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Liquefaction Evaluation Overview

Sacramen to District

m Two-dimensional seismic response and liquefaction
evaluations of earth structures and soil deposits can
be complex and time intensive

m Techniques available for their evaluation range from
simplified models to advanced constitutive and non-
linear models
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Liquefaction Evaluation Overview

Sacramento District

m Simplified Models
- Simplified Seed and Idriss procedures
- 1-D equivalent linear SHAKE type analysis at multiple locations
- Evaluations can be made quickly

B Advanced Models

- Most accommodate the non-linear behavior of soils
- Evaluations are more complex and time intensive

m Equivalent Linear Models
- Can be used to approximate the actual nonlinear behavior of the soil
- Quad4m (two-dimensional seismic response)
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o Overview of Quad4m

m Quad4m (A Computer Program For Evaluating
The Seismic Response Of Soil Structures)

- U.C.Davis, 1993

- by Martin Byrd Hudson, I.M.Idriss, and Mohsen
Beikae

m MODIFIED FROM QUADA4, 1973

- by I.M. Idriss, J. Lysmer, R. Hwang and H. Bolton
Seed
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semamen  Overview of Quad4m

Sacramen to District

® The Quad4m analysis numerically models a continuum
with a finite number of elements interconnected at
their common nodes

B The analysis is done exclusively in the time domain,
and the response of the soil deposit follows the same
approximation of nonlinear hysteretic manner that is

conventional SHAKE (1-D) analysis when subject to
loading
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semamen  Overview of Quad4m

Sacramen to District

m Direct numerical integration by the software is used
to solve an equation of motion for the finite element
mesh to determine the developed:

- Peak Element Shear Stresses (Sig-xy, Tyqa)

- Peak Element Shearing Strains (eps, ¥qx)

- Peak Element Principle Stresses (sig-x, sig-y)
- Peak Nodal Accelerations (a,,.)
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v Overview of Q4Mesh

Sa nto District

m The Q4Mesh program is a modification of the
WinMesh program to create and analyze Quad4m
data

B Q4mesh was developed by ERDC (Engineering
Research and Development Center) at WES
(Waterways Experimental Station) with some
assistance provided from the USACE Sacramento
District
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s Overview of Q4Mesh

Sacramen to District

m Q4Mesh can be used to:

- Create the Quad4m finite element mesh

- Interpret the output files from Quad4m and two
additional user files to conduct a liquefaction
evaluation
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s Overview of Q4Mesh

Sacramento District

B Q4Mesh

- (Main Screen)

10
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s Overview of Q4Mesh

Sacramento District

Additional Input Files for Q4Mesh

& EDOLF_PHREATIC.dat - Notepad
Edit Format  Help
1.0 135 130

a EDOLF_H1é0_DATA d
File Edit Format HE:||:|

ool moen s ed B2

3, Tactor of safety, sat_unit_weight, moist_unit_weight Elowcount

Blowcount File

Surface, Phreatic, and Earthquake File
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somen  Overview of Q4Mesh

m Basic Liquefaction Procedure Equation

CSR (Cyclic Stress Ratio)
CRR (Cyclic Resistance Ratio)
Ko (Stress Correction
Ko (Sloping Ground Correction)
MSF (Magnitude Scaling Factor)
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Cyclic Resistance Ratio, CRR (Vsl Data)

Normalized Shear Wave Veloeity, Vsl (m/s)

36 129

| (s [VSI? (28 ) (10
| CRRvr=(0.022] 15 + 215-\,-'s1‘ "\ 215

Normalized Shear Wave Velocity, Vs1 (ft/s)

-~
D)
=
~
-
=]

Cyclic Resistance Ratio, CRR, from Vsl

(Youd and Idriss, 2001)
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Cyclic Resistance Ratio, CRR (N1,60 Data)

CRRyj g0 = exp =

15 20 25

Normalized Equivalent Clean Sand N1,60 Blowcount

FO'L “THNDLA

Cyclic Resistance Ratio, CRR, from N1,60

(Boulanger and Idriss, 2004)
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Stress Correction Factor, Ko

Default
Ka=1.0

=f=11,60=10
=—phr=N1,60=15

H=N1,60=20
—=M=11,60=25
=8=N1,60=30
w—t—N1,60=37

: 1
1 Co= 189 -2.55NT,60

1 2 3 4 5 6

Vertical Effective Stress, o,'/Pa

€0°1 23O

K o Relationship (Boulanger and Idriss, 2004)
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remes  Example Q4Mesh Liquefaction Model

of Engineers
Sacramento District

m Magnitude Scaling Factor (MSF)

\\\.

sl Magnitude Scaling Factor

MSF = 6.9 exp[-% 0.05810 <18
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e EXample Q4Mesh Liquefaction Model

Embankment Dam on a Liquefiable
Foundation (EDOLF)
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US Army Corps

wemes  Example Q4Mesh Liquefaction Model
m Finite Element Mesh

Warer Surface Fhreafic Ling

775 825 875 95 975

1025 1075 1125 1175 129% 1275 132

325 1375 1425 1475 1525 1575 1825 1675 1725 177S 1825 1875 1925 1975 2025

Embankment Dam on Liquefiable Foundation (EDOLF)
=  Finite Element Mesh with Zones

Location of Water Surface/Phreatic Surface

=  Boundary Conditions

3 August 2005
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US Army Corps
of Engineers
Sacramento District

m Material Properties

Maleriai Properties:

Zone

Naterial

Vs (ft/s)

{N1)en

Shear Modulus Degradation Curve

Example Q4Mesh Liquefaction Model

Material Damping Curve

1
2
3
4
5
i)
7
8

= O
o

Embankment Shell
Embankment Shell
Embankment Shell
Core

Embankment Shell
Embankment Shell
Embankment Shell
Recent Alluvium
Eecent Alluvium
Eecent Alluvium
Recent Alluvium
Eecent Alluvium
Eecent Alluvium
Older Alluvium

3 August 2005

800
1000
1200
1200

800
1000
1200

450

550

650

450

550

650
2000

50
50
50
45
50
30
50
10
15
20
10
15
20
60

Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Clay (PI=10-20 Sun et al. 1988)

Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Clay Upper Range (Idriss, 1990)

2005 Tri-Service IS5C

Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Clay Average (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idriss 1970)
Sand Upper Bound (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idrizs 1970)
Sand Average (Seed & Idriss 1970)
Clay (Idriss, 1990)




[
e Example Q4Mesh Liquefaction Model

Sacramen to District

m Input Earthquake Record
- IMPERIAL VALLEY EARTHQUAKE, CA; OCT 15, 1979
- Mw=6.75 at 22km
- Amax=0.28¢g
- Filtered Record Low-Pass=20hz
- Bracketed Duration ~22 seconds
- "ROCK OUTCROP MOTION"
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Input Shear Wave Velocities
[ I [N N N N N

826 875 928 975 1025 1095
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e Example Q4Mesh Liquefaction Model

S

Quad4m Analysis Results
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Sacramento District

e Example Q4Mesh Liquefaction Model

m Peak Nodal Horizontal Acceleration (g)

Peak Horizontal Acceleration (g)

75 725 VY OB25 875 925 97R 10258 1075 1125 11VE 1225 1275 1325 1375 1425 1476 1525 1575 1625 167R 1725 1775 1825 1875 1925 1975 2025 2075 A28

3.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

Time to Peak Horizontal Acceleration (seconds)

75 725 FFE 825 4¥5 925 975 1025 1075 1125 1175 1225 1275 1325 1375 1425 1475 15256 1575 1625 1675 1728 1775 1825 1875 1925 1975 20258 2075 A5
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Sacramento District

e Example Q4Mesh Liquefaction Model

m Peak Element Induced Shear Stress and Strain

Peak Shear Stress (pSf) ) 300.00 1800.00 270000  3600.00  4500.00 540000 630000 720000 810000  S000.00  3300.00

75 725 ¥FE B2h &@Ve 8256 96 1025 10¥6 1125 1175 1226 1276 1326 1375 14256 1475 1826 1575 16825 1675 1725 1FFE 1825 18¥6 1926 1975 20256 2075 2125

Peak Shear Strain (%)

E/5 725 ¥/ 825 875 925 97% 1029 1075 1125 1175 1225 127% 1325 137h 1425 1475 1825 15V% 1625 16VE 1725 19VS 1825 1875 1325 1975 2025 2075 2125
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e EXample Q4Mesh Liquefaction Model

Q4Mesh Analysis and Results
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o Example Model

Sacramento District

1800000 21000.00 2400000 27000.00 30000.00  33000.00

3000.00  &O0C.00  3000.00 1200000 15000.00

Total Stress Profile (psf)

1025 1075 1125 1175 1225 1278 13256 1375 1425 1475 1525 1575 1625 1675 1726 1775 1825 1875 1925 1975 2025 2075 2125

75 725 7/5 0 825 88 925 975

4000.00  6000.00 800000  10000.00 12000.00 1400000 1600000 13000.00 20000.00 2200000

Effective Stress Profile (psf) Qo0 200000

1775 1825 1875 1325 1975 2025 2075 125

67 725 775 825 875 325 975 1025 1075 1125 1175 1225 1275 1325 1375 1425 1475 1525 1575 1625 1675 1725

Given: y ., =135pct, v, i+ =130pct for all elements
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Normalized Shear Wave Velocities

2050.00 222000

Pa = Reference Stress of 2000 psf
Ove = Vertical Effective stress, Calculated usmng Q4MESH

3 August 2005 2005 Tri-Service ISC 27



[
e Example Q4Mesh Liquefaction Model

Sacramento District

m Input Blowcount Data, (N;)4 (blows/ft)

10.00 15.00 20.00 25.00 35.00 40.00 45.00 B0.00 G5.00
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e EXample Q4Mesh Liquefaction Model

Cyclic Resistance Ratio CRR

- Vsl Values
- (N;)¢o Blowcount Values

3 August 2005 2005 Tri-Service ISC 29



[
e Example Q4Mesh Liquefaction Model

Sacramento District

m Cyclic Resistance Ratio, CRR
- (Calculated from the Vsl Values)
B N N S N

Q.00 0.05 01a
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wemes  Example Q4Mesh Liquefaction Model
m Cyclic Resistance Ratio, CRR
- (Calculated from the (N;),o Values)
------

0.00 0.05 010

825 875 925 575 1025 10¥5 1125 125 3
‘ N1.60 60 , [N1,602,
141 | 1"6 ) ICSDEE and ICEGE Conference
CRRy1150 =€Xp < .
‘ L (NL609 Idriss and Boulanger (2004)

| 23 6 254
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e EXample Q4Mesh Liquefaction Model

Cyclic Stress Ratio CSR

- Peak Element Stresses
- Seed and Idriss Simplified Procedure
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e EXample Q4Mesh Liquefaction Model

m Cyclic Stress Ratio, CSR

- (Calculated from Quad4m Peak Induced Shear Stresses)
------

0.ao 0.05

CSR=(0.65)(Tmaz)
(Gyo)

Tuwax — Peak Element Shear Stress from Quad4m
Gy = Vertical Effective stress, Calculated using Q4MESH
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e Example Q4Mesh Liquefaction Model

Sacramen to District

m Cyclic Stress Ratio, CSR
- (Calculated from Simplified Procedure)

010 015 0.20 0.25 0.30 0.35 0.40 0.45 0.50

525 97 1025 1075 1125 1178 1225 1275 1325 1375 1425 1475 1525 1575 1625 1678 1725 1775 1625 1675 1925 1975 2025 2075 2125

CSR = (t,/c',,) = 0.65(a,,./9)(c,./0',,)rd
Parameters as Defined by Youd and Idriss 2001
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Stress Correction Factor, Ko
S N S N —

ICSDEE and ICEGE Conference
Idriss and Boulanger (2004)
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e Example Q4Mesh Liquefaction Model

Sacramento District

m Liguefaction Potential Factor of Safety, Vs; Data

0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.80 275 2.00 225 350

(CSR-Quad4m, CRR-Vsl) with Ka=1.0

B35
EES
B35
05
575
545
515
485

675 725 77R 0 825 875 325 975 1025 1075 1125 1175 1225 1275 1325 1375 1425 1475 1525 157G 1625 1675 1725 1775 1825 18V5 1925 1975 2025 2075 2125

075 1.00 1.25 1.50 1.79 2.00 2.20 2.0 270 3.00 3.29 3.50

(CSR-Simplified Procedure, CRR-Vs1) with Ko=1.0

675 725 775 B25 B75 925 975 1025 10Y8 1125 1175 1225 1275 1325 1375 1425 1475 1525 1575 1625 167h 1725 17VE 1825 1875 1325 1975 2025 2075 2125
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remes  Example Q4Mesh Liquefaction Model

of Engineers
Sacramento District

m Liquefaction Potential Factor of Safety, (N;),o Data

3.50

2.50 275 3.00 3.25

1.25 1.50 1.75 2.00 2.25

(CSR-Quad4m, CRR-(N,),, with Ka=1.0

0.75 1.00

175 1225 1275 1325 1375 1425 1478 1525 1575 1625 1675 1725 1775 1825 1875 1325 1975 2025 2075 2125

675 725 7TG 825 8Y5 0 925 875 1025 1075 1125

2.00 2.25 2.50 270 3.00 3.25 3.80

0.75 1.00 1.25 1.50 1.75

(CSR-Simplified Procedure, CRR-(N,),, with Ka=1.0

175 1225 1275 13256 1375 1425 1475 1525 1575 1625 1675 1725 1775 1825 1875 1325 1975 20256 2075 2125

675 725 7WG 825 875 925 95 1025 1075 1125
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US Army Corps

e CONCluding Remarks

Sacramen to District

B Q4Mesh enables the ability to conduct 2-D

liguefaction potential evaluations from Quad4m output
data

® Quad4m and Q4Mesh can be used as a first step
evaluation before more advanced models are
implemented

m User experience and correct model generation is
important when evaluating the Quad4m output files
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Sacramento District

Thank you!
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Contact Information

Sacramen to District

David C. Serafini, M.S., P.E.
US Army Corps of Engineers, Sacramento, CA

1325 J. Street

Sacramento, CA 95814
(916) 557-7584

david. c. serafini@hotmail.com
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