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Key Elements of Soil Liquefaction EngineeringKey Elements of Soil Liquefaction Engineering
1. Assessment of the likelihood of “triggering” 1. Assessment of the likelihood of “triggering” 

or initiation of soil liquefaction.or initiation of soil liquefaction.

2. Assessment of post2. Assessment of post--liquefaction strength andliquefaction strength and
overall postoverall post--liquefaction stability.liquefaction stability.

3. Assessment of expected liquefaction3. Assessment of expected liquefaction--inducedinduced
deformations and displacements.deformations and displacements.

4. Assessment of the consequences of these4. Assessment of the consequences of these
deformations and displacements.deformations and displacements.

5. Implementation (and evaluation) of engineered5. Implementation (and evaluation) of engineered
mitigation, if necessary.mitigation, if necessary.
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SPTSPT--Based Probabilistic Based Probabilistic 
Assessment of Soil Liquefaction Assessment of Soil Liquefaction 

Triggering HazardTriggering Hazard

byby

R. B. Seed, K. O. Cetin, A. R. B. Seed, K. O. Cetin, A. DerDer KiureghianKiureghian, R. E. S. Moss, , R. E. S. Moss, 
K. K. TokimatsuTokimatsu, R. E., R. E. KayenKayen, and L. F. Harder, Jr., and L. F. Harder, Jr.



YoudYoud et al., 1998et al., 1998 Toprak Toprak et al., 1999et al., 1999

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60,cs

C
SR

N

15%

PL

95% 5%50%80% 20%

Deterministic Bounds,
Seed, et al. (1984)

Youd, et al. (1998)

FC≥ 35% ≤ 5%

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60,cs

C
SR

N

15%

PL

95%

5%

50%80% 20%

Deterministic Bounds,
Seed, et al. (1984)

Toprak et al. (1999)

FC≥ 35% ≤ 5%

Seed et al. (1984,85)Seed et al. (1984,85) LiaoLiao et al., 1988et al., 1988

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60

C
SR

N

FC≥ 35% 15% ≤ 5%

PL

95% 5%50%80% 20%

Liao, et al. (1988)

Deterministic Bounds,
Seed, et al. (1984)



LiaoLiao et al., 1988et al., 1988 YoudYoud et al., 1998et al., 1998

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60

C
SR

N

FC≥ 35% 15% ≤ 5%

PL

95% 5%50%80% 20%

Liao, et al. (1988)

Deterministic Bounds,
Seed, et al. (1984)

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60,cs

C
SR

N

15%

PL

95% 5%50%80% 20%

Deterministic Bounds,
Seed, et al. (1984)

Youd, et al. (1998)

FC≥ 35% ≤ 5%

Toprak Toprak et al., 1999et al., 1999 Cetin et al., 2000Cetin et al., 2000

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60,cs

C
SR

N

15%

PL

95%

5%

50%80% 20%

Deterministic Bounds,
Seed, et al. (1984)

Toprak et al. (1999)

FC≥ 35% ≤ 5%

0

0.1

0.2

0.3

0.4

0.5

0 10 20 30 40
(N1)60,cs

C
SR

N

15%

PL

95% 5%50%

Deterministic Bounds,
Seed, et al. (1984)

FC≥ 35% ≤ 5%



0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 10 20 30 40
(N1)60

C
SR

Liquefied (Kobe Alluvium) Non-liquefied (Kobe Alluvium)

Liquefied Non-liquefied

New Case History New Case History 
Data (MData (Mww=6.2=6.2--7.8)7.8)



N1,60

0 10 20 30 40

C
SR

*

0.0

0.1

0.2

0.3

0.4

0.5

0.6

MW=7.5
σV'=0.65 atm

Seed et al. (1984)

Liquefied Marginal Non-liquefied

“Old” Data (Pre-1985)
“New” Data

FC 5%
FC 15%
FC 35%

~~

35% 15% 5%

Boundary Curves for Boundary Curves for 
Probability of Probability of 

Liquefaction = 15%Liquefaction = 15%

(σv’= 0.65 atm)



MagnitudeMagnitude--Correlated Duration Weighting Factors (DWFCorrelated Duration Weighting Factors (DWFMM))



CPTCPT--Based Probabilistic Based Probabilistic 
Assessment of Seismic Soil Assessment of Seismic Soil 
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Key Elements of Soil Liquefaction EngineeringKey Elements of Soil Liquefaction Engineering

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

1. Assessment of the likelihood of “triggering” 1. Assessment of the likelihood of “triggering” 
or initiation of soil liquefaction.or initiation of soil liquefaction.

2. Assessment of post2. Assessment of post--liquefaction strength andliquefaction strength and
overall postoverall post--liquefaction stability.liquefaction stability.

4. Assessment of the consequences of these4. Assessment of the consequences of these
deformations and displacements.deformations and displacements.

5. Implementation (and evaluation) of engineered5. Implementation (and evaluation) of engineered
mitigation, if necessary.mitigation, if necessary.



Liquefaction Induced Deformations Liquefaction Induced Deformations 
Under Under UniUni--Directional and Directional and 
MultiMulti--Directional LoadingDirectional Loading
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Schematic Illustration of 2-Directional Loading Conditions



Dr=65%  σv=40 kPa  CRR= 0.25  α= 0.10



Isoseismal Map from the August 17, 1999 Kocaeli, Turkey 
Earthquake (Mw = 7.4) (http://www.deprem.gov.tr/main_e.htm)
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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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HotelHotel SapancaSapanca, 1999 Kocaeli Earthquake, 1999 Kocaeli Earthquake

Photo courtesy of T.L. Youd



HotelHotel SapancaSapanca, 1999 Kocaeli Earthquake, 1999 Kocaeli Earthquake

http://peer.berkeley.edu/turkey/adapazari/phase4/sapanca



Plots of  Liquefaction-Induced Lateral Spreading Assessment for 
Hotel Sapanca
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Key Elements of Soil Liquefaction EngineeringKey Elements of Soil Liquefaction Engineering
1. Assessment of the likelihood of “triggering” 1. Assessment of the likelihood of “triggering” 

or initiation of soil liquefaction.or initiation of soil liquefaction.

2. Assessment of post2. Assessment of post--liquefaction strength andliquefaction strength and
overall postoverall post--liquefaction stability.liquefaction stability.

3. Assessment of expected liquefaction3. Assessment of expected liquefaction--inducedinduced
deformations and displacements.deformations and displacements.

4. Assessment of the consequences of these4. Assessment of the consequences of these
deformations and displacements.deformations and displacements.

5. Implementation (and evaluation) of engineered5. Implementation (and evaluation) of engineered
mitigation, if necessary.mitigation, if necessary.





Milestones in 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.
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