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“Simplified” Liquefaction Evaluation Procedure

I Stress-Based Procedure
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Liguefaction Potential Index (LPI)

f(z)=0 — for FS(z)>1
LPI = [ f(2)-w(z)dz f(z)=1-FS(z) — for FS(z)<1
0 w(z) =10-0.5z; zinm

20m

(lwasaki et al. 1978)



Liguefaction Potential Index (LPI)

Limits:

Damage:

(lwasaki et al. 1978)

20m

LPI = [ f(2)-w(z)dz

LPI . =0 (FS>1 for0<z<20m)

min

LPI ., =100 (FS=0 for0<z<20m)

LPI < 5: Severe liquefaction manifestations not
expected

LPI > 15: Severe liquefaction manifestation
expected




Shortcomings of LPlI Framework

0 Surficial manifestations of liquefaction can occur
for FS > 1

0 The consequences of a FS = 0.8, for example,
will differ depending on the soil density
(consequences will increase as density decreases)

The LPl framework does not account for either of

these phenomena



Alternative Liquefaction Damage Index

Frameworks
T

One-dimensional volumetric reconsolidation settlement (S,/,p)

SV]D — fgv dZ (Zhang et al. 2002)

Liguefaction Severity Number (LSN)

ISN — 1000 f%dz ven Bellegooy et al. 2014



Alternative Liquefaction Damage Index
Frameworks

One-dimensional volumetric reconsolidation settlement (S,/,p)

Post-liguefaction
k . . SV]D — Z (Zhang et al. 2002)
volumetric strain —

used as an index to

account for

consequences due to
action

erity Number (LSN)

liguefaction as a
function of FS and soil

density ISN = 1000

Z (van Ballegooy et al. 2014)



Post-liquefaction Volumetric Strain
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Post-liquefaction Volumetric Strain
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Alternative Liquefaction Damage Index

Frameworks
1]

One-dimensional volumetric reconsolidation settlement (S,/,p)

Focus of this SVl D= f gvdz (Zhang et al. 2002)

presentation due to
time limitations

quefaction Severity Number (LSN]

72014)

ISN — 1000 f%dz e Belleguoy <




Receiver Operator Characteristic (ROC) Analysis

of CES Liquefaction Data
T

Derived from D: - qax
ID Ishihara & Correlation Function(s)
Yoshimine 1992 Utilized
S1 v Eq. (2) Zhang et al. 2002
Available on request
. o ; =
e PRt RS (ala Zhang et al. 2002)
S3 v Eq.3pC=09 Yoshimine et al. 2006
S4 v Eq. (3); C=0.64 Yoshimine et al. 2006
S5 v Eg.(3xC= 1.55 Yoshimine et al. 2006
Cl - N/A — 1 for F§;, <1
& () =10 for S |

(Maurer et al. 2015)



Receiver Operator Characteristic (ROC) Analysis

of CES Liquefaction Data
T

Derived from D: - qan
ID Ishihara & Correlation Function(s)
Yoshimine 1992 Utilized
S1 v Eq. (2) Zhang et al. 2002
Available on request
. o ; =
e PRt RS (a la Zhang et al. 2002)
S3 v Eq.3pC=09 Yoshimine et al. 2006
S4 v Eq. (3); C=0.64 Yoshimine et al. 2006
55 v Eg.(3):€= 1.55 Yoshimine et al. 2006

Different equations for approximating Ishihara and
Yoshimine (1992) € -D.-FS relationship

(Maurer et al. 2015)



Receiver Operator Characteristic (ROC) Analysis

of CES Liquefaction Data
T

Derived from D: - qan
ID Ishihara & Correlation Function(s)
Yoshimine 1992 Utilized
S1 v Eq. (2) Zhang et al. 2002
Available on request
. o ; =
e PRt RS (a la Zhang et al. 2002)
S3 v Eq.3pC=09 Yoshimine et al. 2006

Control case that does not account for € -D -FS effect

Cl
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& () =10 for S |

(Maurer et al. 2015)



Receiver Operator Characteristic (ROC) Analysis
of CES Liquefaction Data
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Receiver Operator Characteristic (ROC) Analysis

of CES Liquefaction Data
]
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“Simplified” Liquefaction Evaluation Procedure

e Stress-Based Procedure
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Path Forward

Triggering curve and Liquefaction Damage Index framework need
to be developed consistently (as opposed to independently as is
currently the case).
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Development of CRR Curve within Liquefaction

Damage Index Framework
T

Example: Marginal surficial liquefaction manifestation “CRR” curve
within LPl framework

it CSR;w(zi)'F;

{rzllw(zi)lpi

Weighted avg CSR™ =

X GcaNes iw(zZ))F;

Welghted avg quNcs — ‘::’rztlw(zi).pi

- 1.2—FS; if FS; <12
l 0 otherwise



Development of CRR Curve within Liquefaction

Damage Index Framework
]
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Development of CRR Curve within Liquefaction

Damage Index Framework
]
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Development of CRR Curve within Liquefaction

Damage Index Framework
]
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Summary /Conclusions
I

0 LPI framework fills the gap between liquefaction potential in an individual
stratum at depth to the overall liquefaction damage potential.

O Several shortcomings of LPI framework: no consideration of the “¢ -D -FS
effect”

o No consideration of damage potential of soils with elevated excess pore water
pressures due to shaking, but where liquefaction was not triggered (i.e., FS > 1)

o No consideration of soil density on potential consequences
0 Alternative Liquefaction Damage Potential Index Frameworks have been
proposed that account for the € -D,-FS effect

0 Their efficacy is less than frameworks that do not account for the € -Dr-FS effect,
likely due to the double counting of dilatational tendencies of dense soil

0 Consistency needed: CRR curve needs to be developed within the
Liqguefaction Damage Index framework



Questionse2?

- Thank You

(Mark Lincoln)
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