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What is Liquefaction? (Theoretical Explanation) 
 
Liquefaction is a phenomenon in which static equilibrium in soil  deposit is destroyed by 
static or dynamic loads. 

Shear strength of Soils “τ”can be expressed as: 
 
                       τ= c+ (σ-u)tanφ 

Where “u” is pore pressure and σ is vertical stress. 
during earthquakes u=σ therefore, τ=c, However in  
cohesion less  soils c=0, consequently, τ=0 

Soil Looses its strength  



Consequence of Liquefaction?  

a) Loss of Bearing Capacity : 

Yuanlin City, Chi Chi Earthquake,1999 



Consequence of Liquefaction?  

b) Settlement: 

Anchorage City, Alaska Earthquake,1999 

Settlement around oil wells, Alaska 
Earthquake,1999 



Consequence of Liquefaction?  

c) Lateral spreading  : can occur on gently sloping (<3 degree) and on flat ground close to rivers 
and lakes. Lateral displacement occurs on the surface soil blocks. Building’s foundation, 
pipelines and sewerage system  get damage significantly. 



Consequence of Liquefaction?  

d) Flow Failure: Is the most destructive effect of liquefaction, it can move huge value of soil 
meters away from its origin. Often occurs in lose sands or silty  soil located on slopes more than 
three degree. 

Failure of Cerro Negro Dam 
Chile Earthquake,1985 



Consequence of Liquefaction?  

e) Sand Boiling: A sand boil is sand and water that come out onto the ground surface during an 
earthquake as a result of liquefaction at shallow depth. 

Sand Boiling, Imperial Valley Earthquake,1979 



Experience from Past Earthquakes about Liquefaction 
  

Kawagishi-Cho  Apartments after Niigata Earthquake,1964 

a) 4-Storey         
b) RC Buildings 
c) shallow 
foundation 
 

Damage due 
to significant 
reduction in 
soil bearing 

capacity 
 

Up to 60 
degree 

deviation from 
vertical axis 

 



Experience from Past Earthquakes (Bridges) 
  

“Showa” Bridge after Niigata Earthquake,1964, Japan 

a) 25m length Steel Piles      b) Simply  Supported beams    c) Liquefaction occurred at top 10m of soil 

Damage due to 
rotation of Pile 

caps after 
occurrence of 
liquefaction 

 



Experience from Past Earthquakes (bridges) 
  

Iron road on Kenai River after Alaska Earthquake,1964 

a) Ave. SPT ground level 
to  30 m depth =11       

b)   Soil Type =Silty-Sand 
 

Damage due to 
significant settlement 
and rotation of Piers 

 



Experience from Past Earthquakes (Ports) 
  

Port Island in Japan after Kobe Earthquake,1995 

a) Ave. SPT at 12 m 
depth =10-12  

b) Soil Type =Silty-Sand 
 

Damage due to  
Lateral spreading 



Experience from Past Earthquakes (Buildings) 
  

Mariana bay, USA, Loma Prieta 
Earthquake,1989 

Adapazari city ,Turkey, Kocaeli Earthquake,1989 

Damage due to significant settlement  



Experience from Past Earthquakes 
  

NHK building 20 years after Niigata Earthquake,1964 

a) 4-storey RC building 
b) Pile length=12m 
c) Water level= 5m 
 



Experience from Past Earthquakes 
  

San Fernando Dam after Earthquake,1964 

a) 8.5 mile away from 
epicenter 

b) Height 35 Feet 
c) Soil type, Clay on sand 
 

Damage due to  
Lateral Spreading 



Assessment of Liquefaction Hazards: 
  

Does the site has Factors 
Required for a Liquefaction? 

No 

Yes 

No need for further 
Study. 

Can Liquefaction 
Occur?  

Yes 

No 

Calculation of Residual 
Strength and Settlement 

after Liquefaction 

No need for further 
Consideration 

Satisfactory? Yes No need for further Consideration 

No 
Hazard reduction techniques must 

be implemented 



Does the site has Factors Required for a Liquefaction? 
Liquefaction Hazard Maps 
  These maps are 

designed to give the 
general public as well as 
land-use planners, 
utilities and lifeline 
owners, and emergency 
response officials, new 
and better tools to 
assess their risk from 
earthquake damage. 



Liquefaction Hazard Maps (Iran) 
  

Studied Area, Gorghan City, Iran (By Abdolah Zade, et al, 2013) 



Liquefaction Hazard Maps (Iran) 
  

Main Parameters included in the preparation of  Liquefaction Hazard Map 



Liquefaction Hazard Maps (Iran) 
  

Liquefaction Hazard Map for Ghorghan, Iran, by Abdollah Zade et al, 2012) 



Factors Affecting Soil Liquefaction: 
  

a) Water Level:  Liquefaction occurs only in saturated or nearly saturated soils. 

Water Level Potential for Liquefaction 

<3m Very high 

3m~6m High 

6m~10m Average 

10~15M Low 

>15m Rare 

b) Soil Type:  clean sand has the highest potential for liquefaction compared to other  
soil types. 



Factors Affecting Soil Liquefaction: 
  
c) Relative Density:  The higher is the relative density the lower is the potential for liquefaction. 

 Seed and Idriss (1971) 

d) Soil Gradation: Soil with uniform or poor graded 
 has higher potential for liquefaction.  

e) Shape of soil’s Particles: Soils with  round edge  
particles have Higher potential for liquefaction  
compared to  soil with sharp edge particles.  

d) Observed Liquefaction in past earthquakes 



Methods for Assessing Potential of Liquefaction in Soils: 
  

Assessment of Soil Liquefaction 

Numerical Methods 

e.g. WAVE Software, (Horne, 2000)  

Experimental/Empirical 
Methods 
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  Common Method: Cyclic Stress Ratio (CSR)  

It is assumed that the soil column moves horizontally as rigid 
body in response to acceleration exerted by  earthquake. 

CSR= Cyclic Stress Ratio of soil due to probable 
earthquakes. 
CRR=  Cyclic Resistance Ratio of Soil 

Factor of Safety = CRR / CSR 

CRR Graph based on SPT 



Strategies for Mitigation of Liquefaction Hazard : 
  

a) Avoid construction on liquefiable soils. 

b) Improve resistance of structural components against liquefaction 

c) Improve Soil quality 



Mitigation of Liquefaction Hazard : 
  

(Improve Soil quality) 
 

Improve Soil Quality for reducing liquefaction hazard 



Mitigation of Liquefaction Hazard :  (Improve Soil quality) 
 
  
a) Increase in relative density of soil  (Vibroflotation) 

Particle size for Compaction via  
Vibroflotation Vibroflotation method 



Mitigation of Liquefaction Hazard :  (Improve Soil quality) 
 
  
a) Vibroflotation 



Mitigation of Liquefaction Hazard :  (Improve Soil quality) 
 
  
a) Increase in relative density of soil  (Dynamic Compaction) 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
  

Concrete Structure 
Height: 35m 
Design Peak Ground Acceleration: 0.3g 
175m/s<Shear wave velocity<375m/s 



Case Study Project (ATC tower of Qeshm Int. Airpot , Iran) 
  



Case Study Project (ATC tower of Qeshm Int. Airpot , Iran) 
  

1, 2 and 3 are the borehole locations 



Case Study Project (ATC tower of Qeshm Int. Airpot , Iran) 
  

Soil in Borehole 1 

Water Level 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
  

CSR= Estimation of Cyclic Stress Ratio of soil due to probable earthquakes. 
CRR=  Estimation of Cyclic Resistance Ratio of Soil 

Soil liquefaction study at borehole 1 (B.H.1) 

Factor of Safety = CRR / CSR 

• Evaluation of the potential of liquefaction was accomplished by comparing equivalent 
measures of earthquake loading and liquefaction resistance 

<1 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
  

Selection of Hazard Reduction Method: 

1) Improve resistance of structural components against liquefaction: 
 

• Mat Foundation was used to reduce the effects of settlements 

2) Improve Soil quality: 
 
• Usage of stone columns and drainage system to reduce 

pore water pressure 

 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
  

Stone Columns’ arrangements in Plan 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
  

• 166 stone columns  
• Depth=16m, Diameter=0.7m 
• Distance 3m 



Case Study Project (ATC tower of Qeshm Int. Airport , Iran) 
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