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Key Elements of Soil Liquefaction Engineering

C. Assessment of the likelihood of <ctriggerinD
or initiation of soil liquefaction.
C. Assessment of post-liquefaction strength zD
overall post-liquefaction stability.
C. Assessment of expected liquefaction—indu(@
deformations and displacements.
<4. Assessment of the consequences of these>
deformations and displacements.

5. Implementation (and evaluation) of engine@

mitigation, if necessary.
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Criteria for Seismically Liquefiable Soils Based on Liquid Limit and Plasticity Index
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SOIL DESCRIPTION

GRAPHIC LOG

Silty SAND
1999 Kocaeh, Turkey Silty SAND to sandy SILT, dark yellowish brown
’ I :r 10YR4/6, lﬁose ve:y friable, n?t sticky gr
1 1 1 - plastic, sharp contact between the two sediment
1999 Chl'Chl, Talwan types, modern root, no gravel

1995 Dinar, Turkey
1995 Kobe, Japan ) Lean CLAY to sandy dean CLAY
1994 Northridge, CA >600 case
1989 Loma Prieta, CA 3 : :
1987 Edgecumbre, New Zealand histories Sty 40
1987 Superstition Hills, CA
1987 Elmore Ranch, CA
1983 Nihonkai-Chubu, Japan
1983 Borah Peak, ID ) .

1981 Wes‘Fmo'rland, CA nﬂ

1980 Mexicali, Mexico -
1979 Imperial Valley, CA ‘ H

1977 Vrancea, Romania E
1976 Tangshan, China .ll
1975 Haicheng, China | E1EH

1968 Inanguahua, New Zealand
1964 Niigata, Japan /

Sandy lean CLAY, brown to dark brown 10YR4/3,
uniform, soft, massive, slightly sticky and
plastic, pebbles to 15 mm

Lean CLAY with sand to sandy SILT, dark brown
10YR3/3, massive, soft and loose, effervescent,

Silty SAND to sandy SILT, dark brown-brown
10YR4/3 to dark yellowlsh brown 10YR4/6,
massive, well defined upward fining sequence
continues into sample above

Sandy SILT to lean CLAY with sand, upper part
is dark yellowish brown 10YR4/6 the lower part
is heavily mottled; light brownish gray, very
dark grayish brown,

Lean CLAY with sand to silty SAND with gravel,
dark grayish brown to olive brown 2.5Y. 43

dark yellowish brown 10YR4/3, massive, tnxs
sample is mostly clay

Silty SAND and sandy lean CLAY, dark grayish
brown to olive brown 2.5Y4/3, some olive yellow
mottling, slight effervescence, friable
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Key Elements of Soil Liquefaction Engineering

C. Assessment of the likelihood of <ctriggerinD

or initiation of soil liquefaction.

C. Assessment of post-liquefaction strength zD
overall post-liquefaction stability.

3. Assessment of expected liquefaction-induced
deformations and displacements.

<4. Assessment of the consequences of these>
deformations and displacements.

5. Implementation (and evaluation) of engine@

mitigation, if necessary.




Liquefaction Induced Deformations
Under Uni-Directional and
Multi-Directional Loading
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Summary of Testing

—> |nitial static driving force
Sloping ground <€—> Dynamic Loading

Schematic lllustration of 2-Directional Loading Conditions
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Post-Liquefaction Reconsolidation Ground Settlements
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Liquefaction-Induced Building Settlements




Relationship between Cyclic Stress Ratio, N1-values and Shear Strains
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Total Building Settlement
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Hotel Sapanca, 1999 Kocaeli Earthquake

r—m

Photo courtesy of T.L. Youd



Hotel Sapanca, 1999 Kocaeli Earthquake
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Seed et al, (2001) Wu (2002)
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REGRESSED FIELD CASE HISTORIES
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Key Elements of Soil Liquefaction Engineering

C. Assessment of the likelihood of <ctriggerinD
or initiation of soil liquefaction.
C. Assessment of post-liquefaction strength zD
overall post-liquefaction stability.
C. Assessment of expected liquefaction—indu(@
deformations and displacements.
<4. Assessment of the consequences of these>
deformations and displacements.

5. Implementation (and evaluation) of engine@

mitigation, if necessary.







Milestones 1n Geotechnical Earthquake Engineering

1964  Great Alaskan Earthquake
1964  Niigata Earthquake (Japan)

1971 San Fernando Earthquake
1986  Mexico City
1989  Loma Prieta Earthquake

1994  Northridge Earthquake
1995 Kobe Earthquake

1999  Kocaeli (Turkey) Earthquake
1999  Chi-Chi (Taiwan) Earthquake

2001 Bhuj (India) Earthquake



Key Attributes of “Important” Geotechnical Earthquake Investigations

1. Timely response.
- Rapid (early) arrival of well-qualified “scouts”
- Good communication
- Adequate manpower and logistics for main study group(s)

2.  Well-structured investigation teams.
- “Experts” with good prior field experience
- Less experienced team members (to learn....)
- Very high levels of dedication, dilligence, sacrifice, and teamwork
- Good social consciousness and cultural sensitivity

3. “Local” involvement on the team.

4.  Open sharing.

5. Dilligent follow-on studies.



Degirmendere

K.O. Cetin, 1999
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