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I The Second U.S.-Asia Conference on Engineering for Mitigating Natural Hazards Damage
KEMNHD-2) was held at Yogyakarta. Indonesia. 22-26 June 1992. The primary purpose of
his conference was to bring together American and Asian researchers. practitioners

and public officials who are involved in seeking ways to mitigate damage caused by
natural hazards. This conference. in support of the Internationll Decade for Natural
e~saster Reduction. was a sequel to the first EMNHD meeting which was held in Bangkok.
hailand. 14-18 December 1987. Participants were from the U.S.A .• Indonesia. Singapon
~alaysia. Thailand. Hong Kong. China (Taipei). Japan. Republic of Korea. Philippines.
aangladesh. Nepal. and India. Papers were limited to: earthquakes, floods, ground
~ailures; volcanoes, and extreme winds. The technical papers were bound as the
PJooaeedings of the Second U.S.-Asia ConfeItence on Engineerting foIt Mitigating Natuzoal
~aaards Damage. A field trip to the Merapi Volcano Observatory Office and the Volcani
Sabo Technical Center (VSTC) was included in the conference program. A workshop
~ollowed the technical presentations. to delineate possible projects for mitigating
~amage from these five natural hazards. The Final RepoItt contains the reconmended
brojects and resolutions.

Engineering mitigation of natural hazards: earthquakes. floods.
ground failures. volcanoes and extreme winds
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PREFACE

This Final Repon of the Second U.S.-Asia Conference on Engineering for Mitigating
Natural Hazards Damage (EMNHD-2) contains an overview of the conference, the welcoming
speeches given at the opening session, the repons from the five Workshop groups, the
abstracts of the technical papers, the conference program and the list of registrants. The
technical papers that were received on time for publiation can be found in the Proceedings of
the Second U.S.-Asia Conference on Engineering for Mitigating Natural Hazards Damage
(EMNHD·2), 22-26 June 1992, Yogyakana, Indonesia (ISBN 979-8355-00-8).

Acknowledgment is made of the interest and support from the U.S. National Science
Foundation (Grant BCS·8820512), the Office of Foreign Disaster Assistance of the U.S.
Agency for Intemational Development (Grant AOT·2502-G-OO-2066-00), the University of
Hawaii at Manoa, the Swa Bhatara Foundation, the Indonesia Disaster Management Center and
the National Coordination Board for Disaster Management (BAKORNAS PB).

The untiring efforts of the E~ifl:HD·2 Secretariat are appreciated very much.
Acknowledgment is also made of the enthusiastic cooperation ofall speakers in the preparation
of their papers and of the active participation in the conference program by all registrants.
These combined effons were responsible for the success of the conference and the Workshop.
The work of the Co·Chairmen and the Rapporteurs of the five Workshop groups in the
preparation of this Final Repon is gratefully acknowledged. The assistance provided by James
J.K. Chia, Gregory L.F. Chiu, Adalina J.1. Chun and Nicole J. Yi in the preparation of this
Fiii31 Repon is also acknowledged.

Any opinions, findings and recommendations in this publication do nol necessarily
reflect the views of the sponsoring organizations.

Anhur N.L. Chiu, University of Hawaii at Manoa
Aspan S. Danuatmodjo, Indonesia Disaster Management Center
Hemowo Hadiwonggo, National Coordination Board for Disaster Management

(BAKORNAS PB)

December 1992
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OVERVIEW

The Second U.S.-Asia Conference on Ensineerilll for Mitigating Natural Hazards
Damage (EMNHD-2) was held at Yogyakarta, Indonesia, 22-26 June 1992. The primary
purpose of this conference was to bring together American and Asian researchers, practitioners
and public officials who are involved in seeking ways to mitigate damage caused by natural
hazards. This conference is in support of the International Decade for Natural Disaster
Reduction (IDNDR) and is a sequel to the first EMNHD meetins which was held in Bangkok,
Thailand, 14-18 December 1987 (Refs. 1,2).

EMNHD-2 brought together participants from various countries for mutual exchanae of
information on natural hazards mitigation. It enabled American and Asian researchers to meet
and to gain a better understanding ofeach other's natural hazards damage mitigation programs.
In tum, EMNHD-2 can serve as a stimulus for promoting cooperative U.S.-Asia projects as
part of the overall goal ofthe IDNDR.

Registrations for ~;le conference were received from U.S.A. (16), Indonesia (13),
Singapore (2), Malaysia (2), Thailand (4), Hong Kong (2), China, Taipei (0, Japan (6),
Republic of Korea (3), Philippines (I), Bangladesh (2), Nepal (I), and India (4). The list of
registrants is shown at the end of this report. Several committed participants were unable to
attend for various reasons, notably because of the change in conference dates from those
announced previously. In all, more than 100 people attended the opening session.

Opening Session

During the opening session, Mr. Hernowo Hadiwonggo welcomed the delegates to the
EMNHD-2 Conference, and Dr. Arthur N.L. Chiu read the welcoming remarks from Dr.
Albert J. Simone, President of the University of Hawaii and Chancellor of the University of
Hawaii at Manoa.

The Secretary of the Special Province of Yogyakarta delivered the opening address on
behalf of His Majesty Sri Paduka Paku Allam VIII, Governor of the Special Territory of
Yogyakarta. By the ceremonial striking ofa hollowed-out log (traditional local equivalent ofan
emergency warning system). he then declared the conference officially opened.

Program

Papers for this conference were limited to five natural hazards distributed as follows:
earthquakes (13); floods (14); ground failures (9); volcanoes (6); and extreme winds (10). The
detailed program is shown at the end of this report. Plenary sessions permitted lonser periods
for presentations of two theme papers in each topic, and shorter papers were presented in a
three-phas.: series of two parallel sessions. The technical papers that were received on time for
publication were bound as the Proceedings ofthe St:cond U.s.-Asia ConferelJCt: on EngiMer-

I) Proceedings ofthe U. S. -Asia Conference and Engineering for Mitigating Narum Hazards
Damage, 14-18 December 1987, Bangkok, Thai/and (ISBN 974-2808-02-8).

2) Final Report ofthe U. S. ·Asia Conference on Engineering for Mitigating Narum Hu1urls
Damage, 14·18 December 1987, Bangkok, Thailand.



ing for Mitigating Natural HIIZJJTds Damage (EMNHD-1), 11-16 June 1991, Yogyakal1a,
Indonesia (ISBN 979-8355-00-8). Copies of the Proceedings were distributed to the
participants at the conference. Initially, 78 abstracts were received by the Organizing
Committee. Of these abstracts, three were fonnally withdrawn by the authors, six were
rejected by the reviewers and 17 were not submitted in final manuscript form. Two papers
were not submitted in time to be included in the Proceedings, which contained 49 papers and
one abstract. During the conference, the program was modified to include two additional
papers.

In addition to the technical papers, the conference program included a field trip to the
Merapi Volcano Observatory Office and the Volcanic Sabo Technical Center (VSTC), with a
visit to the Merapi project site, and a two-day Workshop. The social program, on separate
days, consisted of a pre-conference half-day tour of Yogyakarta, a reception, a cultural
program with dinner and a closing social event.

Workshops

Following the technical presentations, the participants were grouped according to their
technical expertise in one of the five natural hazards, viz.,

Earthquake Hazard
Flood Hazard
Ground-Failure Hazard
Volcano Hazard
Extreme-Wind Hazard

Each gloup was charged with formulating three to four possible projects that could be
considered for future collaborative endeavors. Draft reports were presented by each group to
the participants at a plenary session. Feedback and suggestions from the participants were
considered by the groups for incorporation into their final reports which are given in the acction
entitled "Workshop Reports."

Closiog Ses.ion

The closing session was conducted by Chiu, Danuatmodjo and Hadiwonggo. Final
reports were presented by the five Workshop groups. Various resolutions were also presented
to the assembly and adopted by the participants during this closing session (see section entitled
"Resolutions").

All participants were thanked for attending the conference and providing input to the
deliberations. There was unanimous agreement that EMNHD-2 was a successful conference,
and there was strong sentiment as well as support for holding EMNHD-3 in about three years
hence. It was recommended that EMNHD-3 should also include discussions on
socioeconomic aspects in connection with naturallumlrds. The participants were encouraged
to continue communicating their dialogs and to pursue the projects proposed in tbe Workshop
Reports.

The closing social event was an informal buffet dinner that permitted participants to
mingle and to cement their friendships developed during the week. After dinner, the foreign
participants were taught to sing an Indonesian favorite song, "Bengawan Solo."
Representatives from each country then participated in an amateur songfest. It was indeed a
fitting culmination to a week of technical discussions.

2
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RESOLUTIONS

The following resolutions were proposed fgr discussion by tbe partk1p-.nts at the
closing plenary session. Eacb resolution was unanimously adopted by the assembly.

• The Orpnizing Committeeexp~ its sincere appreciation for the contributions of
the participants from the following countries in providing valuable information and
dedicating their time, expertise and efforts to make thia conference a succcss:

Bangladesb
Hong Kong
India
Indonesia
Japan
Republic of Korea

Malaysia
NC)l81
Singapore
Thailand
Olina (Taipei)
United States ofAmerica

• The conference participants wish to thank the following organizations for providing
financial and administrative support:

The National Science Foundation ofUSA;
U.S. AlI),()ffice ofForeign Disaster Assistance;
University ofHawaii at Manoa; and
The Swa Bbatara Foundation of L1donesia.

• The participants wish to acknowledge and tbank the local organizing committee for
its excellent arrangements and for its bospitality. Particular reference is made to
Prof. Arthur N.L. Chiu, Mr. Hemowo Hadiwonggo, Mr. Aspan S. Danuatmodjo
and their supponing colleagues.

• The participants note with satisfaction tbat the Second U.S.-Asia Conference on
Engineering for Mitigating Nahlral Hazards Damage (EMNHD-2):

a) has provided an excellent forum for participating countries and individuals
to exchange their ideas, expertise and future directions;

b) has delineated the commonality and uniqueness of various natural hazards;

c) has focused its attention on the concept of integrated risk management in
multiple natural hazard risk mitigation; and

d) has prepared and adopted reports from fivc working groups.

• Therefore. this Plenary Session on 26 June 1992 resolves that the activities
discussed at this conference and suggested for implementation in the Final Report be
encouraged and promoted. It is further resolved that:

a) An EMNHD Conference be organized henceforth every three years by
rotation among different countries within the rqion.

4



b) Improved communication Ilnb between individual. and natiOOl be
encou,.cdthrousb:

E1ec:tronic Mall,
&c:baaae ofinformadoo and tecbnical daIa,
Special worbbopl aod lectures.

c) An olpllizationalltrUdUrc in the fonn ofa Center at a convenient location
be set up. "lbil Center ahould provide a focus for tminilll, information
exchanse, data and a software library. The Center should also provide
OrpnizatlonailUpport and advocacy lcadenblp for natural hazard raeardI
discussed at tbia conference.

d) Due to the importance of this conference 10 achieve the leal. of the
International Decade orNaturaJ Dlaaater RecIuctloo (IDNDR), the relUlti of
deliberatiOlll of Ihia EMNHD confercoce should be COIIY~ to the steerlna
committee of IDNDR in Geneva and to eacb participalilll counlry's
representative to IDNDR.





WELCOMING ADDRESS

by

BeDOWO B ..lwo_o
Co-Claaina... Coafernce Oqalzl.. Co_It...

&pak Sekwilcla )'UII bmi hormad, Ihc Secretary of the SpedaI PrcMace of
YogyaIwta, honorable IUCItI from miDtltrta IDClIocal pc....of'llct.k, pollee af1IdaIa,
diatinpisbed participants, lldica mtd sendClDCll:

A. the Chairman of the Orpniztlll Committee, I wauld Hke to convey my IiDcere
welcome to all of you putic:tpants of Ihc Sec:oad U.S.-AlIa Coafe.-ce GIl~...... (or
MJtiptina Natural Hazards o.maae to IndoncIIa, pmtcuIuIy to Youabda. wIIidl iI tDowD
u the historical and cultural city. lbil conference ta Khedu1ed to be held undl JUDe 26,
includina a one day field trip to the Merapi area. It iI impodaDt to meotloa dial about 40
participants of this conference are flOlll the Alia IDd helfle COUIItrieI ofSauth &It and &It
A.ia and the U.S. Local participants from Indonaia are ofllclala (10m vutoua IIliDIIUla IDCI
experts of the univenitics. Accordina to the lilt ofpatddpats taktoa put in the CODferenc:e,
we will arrive at convinclna raul.. by the end of tbiI CODferenc:e.

On thil opportunity. I would like to expraa my aIDc:cre appIeCiadoD to P1vfCllOr auu
from the University orRawaii at Manoa, who II the Chairman oCtile SteertDa Committee. He
has supported the Orpnizina Committee with his hard effona to make thia canf..... poIIibIe
and well-organized.

I also would like 10 convey very many tbanb to Ihc Secretary of the SpedaI PrvviDc:e
of Yooakarta who shared his valuable contribution and full auiItancc in facilitadq .. to
make Ihi. conference pouible. My .incere patitude loa to the official. of the local
sovemment of the varioua miniltriea and the hoDorable peata who are atteDdina the openhta
aeuion ofthia confercna. Finally, I rapectfullyalk the SecreIuy ofdlc SpecIal PnMDce of
YogyaIwta, repreaentina on behalf ofthe aovemment, to deliver lda addreIa IDd to ofl'tcially
open thi. conference.

Thank you.
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WBLCOMING Rl!MARItS

by

Albert J. SI.oa•
• reaidea'. Uaivenlty of Ha••U aad

ClaDe.llor. Ualvenlty of Ha••11 at M...

On behalf of the Univenity of Hawaii. I am very plaaed to 1CBd. lD....e of
welcome to the orpnizen, parddpantl and disllJlpWled in .ateDdace .. abc Sccoad
U.s.-Alia Confetaee on El1IiDeeriq for Midpdq N HIDnII .

It teems • very shott time "0 that I bad Ibe plcamre of p1lCdnp to die ftnt
conference, held in Banakok In 1987. Profeaor auu told me then if that COIlfereoce _
IUCccuful. further conferenca would be conakIered. 11Ua eecoad CIOIlfemICC ")'I tribute to
the excellence of the firat meedq u well u to itl tilDellDell, apecIaIly aince Ibe U.ked
Nationa hal deaipatecl the 19901 u the Intemltional nec.de for N....... nt-ter Redudioa
(IDNDR).

Major earth and climate disturbancea have c:halleqecl us since 1987. Volcanic
erupdoaa and earthquatea have IIICkeci many of ua here in the PadRe. The effecta of the
dmmadc explolioD ofMount Pinatubo are laid 10 be afJecdna weIIIber ........ the world. ADd
the PllciRc weather c:huIaea that we call E1 Nino ..-e bdDIiIII dnluIbI to__ normally wet..
heavy nina to &rail normally dry. There Ia 11111 much IDOR for ua to lcam about the .........
about how to protect oulle1vea from ita leu predictable moodL

No llationllone can hope to find the.-wen we need to lDitiptc .....ra1 ...... But
IOIclber, wom. collabol'llively • helflc and A.aian ........ we c. help eKh adler to
uncIentand put natural evcots and protect oullelvea apt_ them in the fUture. We aeecl,"
puticular, to continue to Ibare the engIneerlna expertile to build IUUdUIa tbat QIl witbItIDcI
the forcea unleuhecl by weather and earthquakes. I lID very pleaMd to DOle that thia
conference _1IIUIlCted evco wider ICCJIfIIPhicaI ,.nidpIdoD... tile RIlL Tbia ia IIDpodaDt,
and we hope that the next conference in the Ieriea wUl be evca1aqer.

The Univeraity of Hawailla deeply pleMecI and hoaorecI to have _pported both .....
conference and the one before. We are very p......... aetlYitlelllCmmina from die nr.
conference have been undenaken in the nationa repraented. We look forward to fUrther
IICCClIIlplilhmentl.

Thla conference, then, Ia of~ital !mpodanee to our reaioL The faculty.....lniItmdoa
IDd ItUdcnta of the Unlvenlty ofHawaii joIn me in wiIIIIDa you .......y IUCCCl&fu1 meed._

•



OPBNING ADDUSS

by

Sri 'adab 'ata A'" VIII,
Gaveraor of tile Special 'roYlace of YOaYUarta

delvercdby
Mr. Supratawo, The SeaeIuy afllle SpedM Provtace afVauabda

Ladies and Genilemen, c1e1~ of tile Sccood U.S.-Alia CaDfereac:c 011~

for Mitlpting HllUrall....Damqe:

Rearetfully. I bave to Infonn you that Sri hduka Pm AIam Vln, Governor of tile
Special Province of Yoayabrta could not atteDd the meed... today. He hat been called 011

another uatanment outside ofVaaY&brtL Far tbia IaIOII we.. far your pennillion to read
his speech on his behalf.

Ladics and Gentlemen:

Today is a very happy day for me because, once apia, Yoayabrta bu the
honorable and pleasant opportUnity to ..... a Intemadonal conference whic:b will be of
considerable impol18Dce to human Uvea. Today marb tile openi... of the Second
U.S.•Asia Conference on Eqineerina for Mldptina Natunl Hazuda Damaac for
which I would like to thank and alia to welcome the delepta to Y0I)'abna.

This meetina hu a very Important impKt on hUIDIIII lives because natural
disasters QIUSC areal cIamaF, but tbelr OCCUIftDCCl cannot be .voided. Our beat effort
then is to find ways to avoid a bluer lola. 01', forec.t wbu will happen In the future
10 as to reduce these lauc:a. In thll conference. you will dilcuu may ways to
overcome natural dilaaten such. metbodI that are now UIed to proIect the earth from
lOiI erosion, floodina and the envilOlllllCllt.

The presence of many partici...... from vanoua counlrlea will provide the
delep.ea the opportunity to dilcuu many types ofDItuIa1 diuItcn. ad we hope the
particip8Jltl will be able to farm...........dIIl.e IIlOR effective fot prutecdaa the
envirolUllenL

Meanwhile, we hope .... the etrartl of the delibemdan1. well. the medIodI
for decreasing natural dilUter 1m.... are DOt juaI diacullecl till the end of the
conference. Tht. mOR important thIna Is the follow-up ClllUri... that the raul..
fonnulated at this conference are lmp1cmenteclln each reatoa for the benefit ofbuman
lives.

Goociluck with the conference and may God be alwaya with)'QU. Finally with
the auidance of Allah Subhanoahu W...·alla, I ProDOUDce the Second U.S.·Asla
Eqineering for Mitipti.. NIdUJlI1~ ....... open.

PakuAIamVID
Governor ofthe Spea.t Province ofV0IYUana

9



SUMMARY OP WORKSHOP

Tbe participants were involved in a Worksbop durin, tbe final two days of tbe
conference pro,ram. Five ,roups were formed, one for each of the conference theme
topics. The objective of each of thue ,roups wu to develop a report wbich would
identify three or four cooperative research projects of hi,h priority and ,rut interest to
participatin, countrie•.

Tbe proje::11 Identified by the Iroup. bave Ibe followln. common attributel:

• The projects enhance tbe now of information and experience. acroll
national and ,eo,raphic boundaries;

• The projecls provide demonstrable ruultl, witbin tbe period of
performance, that clearly advance enlineerin, undentandin, and are
implementabie into practice;

• The projects have a critical ma.. of investi,ative capabilitiu and
commitments; and,

• The projecu provide an efficient Ute of local and re.ional expertise and
information balel.

The titles of the projects recommended by tbe five .roups are listed below; the full
report I are presented in the followin. chapters.

EARTHQUAKE HAZARD

I. Seismic Hazard Definition and Zonin,

2. Vulnerability and Dama,e/Loll Information for Risk Mlna,emenl

3. Strate.ies for Fatality Reduction in Domeslic Dwellin,s

4. Communication of Eartbquake Risk Mana.ement IssUei witb Blnkin,
and Financial Institutions

FLOOD HAZARD

I. A.ian Rim Information Center for Flood Hazard Modelin,

2. Evaluation of Flood Forecast, Warnin, and Responle Mechanism

3. Joint Occurrence Probability of Flood and Other Hazards

GROUND-FAILURE HAZARD

I. Rel.tionships Amon, Precipitation, Pore Prellure and Slope Failure

2. Modelin. of Debris/Mud Flows

3. Lancblide Mili,alion by Biot.cbnical Metbods

10



VOLCANO HAZAItD

1. Collaborativ. Ob••rutio. of S.lected Volcuo••

2. Ellcban••• la Hu.' aD' IU.t ."ppI8'

3. Topical R••earela

... Sat.llit. Ob••"&Uo••

EXTItIlIlE-WIND HAZAItD

1. Improved D••I.a/CoR.tncHoR Provl,lo.. for Ho••IR" SIa.lt.n an'
Community Bulldla.,

2. StroD, Wlad D..... ADaly.l.

3. Developm.nt of Buildln, Code ud O..i,. Guldeli••, R.lated to
S.vere-Wind Huard

... Improved Defialtloa of Wla' Claaract.ri.Uc. i. Sev.re Sto..,

ADDITIONAL PROPOSED PItOJECT

E,t.bll,bm.al of u International Nat.ral Huud I.fo.....lo. Network
(Thla project cut. aero.. all tile Ia~ aD' ....c. II propOI" ••pant.l, Irom
tb. ,roup r.portl; It wu rormulat" b, tile Floo' Hu.' GrouP. but it wu
allo ••cIon.' by all participant•. )
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EARTHQUAKE HAZARD WORKSHOP REPORT

Co·Claaira••: H. S"lbata
P.C. n .......

".,port.an: A.H.S. A••
K.....i ...,

The .arthquake huanl .orkla••roap re"ie.ed propo.ed project. lro. til. laiti"
U.S.-A.I. Coal.nac•• coa"••ed 14-11 Dec••INr 19.,.....kok. n.u..d. Til. propo.ed
projectl from tla.t coaf.reac....... "..iel ..... I.port..t topic. of re••arcla. Howe".r.
tla. .roup·. laitia} coac.ra w. to uk wIl, .0 Httl. pro,,... bel ..... ... la
i.pl••••tia. tla. pr..io••I, propo.ed ....ere" •• i. NeIIIcl•• tlae eut"quak. ri.k. It I.
f.lt that to achl.". .arthquak Iated 10.. (atract.ral. eco.o.lc. IIf. 10••• etc.) ......ctio••
.. I.t••rated rl.k t .trat••, to IN Ioped.

AI.o.t 15 p.rc..t 01 "I clue to .atunl ....t." occar la A.ia ..el tlte
Soutla•••t P.eiflc. A, the .oei.ti•••".Iop tlleir eco.o.i•• _el arb..lutlo. iacn.....
the ri.k to II"....el property coati.a•• to i.cn... P..t na.arcIa laM .".Ioped alar,.
re.oure. of .ei.atlfle ..el techaolo.ieal kao.I but .tlllutio. of tllil k.owl.... I.
earthquake hazard .iti,atlo. appear. to be .10 el I••mei••t. Tecla.olo,ieal ..el
.cl.alille inno".t1oftl aloae eanaot ncluee tlae 1.".1 01 ri.k. Wltat I........ II a fn.h ..el
bolel look at .. lnte.rat" approecla to ri.t t.

PI..a.n••d.aU.t•• and •••In"" laa". .t....... "a". ,." ..t" ".rioa•
•olatloa. for la"••U.atl•••artlaquak. ri.k. Ho• .".,. tlaen II relatl".I, ""7 littl••ffort
.,..t oa .. Inte.rated approacla. Saela aD l.t"med approac" 1,.. ••Iobal look at
rhlt nt .t,.te.I appllcatloa 01 t"o,••trat••I•• I -appropriat.- .ix to
ac:hl mul.u. b.nellu at .1.1••• co.t ... ti... n ••••trat••I., 'p_ ••hol•
•pectru. of dllcipllnu. fro. ..,I...rl.. to co••aalc:atlo.. fro. .artla .cl••c.. to
fI.ane...d i•••r..e.. Applicatlo. of ..,. or • co.binatlon of tla••• ,trat••I••••y bri••.0.. bea.fi... How.ver. to aclaie". t". .o.t .fficl••t .Iobal ..d hnpl••••t.bl.
approach, on••HeII to look at all the .tm.,I•• la .. i.t.,rated .....r ..el to I••tlf,
barri.n tbat •••t b ed to opti.iz. tla••ptio. of .cieaUfic aad tecltnololle"
approach... I.pact t _d 10.. nclucUon pl i.. 1ft co.pln lI.... tlaat
require ••,a.rlhtlc Inte.rated approac". Global t of .artllquak. rilk
clemuell prop.r uaclant , of all t". rid: ncluctlo. option. ..el ••Iectlo. of tho••
optlo.. I. coafor.utc. .itla t". .ocioeco.o.lc. political. tec".ieal .ei.ntlflc
••"Iro••••t of the ralloa INI.I coa.lcIIncl. n ••• optio•••., IN eIlff t for ".,iou.
couatri•• clap.aelial upoa tla. pia,.leal ri.k. 1.".1 of eco.o.ic .".Iop•••t••ix ..d .
of co••truet.d facUlti., ..el econo.ic In.tit.lio.. i."ol".. I. clavelop•••t .
• ai.t• .l.C. of coa.truct" faciliti...

Earth.ak. rilk SM Ia' -pytel D. I'•• t9 ....'.'.4 u4 i.pl••••' M
IpttlWed Uproacb to rl.lt .M••••pt I••0.. I. li,"t of tlall.....ral .tllcIJ topic....
propo.". all of .hich ... lat.aclad to ,IBerat. the .ec'"&rJ tecla.leal laforaalio. that
can be clIrectly uuful for .. I.t.,rated ri,t t of .artlaquake la.arcl.
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ProJ.ct I

S.I•• lc Ha.arel Ddl.IUo. a.eI Zo.I ••

Re.ionall)' uaiform u .....eat. of tb. .troa. .rouad·motioa bazard fro.
eartbquake. II aonexiat.at ia m..y Alian couatria.. A.....m.at. tbat ara availabl...d
u.ed in .ome countrie. ara antiquat.d and I. elire aHCI of upclatia, for u.a ia modera
en.in"rinl de.i.n. Primarily n.poa.lble for tbil .Uuatioa II tb. lack of ezpenila ia
A.ian countria. in developin. IUcb buard.mitl.aUoa product., e\'Cn tbou.b w.lI.definad
metbodololia. bave exi.ted and have beea widel, u.ed la the United Statal for tha put 15
years. Tha ne.d for tralnin. In tbeu .tandud matlloclololla. I. cl.ar.

A Ibort·term .oal II to moi.lza tha u•• of available ••010.lcal, laopb)'aical and
lailmolo,lcal informatlon to produce ualform e.tlmata. of tlla Itroa. Irounel·motloa
bazard for applications In modern en,in••rin, de.lln and in the i.plemantation of zanlnl
for buildin. code relulation.. Bacault the laolo.ie/tactonic .)'It.... that liva rile to tbe
uilmlc hazard in tha A.ian relion Croll man)' countria.' borderl, internatioaal
cooperation i. required in aharia, buic Iti.molo.ical, ••ololical and ea,lnaaria, data
used in the developmeat of relloaal mapa.

Lon.er.term 10a1l are to dev.lop ,critical datab.e...d inltrumentatlon for refinia.
tba predictive capabilltiel of .tronl ,rouael-motion. Sp.cifically: I) Ult.. the t.cbnolol)'
uaed for .tronl Iround·motion meuurem.nt. at tbe ezl.tin. In.trume.t .tationl and
up.rade the lechnolo.y to be capable of ..auurin, bro....b..eI .artbquake .peetra. 2)
Supplement tbe uiltlnl in.trumentation .0 that tb. databu. include. a wide ranle of
.urficial .eolo.ic uninl', both in th. near· and f.,.·fi.ld, to charact.rize .ita·ra.ponla. 3)
Develop broad·band, low·maintenance and .tronl·.otioll ia.trumentalion tbat i. robu.t
and reliable in the adverse tropical climate.

The tectonic sy.teml in the Alian re.ion .,.e the lar,e.t, ..o.t complex and moat
ui.mically active in tbe worlel. Yet, tbe underatudin, of til. denlop.eat and tbe rat••
of crustal deformation aloa. theae .)'.t.au I... far b.hind tho•• of W••t.rn countrl...,
for example, the .iu Andrau fault of we.t.rn California. Rapid ..pan. ion of raeantly
developed technique. of paleouilmololicaJ iave.tilation of fault. II needed to qu..tlfy
tbe rat. of deformalion ud Itiamic poteatial a1on. major fault. of thi. re.ion, .uch •
tbe Sumatra and Pbilippines fault .y.t.m.. Refined leodyaamic modell of plate ..d
microplate interactions are needed to place local fault-defor.atlon rat•• into a r••ional
leodynamil; contut. Concomitantly, refiaed b)'pocentral locatioa. of aarthquake. are
requirad to more clearly define active ,eololic atructure. Th••e intelrat.d .tudi•• would
lead to a wide ran.e of Iround.motion bazard product. u••ful ia mili.alin, earthquake
dama.e to constructed facilitie•.

Project 2

Valaer.billt:J ••eI D••al./Lo...alor.aUo. for ahl ....., ••••t

Basic en.ineerinl informalioa for ri.k m....em.nt mu.t include vuln.rability
data. These may be developed on the bui. of fI.ld clata from put .arthquak. ..d
analytical modell of damale and ratality u ....m.at. Differeat levell of .opbiaticatloll
will be neee..ary dependinl oa the relative potential coa.equ.llc, of fallure •••.1. ill tb.
c.u of ordinary bousin., empirical vulnerability meuur•• lDay b. appropriat., wh.reu
for hilh-rilt buildinls, or m~or indu.trial faciliU....eI infrutructur•• , .y.tem·.paclfic
dama•• allellment methoda may be required to .ell••te the 10.. Information. In tb.
latter CU", condition u ....ID.nt of exi.tia••tructur. or .,.t••• i.....IIUal for proper
dama.e evaluation.
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To b. u••ful, the leaerated iaformatioa mu.t b. ia • form ..d b..... o. I_III",
e..i1y IIDdentood by the fia..cial eommuaity. The iaform.lio••holiid i.clude the
ecoaontic 10.. th.1 ca b. expeeled (..d ...ocial.d UaUrialalJ or veriac.) ... fuaeUo.
of differ.at .arthquak. int.aliU.I.

Th..... iaformaUoa m.y .110 b•••aerat.d to Ihow the .ffeeti"..... of diff'reDt
de,,..1 of ntrofiUial or Itrea.th.aial. The pot.aUaI b.a.fit from luclt ••tlldy II to
pro"lde teclaaieal iaform.lioD uI.ful for intelli,eat decilloD-makID, bJ fiDacial
ia.titulioD', .lIch .. inluranc. eomp..i.1 ..d ,0""am'Dt dil..t. r....ctio. pi_aiD,
...ad••.

ProJ.et ]

Str.t'II•• for P.t.llt, a.d.ctlo. la Do•••tlc 0 ••111.,.

In may developinl counlrill, domeltic dwelliall are m..onry .Iructure•.
Furthermore, ID .ome of thele countriel, like China ..d Indoaeli., th.re II ••ove to
haUl. peopl. in lOW-COlt, low- to medium·rilt reiaforc.d eODeret. fr... apartm..t
bloch. For maximum life-I."ia. poteaU.I, it app••n aec...." t".t .fforl .... to b.
directed to .ak. th.l. typ'l of dw.lllall ".arthqu.ke-Iar•. •

Work on thil proj.ct will iavolv. de".lopia, ........m.at .odel for earthquake
"uIDer.bilit, ..d f.taliti.1 from exilUa. dW.IllIlI" exiltial dw.IIIa, I wlaiclt are
Itrealtlteaed ..eI cIw.lIlnll wbich h.", .arthqu.ke protectioD iDcorporatecl. Efforll
towarda tlte de".lopm.at of lOW-COlt methodl of Itr.alth'DiDI exiltiDI do••ltiC
elw.llial, low- to m.dium-riu aparlment blocb, ..d incorporatioa of earthquake
protection iato the code of pr.ctice for low-co.t hou.inl are euhioaed in Ihl. project.

Aho, f.t.lity in elen.ely popul.ted are•• mu.t con.ider licondar)' earthquake .ff.ct.
IUch .. l,uDami, I..dllide, .pre.d of earthqu.ke.induced fire, ad ollaer nl.ted h.nrdl.

Proj.ct 4

Co••••lc.tlo. of E.rtllq••k. ahk , ••••t ltll II••U.,
••d Pi •••cI.1 I••tlt.tlo••

O"er the put three decade., m.ny enliaeerinl and .ci.alifie .trat.,i•• II... beea
develop.d to milil.le lo..e. due to .arlhquak.. However, imple.entalioa of tlaOIl known
.tral'li•• h.". beea lell than .uccII.ful. One ,.••on for tbl. Ie.. th.. de.ir.ble ••cc...
hu beea tla.t tnowledle leaer.tora .nd tnowleclae ullra are aot commuDicatia, in tlae
...e I........ AI a exampl., two imporlant .e.meat. of Ibe ri.t .......m.Dt IrouP'
th.t h... Dot b••a involved ia reaearch or impl.m.at.tioa are the fin..cial ..eI the
in."rue. iDcIu.lri... Even thoulh lb... two ••ctora de.l with the 'Dormou. COD',,'Dce.
of earlllClQu•• , th.ir exp.rtl••, Ih.lr needl, ad th.lr Input ha", Dot b..D iDt'lrated witla
other prof ioaa! ..d .ei.allfie .eetorl. It i. difficult to Judi' .. thi. ti•• Iaow much
mon .ucc the .arthquak. community of tDowl.cIa' I.neralon would h.". ecltl."ed ia
mili,"iDI earthquake 10...., h.eI they involved the fiD..cial _d tlte iD.ur..c. ia••try
knowledl. u.er., but arl••bly it can b. .aid that there h.v. bee. larl' opporluaity
10.....

T..i. proj.ct will involve workln. with fia'Dcial, buki•• , ud
ia.urucelniD.uruc. iadu.tri.. iD Sin,apore anel Illclo•••i. aD dev.lopi., ri.t
m.......t .tral••i... Such. coatmunic.tion DOt Oilly will ...lp iD articul.ti., til.
mitilatial .tr.t'li•• for ecoaomic 10...., but will al.o pro"ide .. advoelleJ IrouP t....



c.. Ilelp la i.pl.......' O"l....tnet.nt ....0 ••tnet.raJ optio•• for .UI,.I.,
.artla,..at. rl.t.

TRAINING

For muy put. of til. world, l.cl.... • .., co••tri.. I. A.I.. tile pro,.
i.pl•••ataUoa of a.allabl••tat.-of·tla.-.rt kao.lecII. _d teclaaololJ will Ia... tla•
• reat••t bea.flt la mUl,atl., pot••tlal 10 to ...Ia....te lauard. Tlal. will aeca••arll,
r.qulr. trai.I•• o( prof...lo.aI. uel tecla.lci I. tla. a.ailabl. tecla.olo.,. Howe.er,
traiala••Ilould ai.o laclu. "catio p.blic 0' tla. tlareat o( .utla,..at.,
ud tlae publlc.Uoa 0' .Impl. 1II••tratl tep. t"at 1•••1_ CD u........ la til•••_t
of aD .artlaqu.ke.

Tile 'our project•••criltecl alto.. will ,...1" ."en.t 1...1. 0' ."ort. ..0.,
rI••arcla, I.pl••'.".lo. aD' trai.la....lao.. la t". (ollowla. tol•.

'ROJBCTBD DIVISION OF BFFORTS

Project

I
2
3

•

R'••1I'C1a

0.1
0.5
0.5
0.1

I.pl•••tatloa

0.45
0.25
0.2
0.6

Tntai.,

0.45
0.25
0.3
0.3

E.rt.....t. H...... Wort.lao, '.rUcl,••••

A.H·S. A.,
T. BaI••dr.
M.P. G.u,
E. K.rtap.ti
K. Munludy

T-C. P..
H.C. Slaala
H. Slalb••
K. Slalo.o
p.e. n ••Ia••



FLOOD HAZAaD WOaltlHOP a.PoaT

Co-c...,...: A. NI,"at
J.M. Wri,"t

Rapport.un: M .... Feart
K.L. HI.w

Flood baurd .ltI,atio. optio.. IDCI." .tMlCl.raJ .....,.. ad ao••truct.ral
m...ur... Structural ••a.r....cll u act ,...noIR, dJb•• I..... ad flood walli.
now di".r.lo••• nood "t••tlo•• impro" t 01 cll....1 co.".,ac•• rI"er trat.I•••
I.duced .ro••dw.t.r reella,••• pu.,I." aflora.tatlo•• ate. an aI.ed at .0dif,I., ..d
alt.rl•• tb••1U••t lUld .atur. 01 noodi... Noa.tnct.raJ .....n •••cla a nood plala
zOlli•• md otber Imd u•• co.troll. wat lled m........t. nood prooO.,...anatlo. ad
.1I.lt.r mm......t, nood lorecutl d waral.,. etc. an ••ed at ndactloa 01 lOll 01
11... md prop.rtl•• cIu. to Ooocla.. ne.plt. t......ffort. to co.trol noodl., ..d to
ncluc••u.c.ptlllillt)' to it. noo. occur witla ••iou. lId..n. co.......c•• to l.di"lclual.
lUlel cO.llluaitl... A tllird .tr....' 01 .itl...I•• nood 10.. iI to .oelf, I.pacta tbrou.b
nood ID.urmce, .wu..... creation pro.r.. md pu.t-nood reeov." lII.aUnl.

Flooell can re.ult from "ulou. facton aucll .. b••", raJ.f.I, .. md I."..
f.lura•••torm .ur... md t.u...iI, *ai.... co.,••tio., rill•• of 1.".1, .tc. Effort.
are 'OID, on ID flood pro.. n.loDl/co••trl.. to .ltl.at. t"rou.b vuiou.
m...ure.. Ia rec.at yean approacb.. I. "alia. wit" noo. chm.ed ticall'
••DI, due to !lltroducUOD 01 ••viroalll.at.1 co••i"ratlo.. la pl I••, better
u."nt..diD, of rel.tloD."lp. lIatw... noodt....d t". nood pial...d reeo,Dltlo. of t".
D••d of I.t••r.t.d man,,'.'Dt of ••tural ..el ecolo.lcal nlOurc... N•• IIp'roac.... to
nood ri.t md nood plaiD t an bela. lormulated ..d Iop t 01 til. b••t
.ill 01 .UI.atloll m.uun. to b. applied to ••iqu. local clrcu••t..ee. I. b.la.
bi.bU.bt.d.

Tb. Worbhop p.... lclpmt. (II.t .....ed) .lIl1eratlld ..d Iclntlned t". lollowia.
tllne prlorlt, project. wllicb could be of I••edlat. b•••nt to partlclp..I•• couatrl ••.
Th•••• co••I"ratlo•• I. urlvhl. at t". project. l.cl.eII l.pl••••tulUt'. n.o.ree.
Deeded ..d the tI•• Ir.... It wa ••plaalzed t"at tll.r. II • aeed to .xcllm•• experl.ac..
OD ••w aDd hlDovath••t.pllapprolC oa nood lluard at. Effecti aure.
are requlr.d to update til. lev.1 of teclaaolo.lcal tool••ucla .. Dumerical ad lI,drodyDAlDlc
mo"IID" rl.k alllllll.at ..d .wana.... cnatlo. pro.r..., ..d ..".Iop•••t of b.tter
uDdent..diD. of til. ,lIf.leal pltlllo••n. of otller ..uucII related to flood ••c.. a ri"er
b..t .rolioD, river .i.ratioa ..d .tor••ur•••••tc. It h f.1t tbat tb. propol.d project.
will fo.ter and eDC08r... coo,.ratlo. ..0., p.... lelp..t. ..d ..pport ..d fi...cl••
tllrou.1l IpOll.orill, a,_aei.l.

Projoct I

A.I•• ai. l.for••Uo. Co.ter For '100' H•••r' Mo"".,
ProJ.ct Go."

To ....bU.b a -et.uin, bou..- for coll.ctloD ..d di....laatloD of laform.lioD on
computer modell by:

(a) CollecUa. ud U,.tlD, o•• p.rlodic bUI., .xl.ti., .0..1. (aoftware)
md manual. for nood hazard mid.atio••t.dI••; ud
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(b) Providin, advlc. and ...i.lanc. oa applicaUoa of .uch model. for
.p.c:ific probl.ml of the pot.aUaI usen.

N••d.

CompUler modelinl capacity have b••a developed ia varioul cOllatrl.1 for nood
buard .n,iDeerinl analYlh. Tb••e howl.dt. and uperl.Dce .bould be .hand or
dill.minated tbroulb a Relional C.nt.r. Exampl'l of IUch mode" are:

(a) Meteorololical modell . typhoon modell, Ilobal wumilll model.,
inten.e rainf.1l modell, .tc.

(b) Hydrololical modeh - flood fr.quency modeh, rainfall· rUDoff modeh,
radar·r.inf.1l modeh, GIS modeh, .tc.

(c) River mecbanlc. modeh . hy~odynamic modeh, I.clim.at tranlport
model., elc.

(d) Coastal .nlineerinl modeh • I.a I.v.l ril. modeh, Itorm Iur,.
model., t.llnami. model., .Ic.

B.a.fit.

Tecbnolo.ical tran.fer ill the form of:

(a) Supply of information and copi•• of computer .oflwar. to poteaUal
user. in the filion

(b) Traininl on the u.e of computer modeh availabl.

(c) Expert advic. on tbe .pplication of these model. for .pecific problem
.olvin,

(d) Provide feedback to model developera

Time Requir.ment

3 years

Poaaibl. Projec:t L.adera/Coordi••tora

R. Harboe, Banlkok
K. L. Hiew, Malayaia

F••di., ••d ColI.boratia, A,.aci ••

DANIDA (Denmark)
JlCA (Japan)
GTZ (Germany)
ADB (Manila)
U.S. AID
U. S. Army Corp. of EnliD.era
WMO (HOMS)
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Proj.ct 2

Ey.I••Uo. of Ploo' 'orec••t. W.r.i••••• ae.po......cla.....

Proj.ct Go."
Th. ,0.1. of thl. project ar.:

(a) To review tbe curr.at u.... aa' .ffecHua... of noo' forecut/waraln,
.y.tem. aad flood rilk mappl., ia partlclpati., cou.trie.;

(It) To identify improve...at. to exilti., flood fONCut/waraia, .y.t....
or tbe dell,n of new .y.t.m. to muimlz. hazard mltl,atlon beaeflt.;
and

(c) To identify m.uur.. 10 i..prove public awan.e•• aad r..poa.ivemell
to flood hazarell throu,h u.... of flood ri.t ..ap•••ffective media
eommlloieation ud citizea partieipatio•.

WIa, N.ed••

Currently the partidpatia, couatri.. are ia varlou. .t.,e. of t.cbaolo,ical
.ware.ell with re,ard to flood forecutia,/warala, .,.t.... aad flood ri.t ..appin,
techaiqu... It ha. be.a a that eve. when fONCuti.,/warDin, .y.t.... have b..a
op.rated effectively, the m i. not reachinl tb. tarl.t ,roup or in a form tbt elicit.
the de.ired re.ponae. Similarly, maay flooel-ri.t map. h....ot achieved their pluned
objective. beeau.e of lack of communication between .alia..,., laad u•• plun.r.,
deci.loa m.te,. and the leneral public.

B•••fits

The project will enabl. partlclpatia, couatrie. to learn from each otbe,.'
exp.ri.ace in flood forecutin,/warain. and flood ri.t ..appia,/.war...... It will a1.0
coatribute to evolution of techaolo" for .ff.ctiv. lonl-t.rm flood plaia aad coutal
mua,emeot.

TI•• a.q.ir•••• t

3 year.

Pouibl. Project L••••n/Coordl.aton

A. Ni.bat, Baa,lacIe.b
J.M. Wri,ht, USA

Spo••ora

National Sci.nce Foundation (USA)
Equival.nt or,aaizatioa. in particlpatia, countri••
Univ.,.iti••
U.S. AID
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'r.Jocl 3

Jolat Ocean.ae. Pro•••UU, .f PI••••a. Olla.r H•••, ..

ProJ.cl G••I.

Th. '0al. of thl. project are:

(a) To review the a....eI .ffoeU...... of .si.U., ....itadllf......cJ
moelell for ..alJd. of flooeli•• dIa. to ••ltlpl. ca•••••••cll u rI••rI••
aDei .torm .url' nooeli.,i _d

(b) To i.e whether exl.tI., approache. for tit t of nooel-
prone ar.u .1.. lamel••t ..t••Uo. to ••ltI-llazardl. lacladl.. .e.
level rhe.

Wit, N....d

(.) M".ltudelrNque.c, plot. m., b. dencl••t w.... .on th.. 0 ••

extreme eveat combl•• to prodlace a nood, •••.• t.....I...d rlverl••
nooella, ia Jap... la IUcll cu.......ltDde .1,. be u.den.U.atecL
Tb.y are al.o cIInel.at wh.... In""de.t .veat ocea,. at tlte ....
Um. which •••c.rb.... the flooeli.,.

(b) No•••t.llonarlt, cORlequeat .pon Ilobal wanal.,'••a l,v.1 e.......aJ
arrect the accDrac, aad vallelitJ of .xIlU., ....itadllfrequ••cJ
anal,.i •.

(c) To .ncour... the coadellr.tlo. of a multi-hazard approach b,
luthoriUe. involved In the ......m.at of nooel-pro•• anu.

B•••fll.

(a) Focu. aU.ntloa oa mulli·"uardI•••pocl"IJ I. Soatlt.ut A.I••

(b) Evaluat. th• ..,proprlatea... ..d ..,pllcatl•• of ....itudllfnqll.ac,.
hazard moclll•.

(c) ERlur, co••ieleratlo. b. li..n to ••Ioetia, ..,propri... tll"."olde for
mull i-hazard ....t •.

3 ,ear.

POlilbl•• roJeet L.ader./C••rdl ••I.r.

Y. K.w.ta. J.pan

Spo••on

N.tional Sci,ac. Foundation (USA)
Unl v.r.i tI ••
U.S. AID
Equiv.leat orl..izaUo•• in panielpatl•• co••trl••
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Project TiU.

Eataltli.Il•••t of •• l.t.r••Uo.al Nat.r.1 H••utl l.f.r••U •• Network

ProJ.ct Go.l.

Tb. ,oal. of tbi. projeet ar.:

(a) To ••tabli.h a formal proc... to .al.taln a coati••al ch.....1 of
commuaication r.,ardin, activiUe. (projeet.) propo.ed b, Conf.rac.
delelates incluelln, pro,re.. report. gd .eeded follow.up meuure.; ...d

(b) To ,ather iDfor.atioD OD Datural hazard .iti,atio. proj.cta ...d other
aetlvitie. bein, carried out by .o..m••nt./or....lzatlon./ln.titution•
...d inellvicla... th.t may b. of b.nefit to Conferenc. dele.ate.,
.pon.ora and other u.er. (U.S., A.ia ...d.v.a iat.matioaal).

Wily N••d.d

Ca) To e.tabil.h a mechuhm to .n.ur. follow.up of propo.al., to ...... ...d
mea.ure pro.r... aDd to cleterlllia. additional actiOIll needed. i.clucln.
identifyin. who .hould carry out requir.d initiatl....

(b) To .hare experience. ...d activlti.. with del...... gd with the broader
network .0 th.t int.re.ted partIe••ay b•••fit fro••tat.·of·the·art experthe.
knowleclte. re.earch. pro.r.... policl••• etc.

B••efia.

(a) En.ure. monitorin. and follow.up.

Cb) E.tabll.he. a u.er. aelwork IIDon. the U.S .• A.ia aDd pOllibl, ,Iobal
application./u....

Cc) Promote. exchan,. of Inform,tioD within the eIi.cipline.

(d) Promote. int.r.di.ciplinary Detworkin, amon, relat.d hauds.

E.tabll.h by January I, 1993 and continue 10 de..lop uDtil th. next Conf.re.c. (3
years) where the network can b. evaluateel.

Po •• iltle Project Leaden/Coord••atora

Uni••r,ity of Hawaii (Prof••,or Chiu)
National Science Foundation (USA)
A.enele. for IDter.alioaal O...lop.e.t
Natural Hazard Re.earch gd Applicatio. Information Cenler

(Uni.eraity of Colorado) USA
Other .imllar ceDte,. in .pon.orin, countrie••

• both .overnmental and academic
UN Scientific Committee.
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Ploo' H•••r' Work ..... Partlel•••'.

G.T-J. ebe.
Y. Fujita
R. Harboe
K.L. Hie.
Y. Kawat.

A. NI....
".R. Peart
H.E. Ru..l..
J .... Wrl....

21



GROUND••AILUR. HAZARD WORKSHOP R.PORT

Co-C~al,.n: B.B. DeoJ.
R.L. Sc t ...

R.port.un: P. K ...
T.H. W.

I. till. report, t". t.ra -.ro.ad fail.N- will be n.trlct" to t". fail.n of .Iope•.
Slop. fail.N. co••ht of do..ward ..el o.tward .o t of .Iope .aterl -- rock, '011.
or Irtlflcl" fill. ni••o t I. trl,,__ It, ot at.nI proce c" .. he••,
pnclpltatlo•••art....ak.., .olcalc actlYIt,. or ero.lo.. .. .0•• c l..deU•• N••1t
fro. t". activltl•• of .... t,pleall, ••c lo. or Irrl••tio. of .10pe•.

Slope fall.r•• ru•• fro••I••p 11_ t~ro.,~ f...., cit now•.
n. , ..... cat••o" of lIop. fall.re will be Nf.rred to It, It. co••o -1 11•. •

Soclo-eco.oalc Bffecta of L....U...

A•••a1 eco.olllic 10 cia. to l..dlU tilll"" to axe'" USS I
blllio••ac" I. I•••, Jap It'" _el t". U.it.. State.. 'or exampl•• tit. U.S. Natlo."
Ac__, of Scl••c ti.at" t"at 1.....11. 10.... I. t". U. s USS 1-2 billio•
.....all, (Co••lttH o. Gro••el Fall.... Huank. 1915). Laa.U. 10 la .o.t A....
• atioa......ot u well doc••e.t'" .. I. Jap el ..el .....ot .. I.,. .. I. '''0••
two co••td... Howe••r, 10•••• I. tit. Hl ., atlo••, C..I... Tal,qa. tit. A ..
part. of for.... Sovi.t np.bUc., l.do I.. Papa. N.w Gal el N.w ZuI..d ....
I...... wit 0 •• of t xc..... USS 100 mllUo. per ,..... la tio.. t". urb..
..... of Ho•• Ko perlnc'" ••t,...I, co.tl, l..deU••.

N...b.n of "atla. cIu. to cat..troplalc l..dllI...... lar....ct It.....rowe ia .bi.
c••tu" bee•••• of bur.eo.i., pop.latlo... AIt"o••It... o. t". pnel.. • ••b.r of
....b. cia. to l..dlU are .ot ..., to obtala, clarl•• tb. perlo. 1971-74 .....1' 600
peopl. wen killed ..a I, b, .10pe fallura worhlwl" (V....... 1911). Aboat 90 perc..t
of t..... .at". occumel I. co••trl.. la or o. t". ...,1. of tit. Pacific b..i.; •
• I,.ancat proportlo. of t"o" deal... toot place i. A.i....Uo... Dat. acc••ulated b,
t". Jap.. MI.htry of Co••tructlo. (Ita3) I.tlcate t"at l.deU•• kill r... of
150 peopl. per y.... ia Jap... la .... U.lt" Stat••, about 25-50 peopl. tilled
......1' It, .Iope fallun. 8al.l, rockf..1 ...el MrI.,... now•.

n. ,nat••t recorded lo.t of Ufe i. ..., .1.,1••roup of l..deU.. occ.rred I.
Nla'xi el G u proyl.ce•• C..I... la 1920, w... approd.at.I, 100.000 peopl. W.N
kill.. b, quat.-td.'.,.. I••U•• i. 10.... ADot".....tro•• A.I.. I..ellil.
occ.rredl. 1949. w earl...... I. tlae Tin S.... lIIo••tala. of Sovi.t T ltl.t...
trl•••,.. •••rI•• of I U•• t".t b.rI.. 33 pop.latloa c••t.n, klilla tim.t"
12.000 to 20.000 peopl.. I. 1970, 20.000 peopl. were klll.. b, ....art b-l.duce4
rock .valucb. I. P.ru....cti. 19.5 tit...ptlo. of R.1a Voleuo la Colombl. re..lted la
a lala. (..brl. flow) tbat till.. 22.000 peopl. i. t~e towa of Ana.ro.

A80a. iacla.trlaliaed aatloa., Japu It....ff.reeI tit. ,reat••• coati.uia. 10.. of
Iif. ..ct propert, fro. 1...11_. C.....tl.. Ita.. ..... partlc.I ' ,n.. I. ..••vll'
pop.I.... urb.. .,... at tile b.... of .t.p .o••tal••10"'. For pl•• I. 1945 i. t".
Clt, of Kure, 1,154 peopl. wen kill.. b, .brl. now. , ••erated b, t,pbOD ral••
(N....o .t .... 1974).
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Or••• julio. of Report

The Ground·F.ilure Hazard Workln, Group hu sel.cted three laadllide re..arc"
projects that it fee" bave potentl.1 of hi,h return aad sl.nificaace in laadllide hazard
miti,ation. The main ,oal of the proposed projectl is to increue the effectiVenell of
landslide b.zard mlti,ation in Asia and the United St.tes, with particular .mphuil on the
developin, nations of Asi.. However, we fe.1 that th... projects will provide v.lu.bl.
approaches and resulll that will be used by ...tur.1 hazard research.rs and Mana.en
worldwide. Each of thne proj.cts repres.nts on. of the followin, up.cts of n.tural
bazard manalement: (0 failure prediction, (ii) dama.e pr.diction, and (Iii) mili,atlon
metbods.

Proj.ct I

R.I.tio.... lp. A.o•• Pr.clplt.tio., Pore Pr.... r•
••d Slop. '.lIu.

Project Goal

The aoal of this project is the development of quantitative relationships amon,
precipitation, pore·preuure leoer.tion in .eololic materials and landslide initiation.

B.ck,round ••d Justific.tion

Bec.use rainfall-induced landslides are the most frequent mode of slope failure,
understandin, the mechanism is required for prediction of the occurrences and can..·
quences.

Empirical correlations developed between rainfall aad landalides in p." studies
have tended to be qualitative and specific to particular sites or relions. Real-time pore·
preuure measurements can provide. quaatitative measure of ,roundwater response and
possibly can improve the accur.cy of predictions of slope failure. However, researcb is
needed in various reaions and under varioul conditions of terrain, leololY, moisture and
.roundwater before pore pressure can be uled for predict in, bi,b-rilk and hi,h-frequency
landslides.

Strate,y

In order to develop the necessary relationahipl, comprehenlive studies involvin,
the followin. are needed:

•

•

•

Collection of precipitation data, pore·pressure measurementl, and .eolo.ic,
hydrolo,ic, and leotechnical characteristics from sltel in different cllm.tlc and
leololic environments.

Measurement of streneth .nd moisture·retention char.cteriitici of leolollc
materiall at inltrumented sites, includin, Ilope-itability analysil.

Quantitative evaluation of

(a) lhe influence of measured pore-pressure re.ponse on slop••tability;

(b) influence of antecedent rainfall on pore-preuure leneration and landllide
initiation; .nd,
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(c) thr••hold raiDfall I.vel. (I.... rat.llamo••t. of prec:ipit.UOD at which
.Iope failur•• are I.due.d) for various llOlo,ic aad cllmalic cOllclitio••.

••••fit.

This r••••rcb will 1.1Id to ,r.aI.r r.liability in pndietlOD of hl,h-fr.quency
rainf.ll-tri"er.d ludilide. aad in u.ellm.nt of cODleqa.ntlal ri.h.

3 y••,.

Rn••rc. P.rtlelp ..

Inl.r••tional ncie. .uch u ICWOO (IDtem.tioDai C.llier for Inte,r.l.d
Mountain On.loplD.nl) in collabor.tion with Dalional or,aalz.tlon., such u Ih.
G.ot.chnical Control Offic. of Hon, Kon, or • UDiv.rlity. I1Ich u Obio Stat.
Univ.rlity, .r••UUllted for impielDntation of lhe proj.ct, Inl.mational, re,ioD.1 aad
local .xp.rt. are 10 b. hired under Ihort-t.rm contracts by the impl.m.ntin, ....c)'.

Proj.et 2

"od.Ii., of D••nia/.... Piowl

Proj.ct Goa..

Th. ,oal. of Ihis project are:

(.) To model debris-flow characleri't!e.;

(b) To identify condition. aad topo,raphlc f.alur•• conducive to debril flo ....;

(c) To predict Ihe exlent of run-out zone;

(d) To determine risk to popul.tion and properly; and

(e) To .ilDulat. tb. flow proc••• by • computer model.

aack,ro••d ••• l.ltUle.tlo.

Debris now. (includin, mud now.) cau.e .I,nlflcanl c1am..e 10 Uf. aad properly.
Effective protection .,aialt .uch ,rouad failurel caa b. provided if the ext'nl of the run
oul zon. caa be predicl.d.

la • debris flow, • lu,. bulk of debris is wuhed down lb. tlop., 11 moblliz••
• i,nlficant amount. of 100•• m.t.rial duria, it. dowallop. joume)'. Tb. debris aad 10011
maleri.1 uproot. bury and deltroy ev.rylhin, ia th.ir p.thl. The run-out zon. it
ell.ntially lb. re,ioa th.1 is cov.r.d by a debris now. Roada. briell••• cOlDlDunlcatioa
faclliti •• aad buman ••ttl.m.nl. may vIDi.h withla a matt.r of ••conda. Such fallurel
uilially occur durin, or after h.avy precipitation.

Strat",

This Itudy IDa, b. conducted .ith.r experlm••tally, for .xampl., throll,h
c.atrUul' modellnl or aum.ricall, by lolvia, now equaUoa.. Th. fillite-.l.m.at method
of analy.iI may be 'lDployed to lolve flow ..atioal.



I. the firat It... of Ihll ItUdy, an ..te.llve IIt.mun lune, will be do.e to
coll.ct data from r.ported cu. hiuori.l. ThAI nercile will be ...ed to ilolat. tI••
Yarlabl.1 of li,.incanc•.

M.thock will b. develop.d to model th......tl.. f.aturel of 110,....d cIt"r".
F••dback wlll b. loulht from a companion proj.ct that l..kI to .It_lilla r.latioaiiaipi
amonl precipitation, pore pr...ur. and Ilop. fail un.

Exp.rim.ntal facilitiel are propoled to b. developed to Ilmulat. cIt"rll now. A.
lolution of thAI probl.m b)' numerical m.anl app• .,. Itrailhtforward .. teela.lque•••cla
.. nnit.-.l.m.nt m.thod are w.n eltablhh.d, ..d it app•.,. po..ibl. to cltY.lop the
r.quir.d loftware.

EU.Dliy. Iraphlc lupport will b. n••ded in a .....In.ful pre.e.tatlon of the
r.lultl of ..al)'lli .

....n..

(a) Thi••xercll. forml the fiut It.p toward rilk u tI m••t ..ai.lt
debril f1owl. Computer limulation will enable param.tric .tueliel b, Yaryla,
critical parameten.

(b) Baled on luch Itudies, it Ihould be po..lble to det.r.. I•• suitable locationl of
all blll-area development•.

(c) Th. model may .ho be used ill the development of an .ffeetlYe
m.....m.nt/wamin. Iyltem for debrit nowi.

(d) Altbou.h tbe prel.nt Itudy addre".1 debria nOWl, tb. ..... model (witb
lult.bl. modific.tionl) can allo be .pplied to .tuq laya now. from yolc..lc
.ruptionl.

TI••••q.b•••• t

4 year.

a ....rcll P artl c:i paa"

Int.rnaUonal ••enei.1 luch u ICIMOn (lnt.r.atlonal C.ntr. for Int••r.ted
Mountain Dev.lopm••t), N.pali Directorat. of E.Ylro.....t.. GeoIOIY. Bu••,.
Indonella; Dil..t.r Prevention R••earch In.titute. Kyoto U.lv.nit,. lap..; uel the
C.lllrai Builelin. R•••arcb In.litute, Roorkee, India

Proj.ct 1

Laadllid. Mili,atioa b, Biot.cllaical K.tll._

Proj.ct Ooal

Th. object of thit Iludy it 10 ell.bli.h Iimill on fe..ibility of biotaclaalcal
.Iabi lilation.

The ule of live pl..tl a. loil r.inforce•••t to improve 110" .t.bilit, h.. Ia.. a
lonl hillory. At pr.lenl, biotechnical Ilop. Itablllzation il bein, promoted It, loll



co.,.,.atloal,tl ud .atural-r••oure. peopl. who oft•• fall to co.lider t". _,I...rla,
prl.clpl.. i."ol..eL It II ••c....y to ••tabli.h th. mech..l•• of .oll.root i.t.r.ctloa I.
order to del.rmi•• th. co.cltloa. la which blolec"alcal coa.tructloa caa 1M eapec:teel to 1M
lucc..lful.

Strat."

W. propo•• to coaduci pllol projectl at two or Ihne .It., o••at.ral ..dlor cut
,lop... Til. mOlt promllla, local plul Ipecl•• wlll b••Ied. laltru...tatlo. will ••
1.ltalleel ia th••Iop•• to ob••tv. Ih. phy.lcal proc..... of laflltratlo. of pNClpltatlo.
aad of Ilope .o"••••t. Tb. laltrum••tatlo. at .acla .It. will laclude pl.ao....r.,
mol.luR prob'l, lacHao••I.r tub'l aad a ...t.orolo,lcal ItaUoa. Ob...&lioal will b.
..... o. ,lop.. wllb aad wllhout biotech.ical ,tablliaatio. to provldl data for
comp.ll0.. W. will periodically excaval. to det.rmln. tile ,roWlIl rat. of root. aad to
.....,. rool depth aad diam.t.r.

Til. RIUlu will b. u..d to .valuat. tb••ffect' of tla. lpeel.. oa .011 laflltratioD
..eI to det.,.l....ount. of pl..t ...potr...plrallo.. Thl, will b. u.eeI to pnclct II••
• lfecll of plaat. o. por.-water pRllur... Til.....Dr.d dlplh ..d .b. of rootl will 1M
Dleel to pndict tb. Itr.n,tb of tla••oll-root .,.1••.
TI••••••Ir••••t

5 y.ar•

.....rc.. Partldp••t,

Th. latenatioaal C.aIR (or lat.,rated Moulltai. O.".lop••at (ICIMOD) la N.pal,
a .cl••Uftc coa.ortlu. of .l,bl Hlmalayaa couatrl•• , would be a 101lcal clloic. to ......
tla. project. ICIMOD I. i. a po.illo. 10 .0Ucll fua'" ud lain co.pet••t re,.ucla., for
,"ort·ter. ..,l•••••t.. Ohio Stat. V.h.r.Uy cum.tI, co.6act, ,...arcll oa
biotecla.lcal ,lop. .tablllaatioa aad c.. coop.ral. with ICIMOD. Baa... Hla.
Vai".ralty, I.elia, II...tudieel .aviroa....t "I•••ratio d could ••,.......llor o.
1.lectio. of plul ,peei... Other po,.lbl. partidpUII SlI.o. CoU••• (UK) ..d til.
Geotech.lcal Co.trol Office (Ho., Ko.,), both of whlc" co.,idlrabl••xperi.ac. i.
biolecb.ical 110pe 'Iabillution.

••r.n.ce Lilt

Co.mitt.. oa Grouad Fallur. Huardl, 1985, Reco.m,p"lo" (pr '''eill Lplln fro•
.......114.. lp Ib' Vpilld 51.111: National ' ..,.cia Co••cll, W....I.,tO., D.C.,
oil pp.

Japaa MI.ht" of Co••lnctlo., 1983, R.feregc, MUyal pp Ero.l" Coalrol Worb lip
Juun,l: Erolion Coatrol Departm.nl, Japu, 316 pp.

Nak..o, T., K.do..ura, H., Miaului, T., Okuda, M., ..d S.ki,uelal, T., 1974, Natural
haudl-·report (rom Japan. In Whit., G.F. (.eI.), NAtPral Her.....Lpcal,
Natlogal. Global: Oxford Ulliveraily Pr,", New York, N.Y., Chapter 21, pp. 231·
243.

Vara.., D.J., 1981, Slopl-ltabl1lty probllml of th. Clreum-Pacific R.,loa .. Rlateel to
mi.,ral and ,n.rl1 rllourell. I. Halbouty, T.M. (td.), Ep,rn Illopren of tit,
'"iOc l"iOP: Am.ricaa Alloel.lion o( Petroleum Geolo,llt. Stuelill I.
Go1017, No. 12, pp. 4'9.505.
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Gr••••· .....r. H•••r. W.rt•••, P.rtlel,••,.

B.B. Dooj.
P. K•••".L. Sela••t.r

U. S".noa.
T.H. W.
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VOLCANO HAZARD WOR~IHOP REPORT

Co-C".nD.a: B. Voi,"t
S. Bro.to

R8Pport.un: A. NuaUo•
... Alzwar

More than 1.300 "oleaDo•• are kaoWD to han .npted "ria. th. put 10.000
y.an, with about balf of tb... active ia recordilcl t;1 .. ·.Or,. Two tllirela of t". active
"ole...o•• are located aloa. th. tectonic pi... bouaclari•• ia til. Circum-Pacine.

It i. ..Umated that 360 .Ulio. peopl. • aboat t.. percnt of th. worler.
population - Ii". Oil or a•• pot.nUall, _,erGlIl "oleuo... Witll th. r8Picl, axpu.a.
world pop.laUoa, mo.tly In th. already den••I,-popul..ed de".lopi•• eountri••• millioa.
of p.opl. more will b. threat••eeI b, volcuie acti"it, I. til. futllre. Siae. t". total
abudoam.at of "olcaaie areu i. .ot r.allatle, th. .ei••Ufie eo.muait, aDd ci"iI
authoriti•• fK. a chroaie aDd incr.uia.l, ecut. probl•• la copl•• with hazarck from
future .ruptioa•.

Volcanic huarell CaD b••ub.tanUall, mitl••ted If:

(I) N.tioaal aDd local .oven••atl are eo••itteel to miti••tia. "olcanic
hazar. and ba.. the will to ••ect 8Ppropri"...uarcI .......mtllt
decllioa,

(2) Sci.ntlah r"po.libl. for I.CIa .iII.atioa how 1I0w to collect ud
int.rpret ••olo.ieal, .eopb,.ical. .eo.,.lIical ....eoc.....ical deta
about "olcaDo••,

(3) .umci.at equip...t (aDd .ai.t c•••pport) for .o.itoria. (ud
coordiaatia. I.bor.tory work oa elatia., .tc.) 11 ."ail.bl. to t.....
Icientilu.

(4) fi.ld ItUeli.1 are eo.ducted Ion. before .naptioal occur...d

(H coordin.tion witb ci,,11 .ut"orIU.I i•••tablllhed before a cri.l. be.i••.
A lIUn. elatabu. aDd ,..pon•• c8Pablllt, i••ec....., bee.u•• of
t" tr....ly ,"ort lead ti•• oft.....i1abl. (abo.t 0•• de, ia half the
cu•• ) b.tw"a til. 0 .... of .,.pto•• warai•• of "olc..ic UD,..t ad.
_ ••rou••naptioa.

Effort. to miti .... hazarell i. the A.ia-Pacific area i.clucla .0•••t•••• of put
.ruptioa.; .tadi.. of .ruptio. pro"etl .....ti.1 for preparatioa of volcaie lluan11
zoaatioa ••p. ad i.allncatio. of lit.-.pecinc ..azardo•• proc••••• map.; .u",.mac. of
acU". "oleaDo••, to wam of iae.....ed Dareat or i...i...1 .nptioa; ad r••••ch o•
••olo.ie proc...... to i8Ipro". capabUiti•• for eruptioa predlctiollldetectio. or warai•••
ad to improve ,c".m•• for "azard ..iU.atioa.

Our IrouP co••ider.d ideal for cooperaU". wort, .0....compu.int warb already
iaitiated, aad oth.r••atirel, a.w. Th. aatio•• h."ia...uanIo•• "olcaDo•••• lado...l.,
Philippi•••• P.pu. N.w Gui... (PNG), J8Paa, Ru..l. (Kaac".tlta) aDd Ihe Uaited St.I••
(AI.uUa.). Our Iroup eoac••trated o. .... i."ohi•• th. fir.t thr.. (clavelopia.>
aatio.. bec.u.. Ih••• natlo.. h... .... molt clo••I, aii••ed with th. .oal of Ihh
worbhop. J.paa. the U.S., FraDc., A••lraIi. aD. N.w Z.....d are ...io•• mo.t Iibl, to
pro"ide techaolo., .haria., collaboratio...d ext.,.al f••••• to til. clevelopl.....10•••



Volellllie rI.k mlti.atloa cooperaUon b.tWNIl t" U.S.•• J.p.. an eo••ldencl
....W• .,. under _ uhtin, .cl.nc. and t.cbnolo., ..,..a.t Mtw.a tllo.. two aatlo••.

G.Il.ral typ•• o( cooperative project. include tb. (ollowla.:

A. Iafor.aUoll Exchan.e

Th. obvlou••oal II to u•• availabl. exp.rtil. ad teell.olo.y I. order to Iala til.
Ireate.t I.pact In rilk .1t1.aUon.

I. Topical .e.lnar. witb n.ld viall., •.•. , comp.rhoa. of aianar
volclIIlo" and IrouP' of volcano'l I. Alia.

2. Travelln, lecturers to uaher.itl•• ad .overam••t labl, '.1.,
for.i •• expert Icl.nUltl/.llllnN,. to ..dolle.la, Pbillppl•••• 0'
PNG, 1IIl' vice vena. Exc'"'' b.tw... t" Plllllppi... lIIlei
ladon••I. I. (unded by UNESCO/ROSTSEA (Jabrta).

3. EHh.... of faculty and Itudent. (or traiaia•.

... TechaololY Ibarln,:

a. Sharlnl deli,a. ud prototyp'l of ...Ip••at for .... i.
bazardoul loeatlonl In I•••.dev.loped co..atri.l. N.w
dev.lop.entl of bardware and .oftwan, In 1.1••lc, alrwav.,
hy.ophonlc clata acquiaitlon an' proc...la. Infraoalc
monltorla. o( expiation., radar aoaltorl., of pyroc:luUc
flow•• ah clouds and Ilha,.. lI,ht.I•• detectorl .. ladicaton
of t.phra clouds.

B. Collaborativ. R•••arcb Project.

Althoa.h it h enenU.1 to a•• exi.tin. tecbnolo,I•• , thi. appro_h alon. will aot
fully .olve tb. probl•• of hl.h-ri.k voleano'l. Volcanic proce•••• vital to tile predictloa1IIl' detecUoa of cIan••rou. .ruptionl are •til I poorly uaderltood; ... til... , ra..areh
r.main... extr•••ly important part of volcano ,ilk mltl.atloa. n ••xi.Ua. Itat.-of-th.
art i. limply not lumel.nt to provide. truly effective .t..cIard-of.praetlce.

I. Collaborative ob.ervatio.. of IIlected volc_o••:

•. Inte..lv. multidilcipliftary t.... .tuely of .eleeted active
volclllloel for .everal moatba, Inclu4lla. 1.loli.t to ideaUfy
eruptl ve Iliatory, ••I.mololiat., deforaatio••peelall.t•••u
leach.milt. an' othe,., for documeatatloa •• I_tineatloa
of buellne .i,DlII and precur.on to .I.vat. ac:ti"lty.

b. Lonl rUle multicll.cipllnary collabarathe .t••••, .itll. by
t.... collabor.tlon. or by data a' iat.rpratatioa alaaria.
betw.en .epuately.financed a' o,._lzecl ,ro.p. ..•
..encle.. An Important loal to work toward II to I.prove
Iharinl of deta an' ldeu betwNa •.,arate .roup.; tlli. loal
.mphulle. tb. aee' for "op.a door· .Ilarial of laforaatloa.
In contr.lt to tb. ·comp.titi".- attitude. or bUI...eratle
·vertIcal .tructurinl- tbat oftea ia"'l worklal-I• .,.I
cooperation between Ici,ntiatl or .a,laeen. It II vital la tla.
lat.re of ••vlnl live. an' .llIlatlal of ralloaal ecolloalc
10 for u. to work to••ther.
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c. All volcanoes are candidates for such efforts, but we allilDed
hilhelt priority to Decade Volcano (lDNDR) iD developiDI
countries, emphasizinl on·site project traininl, and
improvement in equipmeDt and laboratory analy.is capability.
Decade Volcanoes for Asia include Merapi (Indonesia), Tul
(Philippines), utawun (PNG). and Unzen and Sakurajima
(Japan).

2. Elt~hanles in hazard and risk mappinl. Assistance witb GIS
technololY to analyze and portray hazard and risk and other state·
of·art (SOA) hazard mappinl research. IntelratioD of leolo,ic,
hyclrololic, and .eo.raphical and leochemical data.
VolcanolOlistl have been slow to take advanta.e of potential
&dvantal" of GIS and other electronic databues.

3. Topical research. A wide variety of project. could be proposed
and justified. The list presented here is in random (i.e, non·
prioritized) order.

a. Internal structure and processes of stratovolcanoes, caldera••
domes, and hazard implication. of each.

b. Correlation and procell implication. of continuously recorded
(or frequently-monitored) .U emillion and otber leochemical
chan.es. Use of SOA IU sensinl iDstrumentatioD.
Invesli.atin. ,a. accumulation and relea.e from volcano lake.
(Dienl Plateau, etc.); hydrothermal eruptioDS.

c. Quantitative characterization of eruptions in pro.ress. What
new tools to apply?

d. Relation of Iroundwater and crater lake relime. on unrest and
eruption procelles.

e. Pyroclutic now and lahar procelles, deposit characterization
and relation to procell and hazard potential.

f. Lahar .eneration from pyroclastic nows; morphololY, .ource
characteristicl, mobilization, now characteristics.

I. Eruption precursors. Models and tests of interpretation and
reliability. Study of current activity, review of old data files
interpreted usin. modern concept.. Rate. of "fal.e alarm." in
relation to pattern reco,nition of precursors.

h. Windborne-ub tradinl. wind profilin, usinl SOA radar to
predict tepbra directions and aircraft hazards.

i. Eartbquake source and transmill:on procelles. Distin.uish
volcanic earthquakes from earthquakes of tectonic character.
Influence of source and path on silnature. Use of SOA
recordin, and procellinl, correlation with observed events and
other monitorinl data.

j. Tremor and lon.-period earthquake. u promlSID, lon,- and
short·term precursors to explosive eruptioDs. Modelin, and
tests of competina models. Frequency spectrum. correlation
with specific event., silDificance toward .ruption prediction,
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and falae alarm atatiltin. Denl. network uperimentl at
lei ected lively "vo Icanoel. •

k. Fundamental caUlel,
collaplin, volcanoel
eruption). Effect of
Itabillty.

tri'len, precuraory wUllinl' for
(Mount St. Hel.nl••tyle collap••,
hydrothermal weakeninl on volcano

4. Satellite oblervation.

a. Remote senlinl for monitorinl (GPS, plume trackln" 502
etc.)

b. Remote lenainl for mappinl and volcano rlak ......m.llt.

c. Oat. telemetry platforml

S. Prediction experimentl, before and durin, unre.t, ineludinl:

a. In.tnment development to "catch- precuraora.

b. Tellin, hypotheses about actual procellel ...d precuraorl
lu"eltinl eruptionl.

c. POllible topici include:

I. Precursors for reactivation of lon,-dorm...t volcanoe.,
v•. tbole for "frequently eruptlnl- volcano..;

2. Ellliest precursors of eruptionl (to 10 yearl before);

3. De,alSinl processes precedinl eruptiolll;

4. Innovative way. to anticipate typel and m..nltude. of
impenelinl eruptions.

In lummary, a lar,e number of potential project. and unan.wered quealion. have
been identified. Fundin, .eem. ellential for mo.t of tbil work. A wide rani' of project.
i. propo.ed. reco.nizin, thaI not all can be undertaken at once, and opportunitiel for
funelinl are difficult to predict. Projects have been mentioned for which little or no
funelinl is currently available, in hopea that .ueh project. may be ulldertaken ill the
future.

C. IDNDR Decade Volunoel

Work on the Decade Volcanoes comprises our bilbe.t priority, Illvolvln, one eacb
for tbe Philippine., Indonesia and Papua New Guinea. Tbele .it.. are particularly
appropriate locationl for Itudy of many of tbe topical relearch item. Ii.ted above, and are
in addition litel of particularly hi&h ri.k to local inbabit...tl.

I. Cooperative inve.tilation al Decade Volcano Merapi, Java.

a. Goal: to inveltilate procellel and eruption precurlor. at a
hilhly active explo.ive volcano; to mitilat. riak in a denlely
popUlated re,ion.

b. Why needed: Merapi i. one of the worlel'. DlOlt danl'rou.
volcanoes. Witb an eruption occurrinl once every 3 to 7
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years, it ranka 15 on the Yokoyama Icale for hilh-rilk
volcanoes. The hi,h activity impliel that important data are
particularly likely to be obtained bere, precedi81 and durinl
periods of explolive volcanism. Tbe lellonl learned from
these Itulliea can be applied to other volcanoel of limilar type
worldwide. Many topical subjectl previoully identified can be
studied here.

c. Required Time: Throulhout the remainder of the Decade.
Subtopics may have specific time limitations u appropriate
to justify fundin.. Combinationl of lonl-term baseline
studies and short-term topical investi.ationl.

d Benefits: Critical information 11 likely to be obtained on
leneration of varioul lonl-perlod. tremor, and short-period
earthquakes, eeli fice deformation, IU ,eochemistry, dome
Irowth (excellent opportunities for terestrial photo.
Irammetry), pyroclastic now procell", lahar leneration,
depolition and impact.

The importance of this volcano hu led to important prior
studies (e.l. carefully.observed eruption hillOry, acquilition
of seismic, deformation, and .eochemical data balel) that live
a stronl foundation for future efforts, and increue value of
new observations and the likelihood for luccell of Deca
Projects. Investments of funda, equipment and manpower
should yield important and COlt-effective returns 10
volcanolo,y and risk miti,ation.

e. Potential Collaboratin. Or,anizationl/Contacl Individuals:
Volcanoloaical Survey of Indoneaia, Bandun" (Dr. Wimpy
Tjetjep); Merapi Volcano Observalory (Dr. S. Bronto); Gadjah
Mada University, Yo,yakarta, Dept. of PhYlics (Dr. Kirbanj);
Dept. of Chemistry; Technical Faculty, OeolOlY, Oeoclesi;
Faculty of Oeoaraphy); Volcanic Sabo Technical Center,
Youakarta (W. Suharjono); U.S. Oeololical Survey (T.
Cuadevall, C.D. Miller) Pennsylvania State University, USA
(B. Voi,ht and K. Youn,); University of Stutt,art, Oermany
(R. Schick); University of Pembuaunan NUional,
Youakarta (8. Pratistbo); Inllitute Tec:hnololY National,
Youuarta (Jr. Er. Budiadi ); French Govemment Alencies (J
P. Sabroux, P. Allard, M. Kaller); others in Japan, Australia,
etc.

2. Cooperative Investigations at Deca Volcano Taal, Philippines.

a. Ooal: to investigate procell and eruption precurlors at an
intra-caldera stratovolcano with a crater lake.

b. Why Needed: Taal has had 33 recorded eruptions lince its
earliest recorded outburst in I S72. Its laraeu hillorical
eruption killed over 1,300 people, and lucceedin. eruptions
have been extremely violent, includinl powerful 20.km hi.h
eruption columns, fatalities to 10-km radius, and production
of laterally expanding rin,-like c:louds (bue surles). It il a
Yokoyama Icale hi.h-rilk volcano.
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Tbe volcano is currently experiencla. unrest, and thul I. most
appropriate for Decade study. Relultl can be applied to local
aevere risk mitl,alion at Taal (evacuation of 50,000 In 1965
drained the calamity fund of the national lovernment), and
lellonl learned applied to crater-lake volcanoe. elsewhere.

c. Required Time: Throuahout the Decade, combination of lon.
term buetine Itudies and sbort-term topical inve.ti,atloa•.

d. Benefitl: Critical information on volcano and eruptive proce..
in a crater-late environment: sei.mic characterization of
precur.ors, leochemical precursor., volcano topo.raphy.
Risk reduction to local inhabitantl. Trainln. of
student/future scientills.

e. Potential Collaboratina Orlanizations/Contact Individuals:
Philippines Institute of VolcanololY and SeismololY
(PHIVOLCS), Quezon City (R. Punonlbayan), U.S.
Geolo.ical Survey (C. Newball, C.D. Miller, T. Ca.adevall),
University of Illinois al Cblca,o (K. Rodolfo), Unlverllty of
California, Santa Barbara (R. V. Fished, Unlv.rsity of Hon.
Konl. Dept. of Geograpby and GeoloaY (Sulan Dono.hue).

3. Cooperative Inveali,ations at Decade Volcano Ulawun, PNG.

a. Goal: to Investi.ate procelles and eruption precur.orl at an
active luatovolcano.

b. Why needed: Ulawun is one of tbe hi,belt.rilk volcanoel in
tbe Bi.marck Are, as rated on tbe Yokoyama Icale (I" aho
(:o:olOlicl1 Survey PNG. Report 83113, map Icale 1:100,000,
C.O. McKee Author. 1983). JUllification similar to Merapl
but for volcano of different eruplive Itylel.

c. Required time: Tbrouahout tbe remainder of Decade.

d. Benefits: Approximately as for Merapi.

e. Potenlial Collaboratinl Or,anlzaUonl/Contact Individuals:
Geolo.ica1 Survey of PNG, Rabaul Volcano Oblervatory (B.
Talai, C.O. McKee), U.S. Geolo,lcal Survey (C.D. Miller),
Geolo.ical Survey of Austrlliia (R. W. Jobnlon), Macquarie
University, North Ryde, AUltralia (R. Blon,); other•.

4. Volcanic Hazard Mappina for Quaternary "Dormant- Volcanoel, In
Indonesia, Philippinell and Papua New Guinea.

a. GOall: To prOVide:

I. Baseline volcanoloaical data for each volcano, in order to
provide lhe capability for .bort-term hazard relponse.

2. Preliminary volcanic hazard zonation maps. Tbe map. are
required by scientists and hazard manqement personnel in
time of crisis, and by local .ovemmentl to .uide them to
do planning for volcanic areas in advance of cri.is.
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b. Why Needed : One or leveral -dor.at- yolcuo•••rapt ucll
year. inerUlin. the number of -kno.. Kliv.- yolcuo••.
Such volcuoel are extremely hazarclo.l. beeaul.

1. Tbey ..... leldom eonllclered in pre.erilh bard planhl.
(they may not .ven be reco,ailed u • voleao).

2. Typically they have be.n I.nored for bule .eolo,le
Itudiel; tbuI, If huard map. are auddenly required In time
of erllh. no f.etual bull ulltl to enable the rapid
eonltruetlon of hazard mapl.

3. A lonl-repole period II commoaly IIloclat.d witla lar,••
bi,hly explolive eruptlonl. EUlIlpl.1 of luch
clevutatin. eruptiolll of dormat volcano.a la recent
dec... 1.c1ude Pinatubo. Philippi.... 1991. EI Chlehon.
Mexico. 1982. and Belymlu.,. KRach.tb. 1956.

c. Required time: Ten yearl.

d. Potellti.1 Collaboratl., Or,anlzatlolllCo.tKtl l.dhldu.lI:
Voleaololie" Survey of Indoaeli. (Dr. Wimpy Tjetj.p);
Directorate of Enlronmental Geolo,y; 'HIVOLCS (R.
Pllno.,ba,..); Rzbaul Vole..o OblerYatory. Geolo,lcal
Survey of PNO (B. Talai); Inltltute of I.do.e.la Sci.ace.
(LlPI) (Dr. H. Harjono); U.S. Geolo.ical Sun.y (C. Newhall;
C.D. MlII.r); ...nel.1 or u.iwer.itl.. I. hOlt cOU.trl.1 (•.•.
BP'T. Uniwe,.lty of Gadjah M_. ITB. UNPAD. Univ.,.ity
of the Phillppl••I. etc.); other•.

Vole••o H•••r. Work.llop Partlcip••tl

M.Abwar
S. Bro.to

A. Nuution
B. Voi,ht
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WIND HAZAaD WOal:lHOP a.POaT

Co-Cllalrm••: D.C. P...,
A.P. J..,

Ibpport.un: K. 5_tlt I.
T....,.~ .

Tile ,roup drew from tile exp.rieDc, of it••••Nn .d fro. tit. nco••'Ddatlon.
promul,ated at the EMNHD·I coaf.renc. h.ld ia Baa.tot, 14·11 Dec••ber 1917. WIlIl.t
th.re .u a r.co,altlon tllat th••a.ID..ia. upeet....... I.port..t, til.. wu aI.o ..
awareDeIl that the di....la.Uoa of Inform.tlo. to the populace at laq., ..d to the
people who mak. decl.loa••bout cOD.tnactioD practice II critical for til. o.tp.t fro. the
,roup.

Conc.ra. were ••pr.ued .bout th. ablllt, of t". I ".Ioped co••ualtl••,
aDd tlleir ability to leara fro. the ••p.l.ace of tit••ore Ioped co••trl••, or at I.ut
from tho.e who.e quality of iafor••tloll could be tr..aferred to ot". com•••IU••.

The ,roup took the vi•• that th. denlop••nt of criteria for the ••• of buileler. or
.peclnen of eOD.truclloa for dome.tic ho••ID, ••re a pri• .,., tu••' .roup. It wu
ob.erved th.t the mlU••tlon of ..... to ..0 .....1......... or ••••I••••l...nd"
.tructure. wu aD are. that repr•••at. aa achl."abl. .oal I. the .....-term 'ut.n.
Little hu b... doae la thl. ar••, aad. lar•• l.pact eM be at Uttl. co.t.

Th••roup ideaUfied four m.jor project. wlllclt it of cndal I.portaac•.
Thel. CaD be lummarbed u folio•• :

I) Residentl.l houlin. Ituely.

2) Storm dam... aaalYlil.

3) Code developm.at.

4) Wind .peed "le..meDt.

Sp.clfically, the r.uoal for u lat.re.t I. pun.l•• t......... of .'.eIf an cauaed
by aD .ppreci.tlon of the followia. facton relaUn, to eaclt of tit. propo." proJacts:

l) The qu.ltioa of tile .billt, of do••ltlC Ito••l•• to witll.t... til••"acts of
le.ere .iaclltorIDl aad tropical c~c1o•• actl"it, II .ot wen tneted, .,U".r II
it ••11 re.lUcla_ EDtire co••••it~ .labillU.1 .... preJuclleed, .ot b, tile
f.ilure of en.la_red Itructur.. but 180re It, tit. fail.,. of a co••••U, to be
.bl. to houle itl populatloD. or perlaap. __•• of tit. ,.••It..t "-Il of
Iive.tock or crop 10.... OD wilicla til. co••••ltl•• _lilt, to Ita ..If·••mclat
il dep...at. Tit. addltlo.aI ....Uo. of n ....., It.n .lto.ld Ita pro"l....
aad of .la.re til hould " .Ued II of co••i..,..,l lc I.portuc•.

The ability of .0•• are.. of tlae world to pu. o. rel."..t experi..ce ....edl.
thla con.lder.tloD is of coa.ldenbl. l.port_ee, b.t Ilu ,et to Ita ••plolted.

2) II II cl.ar thai tbere I. aD ••oraou...o••t of l.fo,.atlo. willcit could Ita
'UIl~red wert tlten to b. a ,peeiflc ••• o,...cIl ••ailabl. for til.
Iyllematlc colleclloa of data nlatl•• to tlte ablllt, of .tnet.re, to wltll.t..d
....,. windt (or cODver..l, t••lr fallu,.. I. till. clrca.'t ). Til. ri.oro••
criteria for suell aD u t I. til. I po.t t HeIIano wo.ld
fecilltate .ucla .. abillt,. '.ft'•. til. ,"ailablllt~ of • t of l.t...lo."



expertl who would be prepared at short noUce to iDnsti.ate the post Itorm
dama,e and meteorolo.ical Iurface clata, prepare a report, and quickly make
tbat report available to Interelted partiel is clearly a world re.ouree that
Ihould be developed. The data would be uled for the eltablillament of a
dama,e-.ulceptibility indell. which may be Implentable throu,h an exp.rt
Iyltem approach.

3) Conllderable ditricultiel eurrent'y exist in tbe comparison of buildlD, eodel
acroll national or Itate boundariel. It is conlidered that a framework for the
pulln, o( Information aero.. IUch boundarlel Ihould be eltablished (or the
re,ion.

Thll would involve the parametric eomparbon of approachel to codification In
order that appropriate eomparllonl can be made and that the ellperlence ,alned
in one re,lon can be ulefully tranllated to another.

4) The development of analytical methodl u.in. wind tunnell and luper·
computers hu far outltripped the clatabue'l development on which thOle
modell bave been baled. The correlation of wind Itructure modell witb the
comportment of wind In tbe real world II therefore o( Immediate concern and
b a clatabue which ae.... ur.ent .Itablilhmeat.

In thll cale, there II tbe nece.. lty of an approacb which involvel both
meteorolo.lcal and wind en,ineerin. inputl.

In particular, the eltablishment of wind characterl.tics at cydone landfall.
both in the vertical and the horizontal planel, to,ether with the variallonl of
parameters luch al wind Ipeed and turbulence intenlity ur.ently need
a..e..menl for tbe critical landfall liluaUOD. The .roup conlidered tbat tbe
metbodolo.y il currently available, but the co.t I. relatively hi.h for .ome
le..er developed re,loDi. The ability to convince or.anlzalloDI that the
eltablisbment of such a databue I. in their best Inlerests II of crucial
importance to tbe aucee.. of the project.

Finally, there il a tlaeme that erolled the boundaries of several o( tbe projectl
introduced above. Tbil theme II that th.re II an ur.eDt need to dis..minate information
to the ,eaeral public .0 that a .reater understandin. of tbe dan.ers and .ome of the .imple
mlti.atiD, aetlonl tbat are available may be appreciated more widely.

Tbe diatillation of complex Information so u to be ea.ily underltood by tbe
intelll,ent layman II a project wbicb abould Dot be uDdereltlmated, and is recommended
by tbe EXlreme·Wind Hazard .roup u a pOllible .ubjeet for inclu.ion In tbe next
eonfereDee. The lueeell of IUch an approach would be dependent on the interaction of
en,lneera and Iclentilta with sociolo,l.ts who may be in a better poailloD to adyiae on
efficient metbocla of pUllin, over .uch a me..a.e.

Project I

Improved Oui,a/Coa.tr.clloa Proyilio•• for
Hou.iD" Sileitera aad Co••••ity aaUdi •••

Project Goal.

The ,oal of tbla projeci II to save IIvea and properties of the residents In wind
bazard areu. It is e..entially a "re.lon bued" exercise. Tbe approacb will achieve an
Inte,rated plannin. by suitably combinln, private hou.e., Ibelten and community
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bulldin,l. lD(or.aUon cline.inaUon it crucial (or belp _d cooperation (ro••o".....t
and voluntary a.enelel. Tbe followin, are tb. Ip.cific 'Oall:

(a) To develop Ibelterin. for clifferent N.io.l.

(b) To ItUdy eonltruction practice. (.ainly print. 1I0u•••) i. n.pect o(

(I) Material. and

(2) Con.tructlon techlliqu••.

(c) To collat. uperi.nc•• in different re.io•• and to arrive at .uit.bl.
de.i,a/eoa.truction .ethoclolo.ie. appropriate to tb. re.ion•.

(d) To IUI.est eOIl.truction .uidell.... pr.pare cIe.I.n/con.tructio.
manu." for i mpro".d hou.in.. For prop.r di....i.ation. "ideo
explanation may be attempted.

(e) To conduct co.t b.n.fit analy... for alt.rn.U .

(f) To plan layout of hou.in,l, .helter. aIld eo unity builclin",

(.) To develop ..acuation and reb.billt.tion .trat••i••.

B•••flt.

(a) Savini live. and minimizin, property dam....

(b) Improvin, builclinl practice appropriate to the re.ioDS.

(c) S.fe,uarclin, Iivenock throu,h .helten.

Ti.e a.q.tr•••• t

2-3 y.arl from relourcin.

Proj.et L••d.n/Co••••le.ton

A.P. Jeary. Hon, Kon.
T. Murayama, Japan
D. Perry, USA

K. Seethar.mulu. ladia
J. Shanmuluunclar.... I.clia

Project 2

Stro•• Wi.d D••••• A••171"

Proj.et Go.1

The '0.1 of thil proj.ct it to dev.lop • Itroa,-wind ...... i.dell (or. co...unit,
uin, eurrentiy availabl. data. Stronl-wiad data obtained fro .. (utun .torm. would be
u.ed to validate aIld refine the indell. Future proj.et. would corr.l... the dam..e i.dell to
a meuure of wind hazard to complete ••tron,-wind ri.t u •••••••t ••tllod.
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••••••••••tl••

Tla. dn.lop••a. 0' • ..... iade. 'or a .poelftc 'Jpe 0' ..... ..d • .i.n
eo••ualty will .atall tit. 'ollowia, tub:

(a) 1a U•••• uract.ral .J 41 •••lto. 0' co•••nclloa bJ re.io•.

(b) S.udy 'JP" 0' 10•• ud caa.eeI bJ "ro., .i••.

(c) Docu.... ..41 cat&10' curna' taowl"" or ..... .laicla clner.'
'JP" 0' .truc'ure•••p.i.ace wla.a .abJec.eeI to "roa, .i••.

(d) Model wiad-fl.leII wlalcla cau .

(.) .deaU'y .peciflc po.l·cI local ..eI i.tera..io.aI ber. 'or
po.t.cI...ter ".po••iblllU.. ..41 den.. •...lr rol... T.... would
I.clude:

• Wlad E.,i...

• Structural E.,i...

• "eteorolo,i••

• Hy.olo.II'
• Social Sci..t"t

••••flu

(a) Tla. r••ult. wlll be u.ed .. • co.poa.at 0' .tro.,.wl.d r..It- .
•J.t.... TIa••• 'J.t••• an .avl.ioaeel ....ia, aD ••pert.'J.t•• approac" '0
nalua" tb. expoe'ed wIIicla would ".alt 'roa a ,ina .troa, wiael;
tbu., proviclia, a or pl...I•• 'or ..41 .ill,atia, ..... wlaielt would
re.ult 'ro. 'atan .troa,-wlad .to,.•.

(b) Tla. det.,.ia.loa 0' dat. tlaat .laoalel be ud .laould .ot b. collected la t'"
'utur. to "fl li••t eI rilit a••0 .

TI••••••Ir••••••

• Ph.... - 1.5· 2 J.an

•
•

CrU.ri. o.velop••at
••pl•••atatioa PI..

• Pit... II - 1.5 . 2 J.an

•
•

Pri.ary 0 ...... Oat. Aaal,.i.
Pro.o.yp' Rhlt A at S,.t••

• Pha.. III - Oa,oia.

•
•
•
•
•

D..... D.t. Colleclio.

Catalo, 0 ..... Oat.
Ca.alo, Wlacl FI.leI Dat.

Creatioa 0' .. Iat..aUoa" Library
D dex Vallclatlo.



Proj.ct L....r.

G. C..... Talw..
A.N.t. C"la, USA
A.P. J• .,. Ho•• Ko••
J. K.I••r.. Jap..
M. Pow.lI. USA
G. a.ardo., Au.tralla

K. S..t l •• b ••
J. S u .
P. Spart•• USA
G. Walter. Au.trall.
PIIlIlppi••• rep,....t.U.. (to'" _i• ..o
CIII.a ,.pn...tatl•• (to'" I.")

Proj.ct J

D••• lop•••t of a.lIdl., Co" ••4 D•• I•• 0.1.......
••I.t04 '0 Soyer.·WI.4 H•••r4

Projoct Go."

Til. denlop••at••ptioa ..d .aforc t of coda. pl., a I.port..t rol. I•
• lti.atl•• til. 10.. of 11ft ..d property produced b, ....n wl.d ...t.. n.
actaal provl.loa••pttel Vir! widel, fro. coaat.., to couat..,.

Th. ,oal of tllh projKt I. to revi.w til. wi.d load proYi.lo•• I. lla. U,S .•A.la
re.loa ..d proPOIt a a.lfona codl .Iructu,. .aitabl. for _al,.l 1•• tllro••lloat
the re,lo.. Fin ,pKlfic t..b .. propo••d to accompli... Illh oltjecti folioWl:

(a) lda.tlfic.. lo. of til. variou. code parua...,. a.teI1. tla. u •••••••t. of
wind loadl oa a ".lo.-b,.,..lon Itul.;

(It) Denlopm.at of .. lat.r-code param.tric co••••lo. lna.lator tllat will
permit the provl.loa. of oat codt 10 b. applltel to ..ot".r;

(c) S.n.lllvity ..aI,••• 01 tlae varlou. codl par I.... ,.1.... to til.
u ••••••at of wi.d 10" for t,plcal bulldi d .tructa,..;

(d) Develop.eat of a -,..loaal- U.S.-A.la unifor. Italldia. coda; ...

(.) Dev.lop.eat of • .I.pllfied code ap,lIcaltl. for tit. de.i.a!
coa.tructloa of 1I0u.la. ad .Imple low·rh. Itulldia••.

B•••flt.

Til••ad rtlalt. of Ihh project will b. a r..io.aI de.l.a ••tllo.lo., It.... o. til.
curraat .tat. of ltDowlede' tllat will ••cour... the adoptlo...d ••forc....t of approprlat.
wind code proYhioa. for mlll...I•• the eff.ct. 01 ...art wia"

TI••••••I......t

II i ...lIclpated tllat lla. above five tub will require a .i.i.a. of t"", ,.an lor
co.pletloa. Till. tim. fram. will permit proper co.mualeatlo...oa. t"o,. ,..po••lbl.
for Ill. promal••tioa of code provilloas for .ach coual.." practlcl••••,l...n ..d
re.earcher.; a revl.w of the ,.Iulll of tbe param.trlc ..aI,••• ; ad I.corporatioa 01 .Ia.
eael r.lUlt. of tub (a) . (c) lato the dev.lop.eat of a .alform re.loDai code.
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.roJ.ct L....,.

E.D.H. CIt'.I. USA
A.P. J.Uf. Hoa. Koal
T. Oltltu••• Jap..

D.C. P'rfJ.USA
K. SHtllu..alu. l.cHa
J. SII.....uu.duaa. I•••

Project 4

••,ro••• Odl.ltlo. of WI•• Cltar.ct.rilUe. I. S•••r. It.,••

'r.j.ct G....

Tit. 10a1l of t .. l. project ar.:

(.) To I.prov. th o.lIc .odtl of 10w.l.v.1 wi.dfI.lel i. tro,ical
cyclo••• b.for d alt. lu."I;

(b) To i.prove uadentucl., of the bouadary lay.r wl.d chuacteriltic. i.
variou. typ•• of ••vere Itor••; and

(c) To I.prove u.der.tanellal of wlad eIl.trib.tio. I. vertic" ,1... over
w.t...4 ov.r land.

1••I••••t.tlo.

(.) SURFACE INSTRUMENTATION Alar.. • ••.,. of approprlat.ly
i.ltn...ted ••uure•••t tow.rl (l0 III to 100 .). Sylt.. of Itallo.1
cho••• bu.d o. a Iti,.. f.....llcy of Itlt. froa Stora.ITora....ITropical
Cyelo•••.

(b) WIND PROFILERS (wi.d data la the vertic") laho a r.w Doppl.r RadIr.) •
Th on Iliouid b. Ilted Oil hl..elI. or ••• a coutH••; w. "10 i,.
wl.cl-lII.uuria, • tall0.. "oa. tb. coutlia. ..d i. critical areu of the
Coalla••tal USA .ubject to ••vere thu.cIer.tora p....O•••L

(c) Requir•• adequate .p.ci" ad temporally.re.olved .urface ad u,per 1...1 data
(r.co••aI....c. aircraft. ael profll.n. or 'Iltra ralllolou.de .It••).

(d) Data ....'.iI. .'.t....i. ad iaterpr.tatioa.d...lop ,.fl... •...o.lIc Mel
co.e.,tu" .odell of wi.clfi.lel III .ev.,. Itorm•.

••••flt.

(a) Improved iaput to cH".ollie ud preellctloa model•.

(b) I.proved uadtnt..cI., of ....r••tor••tructu,. ad b.taDYior.

(c) Illiproved bull for u .......t or wiadlo".

(d) For ..odel verifleatio...d v"idatioa ..el .ub....at ..odel i.'roy.....t•.

TI••••••Ir•••• t

3.' ,.us



Proj.ct L....u

A.N.t. Cbiu, USA
J. Golde., USA
P. Kri.b.a, India
K. Mebta, USA

WI.d Hu.rd Worh'op ••rtlclp••tl

A.N.t. Cbiu
G.L.F. Cbiu
J.H. Golden
M. Ito
A.P. Jeary

K. Seetbaramulu, ladla
P. ShalD, HOB, Koa,
J. SbulDu,uuadaram, laella
JaplUl repre..atatl"e (to b. ".rmlaed)

T. Maru,.lDa
D.C. 'erry
K. Se.tbualDulu
J. ShaDlDu,uuadaram
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ABSTRACTS

Ab.tract. of the pap.,. from the re,htered putlclput. are pre•••ted i. tlal.
cbapt.r. Tbe)' are anu,.d in alpbab.tical or.r by autbor.' .ura..... iD tb. followhl'
,roup.:

A. Eartbquake bazard
B. Flood hazard
C. Grouad-failure hazard
D. Volcano bazard
E. Extreme-wiad bazard

Tbe paper. tbat were r.c.ived in tim. for publicatloD are cODtaiD.d in tbe
ProeNdiDI' of tbe S.coDd U.S.-A.i. COlJferelJce OIJ Ea,iIJHriDI for Mitil.tilJI N.turaJ
HuMdi D.mqe (EMNHD-2) 22-26 JUlJe 1992, YOlyd.,.,., IlJdolJeli.. A limited aumber
of .la,l. cople. ue available from Prof. Artbur N. L. Claiu, Depart....t of Civil
En,in.erln" Univ.rait)' of Hawaii at Manoa, Honolulu, Hawaii 96822, U.S.A.
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A. EARTUQUAKE HAZARD

DAMAGE ASSESSMENT OF EXISTING BRIDGE STRUCTURES
WITH SYSTE,M IDENTIFICATION

A. H-S. Ane and W-J. Kim
Drparlmenl of Civil Enginttring
University of California, Irvinr

Irvinr, CA 92717, USA

A melhod for rslimaling Ihe dama&r of exisling bridgr Itruclures il .veloped usinl
results of system identificalion. For damage assessment, slruclural proprrtiu musl
include the nonlinear parameters, which may be evaluated throu,h system i.nlificalion.
Dynamic behavior of damaled Ilructures is represented by a nonlinear hysteretic moment
model. To incorporate Ihe variability of lhe structural properties and Ihe effectl of
stochaslic excitalions, response statislics are obtained Ihroulh random vibration and
dama,e is represented as random quantilies. A numerical example is illustraled for a
bridle strut'ture subjected 10 earthquake exdlalions.

GIS-A CONVENIENT TOOL FOR NATURAL HAZARD
STUDIES AND ANALYSIS

M.P. Gaus and S.H. Kim
Department of Civil En,ineerin,

Slale University of New York at Buffalo
Buffalo, NY 14260, USA

GIS systems and data formatted for use in such syslems are bec:omin, readily
available It a relltively modest cost due to the wide Ipplicability of these syslems. This
provides I new tool Ind opportunity for application of Ihis tool IS I pari of a mlc:ro
en,ineerin. approach for nlturll hazard problems. A brief description of some of the
features of GIS syslems and data Ivaillble are provided. Two eumples, one in a plannin.
sta,e and the other almost developed to an operalional level are .scribed. The nrsl
example concerns the opportunities for display and manipulation of wind dall and the
other eumple concerns a GIS·blsed relional risk Ipproach for bridlel subjected 10
earthquakes.

SEISMICITY AND ITS RELATION TO THE VOLCANIC'S
ACTIVITY IN INDONES IA

G. Ibrahim and M. Ahmad
Departmenl of Geophysics &: MeteorololY

Inllilute of TechnololY
Bandun" Indonelia

The seismicity in Indonesia related with Ihe Benioff zones which subduct in
different directions with hetero,ent dip anales. Many trenchel found in this rei ion
indicated subduction zones. The lectonici Itructure in the eallern Indonelia more complex
tban in Ihe weslern Indonellia.

The Indonesian re,ion is an ac:tive leismic area, it is rec:or.d that on Ihe avera,e
abo"l 460 earthquakes per year with Ihe ma,nilude equal and areater than 4 in Richler
Icale.
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The subduci ion zones of 180 km deplh are founded from Sumatra 10 West Java, and
begin of Cenlral Java to Flores reaching 665 km deplh. In Ihe Banda Sea re,ion, the
subduction zones are face to face and have a convec form wilh decreasinl deplh from west
10 east: from 650 to 96 km. In the other case, around Molucca area the tectonic plate.
descend to the west reaching 658 km depth. and to the east into the depth of about 275 km
forming a concave. The aseismic zones of 80 - 282 km width can be found between
Cenlral Java and Flores, and about 223 km width the south of Mindanao.

In the simple subduction of Sumatra, the distribution of volcanoes correspond to
Ihe end of the subduction plate. In Java, up 10 Banda Sea area, the volcanoes have not
direct relation to disconlinued zone. In South Molucca the activity of volcanoes
correspond to the end of subduction zone, but in Central Molucu it is found that the
volcanoes are above the active seismic area.

ATTENUATIONS OF SEISMIC WAVES

P. Karasudhi
Asian Institute of Technology

Bangkok 10501, Thailand

Far·field displacement components in vibration problems of multilayered isotropic
elastic and viscoelastic half spaces, taken a5 the idealized models of the earth media, are
presented in closed forms for three simple fundamental problems: a homoleneous half
space. a homogeneous ful! space, and two different half spaces perfectly bonded tOlether.
Results for transient waves are also presented.

TECHNOLOGY TRANSFER IN EARTHQUAKE ENGINEERING RESEARCH-

G. C. Lee and I.G. Buckle
School of Engineering and Applied Sciences

State University of New York at Buffalo
Buffalo, NY 14260, USA

There is a widespread view in the United States that a major impediment to
earthquake hazard reduction is not the lack of new tnowled,e but rather the delayed
application of available knowledge. Technology transfer is therefore beinl liven Ireater
emphasis by those federal and state agencies responsible for mitilatinl the earthquake
hazard.

The National Center for Earthquake Engineerin, Research wa. established by the
National Science Foundation in 1986 for the express purpose of conductinl systematic
research in earthquake enlineerinl and to improve the rate of transfer of research results
in practice. Accordinaly, the Center is actively engaled in technolo,y transfer by a
variety of means. These activities may be grouped under "traditional" and "special
initiative" headings.

Traditional technololY transfer mechanisms include: (a) publication of technical
reports. (b) conduct of conferences, workshops and seminars, (c) conduct of sbort courses
for the professions and (d) development of desi,n aids and user.friendly computer
software.
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However, traditional methocla are passive by nature and need to be supplemented by
special initiatives. Pro-active strate,ies, which the Center has found to be succellful,
include methods that improve the usefulness of lhe research product and provide improved
access to research results and related information.

Techniques for improvin, the usefulness and quality of research include usin,
multidisciplinary research teams, placin, end-users on research teams and sponsorin,
demonstration projects. Improved accen is provided throu,h a new Information Service,
the development of expert systems and thl! placement of qualified researchers on code
committees.

This paper summarizes these activities and illustrates their potential benefits by
describinl a case study in the seismic vulnerability of a water delivery system.

• Theme Paper

THE USE OF NATURAL RUBBER BEARINGS TO PROTECT A SMALL
APARTMENT BLOCK FROM EARTHQUAKE DAMAGE

K. Muniandy
Rubber Research Institute

of MAlaysia
Kuala Lumpur, Malaysia

K.N.G. Fuller
Malaysian Rubber Producers

Research Association
Hertford, Enlland

H.R. Sidjabat
Research Institule

of Human Settlements
Bandun" Indonesia

Seismic isolation is a novel technique of earthquake protection which involves
mountin. tbe buildinl or structure on laminated rubber-steel bearin.s. The horizontal
stiUnell of the bearin,s is desi,ned to ,ive the mounted structure a horizontal natural
frequency of about 0.5 Hz. Tbis is below the frequency ran.e in which most of the
ener.y of earthquakes for rock and stiff soil sites is typically concentrated. The buildinl
is lbus detuned from the Iround motion occurrio, durin. an earthquake, and the
accelerations it experiencel are much reduced. Furthermore, the mounted structure will
hehave predominantly as a rilid body with little amplification of the bale acceleration at
other levels. Seismic isolation is .uperior to conventional methods of str.n,th.ninl
because not only is damale to the primary structure minimised, but secondary structural
featurel, buildin. contenll and occupants are protected.

The t.chnical and economic feasibility of applyinl seismic ilolation to a small
buildinl in a country sucb as Indonesia is currently beio. a..elled by means of a project
involvin. tbe conltruction of a Imall four-storey buildin. on a lite near Pelabuban Ratu
in S.W. Java. The area has a reasooable dearee of seismic activity thus providin. the
poslibility of a dir.ct assessment of the technical performance of the buildinl. The paper
lives details of the buildinl and outlines the principles of seismic isolation ad how the
deli,n of the ilolation IYliem il approached. AI well al tecbnical alpectl, economic
faclors and appropriatenell of this techno Ion for countri.1 lucb u Indonelia are
disculled.
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ANALYSIS AND DESIGN OF A BASE-ISOLATED BUILDING

T-C. Pan
School of Civil cl Structural En,ineerin,
Nanyane Technolo,ical University
Sineapore 2263

A.H. Muhr
Tun Abdul Rajak Laboratory
Hertford SGI3 8NL, En,land

J.M. Kelly
Earthquake Eneiaeerin, Research Center
University of California
Richmond, CA 94804, USA

This paper presents the preliminary analysis and desien of the first bue-holated
buildin, located in Shantou City, China. Based on the column load distribution, circular
isolation bearin,s of 600-mm diameter and 190-mm thicknell are proposed. The bearin.s
are desi.ned for a 120-mm desi,n displacement and a 240-mm muimum displacement.
Supported on 23 bearin,s, the isolaled buildin, has a a.s Hz natural frequenc)'. Subjected
to the site-speciric spectrum of 0.2, peak .round acceleration, the maximum acceleration
response is 0.16, for the isolaled buildinl compared with 0.43, for tbe fixed-bue
buildin,. The maximum displacement response al the base level of tbe isolated builetin,
is IDS mm.

ZONING METHOD: ONE OF TECHJilIOLOGY TO LIVE WITH
GEOLOGIC HAZARD AREA

D. 5anl010
Department of Geolo.)'

Banelun, Instilute of Technolo,y and IOMC
Indonesia

Tectonically, Indonesia il situated in the active area. It is called an island are, as
indicated by an arcua~e sbape of the island chainl, trencbes, active volcanoes and
earthquake activity and the chain of illands. On the other hand lome part of tbe eutem
Indonesia relion is more complicaled. Consequenily, the area will be vulnerable to lome
hazard luch as earlhquake, volcanoes and landslide. The third one il also cauled b)' thick
soil due 10 Itronl weatherin, processcs, and heavy rain in tbe tropical re,ion.

Zonine is tecbnolo,y which divide an area in lome re,ion accordin, to tbe buard
level. Earlhquake zonin. map will divide the area based OD possible damaee or erouDd
motion criteria, volcanic zonine map will divide tbe re.ioD bued OD the hazard level clue
to volcanic products from Ibe crater of volcano. Landslide ZODiD, map will delin.ate the
area accordine to possible IanciaIide bazard. Indonesia h tbe fourtb country in t".
numbers of population in tbe world. Because of tbis, in some places peopl. h to lin
in tbe .eolo,ic buard area. Population condition forc. the p.opl. to Iiv. in t huards
areas. Therefore the zonin, map should be us.d al muc" U pOllible in any lancllas.
plannin, of tbe area. Even in the dancer area, if there il lome advantaee the reeion could
slill be utilized with the same boundary condition.
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RISK MANAGEMENT POR NATURAL DISASTERS:
A GLOBAL PERSPECTIVE

H.C. Shah
Department of Civil En,ineerin,

Stanford Uaiverlity
Stanford. CA 94305. USA

Almolt 8S percent of all deathl due to natural elilalterl occur in Alia and the
Pacific Rim. AI the urbanization of major cltlel and communities increa.. at a
.pectacular rite. the rilk to Iivel Ind property conlinuel to increa.e. It is no wonder that
in Ipite of major technololic:al and Icientific innovations. the level of rilk in many plrtl
of the world il not cleerel.inl.

Plannerl. lcientiltl, and enlineerl bave Itudied varioul natural hazar. and their
mitilalion Itrateliel. However, there il relatively very little work done on an intelrated
approach to rilk manalement. AI an example. earthquakel cause many typel of 101lel.
They can be catelorized II follows:

• Life and injury;
• Property clama,e;
• BUlinell interruption:
• LOlt opportunitiel:
• Buildin, contentl and clamale:
• Lonl·term locial. economical and political implicationl;
• Other 1011.1.

Even for thil Ipecific natural bazard. very limited effort il Ipent in developinl a
balanced relource allocation ItratelY to maximize benefits and minimize the above
mentioned 101les.

Two Important le,menu of the rhk man..ement ,roupl that have not been
involved in relearcb or implementation are the financial and the inlurance indultriel.
Even thoulb tbese two lecton deal witb the enormoul CODlequencel of natural elilalterl.
their expertise. their needs and tbeir input have not been inte,rated witb otber
profellional and scientific seeton. In Ibort. the .cientific and lechnolo,ical communitiel
(knowleclae leneraton) do not communicate with tbe fillancial·bankilll and iDlurance
communities <knowledle ulen). The re.uh i. that Ie.. than optimum .trateliea are Uled
to man..e risk.

Thil paper will review the current Itate·of-art in eartbquake rilk man..emeDt. It
will then provide element. or inle,raled risk man...menl llrate,iea 10 mili,ale Ihe .ffectl
of earthquake hazard. The IUI,ested .lral.,i.1 and how Ih.y .hould b. impl.mented in
developin, and developed nation. will b. elilculled. The ,oal. of mNDR and mean. for
ectaievinl Iheae ,oall will be prelented.
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DISASTER ESTIMATION CAUSED BY FAILURE OF CRITICAL
FACILITIES DUE TO NATURAL HAZARD-

H. Shibata
Dept. of Mech. En.ineerin• .t Material Sci.

Yokohama National Unive"ity
Yokohama 240, Japan

This paper will deal with the necessity of utimatin. a procedure of tb••econdary
disaster cau.ed by failure of critical fa<:ilities .ucb as petrochemical en,ineerin. plant.,
oil .tora.e., nuclear facilitie. and .0 on. The .econdary dilasters are caused by diffusion
of poisonous ,as, blastin. and bumin. of flammable .as in urban area mainly. This
paper will discuss how to .enerate the scenario of Ihe secondary disaster and bow to
e.timate tbe failure of .ucb f.cilities under de.tructive earthqu.ke condilions; tb.t i., bow
10 ..timate the failure probability of equipment .nd pipin. sy.lems in sucb facilitie., and
finally how to estimate the diffu.ion of poisonous and flamm.ble a.... 10 lb. popul.led
ar.a. M.in part of the di.cussion will empb•• ize on bow 10 eslim.te the failure
probability of f.cilitie. di.tributed in an urb.n are•.

• Theme Paper

AN ASSESSMENT MODEL FOR EARTHQUAKE FATALITIES

K. Shiono
Dep.rtment of Civil En.ineerina
Tokyo Metropolilan University
H.chioji, Tokyo 192-03, Japan

By inle.ratin. exi.tin. Itnowled,e in sei.mololY, e.rthquake en,ineerin•• ad
Injury epidemiolo.y, we developed a computer model for the estimation of expected
fatalit ie. In .ny ai ven e.rtbqu.ke. Our de.l.n purpose for this model w.s 10 provide
.dequ.te inform.tion .pplic.ble 10 Ihe development of ..fely plans for the reduction of
earthquake c.sualty. We used a very limited ran.e of input vari.bles in order to enhance
Ihe model's applicability. Required in the estim.tion were earthqu.ke maanilude,
epicentral position, .nd three re.ional data of population, bulldin. 11P', aad ,rouad
condition. We te.ted th. performance accuracy of Ihe model usin, Ibe data collecl.d from
16 si.nincant disut.rs b.tween 1962 and 1986.
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PROBABILISTIC SBIS ..IC HAZARD BITI..ATBI IN
NORTH SULAWESI PROVINCE. INDONEIIA

P.C. Tb.ab.u.
U.S. Oeolo,leal Sun.)'
Deanr. CO 1022'-0046. USA

I. Eff.lIi ad E. K.rtapatI
Geolo,lcaI R••.-cb A De..lop...t C••t...
.....a'. lado•••I.

Eartbquak. arouad-Blotloa. I. Nortb 5.1••••1 o••oft .011 tit.. It.... 90 percat
probablllt, 01 .ot b.la, 'J:~ I. 50 , ••• are ••tl••• to IN 0.46, (46 perc..t of tlte
acc.I.r.aloa of ,r."It,) • Pal•• 0.31, at Goro.talo.... 0.27, • B.tl••ed
arou.d-Blotioa. lor rock eoaditloa. for tI...... probabilit, 1...1 po••,. tl ....
56 Plrc••t lo.er oa ........ tbaa tb. buard ••t1.at. o••olt '011. Tb nI ••tl .
u, obtaiaed froBl ..1••le .ourc•• tbat Blodel tb••artb..ak. pot••t1a1 10 • deptb of 100
Irm b....tb aorth.,. aad ClDtrai Sul••••I. SI,.lfieaat ••ilBlle .o.rc•• I.el•• tb••aI.
fa.1I ZOD' 01 •••t.ra Sula•••l. tb. North 5.1....1 aubdlactloD ZOD' ... tb••0utb.rD
mOlt ••,ml.t of tbl S.,iI•••ubdDdlo. loai INDlatb tbl "olueca S... A. att.....lo.
"Iatlo. derived Irom Jap..... .troa'-Blotlo. dat. ... eo••lde,.. appropriatl for
nbducti08 .."lr08.lat. of lbe •••t.,. 'aclfic .....ed I. tb.......I.atlo. of ..peeted
IrouDd-motioDI.



B. 'LOOD HAZARD

TO IMPROVE HEAVY RAINPALL PORECAST: TAIWAN AREA
MESOSCALE EXPERIMENT (TAMEX)

G.T.J. C .
Department of Atmo.p ric Scl••c••

Nalloaal Talwu Uni".raU,
Talpei, C"ina

TAMEX i. a re..arc" pro.ram to impro"., t..ro better ••elentadla., t".
forec••tlal of ...."y pr.cipitation ....t. t"at I.ad to fl floo.. T". pro.r.. w..
propoleel to the Natioaal Seine. Council u' ••teorolo.ieal co••••U, I. Talwa i.
1983. After about" ye•• pluaia., t"e n.ld p"". w.. carried o.t ••ee...f.lI, ia May •
June 1987. A S-y.ar follow••p re••arc" plu to conr botll tile buic ad applieel
re.eare:h•••tarted ri,"t after t"e n.ld p"u. ia 1981. T"e 'o.t·TAMEX Foreeut
Eurelle, to be carried out la May • Juae 1992, I. pl..aad to compl.t. t .. i. 10.,••
TAMEX prolr... The obj.ctive of t..b Forecul Experl••nl i. to appl, t"e .eieatine:
re.ull...d forecut lechniquea ••a led by I", TAMEX pro.ram ad to de..lop
noweutin. (0 • 311) and very-...ort-r foree..lla. (l . 2....) e.,abiliti.. in the ...."y
r.inf.ll foreeut ia the M.i.Yu .euon. Aa o"erYi.w of t..i. 10.,ear prolr.. i. liv.a ia
Ihi. paper.

PROCESSES OP RIVER BANK EROSION DURING PLOODS

Y. Fujit. and Y. Muramolo
Di.uter 'reventloa R•••arch Ia.titut.
Kyoto Univeralty, Gokuho
Uji, Kyoto 611, Jap..

Y. Vahiro
Chubu Diltriet Coa.tnctioa Buru.
T". Mial.try of Co••lnetloa

Bank line retre.t of • low wat.r coune cau." bl .., ••ulle .cour ud
collap.inl/.llppinl proce.. hu beea ob•.",...inc. 1980 at a .lte in I'" Uji Rlv.r, a
middle reach of Ihe Yodo River, ia Khaki Dblrict, Jap... Tile b..k ero.loa proe..... an
dilculled wilh a local bed .cour at • loe of .ide .Iopel ud it••tabilit, i••"aluated by a
.implified Junbu ••thod of .Iope .tability ..aI,.... Local bed .co.r ••ar tla. bak of t".
low water courle cau.e. b..k .Iop. la.t.billty ud t". IIlp fall.r. II predict" to take
place after overb..k floo•.

FLOODS EXPECTED DUE TO GLOBAL WARMING

R. Harbo. ad Z. AIl.ad
Divi.ioa of Wat.r R••o.rca. E.,i...ri••

Aliu la.titut. of Tee"aolol'
Baa.kok 10SOl, nall..d

Glob.1 warmin. will aff.ct future floo.; t....fore. car.f.l c:o••I.ratloa of all
parameten iavolved II aec...UJ. C...... i. t••perature, prKipitatloa ud .olar
radi.tion an .ivea by thr•••Iobal circulation modlll (GFDL. GISS ad UKMO) ....mi••
• •e:enario of doublln. of e:arboa diod. (C02). T"••ffect. of t.... c...... oa na.off
cu be predicled ulin, • ralafall-naaoff modll like t". Sacraa••to I(odel wIlic" coa.i.n
all I"e•• par••elera. Calibratia. t•••• mode" pre...t. lar•• lImealti.. .0 t.... t".
r••ult. e:an only b. coa.i....d .. prellmia.".
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Some results show increase in floods of a certain annuity due to increased
precipitation. In other cases the increased temperature, solar radiation and potential
evapotranspiret ion decrease runoff and soi I moisture. Defini te cond usions as to whether
floods are increased or decreased by ,Iobal warmin, cannot be drawn at this sta,e.

A small catchment (Maetaen. River) in northern Thailand served as a case study.
This tropical catchment (i 765 km 2 ) is in a natural condition, witbout buman influence.
Tbe maximum flow is about 700 mlls in rainy season; avera,e now is around 22 ml/s.
The mean annual precipitation is 1350 mm.

Future studin should try to predict more accurately the meteorolo,ical chan,es and
the dates when they will occur. further. improved rainfall-runoff modelin, should yield
more reliable prediction of floods.

FLOOD HAZARDS MITIGATION IN MALAYSIA

K.L. Hiew and K.F. Law
Department of Irri.ation and Draina,e

Ministry of A,riculture
Kuala Lumpur 50626, Malaysia

Floodin& is a si&nificant natural hazard in Malaysia. Some 29,000 sq km or nine
percent of the total land area of Malaysia is flood prone aUeclin, about 2.7 million
people. The avera.e annual flood dama.e is estimated at MS 100 million. After the
disastrous flood of 1971, the Government has taken positive steps to deal with the
f1oodin, problems. The Itrate,iel adopted comprise institutional development,
implementation of structural and nonllructural measurel and a pro·active approach of
comprehensive catchment plannin, and mana,ement. The Government'l commitment is
reflected in the increasin, public expenditures 0'1 flood miti.ation works. All these
measures are aimed at creatin, a favorable environment to lupport and promote 10cio
economic development in the country.

INTEGRATION OF NONSTRUCTURAL MEASURES
INTO FLOOD CONTROL PLANNING

L.D. James
Utah Water Relearch Laboratory

Utah State Univerlity
Lo,an, Utah 84322.8200, USA

Tbe non structural approach to flood control wal introduced in tbe United States to
supplement costly dams. leveel, and channell to control floods. When flood dam.,..
were ltill increasin. despite an extenlive Itructural pro,rBm, the ule of nonltructural
mealures was seen a~ a way to cut costs and reduce the environmental disruption of
eonltructin, lar.e fa... liliel. However, nonstruetural methocla Ihift much of the COlt
burden to the private sector by makin, land lell productive and construction more
expenlive. The struc:tural/nonstructural balance il particularly important in developin,
countriel because both lar,e flood 10lSei and lar,e development COltl can retard economic
,rowth.

The middle way il to combine mealurel in pro,raml that help people improve
their Iivel despite floodin,. Each floodplain is unique, and each lituatioD requires a
separa" analysis to choose the belt measurel and provide for their effective
implementation and efficient operation. Thil paper dilcullel the meuurel, their
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aueument, and their combination. Of tbe nonltructural mealurel, flood proofin, beipi
where the floods are shallow; land mana.ement is more appropriate wilh clccper noodin,;
and contin,ency pro,raml provide backup durin. major diluters.

EFFECTS OF THE WAR ON FLOOD DAMAGES IN HIROSHIMA
DUE TO TYPHOON 4516

Y. Kawata, T. Oka and Y. Tlucbiya
Diluter Prevention Researcb Inltitute

Kyoto University, Gokalho
Uji, Kyoto 611. Japan

Just after the Second World War, typboon 4S 16, wbicb landed on Makuruaki,
Kyusyu Island on 17 September 1945 witb tbe atmolpheric prellure of 916.4mb,
,enerated severe damaae in Hiroshima. The nationwide 1011 of livel due to the typboon
was 3128, and two·thirds of the dead were counted in Hirolhima. Tbe factors that
enluled the damale in Hiroshima are (I) lack of proper meleorolo,ical oblervation
systems, (2) delay of debris and flood control works and (3) A-bombed wide area. They
were all influenced by the war which reduced disalter prevention potential. Due to the
war, the ,overnmellt cut down the bud.et of land development and the draft of civil
enlineen affected the continuity of the public works pro,rams.

FLOOD ACTION PLAN OF BANGLADESH: A CRITICAL REVIEW·

A. Nishat
Dept. of Water Resourcel En.ineerin.

Banlladesh University of En,ineerin. a: Technolo.y
Dhaka 1000, Ban,ladelh

Flood is a recurrina phenomenon in Ban.ladelh. Recently, Ban.ladelh developed
an approach of formulatinl a lon,-term plan, which would provide a comprehenlive
solution 10 the recurrent nood problem and create a climate for IUltainable pro.ram for
economic and social improvement. The approacb, called tbe Flood Action Plan (FAP),
will lead to projects which will be technically lound, locially acceptable,
environmentally sustainable, economically fealible, and financially implementable. The
key elementl of the FAP are the concept of control floodin. which would allow the
delired level of inundation over flood plain but prevent dam..es, tbe approach of
inte.ratin. Itructural and nonltructural flood miti,ation mellurel, and the concept of
compartmentalization for effective flood mana,ement. The Action Plan'l preleDt
activities, coverin, tbe five year period 1990-1995, il tbe fint of leveral .t..el in the
project formulation procelll. Over the la.t two yearl, re,ional planl are bein, formulated
at prefeallbility level. A number of supponin, .tudies are beia, undenalten to improve
database, develop under.tandin, of the beneficial al well II advene impact. of flood
control projeclI throu.h tvaluation of completed project I, and conduct pllot level
activities to tryout new concepti and approachel. The FAP is tatin, a cautioul approach
in project formulation and their .ubsequent implementation that will lelld toward
development of an effective flood dia..ter miti.ation pro,ram.
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FLOOD HAZARD IN THE COASTAL LAND RECLAMATIONS
OF HONO KONO

M.R. ,.art ud W. W.S. Yim
D.part ..ent of Geo,raphy A; Geolo,y

University of Hon, Kon,

Th. distribution of Ih. flood hazard in Hon, Kon. ineludin, reclaimed •••• I.
delcribed. and cue Itudiel are u.ed to illustral' th•••v.rity of ,h. hazard. Some
oblervationl on the major eauIes of f1oodi., th.' Include rai.rall ud Itorm .ur••• are
..ade. Tb. current flood wamin. I)'..e.. operated by 'he Royal Ob.enatory is described
.nd future developm.nt. dilcuued. Enlin••rlnl practlcel in rei. ion '0 f100dinl are
outli.ed a.d current projects reviewed. Thil includel ..odifyin, drain..e 1)'.t'''1 to cope
witb r.elamation.

UNDERSTANDINO FLOOD FORMINO MECHANISM FOR BETTER
FLOOD HAZARD PREVENTION AND MITIOATION

L. Polo
O.olo,ical Departm.n'
'adjacljaran Uai veral t)'

Bandun,. Indon••I.

Floods uus. deathl and deltroy properll... Th. flood hazard CAlI be minimized b)'
buildinl daml. river normalization, .tc.• but aualned at v.ry 111,11 co.t.. However, noo.
do occur in developed countri••• wbere fun. are available. _d th.refore r.il••mbl.uity
in the m.thods uI.d for nood pr.ventlon. or mitil.tio••.

Flood dl ...'er occur. wh•• accumulat.d river water fro. rai.fall .Ilc'" It.
ch.nn.1 dilchar,lnl capacity. Th••trea..now is .ffected bl rai.fall characteristic•• bui.
h)'drololic.1 condition•• and b••i. ph)'llc.1 pu....t.n. w"icll v." la tim. and IPac•.
However••11 dischar._ c.lculationl dilre••reI "ailed buin pll,.lcai para..et.rs i.vol..d.
The b••ln is .pproached ... u.it 10 Ii..pllf, Ih. co.plexlty of nooel now calcul.tio••.
Heace, tbis approach provide. IImlt.d infor lo. o. nood flow meehanl.. which
det.rmlae. now di.chu•••1 • partlculu tim eI loc.tloa.

The basin ..,m.nted ·n.h.·el I· approach provides nood now for.i ••
mICha.ilm. Mor.over. II can den•• Ih. I r fro••reat.r I.n•••tlal bul. p",lh:a1
par....I.rs on nood now for.I ••• ud t".refoN provide better .ol.tloa. to pNV'.' or
miti,aI' nood dis••I.rI.

POST-CYCLONE RBLlBF AND RBHABILITATION

H.E. Ru"id
Wildlif. A; Nature Co••tn8lio.

Soci••, of .....I...b
Dh..... 1207. Bu,lade.h

Th. coutal ar... of Bu,I"... are f,.....II' b....red b, C,c10D" ..41 ....ir
.lIoci••ed I'orm lur.... WiI... rapidly iacreui•• popul..io•• 1.1' •••ben of peopl.
are .ow ••ulln. on Ian. wblc" are burclo... '0 "abU8Ilo.. T..i I.c....ed ......
ud IIv'ltock de.lhI .nd ..... to property. I. til. abl'.c, .f u, i••ful Land U••
Policy••b••overa••at bu .t'l beea abl. 10 reltrict itati•• i. tla. ..... A•
• r..ull, po.t-eyclone reli.r ..eI rebbllltalloa 1 Iaa•• I.c ed ""0.' tla.



capacity of the local adminiSlration, and every time there il a major Itorm the eentral
,overnment has to playa major role and, often, international effort il required to save the
situation. Relief usually reaches the affected arus 12 to 48 houri after the storm. This
causn immense sufferin, because food stocks have been washed away or dama,ed, and
sources of potable drinking water are Irossly inadequate. Aerial relief has been tried out.
but this is very upensive and sometimes counter-productive. The only viable solution
seems to be to strenlthen local administration and local NGO's to distribute relief
materials immediately after the storm has abated. Similarly with rehabilitation, outside
effort is usually expensive and the solution may be a syltem by which donors and
international relief agencies ule the District Administration and local NGO's as their
around-level partners.

MITIGATING FLOOD IMPACTS: APPROACHES AND
EXPERIENCES IN THE UNITED STATES·

J.M. Wrilht
Tennessee Valley Authority
Knoxville, TN 37902, USA

Approaches 10 dealina with floods in the United States hIVe chanled dramatically
during the laller half of this century. There are leveral reasons: chan,es in policies and
attitudes resulting from the Nation's experience with actual flood events, developmenl of
beller trained and more experienced professionals, improved analytical techniques and
forecasling measures, and increased capabilities to aueu the economic and natural
resource losses associated with various uses of Ihe floodplain.

The author reviews current philosophies, policies. and practices for reducin, tbese
losses in coastal and riverine floodplains in the United States. Some promiain,
miligation approaches are presented, based on an extensive 5-year study of pro,re..
towards developing a unified national pro,ram for floodplain manalement.
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C. GROUND-FAILURE HAZARD

MOUNTAIN RISK ENGINEERINO FOR LINEAR
INFRASTRUCTURES

B.B. Deoja
Department of Roaell. Babarmahal

Kathmandu. Nepal

A simple and systemalic: technique for hazard and risk allellment at the
prefusibility and fusibilily stale of an infrastruclural projec:t. sucb as roa~, and c:ana"
in Ihe mounlain terrain, il a first step toward enlineerinl for mililation of natural
hazards influencinl the road or canal. Roadl in Ibe mountainoul relion e~ Nepal have
indicated that lraditional enlineerinl in planninl and deliln of roads result in (0 either
very expensive rehabilitalions from frequent failure. or (ij) mallive environmental
delerioration from indilcriminate slide clearance. hill c:ultinl. and spoila dilposal due to
cost and time constraints. Mounlain Risk Enlineerinl c:oneeptl and methods developed
and applied 10 far have been presented with examples in Nepal.

CURRENT METHODS OF SLOPE PROTECTION IN TAIWAN-

J.J. Hun.
Deparlmenl of Civil En.ineerin.

National Taiwan Univ.rsity
Taipei, China

Taiwan has more than 7S~ of itl land oec:upied by .euDtains. hilly landl. ud
lateritic terrac:n. Landslidel, debril nows. and erolion of Ilop. surraces have lonl bee.
lhe mo.t frequent natural hazard in Taiw_.

Traditional methoell of slope protectioD. sucla as reiDforced-concrete retaiDin,
walls. earth anchors. ,abion walli. draina,e Iy.teml. etc.• nmain popular in en,iDeerin,
circle. However. the hilh costs and environmental eonnicts Involved in Ule of these
methods have caused concern and opposition from the .eneral public and environmental
protection a,encies.

Since 1983. the National Science CouDeil has sponsored research projects OD
landilides. Emphasis i. partly .iven to developin. m.thods of Ilope protection whlcla are
not only effective and ec:onomlcal. but allo are in barmon, with the environm.nt.
Ve,etation, reinforced earth with ,eotextile•••urface tn.....t•••011 hnprov....t .
hybrid methods have been developed. Some rull-.ize experi....tal slop.. "ave .
conltructed in the field to demollltrate the .uperiorit, of the ••'ho. developed.
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MITIGATION OF GROUND FAILURES IN THIRD WOaLD COUNTalES
WITH SPECIAL REFERBNCE TO INOlA

P. Kumar .nd N.S. Bh.1
Structural En,in.erin, Divillon

Central Buildin, Rese.rch InstUute
Roorkee 247 667, Indi.

In view of the population explosion in the third world countri in th......
of development, the hazard prone areal will conlinu. to b. iahabitecl I to a Il.avy
1011 of Iif. durin, a dis.st.r. It appea,. appropriate to .mbark .po. • .UI.atlo.
pro,ramme to r.duce dama,e to public utilities and 1011 of humaa life. Th. dil..ter ander
examination II ,round failure. Varioul forml of lround failurel are elulifled aad a link
between environment delradation and Iround failures II .st.blished. Th. Indian Ic:e.ario
on environment delradation. pOllibl. solution str.t•• i.s aad burdl'l are delcribed. A
len.r.1 mililation prOlr.mme ..ainst mill ,round mov.m.nt is outlined. Fin.lly, C:Olt
erfective Itructur.1 s,stems are described to minimize environmental cia..... and to
discourlle further m... ,round movement.

THB SUSCEPTIBILITY TO LANDSLIDING IN THE ENaBKANG AaEA,
SOUTH SULAWBSI, INDONESIA

S. Nilih.rdjo
Director.te of Environmental Geolol'

Miniltry of Minel .nd Ener"
Bandunl 40122, Indonesi.

In order to mitil.te the Imp.ct of I.ndslide hazards it is i..port..t to determine UI
potenti.1 for llidinl .nd to present the relultl into. map of tbe are•.

A method for reco,nizin, the potential of sUlceptibillty hu been introduced b, the
eTA-lOB in Bandunl. Thil Icheme is based on f.ctora and p.....t.n of ,eolo" aad
elp.eially litholo,y, Ilope inclin.tioa .nd I.ndslide evidencel, and otll. f.ton, luch as
r.lnf.II, land use .nd seismielty.

B.sed on the p.rameten and the ..fety f.ctor of the loil, tlla E.Nkan...... c:.. be
divided into four I.ndslide sUlc.ptibility zonel: v.ry low I..dllidl ••I..ptibl. zO••, low
landslide sUlceptible zone, moder.te landslide IUlc:eptlble ZOIl., ..d lIi.1I l.dlU.
susceptible zone.

Tbe critical an,lel of the loil of varioul roc:ks are: 16· for Ill"., 1..• for
conllomerate, 35° for I.ndstone, 42° for metamorphic: rock and 44° for bneeia.
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RETENTION SYSTEM. POR SLOPE STABILIZATIO,.: ENGINB.RING
INNOVATIONS IN THE UNITBD ITATES-

R. L. Sellu.ter
U.S. Geolo.leal 511".,

Dea••r. CO 80225-0046. USA

nl. paper reYI,•••tabilizalloe of rock .d .011 .Iopel la til, Uatt" Stal..
utlllal•• la.o.atlve ,artll ret.atlo••,.t,... N•• coI8puterized approeell•• an bela.....
I. ...I,a of rock ..t.. fac... .a1I.. bacll... alt...alon. ..d .tcll.. 'or rock'all
co.trol. Plee d la-.ltu I.teraal nla'orc••••t .,.t••• an to ...lIb••011
.Iopel ..d ••b..k t.. N•• ad .ut. I8at,rlal. are bela, U,lltwel,llt beekfiU.
ie .Iop••fallure repair.

• n ••• Pap.r

MONITORING OP BENDOWULUH LANDSLIDE IN
BANJARNEGARA REGENCY. JAWA TENGAH

U. Suclanoao and S. K.rtoat.ocljo
Dlrectorat. 0' Ea.lroa••atal Geolo"

IIlabtl')' of Mlan ..d E••r"
BuciuD. 40122. lecloe••I.

Tile ".cIowulull landlli" II oat 0' tla. l..dlU..-pro.. .... I. lealara.,ara
R••••c,. Ja.. T....... leclo•••la. Til. lancllil" coven .. ana abo.t 4.0.000 •• 800 •
10....d 600 .. wiele. Til. CroWD of tile I..dlilcle I. located lit tile we.t.,. .Iope of
Pawiaih.. Mt. and tile to. i••It.ated aI tla. SI.p. RIYIf.

Th. lancllUcIe an. I. bullt 1Ip b, rocka 0' tb. M.r... SerI••••Illc" are DYed••
b, quart.rauy Yole..lc rocb. Th. Merawu Seri.. co••I.t. of calcareou. _d .arI,
cl.'.to......eI the yolc..lc rocb an .... up 0' lavu. breecl....d Iall. "po.U•.

Slec. 1989. tbe ".cIowuluh lucllllcle b. bee••o.ltored ••Ia, .I,"t .o.ltori.,
polet. wlllcll are •••uncl fro. fixed polet. at L••b1l•• Mt. n. ra.1t of eat.
I. 1991 ..... th.t th. I....U.. h••Oyed th. roeka horl••tall, • well ertlcall,.
Til. horluatal .o"....t. ru•• 'rom 0.02 • to 0.60 • to th••o.t.....t d the vertical
..Oy....... YUJ 'ro.. -0.17 .. an' -1.41 m.

.. order to ltucIJ tile .Oy.......t of the l..dlU....I,llt ••• pol.t.............d
fixed poi.t. at tb. Bo.... Mt•. were ••tabU.laed ia 1991.

LANDSLIDE POTENTIAL OP THE HALANG PORMATION IN THE
WALED AREA. CIR.BON RBGBNCY. WElT JAVA. INDONEIIA

1.B. Sudjarwo. Sura.ta ..d Y.O.P. Slaal..
Directorat. 0' Buiro••,ntal GeoiD.,

lIialltl'J of MI.II ... Baern
....... 40122. lecloa••la

Th. coa.titu.et rocb of tI.. Halan, POrDlailoa (T.Il) .eaenll, co••I.t 0'
turbiditic: dtpo.U. wltlt c:lear .edII8..t&fJ .traeture.. n. upper part coa.bta 0' cla,.to••
..d .arl. til••ldeI, part I. bum up by coan. II., ....to......d til. lower part
coa.i... of co••lo••ratlc U•••toa•.



Landslides in the Halanl Formation include debril llides and creep of 2S m to 4~

m wid1h in an investilated area about SO km 2• These landslides occur especially alon,
the boundary with volcanic rockl, frequently formin, an elon,ated landslide scarp reachin,
a scarp hei.ht of 25 m 10 7S m.

Landslides frequently occur in clayey soils which ori,inate from the weatherin, of
c1ayslones. These soils have characteristic properties such as swellin, and are sticky and
crumbly when weI.

Tesll on dry samples in the Soil Mechanics Laboratory yielded an avera,e effective
cohesion of Cdry - 0.05 I/cm 2• a dry unit weilhl, (Yd) - 1.58 ton/m 3; and an anile of
effective inlernal friclion <+) - 21.63". The lafety factor (SF - 1.2) ,ave the critical
anile value of slope in this area at 20·.

The Halan, Formation is widely dislributed in the louthwestern part of the Waled
Sub District, 10 that thil area il conlidered to be hilhly potential in landslides.

PREDICTION AND MAPPING OF LANDSLIDE HAZARDS

T.H. Wu
Department of Civil Enlineerinl

Ohio State University
Columbul. OH 43210, USA

The paper outlines a methodololY for prediction and mappinl of landslide hazard in
lhallow loils on hillside Ilopes. The principal Itepi are estimation of infiltration and
,roundwater responle, estimation of failure probability, mappin, and updatin, with
relulu of landslide inventory.
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D. VOLCANO HAZARD

THE VOLCANIC HAZARDS OF HYDROTHERMAL AREAS IN INDONESIA.
AND MITIGATION EFFORTS

M. Alzwar
Volcanoloaical S uJ\'ey of Indonesia

Directorate General of Geoloay and Mineral Resources
Bandung 40 122, Indonesia

In Indonesia there are 21 fumuolic and solphataric fields related to the leothermal
systems of active volcanoes. The disturbance of such hydrothermal systems, e.I., by
triagerinl tectonic activity, may result in phreatic eruptions or lal eminionl.
Occurrences of disastrous phreatic or las emission event I in historic time e.l. Mt.
Papandayan (West Java, 1772), Suoh Antatai (Lampun,. 1933), Dien, Plateau (Central
Java, 1928, 1939. 1944, 1964. and 1979) and Mt. Gamalama (North Maluku. 1775).
Hazards related to such events include primary lahars, phreatic surles, tephra rail and
release of poisonous gases.

Some fumarolic fields have been developed for hydrothermal power. e.I., Kawah
Kamojang and Mt. Salak (West Java), lahendona (North SulawelD, and Dien, Plateau
(Central Java). However, these areas are still danaerous. Intelrated investi,ations, e.I.,
hazard mapping and zonation, monitoring. and risk assessment are needed to reduce risk.
Such investiaations include geologic, aeothermal and volcanolo,ical mappin"
geochemical and aeophysical (jncludinc microseismic method), and tectonic analysis, with
the aim to identify hazard-prone areas caused by increasinl hydrotbermal activity.

VOLCANOES AND THEIR VOLCANIC HAZARD MAP PREPARATIONS

S. Bronto
Merapi Volcano Observatory
YOlyakarta 55166. Indonesia

Indonesia is known to bave many volcanoes that have been active lince 1.8
million years alo (Quaternary in aae). Until recently. only 128 volcanoes were
considered to be active, but the total number of active volcanoes was increased to 129
after Anak Ranakah Volcano erupted in 1987. The youn,elt rock of pre-1987 eruption
was dated in 14,S70 + 320 years BP. In the Philippinel, Pinatubo Volcano erupted in
1991 after over 600 years' dormancy. These two volcanoes are not lilted in the available
Catalolue of Active Volcanoes in the World. In addition, other destructive eruptions such
as Mt. St. Helens (1980) and Unzen Volcano (1990-1991) bave occurred after very lonl
repose times (more than 200 yearl). These sUllest tbat it il necessary to inveatory not
only volcanoes havinl recorded historical eruptions and volcanic manifestations but allo
all Quaternary volcanoes.

Volcanic eruptions vary in malnitude from small (e.l. Siamet, Semeru and
Gamalama Volcanoes) throu,h moderate (Mt. 51. Helenl, Pinatubo Volcano) to larle
scales (Tambora in I8IS and Krakatau in 1883). So far, we cannot predict whetber a
volcanic activity will produce small, moderate or bil eruptions. In the mean time,
available volcanic hazard maps in Indonesia are only for overeomin. Imall Icale volcanic
eruptions, in which the danler zone covers an uea Ie.. than 20 11m in diameter. The 1991
Pinatubo eruptions affected ueal about SO km in diameter, and. clalaaaed are.. cauled by
the 1883 Krakatau eruption reached over 100 km in diameter. Thele su.,elt that yolc..ie
hazard maps for moderate and larle Icale eruptions mUlt be prOVided beside. tllole for tile
Imall eruptions.

60



Damage from volcanic eruptions occur not only on the ground but also in the air.
The Galunggung eruptions in 1982 forced Boeing 747 Jumbo Jets of the British Airways
(BA09) and Singapore Airlines (SQ2IA) to make emergency landings at Jakarta
International Airport. Another Boeing 747 (KLM 747-400 aircraft) entered a cloud of
volcanic ash from Redoubt Volcano, Alaska, in 1989. Although the aircraft landed
successfully, extensive and costly repairs were required. Recently, the Pinatubo eruptions
affected 14 big airplanes and caused the temporary closure of Manila International Airport.
These incidents suggest that preparations of volcanic hazard maps for aviation safety are
necessary.

In addition, submarine volcanic eruptions might threaten sea transportation.
Further detailed studies are needed in order to prepare volcanic hazard maps of the
volcanoes.

THE POTENTIAL HAZARD OF SECTOR COLLAPS E OF
ALTERATION FROM MT. ILl LEWOTOLO, NTT

A. Nasution
Volcanological Survey of Indonesia

Directorate General of Geology and Mineral Resources
Department of Mines and Energy

Bandung 40122, Indonesia

Some facts show that a sector collapse of volcanic flank is 8 potentiliol hazard for
the people who live in surrounding of a volcano. It can be caused by lack of flank
stability of active hydrothermal alteration. The alteration is now clearly shown by
eastern peak and flank of IIi Lewotolo and as a weakness area. The volume of alteration
materaals (blocky lavas and pyroclastic rocks) in a Lewotolo crater is about 400,000 cubic
meters. These will becomes a potential hazard if a collapse sector occurs in the future.
The collapse can be triggered by an earthquake, a crypto dome activity or a magmatic
eruption.

THE 1991 MT. PINATUBO ERUPTIONS:
VOLCANIC HAZARDS AND IMPACTS

R.S. Punongbayan
Department of Science and Technology

Philippine Institute of VolcanololY and Seismology
Quezon City, Philippines

The June 1991 Mt. Pinatubo eruptions is considered as one of the bilgest
eruptions this century by world dan standards. Its paroxysmal phase on I~ June 1991
produced an approximate volume of 7-11 cu. kms. of pyroclastic flow deposits and
extensive air fall tephra, the thickest portions averaaing ~O cms at 2-9 kms from the
summit caldera. This caldera, formed durinl the I ~ June 1991 eruption, measures about
I.~ kms and 300 m. deep. It is the site of numerous post·eruption ash ejections, tbe last
on 02 September 1992. After almost a year from its June 199 i eruptions, volcanic
activity have been mostly characterized by tectonic adjustments probably due to rocks
adjusting within and around the vacuum caused by the removal of a big volume of maama
beneath the volcano. H:»wever. equally threateninl hazards are present and are still
expected:
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a. Lahan. Durin, the 1991 rainy season, about I0-15~ of pyroclastic
flow deposits and most of the thick tephra fall deposits were washed
down as lahars. Draina,e systrms where these flows occurred were:
O'Donnell·Tarlac, Sacobia-Bamban, Abacan, Pasia-Potrero, Parae,
Gumain, Marella-Sto. Tomas, Maloma, and the hiahly complex
Bucau-Maraunot-Balin-Baquero ri ver systems. Flows may have a
bi,hly erosive to channel-filling character wbile in tbe distal ends,
may silt up or nood low lying areas. Our estimate is that the threat
from lahars will continue until about 40~ of the pyroclutic flow
deposits have been washed out by annual precipitations. Worst-case
scenario maps were prepared and distributed which wlineated
pyroclastic now sources, areas already affected andlor buried and areas
which will continue to be affected or at risk within the nut leveral
years.

b. Secondary Explosions. Temperatures of the very thick (maximum of
220 kms) pyroclastic now deposits are expected to cool down within
four to five years time. These deposits, when rained upon, caused
secondary explosions whose heights could be as hi,h as 10 kms and
could cause Ii,ht to heavy ashfall il! nearby areas.

c. Volcano-tectonic Quakes. Teclonic adjustments are still occurrin,.
Epicentral locations are along several areas around the volcano with
maximum depths of 15 kms. Magnitudes vary from Ie.. than I to 4.
The bi"er and shallow ones are usually felt over a limited area.

d. Secondary Pyroclastic Flows. At least three si,nificant secondary
pyroclast ic flows have been documented. These are when previously
deposited pyroclastic flow deposits are remobilized by rainwater
leepin, into and generating the slidin, block, occurrence of local and
moderate magnitude earthquakes, or a combination of the two.

VOLCANIC HAZARD MITIGATION IN INDONESIA-

A. Sudradjat
Directorate General of Geolo,y and Mineral Resources

Department of Mines and EnerlY
Jakarta, Indonesia

Volcanic hazard miliaation program in Indonesia conltitutel volcanic monitorina,
hazard map preparation, public education, engineerin. construction and public awarenesl.
In the last 200 years, 175 thousand people were killed by volcanic eruption. The number
bu si,nificantly decreased due to intensive implementation of the prolram. Six
eruptions that occurred in the last 10 years claimed 38 lives in comparison with 5870
persons killed in the previous eruptions at the same volcanoes.

The advances in volcano monitorin, technololY haves also been important
contributors to the success of the volcanic bazard mitiaation prolram.

• Theme Paper
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VOLCANO MONITORING AND ERUPTION PREDICTION:
STRATEGY. TECHNIQUES. AND LIMITATIONS·

B. Vol,ht
Department of Geo.cl••c••

Pennlyl vanl. Stat. Unlver.ity
Univenity Park. PA 16802. USA

Tbe capability to moaitor volcano•• and to WarD of lape_din, .ruption ..
improved over tbe ye.,.. Tbl. paper pr•••ntl a critlc.1 .ppr..... of the .tat.·of-t ·art.
The mOlt uleful monitorinl tool II uilmic monitorln,. t". determln.Uo. of .utll••••
per unit tim•• tbeir en.rlY rei..... and lource characterittlci. Deform.tion .onitori.,
bal proven u••ful .t 10m. volcanoll, and ,.1 mo.ltori., h.. been co....cted wit" "ari.bl.
IUCc:eIl. FI.ld obl.rvationl mUlt not be omltt.d. From tb••• dat.. prediction. are
traditionally dev.loped by p.tt.m r.co,nI1l0n••u,••nted by l.t.rpr.ta1l01l of e"ol"i.,
proc....I. Wh.re clata ¥llu.1 accelerate prior to eruptio••• t"l -••'erlall .cie.c•••'''or
may be helpful. How.v.r, volc.noel are IUch Illtrem.ly co.,l ,.t••• th.t wit.. all
t.chnique., warnln, of impendi., eruption. II difficult ... not Dec uil' rellabll. eVln
under optimal circumltancel.

• Theme P.per
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E. EXTR EM E-WIND HAZARD

COMPUTATIONAL METHODS FOR ESTIMATING EXTREME
WIND SPEEDS

E.D.H. Ch~n, and A. N. L. Chiu
D~partm~nt of Civil En.ineerin,
University of Hawaii at Manoa
Honolulu. Hawaii 96822. USA

In order to provide a better method of estimatin. extreme windl at an un.a.ed lite.
computational methods of estimatin, SO-year or 100-year eltreme winds from short·term
data collected at various weather stations in a lar.e re.ion are bein. developed. In the
current state·of-the-arl, there are four approaches for estimatin, extreme wind speeds from
short-term records. The first approach is based on the analylil of the lar,eat monthly
wind speeds of at least three yearl' data. The second approacb is the determination of
extreme wind speeds from a parent distribution. The tbird and fourth approaches are
simulation models based on short·t~rm continuous hourly wind speed records.
Application of the m~thods will be presented.

DETERMINATION OF WIND EFFECTS ON AND AROUND
TALL BUILDINGS

H.F. Cheon" T. Balendra and S.L. Lee
C~ntre for Wind-Resistant Structures

Department of Civil En.ineerin,
National University of Sin,apore

Singapore OS II

In thil paper. an aeroelauic model which simulates the Ibear flexure mode ulin,
distributed mass and stiffness is described. In order to obtain the di.tribulion of loads
alon, the hei,ht of the buildin•• an experimental technique is presented herein wbere the
f1uctuatina pressures from the a~roela5tic model are .ampled simultaneoully from two
lappinll at a lime. The measured data are later converted into the frequency domain in the
form of auto and croll power .pectral densities for the computation of modal forces.
From which. the acceleration at any hei,ht and hence the variation of shear and momentl
alonl the heisht of the buildin. are determined.

RELIABILlTY·BASED WIND-RESISTANT DESIGN OF
TRANS MISSION TOWERS

H·N. Cho
S.J. Lee
Department of Civil Enlineerin,
Hanyanl University
Seoul 133· 791. Korea

J·C. Shin
Department of Civil Enlineerinl
ChunlDa. Univenity
Tatjon. Korea

Thil Itudy is intended to develop probability-baled deli,. wind loa. as well as
reliability.baled LRFD criteria for transmission towers bued oa Ibe invfllilalion of Ibe
lafety levels of various Iypel of lowers desi.ned by Ibe cuneal delila practic. in Kor ..
In tbe Itudy, tbe AFOSM reliability method and an Importuce Sa.plin. Tecbaique ....
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uud for the element and Iyltem reliability evaluation of actual tranlillillioa tower.
lubjected to weather-related loadin.s. Baud on th. ulected tarlet reliabilitie., a let of
load and reailtance facton for the LRFD criteria ar. calibrated ulin, the AFOSM and the
code optimization technique.

NEW TECHNOLOGY APPLICATIONS FOR IMPROVED SEVERE
STORM WARNINGS

J.H. Golden
NOAAlOARIPDC

SSMC.I
Silver Sprin., MD 20910, USA

We Ihall treat some of the current and (uture technolo.ie. in weather foreca.tia.,
eapecially a. related to extreme winds and floods. The importance 01 accurate loreca.tin,
and the wamin'l issued lor mitilatin, dama,e and latalities from thele two natural
hazards have often been undere.timated. In the United Statel, flalh floods account for
more deathl and damaae on an avera.. y.arly ba.iI than any other natural hazard,
includin, tornadoes and hurricanel. The National Weather SerYice durinl the dec.. of the
1990'1 has bt,un an ambitioul Modernization and Auociated Rellructurin, Pro,ram. The
cornerstone 01 this prolram is the field deployment, now underway, of lome advanc.d
technolo,ical tools that will permit increased staff productivity and more accurate and
timely lor.casu and warnings. These new tecbnolo.ies include Ibe Next Generation Radar
(NEXRAD, WSR·88D Doppler), wind Profilers, Automated Surface Oblervin, Sy.tem.
(ASOS), and an interactive processinl and dilplay Iyltem, AWIPS·90. The capabilities
and Iimilation:; of each of th.'le Iystems are a".lIed, a1on, with ellample. 01 actual dala
lets from recent windstorml and flood event., Planned future enhancemeat. to Iheae
oburvin, 'yltems will allo be described, Some Ipecific potential application. to tile
improved trackin, and warnin.s of typhoons and fla.h floods will be de.crib.d. Th.
importance of eltablilhin, ",round truth" network. of automated sen.on, elpeclally
anemometera and rain laulel, alonl with trained Itorm .pott.r. will be hilhli,bted from
recent experiences in tbe U.S. and elsewbere.

STRONG WIND DAMAGE TO HOUSES IN YANAGAWA CITY BY
TYPHOON 9119

H. Ishizaki, J. Kallura, Y.. Taniik. and T. Maruyama
Diluter Prevention R••urcll la.Utut.

Kyoto Uni vtralty
Uji, Kyoto 611, Jap..

Typhooa 9119 Itruck Ibe northwell area of Kyu.llu I. land, lap.., .ri., til.
altemoon of Septtmber 27, 1991. Si,nificanl damqe occurred throu,hout til. city 01
Yana.awa due to Ilron, wind. Time·Yarialiona 01 da..... to rool. w.r. inye.U.ated u.ia,
yideo camera records. Th. primary weakne.. of til. or .b..t·...tal rooCin, deli,•• was
clarified. It i. estimated tbat tbe velocity 01 tbe maximuill pealt , ••t was at leut 40 111/.
at 6 m above .round level al lb. heiahl 01 the eave of bou•••.



HOLISM, EUROCODES AND NATURAL HAZARDS IN THE PACIFIC RIM·

A.P. Jeary
Depanmellt 01 Buildin, and COliltruclion

City Polytechnic 01 Hon, Koa,
Kowloon. Hon, Kon,

Thil papu disCUIiU the ri.k 01 dama,e to housin, throu,hout the Paclflc ar.a.
Irom the p....,e 01 cyclones .nd typhoons. Construction techaiqu•• throu.hout th. are.
are con.idered and the experiences 01 dillerent communities are hl.hli,ht.d. Th.
app.aranc. 01 chan,.. to tbe traditional palh. 01 cyclones hal Itv.rt Impllc"lolil lor
relionl not tr.ditionally a..ociat.d with cydon. activity. hu.r'llln,ly. the commualtles
mo.t at rillt Ippear to be located ia richer countrin.

• Theme Piper

NEEDS FOR DISASTER MITIGATION RELATED TO NON-ENGINEERED
AND PARTIALLY ENGINEERED BUILDINGS SUBJECTED TO WIND

STORMS

P. Krishna and A. K. Ahuja
Department of Civil Enain••rina

University 01 Roorke.
Roorlt". Indi.

Coa.tal zon.1 of many countri... namely AUltr.lla. Ban,ladelh. China, Hon,
Kon,. Indil. Philippines Ind U.S.A., frequently .xperlence I.vere cyclon.1 .part from
hi,h velocity inland Itorml. Cyclones are lenerally lolloweel by h••vy r.ln and Itorm
lurae relultlna in Ion 01 lives. cropl, anima" and lev.r. dam.._ to Itructurtl Ipeclally
dw.llin,1 leavina thoulands homel.ll. In mOlt of tb. wlad Itor.l. tb. dama•• to aon·
en,ineered or mar,lnally en.lneered buildln,l Is conllderably lar••r co..p..cS to
en,ineer.d bulldin,l. Tbi. il partly becaul. IClnt au.atloa Is paid to detaUI la cu. of
tbe non.en,in.ered buildin,1 and partly due to tbe lack of compreh.allon and applicatloa
01 Inlor..alion available re,ardin, wind effectl oa Itructartl. Today there II are.
awu.n... for the ne.d to mitl,at. elisa.t.r. due to hUU4k laclu.aa wind storms. Th.
prim. n..d Is to coordinate the effortl b.ln, made to ItUdJ the i.fl••nce of .tor•• on
Itrueturtl In wind tunnels a. well al tbrou,la pOlt.di..st.r surv'YI In th. fl.ld,
Innovation. In de.i.n ideas aad the t.chnolo.y b.in, followed It th. -.ra.. root.- l.v.1.
Th. r.li.f and rebablUtation wo,t n••ded will reduct .harply, If dila.ter prevnU..
mUlure. ar. tahn up in .arn••t. Th. prel.nt paper put. to••t", 10m. ideu oa til.
develop....t.1 and traini •• n••• required for reducl•• fwiad dilut...l.

ON THE QUBSTION OF THB ROLB OF aUILDING CODES AND
STANDARDS IN MITIGATING DAMAGB DUB TO HIGH WINDS-

D.C. P.rry
Departm.at of Architecture
ColI••_ of Architecture
T.ul AAM University
Coli••• Statloa, TX 77...3·3137, USA

W.L. Btuo.
Depart...t of Civil En.in..rla.
Coli.,. of E••I ri••
Texu AAM U.iv U)'
Coli••• Stati••, TX 77143·3137. USA

Altlaoullb our buic ua.rnudi., 01 lla. aature .f 4 ..4 Its .rfectl o. buil••••
_d structures hu Improved dramatiull)' durin. til. ,ut til _., til. tr...llltl•• of
tlai. kaowlecla' into code. of practic. co.tiau•• to 're...t a foral...l. tut. Til. after-
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maths followin, the passa,e of recent hurricane. in t"e Uaited State eneel u
reminden that we are not doin, enou,h to addr... the wlaell"re... Winel cia la th.
U.S. on an annual basi. now ellceeds that induc.eI by all olb,r Dalural huarell.

Followin, each major winel event. the followiDI .t.temeat i. frequeall, "eard:

-Til. wi.d cli.at•••• predlctabl•••d •••t .f til .
pr.y••••bl •.•

What then, are we doinl wron," Tb. an.wer i. not a .imple one. bUI i. roOled in
the complex manner in which builclin, COdel .re promul,ated. adopt.d anel enforcld. Tb.
iuue of .fforclability VI. rilk iI alway. center'la,e and tb. polilical/economlc .,.I.ml in
place in lome jurisdictionl in the U.S. do not alwa,. permit tbe adoption of proper
Itrale,ies for miti,atin, dama,•.

The objective. of tbil paper are to:

review current practicel in the United St.lea witb relarel to the wind t..r....

discull the adequacy of wind lo.d provilion. curr.nlly in plac. 10 mlli,ale
clama,e, and

IUliest what new me..ures .hould be adopted to recluce wind dam... to
acceptable levels while at tbe lame time .af"uarclinl lb••conom:/.

INTEGRATED APPROACH AGAINST CYCLONIC WIND HAZARD
AND ROLE OF VOLUNTARY AGENCIES

K. Seeth.ramulu
Re,ional En,ineerin, Colle,e
Waran,al 506004
Andbra Pradelh, Inelia

V.R. Sharma
Civil En,lne.rin, Departmenl
Indi.. Inilitul. of Tecbnolo,y. Delhi
N.w D.lhi 110016. India

The natural dilulers in India are m.inly C.Uled b, eartbquakes. f100ell aael ••vere
winds. In Indi. the dama,e c.u.eel by tropic.l Ilormi il very hi.h u compared wilb
lomado••• local Itorm...d Ihunder .Iorm.. An iDI••r.led approK" iI directed ..ai••t I",
bazards c.uled by cyclonic windl. The cycloael on the .ulena caul of Indi. occur ID t".
monlbl of April lUId May. anel betw••a Oclob.r u4 Daclmbar. T". cyclon•• Iblll
ori,inal' In Ih. Ba, of Be.,a1 affect the coulal belt. of T...n..... A.elln Pr......
Ori ..a and West Ben,al, wh.r.... tbo.e orl,la.tin, in III. Arablu Sea arfecl Kant.. aad
Saur.lhlra coast. The cyclone. on e..' coa.t are amoa,.1 III••0.1 destnlctiv. of all I",
nalural diull.rl. Theae cau•• deltruction to ....... strudure.....t for lIoulia, and
.helt.rl. It i. aol fea.ibl. 10 Iconomically cIe.i,n I", 110••1., ..d commuaity .tnclu,..
Ihal are fully re.i.lanl to c,c1one. and Ih.r.fore •.,...a1••t lOll of life uel ..... to
mal.rial ulell. Tbere are Ihr" cate,ori•• of .tncturel, (a) .Ior....Iruclurel ror lar•
• Iora,e or bou••bold ,oods. (b) community .Iructure. Mel .b.ll,n for Iiv..toct _eI local
population ..d (c) lar,••pan .boppln, anel di.trlbutio. co.pl.... away fro. til. cJclo••
affected area.. Th••Iructur•• b.lon,in, 10 tb. cat.,ori•• (b) anel (c) .a, be deli••ed to
.af.ly re.isl Ih. cycloll... Such a .y.I•• wit.. a proper w..I., .y.I•••aJ It ia
practically fully .ar••,aiu.1 lOll of Iif. and ....... 10 ....rial •••t.. It it t fon
equall, it.portut, if aot mor., 10 mobiliz. U.iltMC' fro. yol••tUJ ....ci•• alo.,.I.
the affecled population and tile lovernment ....cl•• for .itl,ati., til. b~. n, at".
meuure•••y illclude (a) dyk•• ud lea wall. ud (It) ....lter Mit. uel 1_4 ••• aoaia•.
Tile paper eIi.CUliel .n 11l1"rated approKb for eJdo•••Iu'.r.
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ENGINEERING OF STRUCTURES FOR WIND HAZARD REDUCTION

J. Shanmuluundaram, S. Aruna,;halam, and T. 'V.S.R. Appa Rao
Structural Enlineerin, Reaearch Centre

Madras 600113, India

Every year a lar,e number of buildin,l, indultrial Itructures, and houlel ranlinl
from well-enlineered type to non-enlineered type, are leverely damaled by tropical
cyclonel in many parts of the world. Mitilation of the effects of cyclone disaster il a
problem of international importance. Assessment of wind loads due to cydones and
prediction of structural responle of different Itructures lubjected to such wind forces are
hi,bly complex to be dealt witb usinl theoretical models alone. The present level of
understandin, of characteristics of cyclonic winds and causel of damale to houses,
buildinls, towers and other wind-sensitive structurel is far from satisfactory. Post
disaster field surveys on structural damale provide Invaluable Information tbat will belp
In understandin. tbe modes of failure of Itructurel and in developin, cyclone-resistant
duilns. Tbe paper deals with tbe details of the post-disuter surveys and usellment of
structural damale caused by the two recent severe cyclones which hit Kavali ud Guntur
re.ions of Andhra Pradesh in India. Based on the observationl of typical model of
failures of structures, and a..essment of causes of such failurel, methodolo.iel for
improvement of desilns of structures are discussed. Emphasis is also laid on trainin, to
be imparted to deliln and field enllneers with a view to acbievlnl trusfer of RA:D relults
to reduce cyclone bazard to structures.
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PROGRAIII

2ad U.S.-Alia Co.ler.ae. oa E•• I••erla. lor 1II1I1••tI ••
N.t.,.1 H•••rd. D••••• (EIIINHD.2)

Yo.,.t.rt., I.da.....
22-26 ha. 1992

"oDday, :n Juae 1992

08:00 . 09:00 Re,lIn.lion
Palace Hotel

in front of Roro Jon••r.... Room. Ambarrukmo

09:00 - 09:30

09:30. 10.00

10:00 - 10:30
10:30·11:15

11:15·12:00

12:00 - 12:4S

12:45 . 13:45

13:45 - 14:30

14:30· IS:15

15: 15 • IS: 30

Op.ah. C.r••o., - .oro 'o••,r••• Roo. (7t. floor)

Co·Chalrmea .
Artbur N. L. Chlu
Alpan S. D...uatmodjo
Hernowo Hadlwon"o

Welcomin. Addren .
Mr. Hernowo Hadiwon"o,
Co·chairman, Or,anizln, Committee

Welcomin, Remarks .
Dr. Albert J. Slmo.e,
Prelident. University of HawaII

and Cbancellor, University of Hawaii at M.noa

Openin, Acldreu .
His Majelty Sri Pacluka Paku Alam VIII,
Oovernor of tbe Specl.1 Territor)' of Yo,)'akarl.

Coffee Bre.k

PI ••u, S ... io. I - Roro Joa••r•• , Roo.
TI..... : Vole••o .ad E.rt•••••• H•••r••
Cb.irm.ll: M. Ito
Volcanic Hazard Mitl,.tloa ia ladouala • A. Sudr.djat
Volc...o Monitorin, and Eruptloa Prediction: Str.t8,)'. Technique.,
and Limit.tlona - B. Voi,bt
Tecbnolo.y Trud.r la Earthqu.ke En,laeerln, Re.earch • O.C. Lee
and 1.0. Buckl. (pr••ented by M.P. G.u.)
Di..lter Eltimatioa C.UI.d by Failure of Critic.1 Facilltle. Due to
N.tur.1 Hazard - H. Shibata

Luach • Borobudur R••t.uran,

PI ••ar, S...lo... - Roro Jo••• r••• Roo.
T••••: Gro••d·P.lI.r. H•••r.
Chairman: T.H. Wu
Reteation Sylte.1 for Slope St.bllla.tlon; Ea,laHrln. Inllontionl
III tb. Ualled Stat•• - R. L. Scltu.'.
Current ..etboell of Slope ProtectloB In T.i... • '.J. Hua,
(pre..nted by G.T.J. Ch.a)

corr•• Br.ak
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15:30·16:15

16:15 - 17:00

18:30 - 20:00

Plea.,y Senio. III - Roro JO••I"•• Room
Tlleme: Wiad H.zard
Chairman: T. Balendra
Holism, Eurocodes and Natural Hazards in the Pacific Rim - A.P.
Jeary

On the Question of the Role of Buildin, Codes and Standards in
Miliaatina Damaae Due to Hi.h Winds - D.C. Perry and W.L.
Beason

Cocktail Reception - Sinar Bulan Room (8th Floor)

Tueaday, 23 JUDe 1992

08:30-09:15

09:15 - 10:00

10:00 - 10:15

10:15 - 10:30
10:30 - 10:45

10:45 - 11:00

I 1:00 - I I : 15

I I : 15 - II: 30

11:30· 11:45

10:15·10:30

10:30 - 10:45

10:45 • II :00

I I :00 - I I : I 5

II: 15 - II: 30

11:30-11:45

II :45 - 13:00

Ple.ary Senio. IV - Roru JO.I,ra•• Room
Ttoeme: Flood H...rd
Chairman: M.R. Peart
Mitiaatina Flood Impacts: Approaches and Experiences in the United
States - J.M. Wriaht

Flood Action Plan of Banaladesh: A Critical Review. A. Nishat

Coffee Break

Simuita.eou. S.nio. IA - Roro JO.I,ra.1 Roo.
Vole.ao, Eartllqealte ••d Groe.d-Failere Hazarda
Co-Chairmen: P. Karuudhi and M.P. Gaus
Volcanoes and Their Volcanic Hazard Map Preparationl - S. Bronto
The Volcanic: Hazards of Hydrothermal Areas in Indonelia, and
Mit i.ation Effortl - M. Alz""ar
The Potential Hazard of Sector Coll.,.e of Alteration from Mt. iii
Lewotolo, NTT • A. Naludon
Miti••tion of Ground Failurel in Third World Countries witb
Special Reference to India· P. Kumar ud N.S. Bhal
Monitorina of Bendowuluh Landslide in Bujarneaara Re,ency, Jawa
Tenlah • U. Sudarsono and S. Kartoatmodjo
Prediction and Mappina of Landslide Hazards· T.H. Wu

Si ••lta••o •• S io. 18 - "a'.ra. Roo. (2.d floor)
Wi.d ••d Flood H .
Co-Chairmen: A.P. J.ary and J.H. Golde.
Reliability-Ba.ed Wind-Re.l.lul Dell,n of Tran.million Tower. 
H·N. Cho, J-C. Shin and S.J. Lee
Inte.rated Approach A.ainlt Cyclonic Wind Hazard and Role of
Voluntary A.encie•• K. Seelh......ulu and V.R. Sharma
En.ineerinl of Structure. for Wind Hazard Reduction·
J. Shanmuluundaram, S. Arunachalam and T.V.S.R. Appa Rao
Computational Methods for Eltfmatinl Extreme Wind Speeds·
E.D.H. Chena and A.N.L. Chlu
Stronl Wind Dam... to Hou••• in VaDa,awa City by Typhoon 9119
- H. hhizaki, J. Katsura, Y. Taniike and T. Maruyama
Determination of Wind Effecla on aDd around Tan Builclinll - H.F.
Cheon., T. B.len~a and S.L. Lee

Lunch· Borobuclur Restaurant
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13:00 . 13: 15
13: I 5 . 13:30

13:30 - 13:45
13:45 . 14:00
14:00 . 14: 15

14: 15 . 14:30

13: 00 . 13: I 5

13:15·13:30

13:30 - 13:45
13:45 . 14:00

14:00 . 14: 15
14:15·14:30

14:30 . 14:45

14:45 . 15:00

15:00· 15:15

15:15 . 15:30

15:30· 15:45

15:45 - 16:00

16: 00 - 16: IS

14: 4 5 - 15: 00

15:00 • IS: IS

15:15 • 15:38

15: 38 - 16 :00

16:00 - 16: IS

Simulta.eoua Seuio. IIA - Roro JO."U.I Roo.
Volea.o, Eart.q.ale a.eI Gre- ••eI-Failure Hazard
Co-Chairm~n: P. C. Th~nhaus and K. Muniandy
Mountain Risk En,ineerina for Linear Infr..tructur~s . B. B. Deoja
Landslide Potential of the Halana Formation in th~ Waled Area,
Cirebon Reaency, West Java, Indonesia - I.B. Sudjarwo, Suranta and
Y.O.P. Siaaian
Artenualions of Seismic Waves - P. Karuudhi
An Assessment Model for Earthquake Fatalities - K. Shiono
Analysis and Desian of a Base.lsolated Buildinl . T·C. Pan, A. H.
Muhr and J.M. Kelly
The Susceptibility to Landslidina in the Enrekana Area, South
Sulawesi, Indonesia - S. Nitihardjo

Simulta.eoua Se.aio. liB - Matara. Room
Wi.d ••d Flood H.zarda
Co-Chairmen: A. Nishat and J. Shanmuaasundaram
Processes of River Bank Erosion Durina Floods - Y. Fujita, Y.
Muramoto and Y. Yahiro
Effects of the War on Flood Damales in Hiroshima Due to Typhoon
4516 - Y. Kawata, T. Oks and Y. Tsuchiya
Flood Hazards Miti.ation in Malaysia. K.L. Hiew and K.F. Law
To Improve Heavy Rainfall Forecast: Taiwan Area Mesoscale
Experiment (TAMEX) - G.T·J. Chen
Post.Cyclone Reli~f and R~habi1itation - H.E, Rashid
Floods Expected Due to Global Warmina . R. Harboe and Z. Ahmad

Coff~~ Br~ak

5imulta.eou. Seuio. IliA - Roro JO.llr••1 Roo.
Volca.o, Eart.quale a.eI Groa.eI-Fallare Hazarda
Co·Chairm~n : S. Bronto and T,H. Wu
Risk Manalement for Natural Disaaters: A Global Perspective •
H.C. Shah
Probabilistic Seismic Hazard Eatimates in North Sulawesi Province,
Indonesia - P.C. Thenhaus, I. Effendi and E. Kertapati
Seismicity and Its R~lation to the Volcanic's Activity in Indonesia 
G. Ibrahim and M. Ahmad
Damaae Aueument of Existinl Bridle Structurea with System
Identification. A.H-S. Ani and W-J. Kim
The Use of Natural Rubber Bearinla to Prolec:t a Small Apartment
Block from Earthquake Dam..e • K. Muniandy, K.N .G. Fuller and
H.R. Sidjabal
Zonina Method: One of TechnololY to Lin with Geololic Hazard
Area - D. Sanloao

Si •• lta••o •• Seuio. IIIB - "atara. Roo.
Wi.eI ••d Flood Hazarela
Co-Chairmen: R. Harboe and H.E. Raahid
Understandinl Flood Formina Mechaniam for Belter Flood Hazard
Prevention and Mili,alion • L. Polo
Flood Hazard in the Coutal Land Reclamations of Hon. Kon, 
M.R. Peart .nd W.W-S. Vim
New Technolo,y Applicationa for Improved Severe Storm Warnina'
- J.H. Golde.
GIS-A Convenient Tool 'or Natur.1 Huard Studies and Analylia 
M.P. Caus and S.H. Kim
Wind Enlineerill' on Lon, Span Bridae. in Japa. - M. Ito
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W.eI••lela,. 24 J••• 1992

08:00 - 17:30

08:00
08:00
08:20
09:00
09:30
10:30
II :00
II :30
12: I S
13:15

14:30
16:00
17:30

19:00-21:00

Pi.leI Trip

BUI.I will b. ill frollt of Ambarrukmo Palac. "ot.1
L.n. Hot.l for M.rapi Volc:ano Obl.rvatory Ofri:-.
Arrivl at Mlrapi Volcano Ob..rvatory Offic.
Line for VOLCANIC SABa TECHNICAL CENTER (VSTC)
Arrivi at VOLCANIC SABa TECHNICAL ':':ENTER
Lean for Merapi Projlct lite at Blbea,
Arrlvi at Salam Villa,., th,IlCI by 1II11llbuiei 10 the projlct lite
Arrivi at the project lit.
R,turll to Salam ViII"" thellC. by bus to Borobudur Templl
Arriv. at Borobudur T.mple ud direct to DAGI Reltaurant (Iocaled
at Borobudur) for IUllcll
Vi lit Iorobudur Telllpl.
R.tum to Yo,yakarta
Arrive at Ambarruk.o Palace Hot.1

Dinner and Cultural Pro.ram

TllarlelaJ, 25 J ••• 1992

08:30 • 09:00

09: 00 - 09: I S

09:15·09:30

09:30· 12:00

PI••ar, S...lo•• Roro J ••",••, a •••
Co.Chairm.n: Anhur N.L. Chiu

Alpan S. Duntmodjo

A Hard.fou,ht Victory ill til. Philippl..l, but Lolilll BII ill tbe
And..: Th. St.t••of.Practic. ill Pacific: Rim Volcano Crisis
M.....m.llt u Revealed by Pillatllbo uel Arllloro - B. Voi,ht

Gllllral DiICUllioll oa Wortalao, Porlll.t .eI Goa!1

Coffl~ Br.ak

Worlllllop ~ ...io••

Til•••: Vole••• H....... - a.r. J••"r••• Roo.
Co-Chalrmen: B. Voi.llt ud S. Broato
Rapport.ura: A. Nuutioa aad M. Aizw.,

T.....: Gr•••••••n.r. H•••r" - Roro Jo••,r••, aoo.
Co-Ch.lrme.: R.L. SC"Ult. ud •••• Dooj.
Rapportaura: P. Kalllar aad T.H. Wa

T.....: a.rtll•••t. H•••r" - Roro t I
Co-Chalrllle.: H. Shibata aad P.C. n 1
Rapport.ur.: A.H·S. AD, aad K. MlI.iu"

T.....: Wi•• H.z.r•• - a.,o Jo."r••• aoo.
Co-Ciaairmea: A.P. J.." .d D.C. PerIJ
Rapport.ura: K. S..th.,...I••d T. "aru,am.
T : .100. H•••r••• Ror t II
Co-Chur.e.: J.M. Wri,llt _eI A. NIIIl..
Rapportan: M.R. 'art udO.T-I. Cli.
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12:00·13:30

13:30·15:00

I S:OO - 15: B

IS:IS· 16:30

lunch • Borobudur Reltauranl

Coffee Break

Work.ltop: Draft R.portl ••••ropo••I.

Frid.)', 26 Ju.e 1992

08:30· 09:45

09:4S • 10:00

10:00 - 12:00

12:00· 14:00

14:00 . 15:30

IS:30 - 16:00

18:00 • 21 :30

Pleaar, Selll08 . &or. Jo•••r.a. roo.
Co·Cbairmen: Artbur N.lo Chiu

A.pan S. Danuatmodjo
Hernowo Hacli WODIIO

Drafl Report. by Worklbop GroUPI

Coffee Bre.k

Work.ltop: R.wil. Draft R.port. - Roro J •••lr.al Roo.

lunch . Borobudur Reltaurant

Pleaar, Clolla. 5 ...10•• Roro Joall,.a. Roo.
Co·Chairmen: Arthur N.L. Chiu

A.pan S. Danuallllodjo
Hernowo HacliwODllO

Final Reportl by Workshop Groupi
RelolulioRI
Clolin, Remarks

Coffee Break

Clolin, Banquet. Siner Bulan Room
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LIST OF REGISTRANTS

BANGLADESH

Dr. Ainun Nishat
Department of Water Resourc:es En,ineerin,
Banlladesh University of Enlineerin,

and Tec:hnolo,y
29, New Eskaton Road
Dhaka 1000
BANGLADESH

CHINA

Prof. Geor,e Tai-Jan Chen
Department of Atmospheric Sciences
National Taiwan University
Taipei, Taiwan
CHINA

HONG KONG

Dr. Alan P. Jeary
Department of Buildinl &: Construc:tion
City Polytechnic of Honl Konl
83 Tst Chee Avenue, Kowloon
HONG Jo..ONG

INDIA

Prof. Prem Krishna
Department of Civil En,ineerin,
University of Roorkee
Roorkee 247667
INDIA

Dr. K. Seetharamulu
Relional Enlineerin, Colle,e
Waran,al S06004
Andhra Prade.h
INDIA

INDONESIA

Prof. M. Alzwar
Volc:anolo" Surve, of Indone.i.
Directorate General of Geolo,y

and Mineral Re.ources
JI. Dipone.oro No. S7
B.ndun, 40122
INDONESIA

77

Mr. Haroua Er Rasbid
Wildlife. Nature Conservation
Societ)' of Ban,la.sb
SI7 Sir Syed Road, Block A
Dhaka 1207
BANGLADESH

Dr. M.rv)'n P. Pe.rt
Depart...nt of Geo,raphy • Geolol)'
Univ.r.ity of Hon, Kon,
HONG KONG

Dr. Prabla.t Kumar
Struc:tur.1 Ea,ineerin, Divi.ion
Ceatral Buildia, R••••rch In.titut.
Roorke.247667
INDIA

Mr. J. S....muluundu.m
Structural En,ineerin, Research Center
CSIR C...pu., Tar.m.ni
M.... 600113
INDIA

Dr. Suliho Broato
Me,.,i Volcuo Ob••rv.tory
You_uta 55166
INDONESIA



Mr. Alpan S. Danuatmodjo
Indonesia Diuster Manalement Center
Wilma Tanah Air
JI. Dewi Sartika 200. Cawan, 3
Jakarta 13630
INDONESIA

Mr. Sutiltno K8rtoatmodjo
Directorate of Environmental Geolol'
JI. Diponeloro No. 57
Bandunl 40122
INDONESIA

Mr. Su,iharto Nitihardjo
Directorate of Environmental Geoio"
Miniltry of Minel and Ener,y
JI. Diponeloro No. 57
Bandun, 40122
INDONESIA

Mr. Djoko Santolo
Department of Geolo"
Bandun, Institute of Tecbnolo,y

and IOMC
INDONESIA

Mr. Indra B. Sudjarwo
Directorate of EDvironmental

Geolon
Ministry of Minel and Ener"
JI. Diponeloro No. 57
Bandun, 40122
INDONESIA

Mr. Suranta
Directorate of Eavironmental Geolo,)'
Ministry of Minel and EnerlY
JI. Dipone,oro No. 57
Bandun, 40122
INDONESIA

JAPAN

Pror. Yuichiro Fujila
Diauter Prevention Reaearch Institute
Kyoto Univeraity
Gokubo, Uji
Kyoto 611
JAPAN
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Mr. Hernowo Hacliwonl'o
c/o Indollelia Diluter Manalement

Center
Wilma Tanah Air
n. Dewi Sartika 200, Ca.an, 3
Jakarta 13630
INDONESIA

Mr. Alna.1r Nuution
Volcanolo,ical Surve, of Indonesia
Directorate General of Geolo" and

Mineral Reaourcel
Departmenl of Mines and Ener"
n. Dipo••,oro No. 57
Bandun, 40122
INDONESIA

Ir. Lelmana Polo
Geolo,ieal Department
facult, of Mathematics and Natural

Science.
Padjadjara. Uaivenity
Bandua.
INDONESIA

Mr. U. Sudaraono
Directora.e of Environmen.aI Geolo11
Ministry of Mine. and Ener"
JI. Dipone.oro No. 57
Bandllnl 40122
INDONESIA

Dr. Adjat Sudradja.
Directorate General or Geolol'

and Mineral Reaourcel
Departme.t of M i.e. and EnerlY
Jakarta
INDONESIA

Dr.....alt. Ito
Departm... of COlIstnlctloa

Ea.llI..ria.
facul., of Ea.ia..ria.
S.lt... Ualvenil,
255 SIlI.o-ollhbo
Ura..., Sait..a 331
JAPAN



Prof. Yoshiaki Kawata
Disa.ter Prevention R.search Insthut.
Kyoto University
Ooka.bo, Ujl
Kyoto 611
JAPAN

Prof. Heki Shibata
Department of Mechanical En,ln"rin, and

Material SciencII
Faculty of En,in••rln,
Yokohama National UniversiCy
Shibata Lab
1S6 Toklwadai, Hoclo,aya
Yokohama 240
JAPAN

MALAYSIA

Dr. Kim Loi Hi.w
Department of Irri,alion cl Drain...
Ministry of A,rieulture
Jalan Sulcan Salahuddln
Kuala Lumpur 50626
MALAYSIA

NEPAL

Mr. Birendra B. Deoja
Department of Roads, Babarmahal
Kathmandu
NEPAL

PHILIPPINES

Mr. Raymundo 5. Puaoa,ba,aa
Philippine Institute of Voleaaolo.,

and 5elllllolo"
5tla 6; 6th Floors, Hlzoa Builcl.,
29 Quezon Avenu., Qu.zo. City
PHILIPPINES

REPUBLIC OF KOREA

Prof. Hyo.Nalll Cho
Departm.at of Civil E.,i•••ri.,
H..ya., University
510ul 133·791
KOREA

Mr. Taku'l Maruya••
Di.uter Pnv••llon Res.arcll IllIlilut.
lCyoto U.i v.rsi I)'

Gokullo, Uji
K,oto 611
JAPAN

Dr. K.ilhi 511iono
Tok)'o Metropolila. Unlnr.ity
Depart••nt of Civil E.,i•••ri••
I Mi.a.i-Ob.aw. I-Chom.
Hacbiojl, Tokyo 192-03
JAPAN

Mr. Katup,l... Mualandy
Rubber T.ch.olo,y Centre
RRIES, h.,.i B_lob
S.I...or
MALAYSIA

Prof. JoC. UI.
Depart_.t of Civil E••I...rln.
C....... University
Seoal
KOREA



SINGAPORE

Prof. T. Balendra
Department of Civil Engineering
National University of Singapore
10 Kent R idle Crescent
SINGAPORE 0511

THAILAND

Prof. Ricardo Harboe
Division of Water Resources Enlineerinl
Asian Institu'e of Technology
GPO Box 2754
Bangkok 10501
THAILAND

Dr. Pisidhi Karasudhi
Division of Structural En,ineerine

and Construction
Asian Institute of TechnololY
GPO Box 2754
Bangkok 10501
THAILAND

USA

Dr. Alfredo H·S. Ani
Department of Civil Enlineerin,
University of California
Irvine, California 92717
USA

Dr. Arthur N.L. Chiu
Department of Civil En,ineerin,
University of Hawaii at Manoa
2540 Dole Street
Honolulu, Hawaii 96822
USA

Dr. Michael P. Gaul
Department of Civil Eneineerine
Room 221 Ketter Hall
SUNY/BUFFALO
Buffalo, New York 14260
USA

Dr. L. Dou,l .. James
Utah Water Research Laboratory
College of Eneineerine
Utah State University
Lo,an, Utah 84322·8200
USA
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Dr. Tso-Chien Pan
Nanyanl Technolo,ical University
School of Civil and Structural

Engineerin,
Nanyane Avenue
SINGAPORE 226]

Mr. Dnid Hollister
Asian Institute of TechnololY
GPO BOX 2754
Bangkok 10501
THAILAND

Dr. Ian G. Buckle
NCEER
State Univerlity of New York

at Buffalo
105 Red Jacket Quadran,le
Buffalo, New York 14261
USA

Mr. Grelory L.F. Chiu
Blume Earthquake En,ineerin, Center
Buildin, 540
Stanford University
Stanford, California 94305·4020
USA

Dr. JOleph H. Golden
NOAAlOAR/PDC
1335 E·W Hwy
SSMC.I, Room 4464
Silver Spria,. Maryland 20910
USA

Dr. Dale C. Perry
Department of Architecture
Colle,e of Arcllitecture
Teu. AAM University
Colle,. Station, TX 77843.3137
USA



Dr. Robert L. Schuster
United States Departmenl of the Interior
Oeolo,ical Survey. MS 966
Box 2S046. Denver Federal Center
Denver. Colorado 8022S-0046
USA

Dr. Paul C. Thenhaus
United Statea Department of lbe Interior
Oeolo,ical Suruy, MS 966
BOll 2S046. Denver Federal Center
Denver, Colorado 8022S-0046
USA

Mr. James M. Wri,hl
Tennellee Valley Authority
Evans Buildin,. Room IA
Knoxville, Tenneuee 37902
USA

.1

Dr. Haresh C. Shah
Department of Civil En,ineerin.
Stanford Univerlity
Stanford. Cali fornia 9430S
USA

Dr. Barry Voilht
Department of Geolciencel
S03 Deike Buildin,
Pennsylvania State Univerlity
Univerlity Park, Pennsylvania 16802
USA

Dr. Tien H. Wu
Department of Civil En,ineerin,
Ohio State University
470 Hitchcock Hall
2070 Neil Avenue
Columbul. Ohio 43210
USA


