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Aim of NGL Susceptibility Project
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➢ Use laboratory test databases

➢ Distinguishing from case histories 

➢ Probabilistic assessment

➢ Use inherent soil characteristics

➢  Atterberg limits

➢  Ic from CPT results

Brandenberg et al. (2020)

NGL Website

NGL Website

"Susceptibility: potential of soil to experience significant pore pressure generation and strength loss; evaluated as a 

fundamental material characteristic."

https://www.nextgenerationliquefaction.org/
https://www.nextgenerationliquefaction.org/


Outline

➢ Aim of Next Generation Liquefaction (NGL) Project

➢ Existing Liquefaction Susceptibility Models

➢ Logic Tree Framework

➢ Illustrative Case History from 1999 Kocaeli Earthquake

➢ Application of Logic Tree Framework

7



B&S06 and B&I06 Models

Bray and Sancio (2006)

Boulanger and Idriss (2006)

Comparison of these models

They can provide significantly 

different results
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Discussion at 2023 PEER Workshop
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Participants of 2023 PEER Workshop wanted to:

➢ Form a database

➢ Laboratory tests

➢ Index properties

➢ CPT results

➢ Develop a liquefaction susceptibility model

➢ Material inherited characteristics 

➢ Probabilistic
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Logic Tree Framework
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Phase 1:

Susceptibility

Phase 2:

Triggering or 

Cyclic Softening

Phase 3:

Consequences

Various 

Susceptibility 

Models

All phases are 

connected by weights 

(i.e., probabilities)
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Case History – Adapazari Site F
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➢ Investigated layer: 3 – 4 m

➢ PI = 10, LL = 32, wc /LL = 1.1 and FC = 80%

𝐷𝑎𝑡𝑎 𝑠𝑜𝑢𝑟𝑐𝑒: 𝑆𝑎𝑛𝑐𝑖𝑜 (2003)
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Phase 1: Susceptibility Assessment
PI – based models
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Bray and Sancio (2006)

Boulanger and Idriss (2006)

Susceptible to Liquefaction

Clay-like behavior

𝑃 𝑆 ≈ 100%

𝑃[𝑆] ≈ 0%

𝐵𝑟𝑎𝑦 𝑎𝑛𝑑 𝑆𝑎𝑛𝑐𝑖𝑜 (2006)

𝐵𝑜𝑢𝑙𝑎𝑛𝑔𝑒𝑟 𝑎𝑛𝑑 𝐼𝑑𝑟𝑖𝑠𝑠 (2006)



Phase 2: Triggering Assessment

CRR = 0.12

𝐵𝑜𝑢𝑙𝑎𝑛𝑔𝑒𝑟 𝑎𝑛𝑑 𝐼𝑑𝑟𝑖𝑠𝑠 (2016)

➢ 𝑞𝑐 = 635.7 𝑘𝑃𝑎

➢ 𝑞𝑐1𝑁 = 10

➢  𝐹𝐶 = 80%

➢ ∆𝑞𝑐1𝑁= 55

➢ 𝑞𝑐1𝑁𝑐𝑠 = 65

➢  𝑞𝑐1,𝑚𝑜𝑑 = 1 MPa

CRR = 0.05

𝑀𝑜𝑠𝑠 𝑒𝑡 𝑎𝑙. (2006)



Phase 2: Cyclic Softening Assessment
Dahl et al. (2018)
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𝝉𝒄𝒚𝒄

𝒔𝒖
= 𝟎. 𝟕

𝒔𝒖 = 𝝈𝒗𝒄
′ ⋅ 𝑺 ⋅ 𝑶𝑪𝑹𝒎 = 𝟒𝟕 ⋅ 𝟎. 𝟐𝟓 ⋅ 𝟒𝟎.𝟖 = 𝟑𝟔 𝐤𝐏𝐚
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𝟏𝟓

𝟏𝟎
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= 𝟎. 𝟒𝟒

𝑩𝒊 − 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏𝒂𝒍 𝒂𝒏𝒅 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒄𝒚𝒄𝒍𝒆 𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒊𝒐𝒏𝒔

𝐵𝑜𝑢𝑙𝑎𝑛𝑔𝑒𝑟 𝑎𝑛𝑑 𝐼𝑑𝑟𝑖𝑠𝑠 (2024)
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Application of the Logic Tree – Case 1

Not calculated since probability is “0”

Not calculated since probability is “0”

𝐶𝑅𝑅 = 0.09 

𝐶𝑅𝑅 = 0.44 

They provided significantly 

different results



Application of the Logic Tree
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𝐶𝑅𝑅 = ෍

𝑖=1

𝑛𝑠

𝑤𝑖
𝑠 ⋅ 𝑤1 ∙ ෍

𝑗=1

𝑛𝑡

𝑤𝑗
𝑡 ∙ 𝐶𝑅𝑅𝑗

𝑡 + 𝑤2 ∙ ෍

𝑘=1

𝑛𝑐𝑠

𝑤𝑘
𝑐𝑠 ∙ 𝐶𝑅𝑅𝑘

𝑐𝑠

𝑺𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒊𝒍𝒊𝒕𝒚 𝑴𝒐𝒅𝒆𝒍𝒔

𝑺𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒍𝒆 𝒕𝒐 𝑳𝒊𝒒𝒖𝒆𝒇𝒂𝒄𝒕𝒊𝒐𝒏 𝑺𝒖𝒔𝒄𝒆𝒑𝒕𝒊𝒃𝒍𝒆 𝒕𝒐 𝑪𝒚𝒄𝒍𝒊𝒄 𝑺𝒐𝒇𝒕𝒆𝒏𝒊𝒏𝒈

𝑻𝒓𝒊𝒈𝒈𝒆𝒓𝒊𝒏𝒈 𝑴𝒐𝒅𝒆𝒍𝒔 𝑪𝒚𝒄𝒍𝒊𝒄 𝑺𝒐𝒇𝒕𝒆𝒏𝒊𝒏𝒈 𝑴𝒐𝒅𝒆𝒍𝒔

The calculated overall CRR is intended to be used only for the determination of cyclic resistance. For 

consequences phase individual CRR’s should be used for the factor of safety determination!

Bray and Sancio (2006) Model

Boulanger and Idriss (2006) Model

𝐶𝑅𝑅 = 0.09 
Case 1

𝐶𝑅𝑅 = 0.44 
𝐶𝑅𝑅 = 0.26



Case History – Cyclic Laboratory Test Results
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𝐶𝑅𝑅𝐶𝑇𝑋 = 0.74 ∙ 𝑁𝑓
−0.196 = 0.74 ∙ 15−0.196 = 0.44

𝐶𝑅𝑅𝑓𝑖𝑒𝑙𝑑 = 0.44 ⋅ 0.89 ⋅ 0.90 = 0.35

𝑲𝟎 𝒂𝒏𝒅 𝒃𝒊 − 𝒅𝒊𝒓𝒆𝒄𝒕𝒊𝒐𝒏𝒂𝒍 𝒄𝒐𝒓𝒓𝒆𝒄𝒕𝒊𝒐𝒏𝒔

𝐷𝑎𝑡𝑎 𝑠𝑜𝑢𝑟𝑐𝑒: 𝑆𝑎𝑛𝑐𝑖𝑜 (2003)

Lab Viewer

Lab Viewer

https://www.nextgenerationliquefaction.org/


Phase 1: Susceptibility Assessment
Lab Assessment
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➢ p’ approaches to “0”

➢ High modulus degradation 

➢ High pinching

➢ Banana-shaped loop

➢ Steady to rapid increase in strain 

accumulation

Mostly Sand-like (i.e., Susceptible to 

Liquefaction) behavior is observed.

𝑃[𝑆] = 90%

𝐷𝑎𝑡𝑎 𝑠𝑜𝑢𝑟𝑐𝑒: 𝑆𝑎𝑛𝑐𝑖𝑜 (2003)



Application of the Logic Tree – Case 2
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𝐶𝑅𝑅 = 0.26

𝐶𝑅𝑅 = 0.24

𝐶𝑅𝑅 = 0.39

𝐶𝑅𝑅 = 0.27



Conclusion
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➢Logic tree framework allows us to represent the effects of preceding phases to the 

following phases

➢ Case 2 (i.e., lab test is available) provides a more reliable estimation than Case 1 (i.e., 

no lab test is available)

➢ To have more information regarding the cyclic behavior of a soil body, cyclic test is 

suggested to be performed for more reliable estimations

➢ NGL database consists of over 350 CDSS and 145 CTX with co-located CPTs which 

are publicly accesible



Thank you for 
your attention!
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Lab Viewer

Lab Viewer

https://www.nextgenerationliquefaction.org/
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