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-Summary -

The liquefaction potential is an important aspect of earthquake engineering practice
since its contribution to the safety of construction.

The physical properties of sand soil that include grain size and density had known give
effects to the liquefaction.

Those physical properties of sand soil associated to liquefaction resistance have been
studied in laboratory.

The potential of liquefaction is needed to be mapped for wide area, it is a big job. Then
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The potential of liquefaction is needed to be mapped for wide area, it is a big job. Then
the data collection and the assessment must be affordable.

The method based on previous research is discussed here to assess the liquefaction
potential.

There are some faced problems that must be resolved immediately in the near future.

The example case is a real construction design of reclamation shore in order to develop
a new port in Indonesia. The treatment to be accomplished is compaction efforts to
reach a certain relative density in order to avoid the possibility of liquefaction on site.
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Introduction: effects of liquefaction
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Boiling soil



Introduction

Lost of bearing 
on foundations

(Padang, 2009)
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Lost of bearing on foundations
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• Earthquake Engineering Handbook (Chen, W.F., & Scawthorn, C., 2003)

Liquefiable soil

Non-Liquefiable soil, denser

Liquefiable soil

Non-Liquefiable soil, denser



Lateral Spreading

Contoh Kejadian G30’SPadang:

1. Jalan pinggir Pantai Purus

2. Wisma Indah Tabing

9/29/2019

3. Gunung Tigo Pariaman

4. Jalan inspeksi Kuranji, Lapai



The 1976 Guatemala earthquake caused lateral spreading
along the Motagua river
http://www.ce.washington.edu/~liquefaction/html/what/what2.html

9/29/2019



Crack on the roads
Pidie, 2016
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Damaged bridge
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Jembatan Pasir Ganting 
– Pesisir Selatan –
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Liquifaction under the bridge
Lateral spreading caused the foundations of the Showa bridge to move laterally so much 

that the simply supported spans became unseated and collapsed  
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http://foundationconcretes.com/foundation-failure-due-to-earthquake-generated-liquefaction 

dan
http://www.ce.washington.edu/~liquefaction/html/quakes/niigata/niigata.html



Seawall Collapse 
– Kobe 1995 –

http://www.gf.uns.ac.rs/~wus/wus07/web4/liquefaction.html
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Cars …
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http://www.gns.cri.nz/Home/Learning/Science-Topics/Earthquakes/Earthquake-Hazards



Liquefaction in Padang
(30S’2009)
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Liquefaction in Christchurch, NZ 2011 

(Sally Dellow, 2015)
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In mathematical term, the liquefaction on the soil deposit is written as:

σ' = σ - u  < 0.0  (1)

where σ and σ'  are total and effective stresses in the soil respectively and u is the pore 
pressure in the liquefied soil element.

Liquefaction definition:
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Lliquefaction potential of the soil depends on several factors:

• Relative density, Dr

• Initial stress of the soil, σi

• Mean grain size of the soil, D50

• Applied peak stress, σd or τmax 

• Duration of the motion, t

• Over consolidation ratio, OCR

• Initial pore pressure, ui
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The basic problems,

• The assessment method is complicated

• The introduced parameters is unfamiliar

• Year to year the method is revised and more 
complicated
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complicated

• Need a new method that is “easy” and “cheap”

• For wide areas, the budget must be reasonable 

• The young engineer must be able to assess



In mathematical term, the liquefaction on the soil deposit is written as:

σ' = σ - u  < 0.0  (1)

where σ and σ'  are total and effective stresses in the soil respectively and u is the pore 
pressure in the liquefied soil element.

Simple Assessment Method
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Liquefaction potential of the soil depends on several factors:

• Relative density, Dr

• Mean grain size of the soil, D50

• Applied peak stress, σd or τmax
• Initial stress of the soil, σi

• Duration of the motion, t

• Over consolidation ratio, OCR

• Initial pore pressure, ui



Data Record 

• D50 of Liquefied soil around the world

( from 150 occurrences )
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Padang City Liquefied Soil
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Omer’s Note
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Seed and Idriss, 
1971
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Dr vs amax for Liquefaction 
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Bowles J E, Foundation Analysis and Design, 1997



Laboratory Test
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Liquefaction Test Results
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Liquefaction Dr and Size
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Important points

• Relative density. (Dr)

• Grain size, (D50)

• Maximum acceleration, (ag)

• The CPT test is the most popular
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• The CPT test is the most popular

• CPT is cheap and easy

• Many researches had been done related to CPT



Liquefaction analysis 
based on CPT: Dr and D50

 
Start 

in situ Cone 

Penetration Test 

qc qs = qt - qc 

Fiq. 5 Fr = qs / qc Eq. (4) 
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Stop 

Fig. 2 

Liquefaction (Y/N) 

 

Dr 

Fig. 6 

D50 



Dr from CPT
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Dr = C2(-1) ln Q/C0

C0=15.7, C2=2.41 and 

Q=(qc/pa)/(σv’/pa)-0.5.

Douglas, B. J. and Olsen, R. S. (1981),Soil classification using 

electric cone penetrometer Cone Penetration Testing and 

Experience, Proc. of the ASCE National Convention, St. Louis,209-

27, American Society of Civil Engineers (ASCE) 



D50 from CPT

D50= 3.043 e -1.7712 Rf  

for mechanical cone
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Examples:

9/29/2019



Application of the method

• Particle distribution of 

Reclamation sand

Case study :
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g



Assessment Results

• Treatment 
Required   
to avoid 
liquefaction
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Conclusions

• Liquefaction hazard must be assessed and plotted in a 
map. The assessment method is not difficult and 
expensive to be employed. 

• The liquefaction potential assessment based on the 
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• The liquefaction potential assessment based on the 
relative density and the mean particle size must will 
practically cheap. 

• The analysis of the case studies show that the analysis 
liquefaction performs good.

• The problem is to get correct good soil investigation 
data which were tested properly. 



Thanks
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