Seismic Performance of Levees
Founded on Non-organic and Organic
Soils in California and Japan

Scott J. Brandenberg
Jonathan P. Stewart
July 10t, 2013



e Background on Delta seismic risk.

e Laboratory testing of post-cyclic volume
change behavior of peat.

* Field test of model levee using eccentric
mass shaker.

 Fragility functions for levees based on case
histories of Japanese levee system.



DRMS (2009)
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Land Subsidence
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Liquefaction-Induced Levee Failure




Liquefaction-Induced Levee Failure




Engineering Properties of Peat
| ‘ e Peaty organic soll

| N " underlies many Delta
o levees, and is extremely
soft and compressible.

* Very little is known about
Its seismic behavior, and
It’s therefore difficult to
predict how it will perform
during earthquakes.

 The National Science
Foundation funded our
project to study the seismic
behavior of peat beneath
levees.




Can Peat Transmit Seismic Energy?

Recording Station on
Peat

Recording Station on
Silt

Recording Station on
Gravel

Tokimatsu and Sekiguchi (2010)



Have Levee Faillures Occurred on Peat?
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How Soft Is the Peat?
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Cyclic Loading of Peat

Axial strain, g, (%)
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Post Cyclic Consolidation
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Post-Cyclic Consolidation




Test Location

Movie



MK-15 Mobile Field Shaker

Movie



MK-15 Mobile Field Shaker
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MK-15 Mobile Field Shaker

Range of
Strains
Mobilized
in Field
Test
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Deep Groundwater Table

Water/ )
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(a) Real Levee Peat
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Upcoming Centrifuge Study




Upcoming Centrifuge Study



Japanese Case Histories

e Sponsor: CDWR, Ariya Balakrishnan, George Mahnke

e Collaborators (non-UCLA): Les Harder, Ray Seed,
Juan Pestana, Vlad Perlea, Atsushi Mikami

e UCLA staff: Dong Youp Kwak, Brandenberg, Stewart



Objectives

e What conditions correlate to levee damage in
past earthquakes?

e What are the approximate damage levels and
probabilities we can expect?



Scope

e Compile case histories of levee performance.
Why Japan?
— Post earthquake field investigations
— Regional geology
— Ground water

— Ground motion levels

e Data analysis to develop fragility functions



Study Region

Levees

Liguefaction
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Recording
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Shinano River



Field Reconnaissance

From reports by Shinano
Work Office

Full length of levees
inspected.

Performance recorded as
crack depth & width, crack
offsets, crest subsidence

Segments without mapped
damage fall below visual
damage threshold

Surface manifestations of
liquefaction noted

2004 eqgk, crack at 7 km

2007 eqk, lateral spread at 40 km



Assigned Damage Levels

Damage Crack depth  Crack width Subsidence

Description
Level (cm) (cm) (cm) P

0 0 0 0 No damage reported

1 0~100 0~10 0~10 Slight damage, small cracks

2 100~200 10~50 10~30 Modertate damage, cracks or small lateral
spreading

3 200~300 50~100 30~100 Severe damage, lateral spreading

4 > 300 > 100 > 100 Levee collapse

A damage level of 0 to 5 is assigned to each 50 m levee segment on both sides of
river.

Levee heights typically 4.5-5.7 m, so DL 4 represents ~20% height loss.

3318 levee segments with assigned damage levels for each event.



Damage
Level

Assigned Damage Levels

Crack depth

(cm)
0

0~100
100~200
200~300

> 300

(cm)
0

0~10
10~50
50~100

> 100

Crack width Subsidence

(cm)
0

0~10
10~30
30~100

> 100

Description
No damage reported

Slight damage, small cracks

Moderate damage, cracks or small lateral
spreading

Severe damage, lateral spreading

Levee collapse



Regional Geology

1:25,000 scale maps

Geospatial Information Authority of Japan (GSI,
2013)

Prepared for flood control applications near rivers

Three broad categories selected:

— Gy 1: Mountain and gravelly terrace

— Gy 2: Alluvial fan, natural levees, alluvial plain, and old
river highland

— Gy 3: Old river channel and back marsh

Virtually no peats in study region






Ground Water

e Geotechnical investigations
following 2004 eqk.



Ground Water

e Geotechnical investigations
following 2004 egk.

e 410 borings; 3 per section

e Groundwater
measurements from
boreholes at various times




Geot

folloying 2004 egk.
410 Borings; 3 per section

Grou

meadurements from

bore

Ground Water

echnical investigations

hdwater

noles at various times

Corrected for date of
earthquake based on: elevations

— Variable height of river water
elevation, or

2004 egk., river water

— Local irrigation practices (as
applicable)



Ground Water

Geoflechnical investigations
follolwing 2004 egk.

410 borings; 3 per section

GroUndwater
meakurements from
boreholes at various times

Corrgcted for date of
earthquake based on:

— Vgriable height of river water
efevation, or

— Local irrigation practices (as
applicable)

Establishes D\, = LGWE-LBE



Ground Motions

Direct Kriging of PGA from recordings



Ground Motions

e Site conditions mapped along levee (using
N~V correlation)

e Krigged residua

e Residuals addec

s of GMPE (data minus model)
to GMPE prediction,

including V.,;,-dependent site effect.



Krigged Residuals



PGA Variation Along Rivers



Fragility Functions

e Express probability of damage state vs. ground
motion amplitude (PGA)

e Most basic:

— Any level of damage (DL > 1).
— Only PGA considered.



Number of damaged segmetns, ND,

Data binning to compute fragility
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PGA-Dependent Fragility



Fragility Functions

e Express probability of damage state vs. ground
motion amplitude (PGA)

e Most basic:

— Any level of damage (DL > 1).
— Only PGA considered.

e Effects of geology, ground water, etc.:
— Condition fragility on various geology classes

— Condition fragility on various water depths relative to
levee base (D,).



Effect of D,, on Fragility

Shallow groundwater,
higher ground failure
rate

Deep groundwater,
lower ground failure
rate



Probabilities for More Severe Damage
States

e Use conditional
probability:
P(DL>dI/| DL>0)

e Deep groundwater:
depends on PGA

e Shallow groundwater:
PGA-independent



Applicability for California



Applicability for California



Applicability for California



Next Steps

e Geotechnical analysis of cross sections

e Use ground failure metrics (e.g., P,, Newmark
displacement) as predictive variables for
fragility analysis.



Conclusions

« Peat soil exhibits post-cyclic volumetric
contraction that may contribute to
earthquake-induced levee deformation. This
mechanism is not currently included in any
seismic levee analysis methods.

* Levee fragility increases with shaking
amplitude and ground water level.

 For PGA =0.15 g, fragilities are ~0.03 (D, >
0) & ~0.01 (D, < -1 m).
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Questions?



Can Peat Transmit Seismic Energy?

Tokimatsu and Sekiguchi (2010)



Low blow count
fill resting atop
peat

CL1: O ft Peat
CL2: 0.1-10 ft
CL3:10.1-20ft
CL4: <20 ft

DRMS Fragilities



Base Stiffness and Radiation Damping
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Base Stiffness and Radiation Damping
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