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« Each time earthquakes strike, researchers, engineers, and scientists
discover something they had overlooked in the past and make another
successful step toward better understanding these complex natural
phenomena.

« Earthquake engineering has evolved in concert with unexplained
iInformation collected from field surveys after major earthquakes.
« 1906 San Francisco, California
« 1964 Alaska, USA
« 1964 Niigata, Japan
e 1971 San Fernando, California
« 1989 Loma Prieta, California
* 1994 Northridge, California
« 1995 Hyogoken Nanbu, Japan

 How did the reports of post-earthquake surveys have evolved with
GPS and the Internet?
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e 1980: Born at CERN

« 1993: Mosaic web browser developed by a team at the
National Center for Supercomputing Applications (NCSA)
at the University of lllinois at Urbana-Champaign (UIUC).

o April 1994: Mosaic Communications Corporation changed
its name to Netscape, and the browser was developed
further as Netscape Navigator.

 May 1994: First International WWW Conference,

o September 1994: the World Wide Web Consortium (W3C)
is founded

 November 1995: HTML 2.0 was published
o January 1996: Google is a research project at Stanford.
« September 1998: Google Inc.

« Source: Wikipedia
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* Prehistory: Hard copy reports

o Early Age: GPS, Mosaic and HTML

 Middle Age: GIS and IMS

e Renaissance: Google, Wikipedia & Photo Metadata

e Future: Virtual earthquakes
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4. GEES

e

fi,ﬂ- Geotechnical Earthquake

Engineering Server

Google MAPper

Reports on line
Data on line

Software on line
Contact GEES

Acknowledge ments
Other Natural Hazards

GEER website

ROSRINE project
Velacs project
Useful links

Mw 7.9 earthquake in Sichuan, China on May 12, 2008
Post-earthguake reconnaissance of EERFGEER team (August 4-8, 2008)

Mw 6.6 earthquake in Japan on October 23, 2004
The preliminary reports of EERINSF-GEER released on Movember 5, 2004.

Mw 7.7 earthquake in India on January 26, 2001
The preliminary report of the Mational Science Foundation geotechnical reconnaissance team (March 1, 20013
It includes videos and a GIS/AMS database of photos.

Mw 7.1 earthquake in Turkey on November 12, 1999
The preliminary report of the Mational Science Foundation geotechnical reconnaissance team (Movemnber 25, 1959)

Ms 7.6 earthquake in Taiwan on September 21, 1999
The preliminary report of the Mational Science Foundation geotechnical reconnaissance teamn (October 5, 1959).

Ms 7.8 earthquake in Turkey on August 17, 1999
The preliminary report of the Mational Science Foundation geotechnical reconnaissance team (September 3, 1999).

The Great Hanshin Earthquake Disaster.

The January 17, 1995 South Hyogo Prefecture, Japan, Earthguake

One of the first reports over the Intermet sponsored by the Mational Science Foundation,
originally released in Mosaic on February 5, 1995,
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Growth of information on GEES
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The Great Hanshin Earthquake Disaster
The January 17, 1995
South Hyogo Prefecture Earthquake

Preliminary Investigation Report
February 5, 1995

J.P. Bardet
Civil Engineering Department
University of Southern California, Los Angeles, California

and
F. Oka, M. Sugito, and A. Yashima,

Department of Civil Enginee
Gifu University, Gifu, Japal

DAMAGE TO INFRASTRUCTURES, AND RESIDENTIAL AND INDUSTRIAL BUILDINGS

e General location of all the obsewvations (i.e, photographs) made during the earthquake investigation are referred to by using letter A

51,

TABLE OF CONTEN

sidential dwellings and buildings

out 170,000 houses were destroyed or severely damaged in Hyogo Prefecture and Osaka Prefecture (Photo .2, Phato.J3, Photo.J4,
olo.P3, and Photo P4). Many ofice and apartment buildings were also severely damaged. The number of refugees is reported to be if
cess of 300,000.

1. INTRODUCTION the north, the dec

2. EARTHQUAKE OVERWIEW
I ——— north.
© The Hyogo Prefecture Ildustrial buildings and factories
o Earthquake hypocenter
nurnber of 7-12 floor reinfarced concrete office buildings were damaged at middle or top floors (Photo. F1, Photo E2, Phato B3,
© Earthguake intensity Photo.E4, PhotoES, Photo.EG, Photo E7, een rendered inoperative by the earthguake, either
© Location of aftershock epicerfers directly by the destruction of their facilities, or indirectly by the interruption of their supply liflls. The port of Kobe, which is the second largest

port of Japan, was shut down. In Kobe, in contrast to Los Angeles, supplies are difficult to rglbve through alternate routes. The damage to the

3. OVERVIEW OF STRONG MOTIONRECORDS trafic network in that small and narrow area where the mountains ¢lase in on the sea canndllbe compared with Los Angeles where detours

o Maxirmurn peak ground accelration and velocity were passible when expressways collapsed during the 1994 Nonthridge Eanthquake. The eafhquake has been called Japan's greatest postuwar
. . . disaster. At the present, it is difficult to assess the total amount of damage to the Japanesciconomy.

o Attenuation of maximum peafl ground acceleration with distance

© Time history and response sjecira of acceleration, velocity and displacem|l Railways lines and bridges

4. DAMAGE OVERWIEW
© Casualties There are four major railways companies that operate in the Hyogo Prefecture. Their lines affl referred to as Sanyo Shinkansen line, Japan
Railways {JR) line, Hankyu line, and Hanshin line. Railway lines, including the fast train (Shifikansen) line, were severely damaged. Many |
o Assessment of total damage decks and girders of railway lines maved transwersely or dropped down to the ground (Photollf9, Phato J1, Photo J5, Photo.J6). A large nuf s
o Fire of reinforced concrete bridge piers were destroyed or severely damaged {(Photo L1, Photo Photo. L5, Photo. P1, and Photo P2). These g
darnaged piers severely deformed the railway tracks above them (Photo 1), At 5:46 AM on enuary 17, 1935, mast trains were fortunately
5. DAMAGE TO INFRASTRUCTURES, AND RESIDENTIAL AND MDUSTRIAL BUILY vet moving. However, derailment still took place at Sumiyoshi Station of Hanshin railway linfll At least 500 m of railways were damaged
© Residential dwal 4 build between Shukugawa Station and Mishinamiya-Kitaguchi Station of Hankyu line. The Sanyo [hinkansen line was damaged in the Kaminich
esidential dwellings and bulldings area in Nishinomiya and Ashiya City (Phota L1, Photo L2, Photo L3, Photo L4, Phato L5, Fjfbto L5, Photo L7, and Photo L8)
© Industrial buildings and factories

© Railways lines and bridges Highway bridges

© Highway bridges Highway bridges sustained severe damage during the South Hyogo Prefecture Earthquake. The locations of representative bridge failur
& DAMAGE TO GEQTECHRICAL STRUCTURES shown in Eig.5.2. The main failures are summarized in the following section

o Embankments and slope

\

Photograph A2 Hanshin Ezpressway Bridge i
Mishinotniva City. The photograph, taleen under the
collapsed deck, shows that the reinforced concrete pier
15 leaning sideway.

1. Route 43 (waya Viaduct-Kobe, Nada district). Reinforced Concrete columng of waya Viaduct collapsed, and the superstructure fell dow
{Photo 11, Photo 12, Phota.[3, and Photo. 14).
2. Raute 171 (Mondo Viaduct, Mishinomiya). Monda Viaduct is a long span bridge which overpasses an Hankyu Railway line. The upper ddg
the crossover fell down onto the railway (Photo K1, Phato K2, and Photo K3
3. Route 2 (Hamate Bypass). The upper deck of this double deck bridge shifted traneversely to the north, and almost fell down (Photo. DS,
4. Hanshin Expreseway Route &, WWangan Line (Mishinomiya-Harbor Bridge, east closure epan, Nishinomiya). The epan length of the
Nishinamiya Hatbar bridge is 252 m. The closure span on the eastem side of the bridge collapsed, the bridge suppart failed, and the girderd
partially buckled (Photo.5.1, Phato.C1, Photo. €2, Phato.C3, Photo. C4, Phato. G5, Photo. C6, Photo. C7, Photo. C8 and Photo. C3)
5. Hanshin Expressway Route 3, Kobe line (Kobe, Nada district, Fukae-Honmachi-Ashiya, Hirata) In the Fukae-Homachi area, a 500 mete
S A H section of Route 3 completely collapsed in the transverse direction onta Mational Road Route 43,
O n ny Stan I 6. Hanshin Expressway Route 3, Kobe line (Nishinomiya, Tateishi junction). A steel bent buckled during the earthquake.

7. Hanshin Expressway Route 3, Kobe line (Nishinomiya, Hamawaki-cha, Satsuba area). The restrainer of the girder failed, and two spans
hetween Bents P40 and P42 callapsed s : -
6. Hanshin Expressway Route 3, Kobe line (Mishinamiya, Koshien Takashio-cho). A reinforced concrete Bent P267 collapsed (Photo A1, Photograph E7 vllety of Sannomia Station. The fourth

floor of this si-storey building partially failed.

Department of Civil and
Environmental Engineering




USC Viterbi

School of Engineering

!IL'EIM‘(} EES

fi " Geotechnical Earthquake
Lk
Engineering Server

GEES home page
Google MAPper
Reports on line

The August 17, 1999, Kocaeli, Turkey, earthquake

Thiz page was last updated on May 21, 2007

Preliminary Reports of the Turkey-US Geotechnical Earthquake
Engineering Reconnaissance Team
Sponsored by the National Science Foundation

Reconnaissance Report (View/Download PDF version, 14 MB)

Black sea

Sea of Marmara

e
Data on line 5

® Summary e ¢
Software on line ® Aoral su da —— e W

Contact GEES

1999 Kocaeli, Turkey, Earthquake

30.00E

. p and its southern vicinity (August 25, 1939) =
Acknowledgements ® Southern coast of Marmara Sea including Yalova, Karamursel and Halidere (Augqust 26 E‘;LD (VTJE,_,,H
Other Natural Hazards 1999 .
® Sapanca lake and Adapazari (August 27, 1999) @ GPS keyed picture
® Golcuk and its vicinity (August 28, 1999) . r:ddiﬁonar“F“? postion
GEER website ® Avcilar (August 29, 1999 . - 56 i :—;Uﬂds
. Wers
RUSKINE project p
ROSRINE project Map Server
Velacs project
Useful links M The flight path initiated from the |stanbul airport to the west and went over the lzmit and Derince areas, Adapazari, Sapanca Lake,
Golcuk, Karamursel, Yalova, and the lznik lake
Maps
lzmit and Derince areas
Directory
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Fihtip /e ninious e edu/turkeyfiurkey IMS kocaeli earthquake 1999applethiml Microsoitine | A Reconnaissance in Turkey - Microsoft Internet Explorer  H[=] B3
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J File Edit “iew Favortes Tools Help | Eile Edit Wiew Favarites Tools Help
Bl
Reconnaissance Investigations of 1999 Kocaeli earthquake Photo From 1999 Earthquake
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| Lateral Spread
4
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| structures .
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i AVINETMP.id

_[O] x
The order the following lines<hyperlinks appear in the HTML depends on the order B
1 ».. (left to right) of the column headings in Access and ArcYiew in the corresponding Table

for sach x in lstiAttribs
ij = ftbThe. ReturnValueStringi{fld. =)
jj = jj.Substitute("""", "s""""")

if {33="") then
ji= CR
elseif{(fld.Gethlias =

"Location") or (fld.Getidlias = "Image file") or (fld.Ge

If (fld.Getldlias = "Location") then
intro = "Photo From 1999 Earthquake Reconnaissance Efforts in Turkewy:"
theVals = startImage + startTitle + intro ++ jj + endTitle

elzeifi{fld Gethlia=z =
theVals = "<p align=

"Image file") then
""center""><¢img sre=

++ j3j ++ " alt=""Please Try H
elseif (fld.Gethlias = "Description”) then
theVals = startText + jj + endText

elseif (fld . Getdlias = "Author") then
credit = "This Photo Was Taken By: "
theVals = startCredit ++ credit ++ jj ++ endCredit
else
end
else
theVals=CR
end 'if (jj=
end 'for sach =
wlink writeString({theVals)
‘if (fld.isvisible)
‘for each fld
end if lower horiz frame

al 1

end
end
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Information Sharing

Web browser

Web browser E Web browser%

Geo-reference photos
Create HTML Web reports
Create GIS features

: l Photos l
GPS track l

Video clips

v v
GIS models HTML Web
reports
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Embedded Metadata

« Embedded metadata
 embed data about an image into the image file itself.

« Embedded metadata can be written using
« EXIF (Exchangeable Image File Format)
* |PTC (International Press Telecommunications Council)
« XMP (Extensible Metadata Platform)

« Embedded metadata
» can be extracted and gathered into databases.

e are recognized by many applications, e.g., viewers,

editors, and image archiving applications.
Sonny Astani
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2. Virtual Earthquakes

3. Conclusion
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Virtual Earthquakes

o Earthquakes are not virtual; they actually occur.

« “Virtual earthquakes” are models that comprehensively integrate a
large volume of heterogeneous time-stamped geospatial data on
earthquake effects to describe, preserve and display time-sensitive
iInformation of importance to science, engineering, and our society, so
that everyone can navigate and observe the earthquake damage as if
they had participated in the post-earthquake field surveys.

« Virtual earthquakes are to
* Visualize earthquake damages in 3D, possibly 4D

* Immerse into a virtual reality to explore observations on
earthquake effects on population and built environment.

« Educate students and instruct our society about the potential risks
of damaging earthquakes.
Sonny Astani * Train rescue teams for emergency operations.
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Pilot Virtual Wenchuan Earthquake

« Sponsored by GEER and the US National Science Foundation
« Collaboration with the Chinese Earthquake Authority, Zifa Wa
 Tong Qiu, Clarkson University

« David Frost, Georgia Institute of Technology

« Team member of Geo-Engineering Earthquake Reconnaissance
(GEER)

« Earthquake Engineering Research Institute (EERI).

e Photos are embedded with metadata

* Photos are displayed on GEES in two different ways:
1. HTML Web photo albums
2. KMZ files viewable using Google Maps and Google Earth.

Sonny Astani

Department of Civil and
Environmental Engineering



Picture files GPS tracks
With time stamps
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Building Virtual Earthquakes

* Building a virtual earthquake requires a large volume of time-
stamped and geo-referenced data and metadata

* before and
o after the earthquake.

* Post-earthquake data could be generated using a team
approach, in which many investigators share the geo-
referenced photos with embedded metadata they collected
during field surveys.
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Conclusion

Web reports about earthquakes have evolved since 1995 due to
GPS, digital cameras, and web technologies.

« Contain quantitative information on positions, times and
characteristics of observations.

Virtual earthquakes
« Harvest data from photo repositories and other sources.

« Metamorphose web/map reports using geo-coding
and photo metadata.

* Reproduce and share field experiences
* Involve the public
Virtual earthquakes may have profound impacts for
* Research and education
* Teaching everyone about earthquakes
* Training rescue teams
« Making a safer world.
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