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Types of Liquefaction Damage

Power poles are pulled over by their

wires as they can't be supported in Lateral Spreading
the liquefied ground. Underground River banks move toward each

cables are pulled apart. other. Cracks open along the banks.
Cracking can extend back into
properties, damaging houses.

.\-A-*_*;;f'ﬁ;;;;
ine sand and silt liquefies, and watJr
pressure increases. |

Lateral Spread

1964 Niigata, Japa-n Earthquake



Pacific Earthquake Engineering Research
Center (PEER) — Next Generation
Liguefaction (NGL) Project

1. substantially improve the quality, transparency, and
accessibility of case history data related to ground
failure;

2. provide a coordinated framework for supporting studies
to augment case history data for conditions important
for applications but poorly represented in empirical
databases;

3. provide an open, collaborative process for model
development in which developer teams have access to
common resources and share ideas and results during
model development, so as to reduce the potential for
mistakes and to mutually benefit from best practices.
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Outcomes

 Produce a vetted and community database of seismic,
topographical, geotechnical and horizontal displacement
measurements pertaining to case histories of liquefaction-
induced lateral spread for further research and model
development by other researchers and investigators under
the auspices of the Pacific Earthquake Engineering
Research (PEER) Center. (COVERED BY THIS WORKPLAN)

O Update, validate and improve current empirical, semi-
empirical, analytical and numerical methods using a peer-
reviewed, community database of well-documented case
histories of liquefaction-induced lateral spread. (FUTURE —
NOT COVERED BY THE PRESENT PROJECT WORKPLAN)



Project Objectives

1.

Develop peer-reviewed and consistent methodology for
data documentation and archiving of lateral spread case
histories.

Develop quality assurance protocols for assessing and
documenting data quality.

Develop methods and/or protocols to quantify
uncertainties associated with the collected data.

Populate the case history database with well-documented
examples of liquefaction-induced lateral spread.

Review screening criterion used in evaluating lateral spread
potential.

Disseminate the database for general use using web-based
software



Tasks
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Procurement of software and kickoff meeting
Development of data quality indicators/metrics, quality
assurance and database population protocols.

Defining methods for quantifying uncertainty of key inputs
Development and structuring of database

Selection of case histories

Obtaining and screening of case history information
Population of case history database

Reporting and Database Dissemination

Review and Development of Screening Criteria for Lateral
Spread Potential (NOT FUNDED)



Types of Data

* SEISMOLOGICAL FACTORS

* GEOLOGICAL FACTORS

* TOPGRAPHICAL FACTORS

* GEOTECHNICAL / SOIL FACTORS

* DAMAGE AND DISPLACEMENT MEAUREMENTS



Types of Data

* SEISMOLOGICAL FACTORS

Earthquake Name and Year

Earthquake Magnitude, Mw

| ocation

source Distance Measures, Rrup, Rjb, etc.

Peak Ground Acceleration
Other measures of intensity (MMI, spectral accelerations, etc.
Duration




Types of Data - Source Maps

EFFECTS ON THE ALASKA RAILROAD

A

EXPLANATION

oA

Epicenters of seismic “events’ during

Brune, 1967)

i

2—Location of the epicenters of recognizable seismic events that occurred during the earthquake (Wyss and Brune, 1967)
and areas of tectonic uplift and subsidence in south-central Alaska (Plafker, 1968).

+2
Isobase, in feet, of tectonic uplift and
submergence (Plafker, 1968)

Epicenters and Crustal Warping - 1964 Alaska Earthquake



Types of Data -
Strong Ground Motion Map
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2011 Honshu Earthquake



Types of Data -
Strong Ground Motion Records

envss  (G2)Ground Level - 1.5m; Longitudinal, Max = 282.04 Gal, Time: 9.82s

282

2822
envst  (G1), Ground Level - 3dm, Longitudinal, Max = 425.42 Gal, Time: 8.95s
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1964 Niigata Japan Earthquake



Types of Data

* GEOLOGICAL FACTORS

Geological unit and type of sediments
Age of sediments

Depth to groundwater

Geological map (if available)




Types of Data

EFFECTS ON THE ALASKA RAILROAD

EXPLANATION

* GEOLOGIC MAP ot

Horizontally bedded sand and gravel with sand
predominating. Surface subjec! to flooding
at high discharges. Usually lies enfrenched
within inaetive flood plain. Water table at or
neor surface. Usually free of vegetation

Inactive flood plain
Hurizontally bedded cand and gravel with sand
predominating. Not inundated by normal
high discharges. Usually lies a few feel above
active flood plain. Water table probably 2 to
10 feel below surfuce. Commonly supports
growth of shrubs and trees

Fan delta
Alluvial fans and fans thaf become delins where
deposited {n standing water. Closts in allu-
vial fans are as large as boulder size if
stream gradient is steep. Deliaie portions
likely to contain finer sediments

Glacial outwash terraces
Generally flat terraces, often above Tnactive
flood plain. Horizonially bedded sand and
gravel. Grain size commonly coarser than in
tnactive-flood-plain terrace

Glaeial till on bedrock
Till thin or absent on steep valley walls, thicker
on gentle slopes and on valley floors.

{BM55) fech h
4 echogy in part after
i O f R Lemke {13671
/
/

Ll 1 P — N

Base from U.S. Geologcal Survey 163,360 Contact Bridge number

Seward A-7, 1958 . : .
Tndieated by railroad milenge

north of Seward




+ TOPGRAPHI

* Topo




Types of Data -
hot  and Toporphical Maps
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100 FEET
g 1m=2323R
RALL EVLEVATIIN = 408

1964 Alaska
EGr.I.thOke TWENTY MILE RIVER ALASKA

ELEVATIONS REFERENCED FROM AN ARBITRARY
DATUM, CONTOUR INTERVAL = 2 FEET

SURVEY AND INTERPRETED BY:
S, BARTLETT, S\ McMULLIN TL. YOUD,
BRIGHAM YOUNG UNIVERSITY, 1989



Types of Data

* GEOTECHNICAL / SOIL FACTORS

Local Elevation

Feat Meters
28

HIGAWAY 93
Proposed region of faiure in C1

20 -
Edge  Butked

ow &~ ounk
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PENETRATION

BECKER SOUNDING

STANDARD Segre Ti
PENETRATION LOG CNERATIO ; P
PENETRATICN, N Fricton  Resistance

15050

CP - Cone Panetration Sounding
SP-Standard Penetration Sounding ’ ) 25

BO - Becker Penetration, Open Casing N ek : B/

ows/ft. lows/ft.
BC - Becher Penetration, Closed Casing p /\ (H ; ) A 3 (B s/t)
HA - Hollow - Stem Auger, Sampling i

A - Spectral - Analysis-of Surface- Waves
SECTIONA-A'

e

1983 Borah Peak Idaho Earthquake



Types of Data —
Subsurface Data

Maazurad Claan-zand
Ngpr Equivalant [N}z Liquelaction Analysis

.

| Sity Sand |

Interpolatad
Coyclic
Rasistancea
Ratio (CRR)

Liqualiad Sail

Cyclic Strass
Ratio (CSR)




Types of Data -
Aerial and Satellite Imagery

Fig. 4 Liquefaction maps indicating areas of observed liquefaction in the 4 September 2010 (white

2010 Christ Church Earthquake




Types of Data
* DAMAGE AND DISPLACEMENT MEAUREMENTS

1964 Niigata, Japan ocon
Earthquake AL

LEGEND
7

DISPLACEMENT VECTOR
(Number represents measured
dsplacement in om)

27

@ 542 SPT BOREHOLE LOCATION AND
BOREHOLE IDENTIFICATION NUMBER

0om




Types of Data -
Interpretive Plots and Crack

S. ABUTMENT OF 147.1 N. ABUTMENT OF 1471

1989 PROFILE

1m=328FT
1958 PROFILE CFROM ALASKA RAILROAD

—

SCALE = 100 FEET
C(VERTICAL TO HORIZONTAL SCALE = 11>

1964 Alaska
Earthquake



Relational Database Schema

ETL RECORD 10 -
ILOCA_RECORD_ID TROCAID REcoRD D
—10cAD DETL_DESC B B

LOCA_TYPE

jLoca_GL

LOCA_LAT

Loca_Lon

Loca_FoeP

LOCA_STAR

LOCA_ENDD

iLloca_Rem

LOCA_RECORD_ID
HOPH_TYPE
HDPH_WAT

SCPT
HDPH_CREW

ISCPT_RECORD_ID

LOCA_ID

: SCPT_LX

=i

[SAMP_RECORD_ID SCPT_GCA

Loca 1D ISCPT_DPTH

iSamMP_ID ISCPT_DPTH_unit

[SAMP_TYPE o

e

b w‘?oif GRAT_RECORD_ID ‘ T

amp —LOCA_ID
LOCA_ID LOCA

[SAMP_DTIM esORt oo ] —ESPT_LX

EAMP DESC 5AMP_ID SR HSoT_|

= SPEC_REF PROI_RECORD_ID TSPLLY

GRAT_SIZE PROI_ID ot

GRAT_PERP B

GRAT_REM PROI_REM fSPT_TOP_unit
ASPT_NVAL
ESPT_Rod_Length

*  Currently in Microsoft Access; could be translated into other database management systems such as MySQL
«  Compatible with Electronic Transfer of Geotechnical and Geoenvironmental Data (AGS4) formatting

«  Displacement vectors, bore logs, and topology with their spatial coordinates in database

«  Other data as flatfiles (or Binary Large Objects, BLOBS)



Data Quality/Reliability Indicators

Sources of Error

>

-
ollection;




Data

Collection
Flow Chart

Gather and digitize the
data; provide flatfiles

Fill out Revision
checklist
(Appendix 111

Revise the data and
make corrections

Provide backup
database; merge
into master DB

Fill out Inputting
checklist

{Appendix 1)

Cross-check the inputted

data.

Fill out Checking
checklist
[Appendix Il). Does
it require revision?

Verify the data

Fill out Revision
checklist

(Appendix VI)




Data Quality/Reliability Indicators

Sources of Error

>

-
ollection;




Data Quality/Reliability Indicators

=ih

.

ihg data;
mostly in b 0, fines




Data Quality/Reliability Indicators

Field Name

Description

Indicator type

BoreDiam_ES

1 = directly from log; 2=
from log drilled by same rig
and driller; 3= unknown
borehole diameter

Completeness

Elev_ ES

1 = directly from log; 2 =
estimated from nearby
logs; 3 = from maps; 4 =
unknown

Completeness

1 = directly from log at
least 24 hours after
drilling; 2 = from log but
date not listed; 3 = from
nearby log; 4 not
reported in log

Completeness

HAMMERTYPE_ES

1 =directly from report; 2 =
from other reports; 3 = not
reported

Completeness

latitude ES

longitude ES

1 = directly from log; 2

digitized from maps; 3 =
digitized from maps of
lesser quality, 4 =
perceived from other data

Completeness

latitude_positional_error;

NR = not reported,
measurements otherwise

Accuracy

longitude_ positional _error

NR = not reported,
measurements otherwise

Accuracy

displ_vector_magnitude ES

0 = directly from map; 1 =
measured from map;

Completeness

displ_vector_type

indicates if the vector is on
the ground or on a building
or bridge, etc.

Completeness

topol_type

indicates if the point is on
the ground or on a building

Completeness




List of Case History

1906 San Francisco, California
Earthquake

ote Creek Bridge near Milpitas
| if{'}rl'l [ 'Ci

hnuth of Idrkel Street Zone in S:
Francisco

147 .4, 1475, 148 3 on
A F{lwr Ald \ka

g wav Bridge 629 Placer River,

Bridge EJD A, Snow River, Alaska
Bridges, 3.0, 3.2, 3.3, Resumrection
River, Alaska

Numerous lateral spreads within Niigata
City

Jensen Filtration Plant, San Fernando,
California

Juvenile Hall, San Fermando, California
Heber Road near El Centro, Californi
River Park near Brawley, California
Whiskey Springs near Mackay, ldaho
Pence Ranch near Mackay, Idaho
Numerous lateral spreads within
Noshiro City

Wildlife Instrumentation Array near

Pajaro River




List of Case History

Moss Landing, Monterey

Marina District, San Francisco

1990 Luzon Philippines Earthquake

Dagupan City

1991 Costa Rica Earthquake

Railroad and Highway Bridge sites

1994 Northridge, California Earthquake

King Harbor, Redondo Beach

Balboa Blvd., San Fernando Valley

Malden Street, San Fernando Valley

Wynne Avenue, San Fermando Valley

Potrero Canyon, San Fernando Valley

1995 Kobe, Japan Earthquake

Lateral Spreads on Port Island

Lateral Spreads on Roko Island

1999 Kocaeli, Turkey Earthquake

Cark Canal Site

Yakin Street Site

Cumhuriyet Avenue Site

Sapanca Hotel Site

Police Station Site, East lzmit Bay

Soccer Field Site. East lzmit Bay

Degirmendere Nose Site

Yalova Harbor Site

1999 Chi-Chi, Taiwan Earthquake

Wufeng Site C

Wufeng Site C1

Wufeng Site B

Wufeng Site M

MNantou Site N

Leuw Mei Bridge

2010 Maule, Chile Earthquake

Port Coronel

Valparaiso

Llacolen Bridge

Juan Pablo Il Bridge, Concepcion

La Mochita Bridge, Concepcion

Tubul Bridge, Tubul

Mataquito Bridge, lloca

2011 Tohoku, Japan Earthquake

Several lateral spreads

2010 Darfield, New Zealand Earthquake

Several lateral spreads in and around
Christchurch

2011 Christchurch, New Zealand
Earthquake

Several lateral spreads in and around
Christchurch




Data Population Progress

Case
history

Displacement
vectors

Boreholes

Subsurface data

(row)

Topology (points)

1964
Niigata

179

24

359

429

585

68

1574

256

H9

112

4

92

235

J9

442

45

297

K8

285

4

62

302

Total

1603

2279

1519

1983
Noshiro

South

266

462

176

North

147

59

848

348

Total

413

1310

524

1971 San
Fernando

Jensen
water
plant

69

33

494

flatfile

Juvenile
hall

79

6

121

flatfile

Total

148

39

615

1964
Alaska

Total

14

20

411

flatfile

1979
Imperial
valley

Heber
road

in progress

3 (in progress)

54 (in progress)

in progress

River
park site

in progress

4

62

in progress

1983
Borah
peak,
Idaho

documents gathered, ready to digitize, in progress

1906 San
Francisco

documents gathered, ready to digitize, in progress




Summary

* Lateral spread database must accommodate various data types
that is spatially located

* Most case histories have value if the data quality and/or
potential sources of uncertainty in the measurements can be
quantified

Data quality ranking scheme
Uncertainty estimates or statistical distribution about
estimates

 More information req’d

Vector displacement maps

Recordings of better estimates of strong motion
Large subduction zone earthquakes

Silty and gravelly soils

Affect of layer thickness

Aging effects



