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Introduction

NGL Database Contributors

* Pls: Jonathan Stewart, Steven Kramer, Yosef Bozorgnia

« Database working group: Scott Brandenberg (chair), Robb
E.S. Moss (Cal Poly), K. Onder Cetin (METU), Kevin Franke
(BYU), Paolo Zimmaro (UCLA), and Dong Youp Kwak (Hanyang

University)

« Southwest Research Institute: John Stamatakos, Miriam
Juckett, Bis Dasgupta, Joey Mukherjee, Zackary Murphy, Steven
Ybarra

Nuclear Regulatory Commission: Thomas Weaver
Caltrans: Tom Shantz
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Introduction

NGL Database Contributors

U. of Utah: Steve Bartlett, Masoud Hosseinali
 Virginia Tech: Russell Green, Kristin Ulmer

« UC Berkeley: Jonathan Bray, Christine Beyzaei
 Tonkin & Taylor: Sjoerd Van Ballegooey, Mike Liu
 BYU: Heidi Dacayanan, Lila Lasson

* METU: Gizem Can, Makbule llgac

« UCLA: Omar Issa, Chris Nicas, Trini Inouye, Arielle Sanghuvi,
Tristan Buckreis, Naoto Inagaki, Wyatt lwanaga, Michael
Winders, Bryan Ong, Siddhant Jain, Allison Lee, Honor Fisher

Others: Mike Greenfield, Teruo Nakai, Hideo Sekiguchi, ...
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NGL Project Overview

What motivated the formation of NGL?
Project elements
Organization




Introduction

Project Need

Most analysis techniques
for ground failure are B T AL PO SR
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Introduction

Project Need

Small data sets — a few
sites are especially
consequential
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Introduction

Project Need

Alternate models provide
different outcomes —

® Derived from different data
® Data interpreted differently
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Introduction

NRC Liguefaction Committee

* Multi-year assessment of state of the art and
practice in liguefaction

* Report completed Feb 2017

* Primary recommendation was development of
public database on liquefaction case histories

e Additional recommendations related to
development of improved models

UCLA samueli



Introduction

Project Elements
e Community field case history database

e Supporting studies of critical effects poorly
constrained by data

* Model development: team meetings, common
resources, required parameter space




Introduction

Project Organization

Joint Management
Committee (JMC)
Representatives of key organizations:

PMC, SWRI, high-level sponsors
(Caltrans, NRC, etc.)

Project Management

Committee (PMC) L_._1 Advisory Board

Pls: Bozorgnia, Kramer, Stewart Senior experts, advise PMC

Database Development
Chair: Brandenberg Focused Studies

Working group, 1-2 post docs Individual investigators

Model Development

Topical developer teams.
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Introduction

What is a Database?

Definition Used by Engineers: “A Collection of Data”

« Examples include experimental data archived in DesignSafe (formerly
NEEShub), or ground motion records made available through various
NGA projects (typically spreadsheets).

« This Is not a database according to the data science community, who
reserve the word “database” for a relational database (e.g., MySQL,
Microsoft Access).

UCLA samueli



Introduction NGL Database GUI NGL Database Current status Final remarks

Example Database

Epicentral
Longitude Station Name V30 (M/s)

Epicentral
Latitude Ry, (km)  PGA(g)

Westwood Hills 6.3 34.0689 118.4452 Factor Building 2 0.84
Westwood Hills 6.3 34.0689 118.4452 | Santa Monica Courthouse 14 0.28
Hollywood Valley 7.2 34.1027 118.3404 Factor Building 20 0.61
Hollywood Valle 34.1027 118.3404 | Santa Monica Courthouse 30 0.32 |

Event Name Magnitude

UCLA samueli




Introduction

Example Database Schema

Event Table é

Epicentral  Epicentral

©-Event_id  Event Name Magnitude Latitude Longitude
1 Westwood Hills 6.3 34.0689 118.4452 ©= Primary Key
2 Hollywood Valley 7.2 34.1027 118.3404 @@= Foreign Key

-~ \
Station Table ® Motion Table =

©= Station_id Station Name ©=Motion_id ©=Event_id @=Station_id Rj, (km) PGA (g)

1 Factor Building 380 1 1 1 2 0.84
2 Santa Monica Courthouse 215 2 1 2 14 0.28
3 2 1 20 0.61
4 2 2 30 0.32
Relationships set through shared fields (keys) Benefits of relational databases:
Primary key: unique identifier for each record Smart database (query, advanced tools)
Faster (it uses indexes)
Foreign key: field in one table that identifies a Minimize duplicated fields

record in another table Avoid null fields UCLA Sernuei




Introduction

Traditional vs Next-Generation Databases

From spreadsheet To relational database
(Traditional data analysis) (big-data analytics)
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Next-Generation Liquefaction Database, Zimmaro et al. (2018a, SSA),
Brandenberg et al. (2018b, GEESD) UCLA samueli




NGL Database Schema

* 53 Tables
* Linked through Primary/Foreign keys

* Use of access indexes to improve
query tools and accessibility

* Four Sections:
1. General
2. Site
3. Observation
4. Event

UCLA samueli



Introduction

Benefits of the NGL Database

Old case-histories

face clay 511t' layer. ‘Fullqu]g the 1977 Earthquake .
earthquake, signs of liquefaction such as 1977 Vrancea, Romania 7.20+0.11
ejection of fine sand through the fissures or Site Liquefied?
cracks were observed here and there in_this Site 3 No

area. Photo.2 shows typical sand ejection

® Liguefaction

°© No Ground Failure
A "
o ® l’l
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From Ishihara and Perlea (1984) UCLA samueli




Introduction

Benefits of the NGL Database

Recent case-histories

¢ CPT/SPT from this study
¢ pre-SPT from Chiba Pref.

—Sea-wall
+ Inferred zone of lateral spread
—Crack
=22 Soil boiling
- Cross-sections
©5290
©5327 -

©25416

Urayasu, Japan (2011 — M9.0 Tohoku-Oki event)
From Stewart et al. (2016)

UCLA samueli



Introduction

Benefits of the NGL Database

Recent case-histories

Motion-based data
S 02 ' ‘ '
s O ¥y
<‘(’ -0.2+ l ) 1
S 02f ' . ' 1
g Of— o ARG A el B e e
8 02 | "'M *'”'“ |

M

0 50 100 150 200
Time, t (s)

Ibaraki, Japan (2011 — M9.0 Tohoku-OKki)
From Kramer et al. (2016)

and M. Greenfield pers. comm.
UCLA samueli




NGL Case History Definition
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NGL Database GUI

NGL Database GUI development

NRC-funded SwRI-UCLA collaboration
Sm' KQ{ U SNRC GwiI

Cassini Magnetospheric Studies
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Introduction NGL Database GUI NGL Database Current status Final remarks

NGL Database GUI Earthquake Events

- C @ ® www.nextgenerationliquefaction.org/events 70% e @ 2| Q Search vy 1IN @D & O =

Admin ¥ = Current Mode: Admin v f Log Out ‘

e

Add Event From File Show 10 |v|entries Search:

| Browse... | No file selected.

Name Magnitude | Date Actions
Tohoku-oki 9 1/13/11 5:46 PM
Toho-oki - Hokkaido (Kuril Islands) 83 10/4/941:23 PM m
Tokachi 83 9/25/03 7:50 PM
Tokachi-oki - off the east coast of 8.2 5/16/68 12:49 AM
Honshu

Denali, Alaska 7.9 11/3/02 12:00 AM ﬂ

Wenchuan, China 7.9 5/12/08 12:00 AM

Kaikoura, New Zealand 7.8 11/13/16 11:02 AM
Nihonkai-Chubu - near the west coast 7.7 5/26/83 2:59 AM m
of Honshu

Sitka, Alaska 7.68 7/30/72 12:00 AM m
Chi-Chi, Taiwan 7.62 9/20/99 12:00 AM

PEER Ground Motion Database

NGL

‘“lllh"ﬂ" Pacific Earthquake Engineering Research Center

GENERATION
LIQUEFACTION

NGA West 2 Database
NGA Subduction (soon...) UCLA samueli




NGL Database GUI

NGL Database GUI (Map view

www.nextgenerationliquefaction.org

==

z Map ~  Actions ¥
NEXT

LIQUEF

NGL

Sites ~
Field Performance
Field Investigation ~
Earthquake

Type event name

Magnitude

min # || max

M6.9 Kobe, Japan

M6.5 Imperial Valley-06

M7.2 El Mayor-Cucapah

M7.7 Nihonkai-Chubu - near the west co
M6.2 Hokkaido

M8.3 Tokachi

M6.9 Obihiro - Hokkaido

Statistics ~

213

‘4
+ QEvent Ol
- General description
® site D
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|
|| Q@cpr
NORTH EUROPE nowf
AMERICA NI |
ia ASTA g Q Test pits
3! e -
? | © Non-nvasive Geophyslca
Atlantic |
Ocean Invasive Geophysical
I
Ocean Ocesn | Qi
Pacific Pacific jater Table
Arsica
@ stratigraphic Units
soutH @ Detailed Soil Descripti
AMERICA / iled Soil Description
Indian
9 sompies
© other
16 Mo

3000 km
2000 mi

It
il ! Ly
. l||||||'|lv

PEER

Site — Geotechnical characterization

MOUKTAN PLUINS CONSORTION

& ¥ USNRC MPC

LIOT

MWV Keeping Utah Moving
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NGL Database GUI

NGL Database GUI (Map view)

www.nextgenerationliquefaction.org

Actions ~

Map ~

Sites ~
Field Performance ~

Field Investigation ~

Earthquake

Type event name

Magnitude

-
min = max

M6.9 Kobe, Japan

M6.5 Imperial Valley-06

M7.2 El Mayor-Cucapah

M7.7 Nihonkai-Chubu - near the west co
M6.2 Hokkaido

M8.3 Tokachi

M6.9 Obihiro - Hokkaido

213

Reset

Statistics ~

Pacific
Ocean

AUSTRALIA

3000 km
2000 mi

NORTH
AMERICA

Pacific
Ocean

EUROPE

ASTA

Atlantic
Ocean

AFRICA

SOUTH
AMERICA

Indian
Ocean

(-3

Pacific
Ocean

AUSTRALIA

Pacitic
Ocean

0.

Topographic Map (high res.}

Imagery Map (middle res.)
OTerrain Map (low res.)

Event Information

& Event

S|

o) | General description

AMER
® site

QBoreholes
Qcer

Q Test pits

S

& Non-nvasive Geophysica\[l

@ Invasive Geophysical

@ stratigraphic Units

[]
© water Table D
0

7 Detailed Soil Description D

© samples

“'ll (I
p

PEER

& ~»USNRC MPC

PN\ MOSNTANSLINS CONSORTION

LIOOT

AWV Keeping Utah Moving

Earthquake events (that produced observations

[ —
v Other D

Field Performance
eobserval\on (Note) D
QObserval\on (File) D
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NGL Database GUI

NGL Database GUI (Map view)

www.nextgenerationliquefaction.org

Map ~  Actions ~ e J " - - 3 g < 4 . 3 1 / i Log Out

Sites ~ <
Field Performance ~ g ¥ Boreholes D .
Field Investigation ~ - Qcer D
Earthquake © Test pits D
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Post-earthquake observations UCLA samuei



NGL Database Current status

Database Current Status

Legacy case-histories (used in the past for model development)
Include:

« 1964 Niigata (Japan)

« 1979 Imperial Valley

« 1987 Superstition Hills

« 1989 Loma Prieta

« 1995 Kobe (Japan)

« 1999 Chi Chi (Taiwan)

« 1999 Kocaeli (Turkey)

« U. Utah + BYU lateral spread sites
« Etc...

Total ~300 case histories (work in progress...)

UCLA samueli



NGL Database Current status

Database Current Status

* Christchurch (New Zealand) 2010-
2011 sequence:

Green et al. (2014) case histories (VTech Green and
Ulmer)

Tonkin + Taylor case histories (Van Ballegooy and
Liu)

UC Berkeley sites (Bray and Beyzaei)

CPT_19570)t CPTE3674 5
- L

CPI145766 - r . o 8’485

- s 4
CPT24402 CPT, 44519

. CRI.48486
CRT1,7484 5 \ .
o =l ST .
a| CRTZ26031 » " R . cm:%osc?%q\;_
- 2 .
A _

CPT; 3686

4278'CPT. 44279
s . CPT_20806
2

) s

. " Sitej207405BoweyAve
A CPT 286112

i CPT434283

5 CPT_34250 CPT. 260857

36431 .
; CPT=34249) . v
h

SCRIRo5158, T M 175 -
CRTeS 25 _‘_ﬁ_:;?!,ﬂ___l SRT_34284
| t { .
s
P7.35301 ﬂ ? " =
= . i ” 3
i ﬁ\: Bag X M. /i 36593

]
8 - g/ CPT 26062
™/ CPT=2953 {

™. CPT250639

- CPT 36594

« Tohoku (Japan) 2011 M9.0 event —
Unpublished

Tohoku + Mihama - UCLA

Instrumented levee arrays - UCLA

Additional lateral spread sites — UCLA-BYU

+ CPT/ SPT from this study

© pre-SPT from Chiba Pref.
— Sea-wall —
Inferred zone of lateral spread‘ \ \ \

L
\ Rt
J— \ )\ \RY N
Créck } . \| N\‘\‘ \ H ) \_§ =
Soil boiling = \ ;:;\ \ >\\ \‘“ (OnC
~~~~~~~~~ Cross-sections \/ \—"\ \?\\ 'A”\ it
) —~ \ H
B N7 () N S 3 ot
SCPT0] 08—
05327 | = fm : f
1zm A 25416
" 20m Y AT s
w 26m Zgm<t™
X " Tokyo Bay
§
150 m 300 m
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NGL Database Current status

Database Current Status

Case histories with relatively small magnitude (data collection)

« Emilia (Italy), 2012 M5.8 earthquake — UCLA

« Au Sable Forks, NY 2002 M5.0 earthquake — Gingery (2003)
 Pawnee, OK, 2016 M5.8 earthquake — Clayton et al. (2016)
« Olancha, CA, 2009 M5.2 earthquake — Holzer et al. (2010)

 Others...




NGL Database Current status

Review/Vetting Process

Database working group (Brandenberg (chair), Cetin, Moss, Franke, Kwak, Zimmaro)

sites
Field Performance ~
Field Investigation ~
Earthquake

=

Magnitude

6 New Zealat

mila, ftaly
1 Tohoku-oki

Statistics ~

rfield, New Zealand
2 Christchurch, New Zealand

Review ~

Reset Password

Manage Sites

Review Sites

Review Field Tests

Review Field Observations

AFRICA

Review

ATRICA

Y

AUSTRALIA

O Topograpnic p (ign res.)

O magery usp (miccieres

28 O Torrain wap powres.)
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@ Event %]

Q@ ovssrvation (Nots) [T]

@ Ovesrvaton(Fes) [

Observation

| No liquefaction, however adjacent to liquefied region BDY001

Associated Files

Liquefaction Manifestations v

Event

New Zealand-(C |~

Ground Motion Intensity Measures >

Show | 10 |V |entries

Latitude

-37.918869

176.842924

Standard

Deviation

Approve? Comments
No

Method of
Getting Intensity
Measure

Measure

estimated by Zhao et

| Current Mode: Review ~

verify that required fields are present and the inputs match source materials.

g

HORTH
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(O Toogmphicusp ightss) &
imagery Map (mids res )

() Teman e ow e

Event information

@event

S
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® sts
 Bornoise
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Q Water Tabse O
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St
PEER

£ % USNRC

BN Keeping Utah Moving
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Final remarks

Vision for Community Access
(to cloud or not to cloud?)

 Due to large amount of data, downloading data and processing
them on a laptop is inefficient and undesirable (though still possible).

 The database is mirrored onto DesignSafe (www.designsafe-ci.orq).
Users will be able to process data on the cloud using SQL queries in
Jupyter notebook Python scripts (off-the-shelf libraries).

DESIGNSAFE-Cl 92V

NHERI: A NATURAL HAZARDS ENGINEERING RESEARCH INFRASTRUCTURE

Research Workbench ~ Learning Center ~ NHERI Facilities ~ NHERI Community v About  Help ~ Q

3 " ol o

PRJ-2032: NEXT-GENERATION LIQUEFACTION (NGL) CASE HISTORY DATABASE

aaaaaa


http://www.designsafe-ci.org/

Depth (m)

Vision for Community Access
(to cloud or not to cloud?)

':'_f Jupyter Interactive Plots_modified Last Checkpoint: 09/24/2018 (autosaved) (o | Logout || Contral Panel |

File  Edit  View Inset  Cell  Kemel  Widgets  Help | Python 3 ©

‘HE||3@|¢EI|E||$|9||HRun|l|C’|»||Code

NGL

NEXT
GENERATION
LIQUEFACTION

Gkt v B % USNRC MPC 47207

PEER MR Keeping Utah Moving

This post-processing tool generates CPT/SPT/VS profile for each case history in the NGL database. Queries are produced for earthquake events that
produced observations and sites for which geotechnical data are available.
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Final remarks

Final Remarks

 The NGL relational database (being populated): capabilities for big
data analytics and incorporation of uncertainty

* Vetted database (NGL working group)
 NGL-NGA interaction — earthquake events

« The NGL database is mirrored onto DesignSafe — Cloud-based
analytics

UCLA samueli
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Project homepage:
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