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OutlineOutline
• Underlying Research Objectives

• Laminar Box – Liquefaction – Lateral 
Spreading Development

• Advanced Sensor Deployment & 
Performance & New Possibilities

• System Identification
• Lateral spreading Mechanism
• Visualization
• Effect of Gentle Slope on ‘Liquefied’

Ground Response



Underlying ProjectUnderlying Project
Pile Foundation Subjected to Lateral SpreadingPile Foundation Subjected to Lateral Spreading



UnderlyingUnderlying Research ObjectivesResearch Objectives
NEESPileNEESPile ProjectProject

•• UnderstandUnderstand phenomenon of sandphenomenon of sand--
liquefaction & lateral spreading in vicinity liquefaction & lateral spreading in vicinity 
of pilesof piles

•• SolveSolve questions on how to design piles questions on how to design piles 
against lateral spreading: against lateral spreading: 
–– Simplified (pSimplified (p--y)y)
–– Sophisticated (analytical platform)Sophisticated (analytical platform)

•• ClarifyClarify scaling laws, centrifuge usescaling laws, centrifuge use



Experimental and Micromechanical Computational Study of Experimental and Micromechanical Computational Study of 
Pile Foundations Subjected to LiquefactionPile Foundations Subjected to Liquefaction--Induced Lateral Induced Lateral 

SpreadingSpreading

E-Defense (Japan) UBRPI

UCSD



Research Tools Research Tools 

• 1g Laminar Box - U. Buffalo-NEES
• Centrifuge - RPI-NEES

• Advanced Sensors Arrays

• DEM numerical experiments - RPI & Tulane 
• FEM numerical simulations & development 

analytical platform – UCSD

• 3-D Visualization & Advanced analytical 
framework - RPI
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Group PileGroup Pile
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Laminar Box Laminar Box 
System System 

DevelopmentDevelopment



Large Scale Laminar BoxLarge Scale Laminar Box
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Laminar Box, Base Shaker, Actuators Laminar Box, Base Shaker, Actuators 
& Control System Development& Control System Development
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Mimic Hydraulic Filling Mimic Hydraulic Filling ––
Waterfront Sand ConstructionWaterfront Sand Construction



Sand Hydraulic Filling, Sand Hydraulic Filling, 
Instrumentation & CPTInstrumentation & CPT
Testing Testing -- DevelopmentDevelopment



Soil Profile: LGSoil Profile: LG--0 & SG0 & SG--11
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Instrumentation: LGInstrumentation: LG--0 & SG0 & SG--11
Table 1: SG-1 Instrument Notations, quantity and their models 

Quantity Instruments 
LG-0 SG-1 

Model 

3D – SAA 
2 tubes (288 

channels) 
2 tubes (315 

channels) 
ShapeAccelArray MEMS 

Sensors 
Piezometers 13 20 GE Druck Model PDCR 81 

X-Acc (Ring and 
Base) 

21 25 

 Y-acc (Ring and 
Base) 12 14 

 Soil-Acc-x 5 6 
 Soil-Acc-y 3 3 

Sensotec 10G 

X-Potentiometers 9 11 
Z-Potentiometers 3 3 

MTS Temposonic Displacement 
Transducers 

 Video 4 4  
 



Dense Array InstrumentationDense Array Instrumentation

3D-SAA (Acc.,Disp.)

Piezometer
Y-Acc (Ring&Base)
X-Acc (Ring&Base)

X-Potentiometer

20
15
27

11

4Video

6
3

X-Acc (Soil)
Y-Acc (Soil)

Z-Potentiometer 3

Type Sensors

Total Sensor =            377

2 Tubes 
(144 Acc.
144 Disp.)

System IdentificationSystem Identification

CrossCross--Sensor Data Quality Sensor Data Quality 
VerificationVerification

Capture underlying Capture underlying 
PhysicsPhysics

Visualization & Integration Visualization & Integration 
with FEM & DEMwith FEM & DEM

Education/OutreachEducation/Outreach



MEMS AccelerometersMEMS Accelerometers
SAA

Near 
End

Far End

Membrane

Subarray 3 : 8 Segments

Vertex 24

Vertex 18

Vertex 17

NEAR 
(cable)end

304.8 mm

152.4 mm

Vertex 1

Vertex 0

Subarray 1 : 8 Segments

Non-sensorized 
FAR anchor

Strain Relief

Joint Center

Segment #1

Sensor Pair #1

Segment #2

Sensor Pair #2

Segment #8

Sensor Pair #8

Segment #17

Sensor Pair #17

Segment #18

Sensor Pair #18

Segment #24

Sensor Pair #24



Base Acceleration & Sensor Base Acceleration & Sensor 
Locations Locations –– SG1SG1
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Level Ground Liquefaction DemoLevel Ground Liquefaction Demo
-- Test LG0Test LG0

(For video, click(For video, click https://https://central.nees.org/?projidcentral.nees.org/?projid=122&loc=Public#=122&loc=Public#))

https://central.nees.org/?projid=122&loc=Public


Pore Pressure ResponsePore Pressure Response
LGLG--00
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Lateral Spreading - Test SG-1 
Objectives & Challenges

•• Inclined Box (2 deg)Inclined Box (2 deg)
•• Mimic Water Sedimentation & Density ControlMimic Water Sedimentation & Density Control
•• Induce Liquefaction & Assess feasibility of lateral Induce Liquefaction & Assess feasibility of lateral 

spreading sufficient for Pile Testsspreading sufficient for Pile Tests
•• Control base shaking and control excessive Control base shaking and control excessive 

deformation (if occurs)deformation (if occurs)
•• Use SGUse SG--1 data to design Pile Test Parameters, 1 data to design Pile Test Parameters, 

Inclination, Shaking Intensity for subsequent TestsInclination, Shaking Intensity for subsequent Tests



Liquefaction & Lateral SpreadingLiquefaction & Lateral Spreading
Top ViewTop View Side ViewSide View



Input Base MotionInput Base Motion
Base Excitation
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Soil AccelerationsSoil Accelerations

Y - Accel. Ring#5
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Pore Pressure DevelopmentPore Pressure Development

0

2

4

6

8

10

12

14

16

18

0 10 20 30 40 50
Excess Pore Pressure (kPa)

D
ep

th
 (f

t)
t=19s

t=20sec

t=21sec

t=22sec

22.5

Limit



Cross-Sensor Comparisons
MEMS versus Traditional 

Accelerometers



SAA SAA vsvs Ring AccelerometerRing Accelerometer
22--ft Depthft Depth

Excellent AgreementExcellent Agreement



SAA SAA vsvs Ring AccelerationRing Acceleration
Depth Profile Depth Profile –– Excellent AgreementExcellent Agreement



Cross-Sensor Comparisons
MEMS versus Traditional 
Displacement Sensors



SAA vs Potentiometer - X-Direction - Soil Surface
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SAA vs Potentiometer - X-Direction - Depth = 5 ft
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System Identification
• Stress-strain Loops determined from SI

– MEMS SAA
– Ring Accel
– Soil Accel

• Comparable stress-strain hystresis from 
each type of sensor

• Comparable Gmax and Vs Profile



Stress-Strain Hysteresis Loops



Shear Wave Velocity ProfileShear Wave Velocity Profile
from System Identification Analysisfrom System Identification Analysis
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Liquefaction Liquefaction –– VVs1s1 versus CSRversus CSR
ND Shaking  ND Shaking  –– SGSG--11

Andrus and Stokoe, 2000

CSR CSR –– Just below Just below 
liquefaction lineliquefaction line

Inferred Vs1 from Inferred Vs1 from 
SI SI –– lower end of lower end of 
measured values measured values 
for loose young for loose young 
depositsdeposits



3-D Visualization, Integration
& Mechanics of Lateral Spreading



Visualization SG1 (12~22.5s, x5)Visualization SG1 (12~22.5s, x5)
Pore PressurePore Pressure Shear StrainShear Strain




Visualization SG1 (17.5~21.5s, x10)Visualization SG1 (17.5~21.5s, x10)
Pore Pressure              Shear StrainPore Pressure              Shear Strain




-2

0

2

4

6

8

18.5 19.5 20.5 21.5 22.5
TIME (s)

Ve
lo

ci
ty

 (i
n/

s)

POL1X

POL3X

POL5X
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Lateral Spreading Lateral Spreading -- VelocityVelocity
Initiation of Sliding: Top 4 ~ 5 FeetInitiation of Sliding: Top 4 ~ 5 Feet
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Pore Pressure DevelopmentPore Pressure Development
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Effect of Gentle Slope on Ground 
response



Accelerations: LGAccelerations: LG--0 Vs SG0 Vs SG--11

Lack of accelerations after 6s in SGLack of accelerations after 6s in SG--11
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Pore Pressures: LGPore Pressures: LG--0 Vs SG0 Vs SG--11
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Pore Pressure Ratio: LGPore Pressure Ratio: LG--0 Vs SG0 Vs SG--11
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HorizHoriz Displacements: LGDisplacements: LG--0 Vs SG0 Vs SG--11
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HorizHoriz Displacements: LGDisplacements: LG--0 Vs SG0 Vs SG--11
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Mechanism of Initiation of Lateral 
Spreading – Under Study



New Possibilities and Boundaries
• Feasible to mimic Hydraulic Fill Sand at research quality

• Large Scale Liquefaction & Lateral Spreading experiments 
with Dense Array Instrumentation & High Quality Data
– Provides Verifiable & Detailed Response Data

• ND Shaking & SI  for ‘In-situ’ soil characterization

• Possible to study mechanisms of lateral spreading, soil-
foundation-structure interactions, etc. with close scrutiny 
at near full-scale at 1-g

• Use 1-g Laminar box system as a center-piece coupled 
with centrifuge, FEM/DEM, and field observations to solve 
large & complex problems



Thank YouThank You

Questions?Questions?
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