 Cq Cf

0.94 Cinin

0.05 fs1 (kPa)

7.40 st.dev.

0.11 1 (MPa)

0.29 st.dev.

0.08 Rf1(%)

0.27 stdev
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ML
0.05
74
na

1.30
0.62
7.41
3.03
0.75

2.00
1.00
14.82
6.07
2.61
1.24
0.57
0.36
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Adapazari Site L
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Chi-Chi Event

Thislarge M,=7.6 , thrust event, occurred near the town of Chi-Chi in central Taiwan, on
September 21, 1999. Primary rupture occurred on the Chelungpu fault with vertical
offsets on the order of 4-8 m. Large amounts of seismic induced liquefaction and other
forms of ground damage were observed.

There are two groups of case histories, the first group was collected and reported by Jon
Stewart via PEER (2000). The second group was collected by Taiwan NCREE and
posted via PEER (2000). A number of the NCREE sites did not have water table
measurements in the direct vicinity of the CPT logs. Because water table is a sensitive
parameter in liquefaction analysis, the sites lacking water tables measurements were
omitted from this database.

The PEER website contains site information including SPT and CPT logs, and site maps.

PGA estimates were based predominantly on strong motion recordings, as Taiwan has an
extensive strong motion network.

References
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Engineering.
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Nantou Site C, NCC-1, 2, & 3 and NCS-1
PEER (2000), Stewart (2002, 2003)
Lateral spreading and sand boils

PGA=0.5 recorded nearby

sand w/ gravel to silty sand

Strength
Y
B Soil Class

2.0to 4.5 Dso(mm)

3.25 %Fines

0.42 %P1

1.00

0.30

58.75 g. (MPa)

8.12 st.dev.

36.68 fs (kPa)

3.65 st.dev.

0.38 norm. exp.

0.08 Cqr Ct

0.92 Cinin

0.06 fs1 (kPa)

7.60 st.dev.

0.10 Je1 (MPa)

0.36 st.dev.

0.10 Rf1(%)

0.27 stdev

499

SP-SM
0.08

38
na

2.54
1.18
23.39
11.41
0.56
1.75
1.00
41.01
20.02
4.46
2.07
1.11
0.62
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

WuFeng Site A West Side, WAC-6 & WAS-2
PEER (2000), Stewart (2002, 2003)

Corner punching of large buildings

Large amount of bearing failure of structures.

Strength
Y
B Soil Class
551t08.5 Dsomm)
7.00 %PFines
0.50 %PI
0.80
0.30
130.60 dc (MPa)
10.35 st.dev.
69.78 fs (kPa)
5.46 st.dev.
0.60 norm. exp.
0.12 Cq Cs
0.71 Cinin
0.12 fs1 (kPa)
7.60 st.dev.
0.10 Je1 (MPa)
0.52 st.dev.
0.15 Rf1(%)
0.29 stdev

501

ML
0.04
88

0.75
0.29
15.42
7.08
0.75

131
1.00
20.20
9.27
0.99
0.38
2.14
0.66



1999 Chi-Chi, Taiwan
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

WuFeng Site B: WBC-1, 2, & 4 and WBS-1
PEER (2000), Stewart (2002, 2003)

Lateral spreading and sand boils

In the parking lot next to the driving range.

Strong motion station in the direct vicinity on similar soil
stratigraphy, PGA=0.6.

Borings are back from a 2 m free face along channel.

Reaming with a dummy cone was used to get through
pavement and fill.

Strength
Y
B Soil Class

251t05.0 Dsomm)

4.25 %Fines

0.42 %Pl

1.12

0.30

77.39 g. (MPa)

8.25 st.dev.

46.68 fs (kPa)

3.92 st.dev.

0.60 norm. exp.

0.12 Cq Cs

0.85 Cinin

0.08 fs1 (kPa)

7.60 st.dev.

0.10 Je1 (MPa)

0.55 st.dev.

0.14 Rf1(%)

0.26 stdev

503

SM
0.10

35
na

2.12
0.78
20.32
10.56
0.55

152
1.00
30.90
16.05
3.22
1.19
0.96
0.61
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

WuFeng Site C: WCC-6-11 & WCS-2
PEER (2000), Stewart (2002, 2003)
Lateral spreading and sand boils

Located in rice paddy.

Borings are set back from low angle free face of channel.

Strong motion station in the direct vicinity founded on similar
soil stratigraphy, PGA=0.6.

Used wcceb & 9 for cone readings

Strength
Y
B Soil Class SM
25t05.5 D50(mm) 0.17
4.00 %PFines 14
0.50 %PI na
1.20
0.30
72.40 g. (MPa) 1.88
9.74 st.dev. 0.44
44.93 fs (kPa) 34.61
4.19 st.dev. 23.55
0.60 norm. exp. 0.65
0.12 Cq Cs 1.68
0.86 Chhin 1.00
0.08 fs1 (kPa) 58.22
7.60 st.dev. 39.61
0.10 gc: (MPa) 3.16
0.54 st.dev. 0.73
0.15 R¢1(%) 1.84
0.27 stdev 1.33
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1999 Chi-Chi, Taiwan
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

1999 Chi-Chi, Taiwan

My=7.6

Nantou Site C-3 & C-16 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

liquefaction and sand boils

The critical layer is over the depth range of 12 to 16 m.

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

Y
C

12to 16

14.00
0.67
1.00
0.30

263.00
15.19
135.47
9.53
0.38

0.08
0.55
0.20
7.60
0.10
0.26
0.11
0.42

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

f. (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (kPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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151
0.28
29.63
16.16
0.74

0.80
1.00
23.67
12.91
1.21
0.23
1.96
1.13



1999 Chi-Chi, Taiwan
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Earthquake: 1999 Chi-Chi, Taiwan

Magnitude: Mw=7.6

Location: Nantou Site C-7 NCREE
References: PEER (2000), Stewart (2002, 2003)
Nature of Failure: Liguefaction

Comments:

gnd failure and sand boils in banana field and along dike and road
embankment pulled away from bridge abutment

Summary of Data:

Stress Strength
Liquefied Y
Data Class B Soil Class
Critical Layer (m) 25t045 Dso(mm)
Median Depth (m) 3.50 %Fines
st.dev. 0.33 %P1
Depth to GWT (m) 1.00
st.dev. 0.30
o, (kPa) 63.50 dc (MPa) 1.16
st.dev. 6.63 st.dev. 0.43
o, (kPa) 38.98 fs (kPa) 6.60
st.dev. 3.38 st.dev. 4.37
Amax (9) 0.38 norm. exp. 0.76
st.dev. 0.08 Cq Ct 2.00
4 0.91 Cthin 1.00
st.dev. 0.07 fs1 (kPa) 13.21
M, 7.60 st.dev. 8.74
st.dev. 0.10 gc: (MPa) 2.31
CSR¢q 0.37 st.dev. 0.87
st.dev. 0.09 R¢1(%) 0.57
C.O.V.csr 0.25 stdev 0.43
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1999 Chi-Chi, Taiwan
Nantou Site C-7 NCREE
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
lq

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan
My=7.6

Nantou Site C-8 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

5t09
7.00
0.67
1.00
0.30
130.00
13.28
71.14
6.03
0.38

0.08
0.77
0.12
7.60
0.10
0.35
0.10
0.29

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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2.75
0.29
57.10
9.33
0.55
1.21
1.00
68.86
11.25
3.31
0.34
2.08
0.40



1999 Chi-Chi, Taiwan
Nantou Site C-8 NCREE
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5 pomsnred hy: Type ol € GHATC Dwte:  18-Dac-98
FEER, Calersne, CEC File Namae: MCREE-N-CPTE iz Water Tabde Eleyaibon () 17.80
& PLGRE Oprador: Yo & Ches Hesponsible Esginecrs: Moh and Associates
Pilazs:
oc (MPa) fs (WP} R (%)
o 5 Rl i5 s ] a1 [ek] o3 (=] 113 ] 2 4 a B i0
“langununnsnssnsnnsnunnngannnnnyaguuannanannunnununnnjnnnnnnnnnn]
I J
b
i J
Ta [ERRRRR EEEEEEEEEEEEjEEmsEEEEEn
g 4
E | ]
= i
B ]
3 g 4
204 4 ]
251 4 ]
30 ] ] ]

512




Earthquake: 1999 Chi-Chi, Taiwan

Magnitude: Mw=7.6

Location: WuFeng Site C-10 NCREE

References: PEER (2000), Stewart (2002, 2003)

Nature of Failure: Liquefaction, lateral Spreading, and foundation failure.
Comments:

across the river from site C

additional data from RESI

Summary of Data:

Stress Strength
Liquefied Y
Data Class B Soil Class
Critical Layer (m) 25t07.0 Dso(mm)
Median Depth (m) 4.75 %Fines
st.dev. 0.75 %Pl
Depth to GWT (m) 1.00
st.dev. 0.30
o, (kPa) 87.25 g. (MPa) 1.70
st.dev. 14.49 st.dev. 0.91
o, (kPa) 50.46 fs (kPa) 36.96
st.dev. 5.65 st.dev. 30.92
amax (9) 0.60 norm. exp. 0.58
st.dev. 0.12 Cq Ct 1.49
4 0.82 Cthin 1.00
st.dev. 0.09 fs1 (kPa) 54.95
M, 7.60 st.dev. 45.98
st.dev. 0.10 gc: (MPa) 2.52
CSR¢q 0.55 st.dev. 1.36
st.dev. 0.17 R¢1(%) 2.18
C.O.V.csr 0.30 stdev 2.16

513



1999 Chi-Chi, Taiwan
WuFeng Site C-10 NCREE
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
lq

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan
My=7.6

Yuanlin C-2 & BH-3 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

Y
B

251t04.0

3.25
0.25
0.56
0.30

60.07
5.14

33.68
3.11
0.25

0.05
0.93
0.06
7.60
0.10
0.27
0.07
0.24

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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2.48
0.77
12.22
5.70
0.75

2.00
1.00
24.44
11.41
4.95
1.55
0.49
0.28



1999 Chi-Chi, Taiwan
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Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class

Critical Layer (m)

Median Depth (m)
st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
lq

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Yuanlin C-4 & BH-5 NCREE

PEER (2000), Stewart (2002, 2003)
Liguefaction

Strength
Y
B Soil Class
3to6 Dso(mm)
4.50 %Fines
0.50 %P1
0.66
0.30
83.52 g. (MPa)
9.86 st.dev.
45.85 fs (kPa)
4.47 st.dev.
0.25 norm. exp.
0.05 Cq G
0.89 Cinin
0.08 fs1 (kPa)
7.60 st.dev.
0.10 Je1 (MPa)
0.26 st.dev.
0.07 Rf1(%)
0.27 stdev
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2.99
0.71
38.80
38.92
0.55

154
1.00
59.57
59.76
4.60
1.09
1.30
1.34



1999 Chi-Chi, Taiwan
Yuanlin C-4 & BH-5 NCREE
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Yuanlin C-19 & BH-25 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

Y
B

40to05.8

6.50
0.30
0.57
0.30
121.79
6.92
63.62
471
0.25
0.05
0.82
0.11
7.60
0.10
0.25
0.07
0.26

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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2.06
0.40

22.23
4.25
0.67
1.35
1.00

30.10
5.76
2.78
0.54
1.08
0.29



1999 Chi-Chi, Taiwan
Yuanlin C-19 & BH-25 NCREE

et ()
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£ = Uhgesi Tu & Chen Responsible Esginesss: Moh and Associates
Mt
oo {MPaj fs [MPa) Ry}
k] o3 (= [ ] 2 4 a B 10

520




Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
lq

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan
My=7.6

Yuanlin C-22 & BH-30 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

Y
B

28t04.2

3.50
0.23
1.13
0.30

63.11
4.83

39.86
3.01
0.25
0.05
0.92
0.07
7.60
0.10
0.24
0.06
0.24

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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2.72
0.37
12.59
4.34
0.70

1.90
1.00
23.97
8.27
5.17
0.70
0.46
0.17



1999 Chi-Chi, Taiwan
Yuanlin C-22 & RH-30 NCRFFE

Page: 1of 1
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Yuanlin C-24 & BH-29 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

Y
B

52t07.8

6.20
0.33
1.20
0.30
114.20
7.19
65.15
4.39
0.25

0.05
0.83
0.11
7.60
0.10
0.24
0.06
0.26

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev

523

3.87
0.90
23.27
8.39
0.75

1.38
1.00
32.09
11.57
5.33
1.24
0.60
0.26



1999 Chi-Chi, Taiwan
Yuanlin C-24 & BH-29 NCREE
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Locstisn: Yuandin, Taman
S Cosrdinses: Survey Coordinates {m): K 2545678 E 207664
Test Namber: (024 Elevavion gm): 30007
=1 hy: Type ol Cone: GHETC Drete:  15-Mow-55
PEER, Calerane, CEC File Mamae: MCREE-Y-CPT24 xis Waber Tabde Eleyalbom (5): 881
& PLGRE Yu& Chen Hesponsible Esginecrs: Moh and Associates
oc {MPaj fs [MPa] Ry
o 5 Rl 15 x 0 a1 oz 15 L] (LI a 2 4 8 & 10
a + + + + + + + s

Diepith ()

524



Earthquake:
Magnitude:
Location:
References:

Nature of Failure:

Comments:

Summary of Data:

Stress

Liquefied

Data Class
Critical Layer (m)

Median Depth (m)

st.dev.

Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (9)

st.dev.
lq

st.dev.
M,

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Yuanlin C-25 & BH-47 NCREE
PEER (2000), Stewart (2002, 2003)
Liguefaction

Strength
Y
B Soil Class
9.5t0 12 Dsogmm)
10.75 %Fines
0.42 %PI
3.52
0.30
193.69 g. (MPa)
9.49 st.dev.
122.76 fs (kPa)
6.11 st.dev.
0.25 norm. exp.
0.05 Cq Cs
0.67 Cinin
0.18 fs1 (kPa)
7.60 st.dev.
0.10 Je1 (MPa)
0.17 st.dev.
0.06 Rf1(%)
0.34 stdev
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7.74
1.09
61.67
12.21
0.61
0.88
1.00
54.42
10.77
6.83
0.97
0.80
0.19
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Earthquake:
Magnitude:
Location:
References:
Nature of Failure:

Comments:

Summary of Data:
Stress
Liquefied
Data Class
Critical Layer (m)
Median Depth (m)

st.dev.
Depth to GWT (m)

st.dev.
o, (kPa)

st.dev.
o, (kPa)

st.dev.
amax (g)

st.dev.
My

st.dev.
Ile

st.dev.
CSR¢q

st.dev.
C.O.V.cer

1999 Chi-Chi, Taiwan

My=7.6

Yuanlin C-32 & BH-21 NCREE
PEER (2000), Stewart (2002, 2003)

Liguefaction

Y
B

45t07.5

6.00
0.50
0.74
0.30
111.78
10.13
60.18
5.03
0.25

0.05
0.84
0.11
7.60
0.10
0.25
0.07
0.27

Strength

Soil Class
Dsomm)
%Fines
%PI

d. (MPa)

st.dev.

fs (kPa)

st.dev.

norm. exp.
Cq: Cf

Cthin

fs1 (KPa)

st.dev.

dc1 (MPa)

st.dev.

R1(%)
stdev
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3.39
1.05
21.03
6.66
0.70

1.43
1.00
30.01
9.50
4.83
1.49
0.62
0.27
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