
CASE HISTORY vs. LABORATORY-BASED 
SEISMIC SOIL LIQUEFACTION ASSESSMENTS 

A CRITICAL OVERVIEW

PROF. DR. K. ONDER CETIN
ocetin@metu.edu.tr

MIDDLE EAST TECHNICAL UNIVERSITY 
CIVIL ENGINEERING DEPARTMENT



Contributors

K. Onder Cetin

Prof. Dr. Middle East 

Technical University

Berkan Sºzylemez

Ph.D. Candidate

Middle East Technical 

University

H. Tolga Bilge

Dr., General Manager 

at GeoDestekLtd. 

Ahmed El Suhayli

Ph.D. Candidate

Middle East Technical 

University

MoutasemZarzour

Ph.D. Candidate

Middle East Technical 

University



Case 
Histories

Lab
Tests



Outline
Soil Liquefaction Definition

Surface Manifestations

Assessments Steps in Liquefaction Engineering

Potentially Liquefiable Soils

Assessment of Liquefaction Triggering

Capacity Terms

In-situ Index Test vs. Relative Density

Demand Terms

Duration and Frequecy of Shaking

Static and Cyclic Stress States
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SOIL LIQUEFACTION DEFINITIONS (FIELD)



Source: NISEE

SOIL LIQUEFACTION MANIFESTATIONS (FIELD)
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SOIL LIQUEFACTION MANIFESTATIONS (FIELD)
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SOIL LIQUEFACTION DEFINITIONS (LABORATORY)



SOIL LIQUEFACTION MANIFESTATIONS (LABORATORY)

A strain-basedthresholdΧ

An excessporepressureratio-basedthresholdΧ

Development of banana loopsΧ



Cyclic Simple Test Results on Sand 

(CSR=0.45, DR=75%)

Wu et al. 2003

SOIL LIQUEFACTION MANIFESTATIONS (LABORATORY)



Cyclic Mobility

Cylic Liquefaction

Susceptible to cyclic 
liquefaction 

SOIL LIQUEFACTION MANIFESTATIONS (LABORATORY)



1. Assessment of the likelihood of ñtriggeringò 

or initiation of soil liquefaction.

2. Assessment of post -liquefaction strength and

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 of engineered mitigation, if 

necessary.

Susceptible Soils Liquefaction Triggering Relationships

Free Field Structural -induced

ASSESSMENT STEPS
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Tsuchida(1970), Iai et al. (1986, 1989)

óFieldperformancedata obtainednearthe

stronggroundmotionearthquake

observationstationô 

1964 NiigataEQ, Akita Port, 1975 Miyagi-

ken-oki, 

1983 Nihonkai-Chubu

SUSCEPTIBLE SOILS (FIELD)
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SUSCEPTIBLE SOILS (FIELD)

óChineseEQ field performancedata

Clay< 5 microns

LL by fall coneas opposedto Casagrande

percussionmethod

ChineseCriteria, Wang (1979)



AVAILABLE 
SUSCEPTIBILITY 
ASSESSMENTS
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SUSCEPTIBLE SOILS (FIELD)

óStandard definitionsandproceduresô 

Modified ChineseCriteria

wc/LL > 0.9 eliminated

Andrews andMartin (2000)
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SUSCEPTIBLE SOILS (FIELD)

Grain size distribution curves of susceptible, coarse-grained soils from SPT databaseandtheproposedprobabilistic

boundaries Cetin et al. (2022)
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SUSCEPTIBLE SOILS (FIELD)

CPT-soil classification-based liquefaction susceptibility boundary curves
Cetin et al. (2022)

üThe median soil behavior index Ic, along 

with its standard deviation were 

probabilistically assessed benefitting from 

the maximum likelihood framework . 

üThe resulting database and the I c

boundaries corresponding to different 

confidence levels are also comparatively 

shown with CPT-based soil classification 

boundaries of Robertson (2010), and Cetin 

and Ozan (2009). 
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SUSCEPTIBLE SOILS (FIELD)

CPT-soil classification-based liquefaction susceptibility boundary curves
Cetin et al. (2022)

üThe median soil behavior index Ic, along 

with its standard deviation were 

probabilistically assessed benefitting from 

the maximum likelihood framework . 

üThe resulting database and the I c

boundaries corresponding to different 

confidence levels are also comparatively 

shown with CPT-based soil classification 

boundaries of Robertson (2010), and Cetin 

and Ozan (2009). 
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SUSCEPTIBLE SOILS (LABORATORY)

Cyclic Triaxial Tests,

5 % DoubleAmplitudeAxial Strain

in 20 cycles

Ishihara(1996)
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SUSCEPTIBLE SOILS (LABORATORY)

Adapazarisilty-clayeysands, 

1999 Kocaeli Earthquake, 

Cyclic Triaxial Tests,

CSR= 0.3, 0.4, 0.5 

3 % SingleAmplitudeAxial Strain

Seedet al. (2003)



23

SUSCEPTIBLE SOILS (LABORATORY)

Adapazarisilty-clayeysands, 

1999 Kocaeli Earthquake, 

Cyclic Triaxial Tests,

CSR= 0.3, 0.4, 0.5 

3 % SingleAmplitudeAxial Strain

BrayandSancio(2006)
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SUSCEPTIBLE SOILS (LABORATORY)

Sand-like vs. Clay-like

Sand-like soilscan be assessedwith

simplified liquefactiontriggering

assessmentmethods

BoulangerandIdriss(2006)
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SUSCEPTIBLE SOILS (LABORATORY)
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Figure 6.6. Probabilistic l iquefaction susceptibility criterion proposed by Cetin 

and Bilge (2014 ) 
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Developed based on available 

liquefaction case histories.

ÅSPT

ÅCPT

ÅShear Wave Velocity

A boundary zone (not a line) 

differentiates liquefied and 

nonliquefied cases. 

Uncertain boundary, probabilistic 

approach needed.

Capacity Term Ą SPT, CPT, VST

Demand Term Ą CSR

Liquefaction Resistance Ą CRR

CRR curves by Cetin et al. (2018)

LIQUEFACTION TRIGGERING (FIELD)



SPT-Based Liquefaction 

Triggering Correlation

Cetin et al. (2018)

CPT-Based Liquefaction 

Triggering Correlation

Moss et al. (2006)

Vs-Based Liquefaction 

Triggering Correlation

Kayen et al. (2013)

LIQUEFACTION TRIGGERING (FIELD)



SPT-N vs DR

Based on recommendations

of Boulanger & Idriss (2004)

CPT-qc vs DR

Baldi et al. 

(1986)

Kulhawy & Mayne

(1990)

Based on recommendations of Boulanger & Idriss 

(2004)

CAPACITY TERMS (FIELD AND LABORATORY)
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Simplified Procedure, Seed and Idriss (1971)

DEMAND TERMS (FIELD)



Nonlinear Shear 

Mass Participation 

Factor (r d)

Imai et. al. (1981)
Iwasaki et. al . (1978) & Iwasaki (1986)

Ishihara (1977)

Lasley et al. (2016)

DEMAND TERMS (FIELD)



DEMAND TERMS (LABORATORY)

1-D vs. 3-D Loading

Magnitude to Number of Equivalent Cycles

Effective Confining Stress Differences



Some important

factors

ÅConsolidation conditions

ÅLoading direction

ÅDuration of loading

ÅFrequency of loading

ÅActing stress conditions

ÅMembrane compliance
Consolidation conditions

Isotropic or anisotropic consolidation ?

Seed (1976)
a = 1.0 for K0 = 1.0 

Loading direction

Multi - or uni -directional loading

Wu et al. (2003) based on 

findings of Kammerer (2002)

DEMAND TERMS: FIELD TO LAB TRANSITION



CRR curves for different P L and FS 

values (Cetin et al ., 2018)

rd: Mass participation factor

KMw: Magnitude (Duration) scaling factor

Ks: Correction for overburden stress

Ka: Correction for sloping sites

Correction for durational differences (K Mw)

Mw=6 Mw=7 Mw=8

Mw=7.5

DEMAND TERMS (FIELD): DURATION SCALING



Number of representative cycles for various 

moment magnitudes and magnitude scaling 

factor proposed by Seed et. al. (1984)

Previous recommendations for 

magnitude-correlated duration 

weighting factor, with 

recommendations from Cetin et. al. 

(2004)

M

Seed and 

Idriss 

(1982)

Idriss

(1999)

Amraseys

(1988)

Andrus 

and 

Stokoe

Arango (1996)
Youd and Noble

PL<20% PL<32% PL<50%

5.5 1.43 2.20 2.86 2.8 3.00 2.20 2.86 3.42 4.44

6.0 1.32 1.76 2.20 2.1 2.00 1.65 1.93 2.35 2.92

6.5 1.19 1.44 1.69 1.6 1.60 1.40 1.34 1.66 1.99

7.0 1.08 1.16 1.30 1.25 1.25 1.10 1.00 1.20 1.39

7.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00

8.0 0.94 0.84 0.67 0.8? 0.75 0.85 0.73?

8.5 0.89 0.72 0.44 0.65? 0.56?

Earthquake 

magnitude, M

Number of 

representative 

cycles at 0.65 

Űmax

[(Űav/ůôo)t for 

M=M]/        

[(Űav/ůôo)t for 

M=7-1/2]

8-1/2 26 0.89

7-1/2 15 1.0

6-3/4 0 1.13

6 5-6 1.32

5-1/4 2-3 1.5

Magnitude-

correlated duration 

weighting factor

Cetin et. al. (2018)

Magnitude scaling factors recommended by various researchers as given in NCEER 

(1997)Magnitude (Duration) Scaling Factors (K Mw)

DEMAND TERMS (FIELD): DURATION SCALING



Number of representative cycles for various 

moment magnitudes and magnitude scaling 

factor proposed by Seed et. al. (1984)

Earthquake 

magnitude, M

Number of 

representative 

cycles at 0.65 

Űmax

[(Űav/ůôo)t for 

M=M]/        

[(Űav/ůôo)t for 

M=7-1/2]

8-1/2 26 0.89

7-1/2 15 1.0

6-3/4 0 1.13

6 5-6 1.32

5-1/4 2-3 1.5

Duration Scaling : Number of Cycles

DEMAND TERMS (LABORATORY): DURATION SCALING

@

Cetin et. al. (2021)



Duration Scaling : Number of Cycles

DEMAND TERMS (LABORATORY): DURATION SCALING

@

@

2-D or 3-D Transient
1-D Harmonic

3-D vs. 1-D Loading

Loading direction

Multi - or uni -directional loading

Wu et al. (2003) based on 

findings of Kammerer (2002)



sôv =120 kPa

sôv =100 kPa

sôv =30 kPa

CRR curves for 5, 15 and 35% fines 

content (Seed et. al. (198 4))

Correction for overburden stress differences (K s)

rd: Mass participation factor

KMw: Magnitude scaling factor

Ks: Correction for overburden stress

Ka: Correction for sloping sites

DEMAND TERMS (FIELD): STRESS SCALING



Kůvalues determined by Seed and Harder (1990)

Kůvalues determined by Hynes and Olsen (1999)

Overburden stress correction (K s)

Recommended curves for Ků values 

offered by Cetin et al. ( 2004 and 2018)

Recommended curves for Ků 

values offered by NCEER (2001)

Overburden correction 

factor (K ů) relationship

(Idriss and Boulanger, 

2008)
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Cetin et al. (2018)

Idriss & Boulanger (2010) D
R
 =40%

Youd et al. (2001) D
R
 =40%

Simple Shear Tests
           K

0
 = 0.5

Cetin and Bilge (2013)

DEMAND TERMS (FIELD): STRESS SCALING



Confining Stress Normalization Differences ? Strain Dependency ?

DEMAND TERMS (LABORATORY): STRESS SCALING

Cetin and Bilge, 

2013

Isotropic vs. Anisotropic consolidation



Correction for sloping sites / initial static shear stress (K a)

rd: Mass participation factor

KMw: Magnitude scaling factor

Ks: Correction for overburden stress

Ka: Correction for sloping sites

Free field a= 0.0

sóvÍ1 atm

tst > 0

Ka for tst > 0

sóvÍ1 atm

tst>0
sóv=1 atm

DEMAND TERMS (FIELD) STRESS SCALING



sv'¢3 tsf

0.00

0.50

1.00

1.50

2.00
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a=(ts/sv 0 ')

Ka Drº45-50%

(N1)60º8-12

Drº35%

(N1)60º4-6

Drº55-70%

(N1)60º14-22

Correction for initial static shear stress (K a)

NCEER 1998 Recommendations

Boulanger (2003)

State parameter 

(Been and Jefferies, 1986)

Cetin & Bilge (2013)

Vaid et al. (2001)

DEMAND TERMS (FIELD) STRESS SCALING



Acting stress conditions

Effective confinement stress & Initial shear stress

Youd et al. (2001) 

based on findings of 

Hynes & Olsen (1997)

Boulanger (2003)

Cetin & Bilge 

(2013)

Duration of Loading

Magnitude ïNumber of cycles correlations
Liu et al. (2001) Cetin et al. (2021)

DEMAND TERMS: FIELD-LAB CORRECTIONS



State parameter 

(Been and Jefferies, 1986)

CLASSICAL CYCLIC TRIAXIAL TESTING SYSTEMS: 
A NOSTALGIC VIDEO

https://www.youtube.com/watch?v=m5_3KbQTq_0



Custom -designed and -built

3-D Cyclic Simple Shear Device 

at Middle East Technical University

State parameter 

(Been and Jefferies, 1986)

Courtesy of GeoAnts.com and Ahmed Al Suhaily

MORE ADVANCED 3-D CYCLIC SIMPLE SHEAR TESTING 
SYSTEMS


