SSA-LACSC joint conference, Seismology of the Americas
March 15 2018
Miami (FL)

NGL: An Open Source Global Database for
Next-Generation of Liquefaction Assessment

Paolo Zimmaro, Ph.D.
Research Scientist and Lecturer
University of California Los Angeles

UCLA ENGINEERING NGL

Civil and Environmental
Engineering GENERATION

LIQUEFACTION

Engineering Sustainable Infrastructure for the Future

05/15/2018 Paolo Zimmaro, Ph.D.



SSA-LACSC joint conference, Seismology of the Americas

March 15 2018
Miami (FL)
Acknowledgements
Co-authors g Project Co-Pls and collaborators
Dongyoup Kwak (Hanyang University, South Korea) Steven L. Kramer (U. Washington)

Jonathan P. Stewart (UCLA) Yousef Bozorgnia (UCLA)

Scott J. Brandenberg (UCLA) Tom Shantz (Cal Trans) and Thomas Weaver (NRC)
Funding Agencies Onder Cetin (METU), Robb Moss (Cal Poly SLO) Kevin Franke (BYU)
allln, _ Sjoerd Van Ballegooy and Mike Liu (Tonkin & Taylor, NZ)

"lllll',i"' rt Jon Bray and Christine Beyzaei (UC Berkeley)
PEER &ttrans Russell Green and Kristin Ulmer (Virginia Tech)

John Stamatakos, Miriam Juckett, Joey Mukherjee, and Zazkary

SwRI* USNRC
' . . Many other US and international collaborators...
UCLA undergraduate and graduate students

u-:uhTA n-pLAmE corsorRTION T Fr'eepmg Litzh Mm/m_g

05/15/2018 Paolo Zimmaro, Ph.D. 2



Liquefaction:
Needs and current
situation

Outline

Liquefaction assessment: Needs and current situation
The Next-Generation Liquefaction Project (NGL) Vision
Flatfiles vs Relational Databases

The NGL Database

Final Remarks




Liquefaction:
Needs and current
situation

Liquefaction assessment: Needs and current situation

Steps in liquefaction risk assessment (three-step approach):
1. Susceptibility
2. Triggering (Factor of safety and/or probability of liquefaction)
3. Effects (consequences)

Each is empirical or semi-empirical, and hence is reliant on available data.
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Liquefaction:
Needs and current
situation

Liquefaction Assessment: Current Needs

Small data sets

A few sites are especially
consequential

Existing data sets are necessarily
incomplete, especially:

Depth > 10 m
M>7.5and M<6.0
FC > 30%

CSR>0.4

CSR (adjustedto M=7.5 & o, = 1 atm)

0.4

=
L

=
(]

=
=

0.0
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Idriss & Bowlanger (2004}

Cases for r'v =065 o 1.5 atm

Triangles: 1384 cases: Circles: 2000 cases;
Sguares: Kobe proprietary cases.

Filled-in symbols: liquefaction;

Open symbols: no liguefacton;

Cyan symbol: marginal.
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Liquefaction:
Needs and current
situation

Liquefaction Assessment: Present Situation

Alternate liquefaction models
provide different outcomes.

Why?
1. Inconsistent data sets

2. Different methods for data
interpretation

3. Different models for extrapolation
beyond data range

4. Potential errors in data analysis

5. Minimal between-developer
interaction
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NGL Project
Vision

The NGL Project Vision

Community field case-history relational database
Supporting studies of critical effects poorly constrained by data

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




NGL Project
Vision

The NGL Project Vision

e Community field case-history relational database

——
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Flatfiles
Vs
Relational Databases

Flatfiles vs Relational Databases

From spreadsheet (flatfiles) ‘ To relational database

(big-data analytics)

(Traditional data analysis)

Epicentral  Epicentral g FP;::::::: Event table )
Event Name Magnitude Latitude Longitude Station Name Vs (m/s) Ry (km) PGA (g) ] ’
- - Epicentral  Epicentral
Westwood Hills 6.3 34.0689 118.4452 Factor Building 380 2 0.84 . . : .
Westwood Hills 6.3 34.0689  118.4452  Santa Monica Courthouse 215 14 0.28 @-Event_id EventName  Magnitude Latitude  Longitude
Hollywood Valley 7.2 34.1027 118.3404 Factor Building 380 20 0.61 1 Westwood Hills 6.3 34.0689 118.4452
Hollywood Valley 7.2 34.1027 118.3404  Santa Monica Courthouse 215 30 0.32 2 Hollywood Valley 7.2 34.1027 118.3404
] . . Station table
Relationships set through shared fields (keys) Ve
Primary key: unique identifier for each record ©- Station_id Station Name (m/s)
1 Factor Building 380
2 Santa Monica Courthouse 215
Foreign key: field in one table that identifies a Ground Motion table
record in another table
©= Motion_id ©=Event_id ©=Station_id Ry, (km) PGA (g)
Benefits of relational databases: ; i ; 124 gg:
Smart database (query, advanced tools) 3 2 1 20 0.61
Minimize duplicated fields 4 2 2 30 0.32
Avoid null fields From Brandenberg et al. (2018)
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Flatfiles
Vs
Relational Databases

Benefits of a Relational Databases

3

et "ECE— - :
- Jupyter ExampleQuery Last chedpoint: 04252017 (unsaved changss) A Logout ation Liquefaction Project r ap~ | Upload ~

Review ¥ |

L e

Filz Edit Wiew Insert Cell Kernel Widgets Help Trusted

B+ 2 @B 4 ¥ W B C cCode v = & & o

Serformance Teams

- T . . nvestigation Site Name Latitude Longitude Geology Remarks Reviewed? Actions
n [7]: 1 import pymysqg

Z import cawv K
3l 3 = juake 4

e e Urayasu Sea 35,638  139.934 Fill No o
5 conn = pymysgl.connect{host="127.0.0.1"', port=330&, user="root', passwd='root',K db='ngawesti'
& cursor = conn.cursori)

event name Front

: MySQLCommandl = "SELECT event_name FROM event WHERE event id=l wude Test Site With 80 80 No *
5 cursor.execute (MySQLCommandl)

10 ewent_name = cursor.fetchone({) [0] - ~ File
11 print{"Event Name =| " + event_name)

13 MySQLCommandz = "SELECT pga FROM motion INNER JOIN event ON motion.event_id = event.event_id WHERE event.event_
14 cursor.execute (MySQLCommandZ) F”es
15 pga = cursor.fetchone() [0]
16 print{"BEA = " + stripga))

12 conn.commit ()
_- conn.close ()
Location Name Latitude Longitude Elevation Remarks
£ >
Zvent Name: Helena, Montana-01 Within spreading 35.637925 139.93356

PEA = 0.15702

Submit
In [ ]: 1

fu/ngl/admin/teams" in a new tab

Field Tests ~

Advanced tools (work on the cloud) “Smart” database
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The NGL Database

The NGL Database

KPHP platform, GIS-based mapping tool, To be hosted at DesignSafe (UT NHERI site)

N GL NEXT-GENERATION LIQUEFACTION PROJECT

Home Map Download Upload Users Help

Data Statistics

Sites 63
Penetration/Geophysical tests
Borehole (Boring, SPT) 36
CPT 246
Test pit 0
Geophysical test (Vs) 4
Lab tests

Sieve 30
Atterberg limit 30
Consolidation 0
Triaxial (monatonic) 0
Triaxial (cyclic) 0
Others 0

Next-Generation Liquefaction Database

Number of Sites

- @ @

5000 km
3000 mi

60

esr|
Leaflet | Esri, FAO, NOAA, AAFC, NRCan

S We acknowledge our sponsors.

4 & SwRI -+ USNRC

On-line beta version

http://uclageo.com/NGL/database/index.php
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The NGL Database

- Graphical in’Eerfac_:e — User Experience Desig

The NGL Database
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The NGL Database

The NGL Database

What constitutes a case history?

e Sijte information Minimum requirements:

Soil stratigraphy

Ground water depth

Details pertaining to soil type
Penetration resistance or V.

N GL NEXT-GENERATION LIQUEFACTION PROJECT
Home: Map Download Upload Users Help

8 . ? ot

et | Esri, FAO, NOAA AAFC, NRCan

On-line beta version
http://uclageo.com/NGL/database/index.php
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The NGL Database

Site information

Event information

The NGL Database

What constitutes a case history?

N GL NEXT-GENERATION LIQUEFACTION PROJECT

Home

Map Download Upload Users

Help

SITE INFORMATION

From NGA!

| +]

®

Qe
e

Leaflet| Esri, FADQ, NOAA AAFC, NRCan

On-line beta version

http://uclageo.com/NGL/database/index.php
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The NGL Database

The NGL Database

What constitutes a case history?

* Site information Minimum reguirements:
- Written, mapped, or imaged
observations

 Ground performance - Date/time of reconnaissance
- Location (lat/long)

e Event information

N GL NEXT-GENERATION LIQUEFACTION PROJECT

Home: Map Download Upload Users Help

g . ¢ ot

esk|
ot | Esri, FAQ, NDAA, AAFC, NRCan

On-line beta version
http://uclageo.com/NGL/database/index.php
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The NGL Database

The NGL Database
Site Information

(3

Help === | Review ~ /| Log Out 5

L Next-Generation Liquefaction Project [ Map * § Upload ~

o A i @
- - Within spreading
Sites 1 Jr- =t Lat/Long: 35.637925/139.93356
Field Performance + w Topographic Map (high res.) Date:
| 2
i fventipa QORI | - Urayasu Sea Front B oy Map iR ed QL voce
Latitude (deg) 35.638
Terrain Map (low res.
Eecthqupke Longitude (deg) 139.934 i :
Type event name Elevation B o
Surface Geology Fill General description
: Reviewed? No
Magnitude | Site
mirs ma? Downloads ‘ — Field Investigation E
Da1a! Download I % VES £
] . Location a
At (O - o r—— * ]
acdun ! R — Event Information ——————
» O even
5 RGN v Field Performance-
o Observation (Note)
Observation (File)
reset (D
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The NGL Database

The NGL Database
Event Information: Integration with NGA (Next-Generation Attenuation) products
NGA data Integration with NGL

A B C D E F HZ 1A .
* NGA Data implemented as part of the NGL

Record [ )

Relational Database
1 |Number | EQID Earthquake Name YEAR  MODY  HRMN 1 T7.5005 T8.0005
2 |1 0001 Helena, Montana-01 Moas  "oat "s3s 8151 0000247 0.000231
3 |2 002 Helena, Montana-0z Bozs "ozt Fo1s 8152 0.003331 0.003473
4 |3 003 Humbolt Bay Moa7 o207 Tbaaz 8153 0000661 0.000639
5 |4 0004 imperial valley-01 foss  'osos ‘D24z 8154 0.000486 0.000700
6 |5 005 Northwest Calir-01 foze ootz et 8155 0001060 0.001011
7 |6 0006 Imperial valley-02 Moo om0 Thas? 8156 0.001217 0.001057
8 |7 Em? Northwest Calir-02 5941 ?209 ?945 8157 0000836 0.000772 o . .
9 |8 0008  Morthemn Calif-01 1041 1003 1614 8158 0.008571 0.007123 O Iy f Id I t t NGL I d d-
10 |9 oo Borrego Boaz  Tloz1 Fezz 8159 0.011123 0.009935 n Ie S re evan o are Inc u e .
11 |10 0010 Imperial valley-03 fos1 o124 omr7 8160 0.002338 0.001956 N o
12 |11 011 Northwest Calir-03 Bost Toos  batd 8161 0.134076 0.112643 () Recordlng statlons
13 |12 012 Kem County fosz o211 Fasa 8162 0298596 0.233477
14 |13 E‘szz Kern County 5952 :0721 5153 8163 0.002516 0.002555 o .
15 |14 0012 Kem County Jes2 o2 152 Elgi 0.004065 0.005418 [ J Event Informatlon

* Fault-segments information (more than one

Data collection stored in a series of flatfiles .
for multi-fault ruptures)
e 5% damped response spectra only

PEER Ground Motion Database

Pacific Earthquake Engineering Research Center
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The NGL Database

The NGL Database

Ground Performance: High-Resolution Satellite Images

T
45162040580

!
werAve
CPT 2

GROUND PERFORMANCE

e E [EETES
Cotrlenay e
— parfield Haikett -
Christchurch
4 Tamp |-.'|C-I'|. Wiagram
S iy e
ircendake -~ Hakwell @
Rolétaon .
10 km -~ Ly o =1
5 mi L Leafiet| Esr, HERE, Garmin, USGS, NGA
Server
Message
Site Name [Site 20405 Bower Ave
EventMName |Christchurch, New Zeatand
Field Observation
il dta o e
Lattidue  Longitude
& o Tag'@ O Tipe'@  (deg)@  (dep)@ Description @ Fila Add @
2 SELECTED - Photo « [ 434851 | 172.712 | meral photograph taken 2 day after earthqw wnw‘
1 SELECTED - LDAR Image  ~  -43.4851 | 172.712 | Measured sattiement %2222_4&&
=3
Motion y M
Fill data from file
1M Value' @ M Type' @ Wethod" @ Standard Deviabion @ Remark
0.42 PGA (g) + | Interpolated from nearby stz = | 0.325 to 0.35

Interpolated from nearby stations

Measured from adjacent station

| Inferred fram GMM

Bower Avenue Site after the 2011 Christchurch Earthquake (New Zealand)
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Vertical Elevation

Change without

Tectonic Component

+ Upifted

&..Ill EEEEEEN

g

10t lim
0.5t 10m
04to05m
03to0dm
0.2to0.3m
01wd2m

Di1te0lim
0.2t0-0.1m
-0.3to 0.2 m

-04te-03m
0.5t0 0.4 m

-1.0to-0.5m
-1.5te-10m

The NGL Database
Ground Performance: LiDAR Maps

SITE INFORMATION EVENT INFORMATION

GROUND PERFORMANCE

. B e
l*- ..___aw'.a,.\__--—-}{";}f_ i
L Darfield = Hakett P
< - -
[}
S, s

-

3 —— e

Al 4 Tam pleton i s 4

| Groendake / A alswell ;@: 7
oan AL Y

esril

Leafiet | Esn, HERE, Garmin, USGS. NGA

]mm | / Mg q_‘i;a_u;,i"_l'l:'iuarun*"
3 2 el BT I8 A
Server

Message

CHOOSE A FILE

" photo - [ 434851 | 172.712 | Aeralphotograph taken 2 day after eara
 DARImge v 434851 | 172712 |Messured settement

Bower Avenue Site after the 2011 Christchurch Earthquake (New Zealand)

CHO»

CHOH

E— — interpobtad fom neary st ——
Interpolated from nearby stations
Measured from adjacent station
Interpolated from nearby stations

GMM RUN

& 20 405 Bower Ave ]
(Cnrtct urch, New Zeatand
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The NGL Database

The NGL Database

Ground Performance: Site Maps

+ CPT/SPT from this study

o pre-SPT from Chiba Pref. Urayasu City, Ja
— Sea-wall

- Inferred zone of lateral spread
— Crack Q

# Soil boiling °
--------- Cross-sections ;
©5290 s A T T T R T e

©5327

5 :
% & Tokyo Bay

150 m 300 m

©25416

Urayasu City Site after the 2011 Tohoku Earthquake (Japan)
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The NGL Database

The NGL Database

Current Tasks: Database Population and Data Vetting

. : R———yr Sy “@ S e o ' = =
| NGL Next-Generation Liquefaction Project | Map ¥ | Upload ~ = Help S5 5% e N =N Log Out .
r— L - & <% B T A S ) % .
St . — i £ P ¥ ) Wy NN " =

S — Ay e T W e
Review Sites

Site Name Latitude Longitude Actions

Test Site With File 80 80 Review

Vv & Gwrt ¥ USNRC

Review/Vetting: NGL Datbase Working Group (Brandenberg (chair), Moss, Franke, Cetin)
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Final
Remarks

Final Remarks

Urgent need for high-quality, transparent, case-history database
The NGL relational database (being populated): open-source relational database

Relational databases are more powerful than flatfiles (transformational shift from past

practices!)
The NGL database will include NGA data

Future task: Completion of database population, supporting studies, model development
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NGL: An Open Source Global Database for Next-Generation of Liquefaction Assessment

Thank You!

Relevant References:

Brandenberg S.J., Kwak D.Y., Zimmaro P., Bozorgnia Y., Kramer S.L., Stewart J.P. (2018). Next-Generation Liquefaction (NGL)
Case History Database Structure. Fifth decennial Geotechnical Earthquake Engineering and Soil Dynamics Conference,
Earthquake Engineering and Soil Dynamics Committee of the Geo-Institute. Austin, TX (USA), June 10-13.

Stewart J.P., Kramer S.L., Kwak D.Y., Greenfield M.W., Kayen R.E., Tokimatsu K., Bray J.D., Beyzaei C.Z., Cubrinovski M.,
Sekiguchi T., Nakai S., Bozorgnia Y. (2016). PEER-NGL project: Open source global database and model development for
the next-generation of liquefaction assessment procedures. Soil Dyn. Earthquake Eng., 91, 317-328.

Project homepage:
NG https://uclageo.com/NGL/
NEXT Database (beta):
GENERATION

Rel=2 e hitp://uclageo.com/NGL/database/index.php
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