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History of PEER Liquefaction Research 

Lifelines Program 
 

Cetin et al. (2000)  SPT - Based Probabilistic and Deterministic 
Assessment of Seismic Soil Liquefaction Initiation Hazard 
 
Bardet et al. (2002)  Liquefaction Ground Deformation Database 
 
Moss et al. (2004)  Retesting of Liquefaction and Non-Liquefaction 
Case Histories in the Imperial Valley using CPT 
 
Ashford and Juirnarongrit (2004)  Performance of Lifelines Subjected 
to Lateral Spreading: Japan Blast Test Results 
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Mitigation of liquefaction hazards using shear 
reinforcement 

 

Liquefaction-induced SFSI Damage in Maule, 
Chile earthquake 

 

Geotechnical effects of long-duration motions 
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Investigate effectiveness of stiff inclusions on limiting strain and pore 
pressure in soil 

Develop design procedures 
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Mitigation of liquefaction hazards using shear reinforcement  

A grid of in-ground walls improves a liquefiable site by: 
 

§  Reducing earthquake-induced shear strains in the treatment 
zone, thereby limiting pore pressure generation. 

§  Containing the enclosed soil should it liquefy, and thus 
contributing to the composite strength. 

§  Acting as a barrier to the migration of excess pore pressures 
from the adjacent untreated zones into the treatment area. 

Can be used in a wide variety of soils, including sensitive clays, silts, 
and sandy silts. 

Cracking of soil-cement is a concern. 



Mitigation of liquefaction hazards using shear reinforcement  

•  Loose fill to depths of about 12 m. 
• Kobe earthquake – amax ~ 0.4g 



Mitigation of liquefaction hazards using shear reinforcement  

Perimeter quay walls 
moved 1-2 m due to 
liquefaction. 
 
No damage to 
foundation or evidence 
of liquefaction inside 
DSM walls. 



Ø Tests by Kitazume and Takahashi (2010) showed beneficial effect of 
grids: L = grid spacing, H = grid height, d = depth. 
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Ø 3D analyses of unit cell (Nguyen et al. 2012) to explore a wider range 
of parameters to develop a design relationship. 
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Ø Parameter variations: 
§  G of wall material varied to give Gr = 13.5, 20, and 50. 
§  Wall spacing varied to give Ar = 0.10, 0.19, 0.36 (plus others for 

special cases shown later). 
§  Equivalent damping ratios of 2, 5, and 10%.  
§  Pseudo-static, harmonic, and earthquake excitation. 

Mitigation of liquefaction hazards using shear reinforcement  



Ø OpenSeesPL platform: 
§  User interface that builds on PEER's OpenSees platform; e.g., 

Elgamal, Lu, and Forcellini, D. (2009) 
§  http://cyclic.ucsd.edu/openseespl 

Mitigation of liquefaction hazards using shear reinforcement  
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Mitigation of liquefaction hazards using shear reinforcement  

Can estimate amax value required to cause tension in panels 
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Liquefaction-induced SFSI Damage in Maule, Chile earthquake 

Goals: 
 
Investigate several sites with 
structures damaged by liquefaction 
during the 2010 M=8.8 Chile EQ 
 
Subsurface investigation with CPT and 
SPT 
 
Additional documentation of structural 
damage 
 
Use these case histories to study the 
effects of liquefaction on SFSI of 
bridges and buildings 



Hospital Provincial, Curanilahue 
 

10 isolated wings: 1 - 6 stories 
Varying liquefaction damage Bulging ground slab 

Liquefaction-induced 
building damage 

Bray,	  Arduino,	  Hutchinson,	  &	  Maureira	  	  



Shear	  Wall	  Cracking	  in	  the	  ground	  floor	  of	  Wing	  1C	  

Differen@al	  seAlement	  between	  wings	  
observed	  at	  upper	  floors	   Hospital Provincial, Curanilahue 

 
10 isolated wings: 1 - 6 stories 
Varying liquefaction damage 



Extremely 
soft layer 
(N=1) 

SPT Equipment 

Predrilled first 4+ meters of CPT 
to pass fill 

Hospital Provincial, 
Curanilahue 

 



 
 

Juan Pablo II Bridge, Concepcion 
 
 

Needed to drill 
through fill 
containing 
large debris 
(e.g., concrete 
shown below). 



•  Provided energy-measured SPT data and CPT data at these sites 
which was previously lacking 

•  Bridge piers damaged by liquefaction-induced lateral spreading of 
medium dense sandy soils 

•  Spread footings with grade beam foundation at hospital settled 
differentially as well as underwent rigid-body tilt due to liquefaction 
of silty soils 

 
•  Permanent differential displacements and rotations damaged the 

hospital superstructure 

Liquefaction-induced SFSI Damage in Maule, Chile earthquake 

Preliminary findings: 
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Number of equivalent cycles 
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Initial 
liquefaction 

Need to convert transient loading history 
to equivalent uniform loading history 

Number of equivalent cycles 

 Developed for evaluation of liquefaction potential 

 



Geotechnical Effects of Long Duration Motions 

Counting 
procedures do not 
consider order of 
cycles 

Same pore 
pressure potential 

Number of equivalent cycles 

 Developed for evaluation of liquefaction potential 

 



How does liquefiable soil actually behave? 

Modulated harmonic loading 

Amplitudes increase, then decrease 
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How does liquefiable soil actually behave? 

> 80% in first half 

A given pulse produces 
more pore pressure when 
it has not been preceded 
by a larger pulse 

Geotechnical Effects of Long Duration Motions 



How does liquefiable soil actually behave? 

Weak loading 

No pore pressure 

Strong, primary 
loading 

High pore pressure 
generation 

Moderate-strong 
secondary loading 

Weak pore pressure 
generation 

Geotechnical Effects of Long Duration Motions 



Modified Cycle-Counting Procedure 

 

 

 

 

 

Primary cycles – cycles whose amplitude has not been 
previously exceeded 
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Modified Cycle-Counting Procedure 

 

 

 

 

 

Primary cycles – cycles whose amplitude has not been 
previously exceeded 

Secondary reversing cycles – cycles whose amplitude 
has previously been exceeded and that involve 
reversal of shear stress 

 

Geotechnical Effects of Long Duration Motions 

Each 
treated 
differently 



How does liquefiable soil actually behave? 

History-independent counting 
History-dependent counting 

Measured pore pressure 

Geotechnical Effects of Long Duration Motions 



How does liquefiable soil actually behave? 

Preliminary conclusion: 
History-dependent cycle-
counting scheme appears 
capable of producing IMs 
that track pore pressure 
generation more accurately 

History-independent counting 
History-dependent counting 

Measured pore pressure 

Geotechnical Effects of Long Duration Motions 
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Liu et al. (2001) Modified 

Number of equivalent cycles 

76.5 64.1 

3.0 2.9 

7.1 7.0 

22.8 20.6 

Geotechnical Effects of Long Duration Motions 



Summary 

• Long history of successful and influential liquefaction research within 
PEER 

• Still important issues to be addressed 

§ Triggering 

§ Effects 

• Geotechnical challenges session will discuss tomorrow morning 

Thank you 








