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The Second U.S.-Asia Conference on Engineering 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, in support of the International Decade for Natural
Disaster Reduction, was a sequel to the first EMNHD meeting which was held in Bangkok
Thailand, 14-18 December 19B1. Participants were from the U.S.A., Indonesia,
Singapore, Malaysia, Thailand, Hong Kong, China (Taipei), Japan, Republic of Korea,
Philippines, Bangladesh, Nepal, and India. Papers were limited to: earthquakes;
floods; ground failures; volcanoes; and extreme winds. The technical papers were
bound as the Pl'Oceedings of the Second U.S.-Asia Conference on Engineering for Miti-
gating NaturaZ Hazards ~e. Afield trip to the Merapi Volcano Observatory Office
and the Volcanic Saba Technica) Center (VSTC) was included in the conference program.
Aworkshop followed the technical presentations, to delineate possible projects for
mitigating damage from these five natural hazards. The FinaZ Report contains the
recommended projects and resolutions.
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PREFACE

The 1990's have been designated by the United Nations as the International

Decade for Natural Disaster Reduction ODNDR). In the support of the IDNDR, the 2nd

US-Asia Conference on Engineering for Mitigatine Natural I>arnage (EMNHD-2) wu

held 22-26 June 1992 in Yogyakarta, Indonesia. The first conference was in Banckok,

Thailand 14-18 December 1987. The main objectives of these confercncea are to brine

together researchers, practitioners and staff members of agencies and institutions from

the U.S.A. and Asia to exchange information on methodologies for mitigating natural

hazards damage as well as to propose potential collabontive research projects.

The EMNHD-2 conference ICChnicaJ program included a keynote paper, theme

papers, regular papers, a field trip and group workshop sessions. Topic selected for this

conference: were limited to five natural hazards: volcanoes, earthquUes, extRme winds,

floods and ground failures. This volume contains the papers received in time for

publication prior to the conference. The efforts of the many authors in meeting the

deadlines and their active participation in the conference are sincerely appreciated, and

the valuable assistance of the EMNHD-2 Secretariat is acknowledged gratefully for the

preparation of this publication. A final report to be published subsequent to the

EMNHD-2 conference will contain the recommendations from the five workshop

groups.

The EMNHD-2 conference was sponsored by the U.S. National Science

Foundation, the USAlD/Office of Foreign Disaster Assistance, the University of Hawaii

at Manoa, and the Swa Bhatara Foundation.

The sponsors are not responsible for the statements made by the authon, and the

inclusion of these papers does not imply endorsement by the sponsors.

We hope that this publiration will be useful to the design professionals and

researchers who are constantly seeking ways and means to mitigate natural hazards

damage.

Arthur N.L. Chiu

Aspan S. Danuatmodjo

June 1992

vi'!
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SECOND ua-UtA ~CI c.
ENGINEERING FOR MD'IGATING NATtJaAL 1IAZ.uDS DAMAGE

Yogy.una, Indonale

22-28 June 1992

ATTENUATIONS OF S8SMIC WAVES

Piaidhi Karuudhi
Professor, "aiM Institute of Technology

G.P.O Box 2754, Bangkok 10501, Thliland

ABSTRACT: Far-field displacement components in vibration problems of multilayered

isotropic ela.~tic and viscoelastic half spaces. taken u the idealized models of the earth

media, are presented in closed fonns for three simple fundlltlefttal problems: a

homogeneous half space, a homogeneous full space, :md two different half IpIlCeI

perfectly bonded together. Results for transient waves are also praented.

I. INlllODUCfION AND NOMENCLAnJRB

1.1 Fuodamcnlll Pmblerm

In this paper, far-field displacement components in isotropic elude and viscoelutic

spaces are presented in closed fonn.. Three fundamental problems are considered: a

homoJeneous half space, a homogeneous full space, and two different half IpIICa

perfectly bonded together. These fundamental problems are suppoIed to repl'eleftt,

respectively, the following parts of a multilayered half space: the surflCe, the interiU'

of each and every layer, and each interface between every pair of adj-=ent layers of

different rropcrtie". We l>hall 1I~ ('ane~ian coordinates (x, y, and z), and cylindrical

coordinates (r, e, and z). °l1te Cancsian displacc.ucnt components are denoted by ", v,

and w, respectively; and the cylindrical displacement compollents are lip, "eo IIId ... (.

w), respectively. In the second fundamental problem. the homopIICouI full II*C is

treated u two half sraces bonded totrether.
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Plane probl::ms are those of two-tlimensional (2-D) spaces. The .xy-plane is used

a~ the pla'le of reference, trle x-dimension is infinite, i.e. -00 < x < 00, while the y-di­

mension i~ constan,ly finite or infinite. For isotropic in-plaM problems, w vanishes,

while II and \I are functions of x and y only, ir.dependent of z. In isotropic on,;pl(Jltt

problem~, U 3nd v vanish, while ",(x,y) is the only non-vanishing displacement com­

ponent. In the first fundamental problem, the x-axis is put on the surface of the

homogeneous half plane; 50,0 S Y < 00. In the second and third fundamental problems,

the x-axis is at the interface where the two half planes are perfectly bonded together;

50, () S Y < 00 and () C1: Y > .00 for the underlying and overlying half planes, respectively.

Unle!i~ specified otherwi~, subscript~ 2 and I are used to denote such respective half

(llane~.

1.3 3-D Problems

In a three-dimen~ional (3-D) space, the x and y-dimensions are infinite, i.e. 0 S r

< "", while the z-dimension is constantly finite or infinite. For isouopic adsymmetric

problems, ,... vanishes, while lA, and IA. are functions of r and z only, independent of e.
In isotropic purt torsion problems, II, and U. vanish, while uJ.r ,z) is the only non­

vanishing displacement component. In a general 3-D problem, there are three non­

vanishing displacement compor.ents; u,(r,9,2), uJ.r,9,2), and u.(r,9,2). In the fint

fundamental problem. the x and y-axes are put on the surface of the homogeneous half

space; so 0 S 2 <..... In the second and thinl fundamental p~lems, the x and )'-axes

are at the interface where the two half spaces are perfectly bonded toaether. so, 0 S 2

< -and 0 ~ z > -- for the underlying and overlying half spaces, respectively. Unless

specified otherwise, subscripts 2 and ! are used to denote such. respective hllf spaces.

t.4 Loadinc and Problem Classification Numbm

In each problem, the load is of unit intensity and concentrated It the origin 0 of

It'.e ~fe~nce coordinale lIYlIlemll. In Tahle I, a loading classification number is assigned

lei c.'ad. l"aSc.·. L:JIl"r (in Tl.hlc.'s .l llllci 4), CllCh Itfuhll'lll will he rcfcrrccJ to hy three

numerals separated by periods; the first numeral stlnds for the fundamental problem

number, the second for lhe dimensions of tbe space, and the third for the loading

rlallllifica,ion numher.
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TABLE 1. LOADING CLASSIFICATION NUMBERS.

Fundamental 2-D: Loading 3-D: Loading

Problems Type Direction No. Type Direction No.

Force y I Force z S
I Force x 2 Force .l 6

Force z 3 Torque % 7
Moment y 4 - - -

2 Force y I Force z 5
and Force .l 2 Force .l 6

3 Force z 3 Torque z 7
Moment y 4 - - -

2. HARMONIC VI3RATION

2.1 Wavenumbers and Types of Ancnuujon

Displacement components in harmonic vibr"ation problems take the forms

F(x,y)eltp(i(J)() and F(r,9,z)exp(iw) for 2-D and 3-D spaces, respectively; where (J» is the

frequency, I = time. and i =..r=J. The inverse integral transforms involved (Kansudhi,

1991a) are; for isotropic elastic planes,

L-!(ll,a"a.>(e"'r', e~")cO!\llXdl1, i-!(ll,a"a,)(e......'. e~')sin11.ldTl (Ia,b)

and for isotropic elastic 3-D spaces,

(2)

where J ... iii a Bessel function of the fil1lt kind, and

n,~'l)=+v''12_11:, a,(1l)=+..J112_~ (3a.b)

in w"ich 'I, =Q(I)/c,. 1'\" =ooo/c., c, =~+2J.l)lp, c, =..JJ.l/p, Q is I positive reAl con­

stant of length dimension, '1,. and '1. are dimensionless pressure and sheu WdvlnUll'lbers

respectively, c, and c, are pressure and shear wave speeds respectively, ).. and J.l are

Lame's constants, and p is the mass density. Together, P-wlves (P for pressure) and

SwaY{"~ (S for ~ht'ar) :In- rallNI hOlI,' M'flVI".C. A .c",fflcI" wnvt' exists, when I assumes

IIIl' 'l"nlie'lIl Innll

(4)

and if the root of F. exi!!ts at 11 =11.; 11. > 'l. > 11, ~ O. The existence or these

W:lv('nllmhen; for the far field. i.e. where x or r i~ Inr~e. in elastic fundamental problems



TABLE 2. WAVENUMBERS FOR FAR FIEU1IN ELAmC PROBLBMS.

Fundamenlal WIMftUlllben

ProbIen. Body S..r1Ce

In-plane ". " 'I". "- 111
I Andplane w "- None

3-0 ....... 'I".1\. 111
lie 1\. None

In-plane ", " 'I".1\. None
2 Andplane w "- None

3-0 .... u. 'I". ""
None

lie ""
None

In-plane ". v 11"., 1\,•• 1'1,,2' 1\,2 111 or none
3 Andplane w 1\,•• 1l.2 None

3-0 ....... 1'1",. 11... 11,,2' 11.2 'II or none
lie 11.•• 1l.2 None

(Karuudtri. 1991a) ls summarized in Table 2.

TARLE 3. BODY WAVE RADIATION FOR PLANE (2-0) PROBU!MS.

ProbleIl1l DisplKanenu P-wava $-.Iva

1.2.1 ". , ~-n ~-n

1.2.2 ". , ~-n ~-n

1.2.3 w - ~-112

1.2.4 W - x-112

2.2.1 U by (1.2.1~ ~-n ~-n

, ~-D ~-112

2.2.2 "
~-1I2 x-".

V by (1.2.2)' .I-n .1-"
2.2.3 w - x-In

2.2.4 W - ~-lIJ

3.2.1 ... " .I-n .1-"
3.2.2 ... , .I-n ~-.
3.2.3 w - .1-"
3.2.4 w - .1-"

( )' =. IUbItkate pmWem. Iinc:e IlCIDaI pIabIem
p'lea erm.J COiispwat.
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For i50tropic viscoelastic solids. the La~'s constants (in flCt, functions of (I) ue

complex with both real and imaginary parts positive. leading to complex wlvenumbers

with positive real pans but negative imaginary parts. i.e.

~, =11, - i;,. t;. =11. - il;.. r;. ='1_ - iF,. (SI.b,c)

and equations (3a.b) become. respectively.

(11'('1) = +"'12
- ~~, (1.('1) = +"'112

- C (68,h)

Karasudhi (1991 b) obtained the Cauchy's principal value of each of the infinite integrals

defined by equati~s (I) in outgoing and attenuating wave f~s, for ., =0 and as x

increases, i.e.

x -. exp(-i~,x ). ..t -. eltp(-iV). exp(-il;,x) (7a,b,c)

and by equation (2), for 2 -= 0 and as r increases, as

r-llexpC-i~,,). ' .... exp(-i~r). r-ll2exp(-i~It') (7d.e.O

where PI are positive constants and signify the R~omet,ic attenuation or ,adiation. While

the surface wav~s of plane problems have no radialion, those of 3-D problems have in

the order of ,-112. In elastic solids. there is no mate,ial artelUlOtion since

TABLE 4. BODY WAVE RADIATION FOR 3-D PROBLEMS.

Problems [)isplac~nts P-waves S-waves

1.3.5 u•• U. ,-2 ,-2

1.3.6 U.. ,'-
,-2 ,-2

". - ,-2

1.3.7 ". - ,-1
2.3.5 II. by (1.3.5)" ,-2 ,-2

U.
,-2 ,-1

2.3.6 U.
,-1 ,-2

". by (1.3.6>" ,-2 ,-2

". - ,-1
2.3.7 ". . ,-1

33.5 '... II,
,-2 ,-2

:U.6 II.. ". ,-2 ,-2

"0 r '
:U.7 ". . ,-2

( )' = substitule problem. sillee actual problem
gives trivial component.



Thus substituting the equations above into viscoelastic solutions yields radily the

corresponding elastic solutions.

2.2 Bedjadop of Body Wayes

Body wave radiation for 2-D and 3-0 p;-Q!}!cms. clusiflCd in Section I.~. lie

presented in Tables 3 and 4, I'Cspectively.

3. PROPAGATION OF TRANSIENT WAVES

To follow are speeds and material attenuation of ,rallSi'III~tI in plane problems.
Rcplacinl.l by r in the text below leads to the one for WIVes in ].D IpIIeCI ript ...y.
The tnnsient geometric attenuation (or radiation) can be usumcd to be the arne u in

harmonic vibration (Tables 3 and 4).

3.1 P-Waye Pmgapcjon in x-pjn:crion

The tenn cllpli(fdI-c,x)J = expli(llJf-T1,.t)~1 in harmonic vibralion indic::llres that

the P-wlve is outgoing and attenuate5 as .I increases. The ttansient wave speed and the
material attenuation factor are, 1'C5pectively (Karasudhi, 19911),

c,,(O·); ";IA<O·) + 2~(tr»lp, 0, = IA'(O·)+ 2Jl'(O+>lI1A<OJ+ 2J&«rJ (9a.b)

where (f stands for the initial lime, i.e. 0 +- I, and a superprime ( . ) denotes diffa'ell­

liation with respect to I. The material a..enuation is in the (orm

(10)

in which .I is dimen5ional.

3.1 s-Wave PIqrIP1jon in .I-Direction

The term expfi(fdI-l;.x)l =exp(i«(&)f-1'\.I}-~J in harmonic vibnlion indic::lltel thai

the S-wave is outgoing and attenuates as % increases. The transient woe speed and the

material attenuation factor arc, re~pectively,

(111.h)

.U Sud.:, Wave 1'n!j!il&:'Ij'KI in kl>;recljoll

The tenn expli(fdI·l;..I}1 =expli«(dI-'lI-t)-~xl in harmonic vibntdon indicalel that

the ...rfKe wave is outgoing and allcnuates a! .I incrcalCS. It should be considenld
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logical to assume the analogy in which the tr,msicnt wave speed and the anenuation

factor are proportional to those in the S-wave pmpagalion, with Ihe proponion.llily

factors T1.tTllt and f,./~, respectively. More explicitly, Ihe Iransienl wave speed is

c,,(O') =c,(O')Tt,lTllt ( 12a)

:lIld the material auenuation is' ,11 the fonn

el(p«(}~)x)

where

(12b)

(13)

It is recommended that ~ whkh is closest to ~ should be employed in the present

"nalo~y.

4, UNDERLYING HALF PLANE OR SPACE

4,1 Underlyjna Half Plane

Results for large r inside the ullderlying half plane of a multilayered plane can be
ohtained easily by setting, in the serond fundamental problems, the .l'·-uis of another

cuc:-'Jinale system (x', y') to coincide with a certain r·direclion, Since such resuhs

happen to be at },' =0, they can be readily laken from Sections 2.1 and 2.2.

4.2 Undcrlyjna flair~

Results for a large spherical radial coordinale R inside the underlying half space

of a multilayered 3-D space can be ohtained easily by selling, in the second fundamental

prohlems, the x··uis of another coordinate system (x', y', z'> to coincide with a certain

R·direction. Since such rcs~hs hal'pen 10 be at z = 0, they can be readily taken (rom

Sections 2.1 and 2.2.

~. mNCLUSIONS AND SUMMARY

This paper presents dosed fonn far-field solutions to three fundamental problems

of isotropic elastic and viscoelastic spaces undergoing hannonic vibralion: a homoge­

Ill"nuS half space, a hnmnJ:l'lll'nUS filII spal'e, and twn different Imlf spaces perfectly

hOlltkll tn~l'lhl'''' Until IWII and three dillll'nsinnal Spat'l'S lIre t'ol1sidered. Elll;h solution

. is oblained as a linear combination or discrele surface and body waves, The speed,

malerial allenualion. and geometric allenualion or each wave are given explicitly. The

transient propa~ation of wavt'll ill ctt'riv~ from the harmonic vibration. Far-field dis-
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placement components inside the underlying half space of a multilayered space can be

obtained by simple coordinate transformations.

The far-field di§placement functions obtained in this study can serve as rational

and efficient shape functions of infinite elements, into which the far field of. multi­

layered half space is discretized (Rajapakse and Karasudhi, 1986). In addition, such

far-field iunctions can be utilized to improve the existing (empirical) models of

propagation of seismic waves from epicenters. e.g. those by Brune (1970, 1971), 11.1

McGuire. Becker and Donovan (1984).
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I. Introductio.

It is necessary for establish the counter measure against the seismic induced disaster

to estimate how failures of facilities would he going on. Most of losses of human liws will

come from

i) collapsing of buildings,

ii) spreaded fire after the event and

iii)failure of critical facilities.

This paper deals with the simulation method to estimate the disuten of type Ii) and

iii), because we don't afraid that the first type of the disaster will become dominant in J.....
The author has been working for the earthquake-resistant design of nuclear power plants

and petro-chemical industries for long years. If they will fail, the radio Ildive material or

poisonous gall; would defuse to the outside of plants, and it might kill thou..nds and

thousands. The techniques for estimating such disasters are almost the same • that for

spreaded extended fire. The author will di5CU55 the problems to apply simulation techniques

for estimating both types of in the following sections. One of the points is how to estimate

it in probabilistic way or deterministic way. Behind this subject, there is the essential point

for estimating tbe disaster induced by natunl hazard, by not only an earthquake. In relation

to this subject, establishing the scenario of the consequence to the disalter is also the key to

obtain the reliable result of the estimation. The author will discull these ..bjeda.in the

following sections.
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1. Critical Fadllties and Natural Hazard

One of serious disa~ters induced by natural hazards such as an earthquake, tornadoell

may be a nuclear accident Fortunately we have never experienced this. However, the

engineers and scientists, like the author, have been working for this subject since 1960. We

obtained very fruitful results in engineering seismology, civil engineering, mechanical

engineering, system engineering a~ well as in other fields as a research, but it is more

significant that we have never had any accident of nuclear power plants induced by a natural

hazard. Of course, no nuclear power plant has experienced any serious natural hazard ever,

but still it is significant

On the other hand, Tokyo Metropolitan area experienced that 140,000 lives were l05t

by spreaded, extended fires after the Kwanto earthquake in 1923. It was almost 3% of the

total population of the area. The Government of Tokyo Metropolitan Area had been

working for the estimation of such loses after the similar shock which is expected to occur

in the future. Most of work.", which had been done by a committee for natural disa.'liter

prevention in Tokyo Metropolitan Government Ia.~t twenty five years, are shown in Fig.1.

At first, the distribution of peak ground acceleration (PGA) is estimated ba~d on an

as-~umedepi-center and a magnitude of the event Then distribution of fire-starting points

is estimated hy the distributions of wooden buildings and PGA. and the simulation of

extended fires is made under a certa:in mettrnlogical condition, such as winter, strong

north-west wind, and dry weather. Finally, the luss of lives caused by such extended fires

can be estimated. The effect of dangerous materials was evaluated, and the methodology

will be discu5.'lied in Section 5 briefly.

The approach of the evaluation was described in one I) the previous papers, and it wa.~

made in a stocha~tic way. Even though Seismic Probahilistic Safety A~~S5ment wa.~

developed and was made recently, the rtIOSt ofseismic design and asses.~mentof equipment

and piping systems of nuclear power plants are done in the deterministic way.

For the evaluation on seismic resistant capacity ofan individual facility like a spherical

tank of LPG can he made in both ways. But the details ofstructure is not availahle in general,

therefore, we employed the probahil istic approach. There is a hig discus-liion which is hetter

a delermini~tic approach or a prohahilistic approach for the di~asl~ror hazard evaluation.

The policy ofTokyo Metropolitan Government was that the a~~umptionhad 10 he made as

the severest environmental and boundary condition, that is, a deterministic'one. Duri"l the

work, we need various probahilistiC a.uumptions; such a.ti where the fires start, how fIyi"l

sparks are distrihuted. and so on. It is difficull to make a simulalion completely

deterministic.
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Contribution of critic:al facilities to the dilatcr is listed. follows:

i) supplying poisonous 8M or rwtio active material,

ii) starting firc to its vidaity,

iii)giving blasting pressure wave to its surroundi.. structures,

iv)&iving heat-radiation to ill IUrroundins struetJJreI and inhabitanll by fire MIl or
flame,

v) IUpporting Ipreaded fare in IUrroundina area by its fIammIbIe materill.

The evaluation on a sequence of occurrina such disasters. • proMbilily and ill
consequence can be made in various way, however it is impoRant to overview the totaIlCOpC
of such disasters, and to establish the scenario. These works can be done only MIed 011 the

experience or at least on the careful study of reports on previous disllten. Sometimes, the
people experienced a partic:ulu type ordilllten, it is I tendency too much emphalizina to

it To avoid this, we should have the scientist's eyes to undentand the phenomena
themselves.

The luthor described various examples of the mode of flilures in his previous papen
1) 3) since .. World Conf. on Earthq. E.'g., therefore, only he wants to emphasize that the

knowledge on the previou~ disasten is very significant for this work.

3...01Huard Eva••atIOli

It is clear that the neceuil)' of hazard evaluation work to~nt the disaster induced
by I natural hazard. It is not dear for the author which term "hazard evaluation-or-delerter

evaluation- is adequate, however, the PUrpolC is dear. To prevent IUdI disalten or to

aa.bIiIb the counter measures, tbis work is extremely important, and the aovenunental
orpnization or a panicular uea must work under the support of "ntilts and _"neen,
and aIIo city-plannen, economists, and other IOCiaIlCientists. Insu.......neen ...

been workinS on this subject, but their policy is not 10 dear for our e"neen, becauIe it is
I busineu and ilgoverned by their experience or thumbllow.

MOlt of rcports rcfcrred to the total death or the total property lola by a particular
evenL 1beIe approaches are a deterministic method II mentioned in the previouIledioa.
AI the rault or future event, they aM oaIy IpPI'OIdmate fipn.1IId it•• index to thhIk
Ibout die Iize or the disalter, that it, ... doD't know whether it ndpt be twice or • WI••
raulL

Oly or KaMIaki recently deftloped I computer and network .,... to IMJid ....
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disaster in their city. Information Network System for Actions of Counter Measure to

Seismic Disaster is a system, which was designed by Ohta, as follows. Its function is to collect

the data of peak ground acceleration of several observation points in the City area. and

figuring out the distrihution of seismic intensity immediately after the event. And the main

computer calculates and displays distribution of occurring some type of damages. such as

failure rate of wooden houses, life-line systems and so on. Then, it indicates the estimated

degree of the disa'liter of the whole city, and what degree of the emergency action for fire

fighting and rescue. The population of City of Kawasaki is approximately one million, and

it locates in the south of Tokyo. and a part of Metropolitan area on the Tokyo Bay. The

shape is the :onger in East and West, and the eastern part of the City ill heavily industriud

on the Tokyo Bay, and the western part is hilly residential area, and there is a commercial

center in between. Therefore, it is rather difficult to grasp the tolal figure how the disa.'liter

is developing at the time. For the prompt action of the City, !\uch informations are nccc5sary,

then before collecting the data which are existing, the estimated damages obtained from the

distribution of seismic intensity are useful of the decision of their action.

To develop such estimations, we need several simulation program packages in the

system.

4. Evenl Flow and Scenario

To estahlish the scenario ofdisasters occurring at the event, we need a wide knowledge

from engineering seismology to system engineering. As shown in Se...-rion 2, we need the

flow of events after the shock. The author tried to discuss on the "Event Flow Chart" in a

previous paper.4) At that time, the author intended to use the concept only for the seismic

design of equipment in critical facilities such as those in a petro- chemical industry. But it

is clear that the concept can be expanded to the wider figure. Ifwe experienced a new event,

and observed new types of failure modes, we can add the new flows to the previous event

flow. Even it is difficult to give a qualitative flow, such as a transit probability, the topological

relation may he useful to establish the scenario. However, it is a problem, if the subjective

judgement is too strong to design the scenario ali mentioned before.

In late 1960's, Tokyo Metropolitan Government started from only the estimation of

total loss of lives by spreaded fire, but soon after the San Fernando Earthquake-1971, the

scenarios was expanded to other types of deaths such ~ by flood, by poisonous ga.~, by land

slide and so on. As The second phase, the reevaluation wa~ started in 1985, and the items

were decided as Table I, and completed in the la~t summer, 1991. The conclusion was
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complicated and it is not so understandahle to the puhlic as well as the office of the

Metropolitan Government. A single figure of the totallos.~oflivesis easy to be understood,

hut the more precise work always needs various conditions, and it becomes difficult to

understand it and also to estahlish the counter measure.

5. Flow of Analysis

The author tries to discuss two typical examples of simulation for disaster evaluations

in this Section.

S.ISpreaded Fire simulation

This wurk 5) was done hy fujita, as hi!> doctors thesis in 1974. His idea is very unique,

and it hecame to he possihle to simulate the way of spreading the fire after a seismic event.

He started from the famous relation of fire spreading to various parameters including wind

velocity and directiCln, so called Hamada's equations. This relation was established by Late­

Professor Hamada in 1951 from the results ohtained through his surveys on several big fires

including the fire ufTokyo at Kwanto earthquake-192.1. From these deterministic equations

on fire spreading velocity, Fujita estahlished the concept of "element fire" and simulate by

the algorithm to solve the differential equation. However, it is opposite way to solve the

differential equation. There is no differential equation and only exists the concept of

"element fire" (in Fig.2) The second innovative point done hy Fujita was to compute only

the boundary of spreaded fire and not tn compute the amount of material for burning a.~

previous researches done hy others. This idea could reduced the great amount of memory

space in the computer. He used HITAC R8()()/R700, the Computer Center, University of

Tokyo, the largest computer in Japan at that time. He could simulate the fire of the area

3km x 2km less than for the I()Oth of the real time. By his innovative works, we can simulate

the fire of a certain area like IOkm x 5km hy a work station, and display on CRT in the office

now. Such a system may he huilt in the system like the Kawasaki's system (see Section 3)

with some modification, because the sizes of meshes of both systems are totally different,

that is, 12.5m x 12.5m against 51)(lm x 51)()m.

5.2Seismic Risk Assessment or Storage Vessels

This work1
) was done for the second phase of the hazard evaluation in Tokyo by the

authors' group. The flow of the assessment is shown in Fig.3, and it 5tarl~ ha.~d on three

data bases and one fragility curve on each item. In this ca.~, for the spherical tank, the

fragility curve, which they called "Damage Curve" in their paper, was availahle on real



EOS-6

systems asshown in Fig.4. For the flat bottom cylindrical tank, that is, an ordinary cylindrical

tank for an oil storage, their failure modes were studied based on the experience of damages

at the Niigata earthquake-19642
) and they considered that the strength of bottom comer

was significant to spill the content. Then we obtained the relation of the tank capacity to

critical peak ground acceleration based on an average current desisn scheme in Japan. It
should be noted that the material of cylindrical wall and bottom plate is different according

to their capacity. Therefore, the curve in Fig.S is discontinuous.

The design scheme might change in the yearofconstruction, then such curves for actual

system become double or wider band, and for the simulation the probabilistic concept

~houJd be introduced. Anyway, in the paper, the author considers, the curve is the simple

function ofthe capacity, but it is discontinuous at approximately 4O,OOOki as shown in Fig.S.

This means the material is switched from mild steel to high-tension steel, because of the

limitation of thickness of the wall coming from the technical rea~on of welding.

The cylindrical tank has three types of the mode of failure. The mode

above-mentioned is the railure caused by the uplifting due to the horizontal acceleration.

The other two modes are sloshing and the liquefaction of the foundation soil. The sloshing

phenomenon may cause spill of the oil from t~ top of the storage either by large amplitude

of response of floating roof or by breakage of the vessel at the top corner edge. Even though

some examples of tank fire caused by splashing the oii such as the Niigata earthquake-19M

and the Great Alaska earthquake-19M, the amount t.f oil spill is limited compare to the

breakage of the corner ring at the bottom, and we can neglect its effect for this evaluation

Failure of the foundation soil may cause also the breakage of the corner ring at the

boltom, and it must be evaluat~d. The possibility of the failure of the foundation soil is the

function of the seismic intensity as well as the soil condition, compaction method of soil and

detailed design of its foundation ring. The relation of failure probability to the seismic

intensity has more uncertainty compare to the failure by it'i uplifting. The evaluation method

is almost the same, except the degree of the unc:enainty mentioned above plus soil data

which have been not known for assessment usually.

6. Results or Assessmenl and C...atenlas.re

Results of such assessment should be reflected lolhe future counter measure. Those
results are usually prohabilistic onesas frequently mentioned, however, the counter measure

is deterministic. Therefore. the operation ofmeasure must be Rexible, and planned against

some extreme cases. Again the scenario becomes imponanl. III the case of Metropolitan
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Tokyo, the severest case for spreading fire in winter has been employed for the assessment,

because almost of all details of counter measures in Tokyo are how again!;t fire and how

residents would escape from fire. However, for the evaluation of loss of human lives by
poisonous gases, weather often observed in the rainy season, June and early July would bring

the severest results by inversion of atomospher.

It should be noticed that the evaluation of the potential maximum loses is different

from the a.~sessment to establish the well-balanced counter measure. We must study the

scenarios which we should expect in future conditions.

7. <herview or Papers Presented In This Symposium from A!lian Distrid

The author has been requested to overview the thirteen abstracts from Asian District

in relation to his presentation. It is difficult to find the common.subject between these

papers and the author's in general. According to the authur's methodology described in

Section,3, he tries to look through these papers. "Development of an Assessment Model for

Earthquake Fatalities and Discussion for its Practical Application" by Shiono [042IEIO] is

one of the papers near to the author's one. So the some problem may be considered. The

model depends on the scenario how to cause the loss of human lives.

To define the seismic intensity of the local area which the evaluator is interested in,

seismic LOning and other engineering seismology type studies arc important. Those papers;

"Seismic Zoning" by Srivalltava and Basu [OI8/E061, "Attenuations of Seismic Waves" by

Kara~udhi [Ol2/E041 ,"An Intsive Digital Strong Motion Accelerograph Program inTaiwan"

by Yeh and Shin (OO8lE021, "Earthquake Hazard Assessment in the Himalayan Front Arc

of India" by Gupta (028/E08] and "Probabilistic Seismic Hazard El>timates in North Sulawesi

Province, Indonesia" by Thenhaus and thers (0641E15] are mentioned. As the author often

mentioned the study on attenuation factor in very important, but it is very often observed

that the researcher for the hazard, disaster evaluation becomes the specialist of the

attenuation factor. The systematic program like Taiwan is very significant. The author has

been working for it fur more than twenty years, and also the colleagues in the Institute of

Industrial Science, University of Tokyo has been operating the facilities including the

engineering array in the China Field Station since 1981 "Seismicity, and its Relation to the

Volcanic's Activity in Indonesia" by Ibrahim and Ahmad (068IE18J may be necessary to be

studied, however, the direct damage by a \olcano is usually more serious to its vicinity area

than the volcanic induced earthquakes in Japan. And the relation mentioned by Ibrahim

and Ahmad have been discussed, but doesn't reach to any conclusion. "Mitigating Seismic
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Hazard in Bangladesh" by Choudhury [0501E13] is difficult for the author to understand.

because of too short abstract, but it should be mentioned that it is important to define the

zoning in relation to the earthquake resistant designs of a particular area. "Earthquake

Hazard A~essment of Earthquake Resistant Design" by Agrawal [OO9/E03] treats also this

subject. The estimation work of possible damages is significant to establish the counter

measure, the author discussed on such a subject 6). "Possible Building Damage in a

Hypothetical 8.4 Magnitude Earthquake in North Bihar Region of India" by Arya (027IE07]

treats more serious condition caused by a very huge shock which would occur in 1992­

because ofthe building construction condition ofthe region and high population. "Seismic

Response of a Base-Isolated Building in China" by Pan and Kelly [044/EI7] indicates that

the development of a base-isolation system for simpler and low-cost buildings is very urgent.

besides the facts they mentioned in their papers. "Systematic parameter E.~timation for

Hysteretic Systems" by loh [OO7/E01] is neces.~ry to estimate the fragility curve of a

structure, and many studies have been done hy many researchers and organizations. The

author expects a new idea to estimate more practical method in this paper.
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1) Engineering Seismology S.C.

2) Fire Estimation S.c.

3) Critical Facility S.c.

4) Life-line Facility S.c.

5) Social Impact Evaluation S.C.

6) Loss Evaluation on Human Lives S.c.

The titles of each sUD-committees are not exactly translated from Japanese.
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Assuming the Earthquaka on
Epi-center and Magnitudo
Historical DatalTectonic Data

Estimating the Distribution of
Peak Ground Acceleration

Estimating the Distribution of
the Possibility of Liquefaction of Soil

Evaluating Failure Rates .

River Bank : Civil Eng' Structure land·slide. ,. ······-··············~·························r······ ..•.......... -
Building :Gas and Uquid Storages life·line

I
Estimating Points
of Starting Fires

Estimating

Other Disasters

Estimating Failures
of Water and Energy Supply

Estimating the Area
of Flood

Estimating
the Trouble of
Transportaion

Evaluating Total
Direct Deaths

Total Social loss and
Damages

Estimating for
Spreading Fires

Evaluating Deaths
by Fire

FiB. 1 Flow of Evaluation on Seismic: Induc:ed Disaster in Tokyo
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fire front

fig_ 2 Concept of Element Fire and Fire Front
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Fig. 3 Flow of Evaluation on Cylindrical Oil Storage Tank Failure
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DlGINEEIUNG ..MITIGATING NAnJIlAL HAZAaDI DAMAGE
VOl~. ~•••

22·28 June 1"2

GIS-A CONVENIENT TOOL FOR NATURAL HAZARD
STUDIES AND ANALVSlS

Dr. Mic:hMI P. G_ end seona H. Kim
Dept. of Civil EnginMr'*'O

s.... Uni\W8itv of New York .. Buff.-o
Buffllo, NY 14260

ABSTRACf GIS systetN and data Cormatted Cor 11M in such syKcms are becomiftl nadily tvIilabIe at I

rtlatiYely modest c:cst due to the wide applicability or thCM JYSlem~. 11lla~ a new toollllci oppcrtaak)

for Ipplic:atioa of this tool as :s pan of • macro er·l~necrin& appnMlth for naturll hazard~ A briet

dcKription of IOIIlt ol the Cc.lllfCl of OIS IyItIlllll Ind uta Ivaibble are prcMded. Two c:ump!el, o. ill •

planning .. and the [)lber .lltIOIt developed to III <lpeRtional level Irt daa'ibed. The fint eample

concerns the opportwUt~ for display and m."ipub :ion :JI wind data and the other eumple COncet1ll • OIS­

based relional risk. appruad1 (I)t bridpllUbjctted to earthquabs.

Mally DeW sdefttifie \toll are beaMuin. availab&e :aa I rcRlt allaiJh.... _ tll_ta.~ fitJdI. n.-
t()()ls provide aew eapabiUties for ...... d:a eoIIection, COIIIpdMioa. dIIfII1 Mel

maaiplIatioa.lnalylk IftC maIdft.1IIcl -.itolir" for aatan1a.-d ..., Of dille tGOII

~ compatal bIRd aM In becomift& 1DOR powetful iIftd pndkaI • ~ elf .,.,.. ....

reduced aM .. dtware Is ikvclllJped to II. advantap of uwc~ oec 01 the npidlJ ..

areas is th. of Oeopoaphio.: laformation $yIt«Ds (GIS). GlS hawe... evaMa.--=e aroad 1"_..

theM sylteml are rllldial ",ide ... ia ftUJDa'OUt anu ran from IIDcIlIIC ....,. ....,. .....

aulylil. parce&. ItneU and II&iIit)' documentation Iftd v.hide IOUtiq to poIitbl~ til

locatio.. of 'Itt food fCIU:U'8IItI. In lOme CIMI me JI"Pbicalllnd dltabne 1IIIIIIp....CIIfMIIde' 0( I 011

sysaam CIJl pnMda • CIOIIIpIetc -aay.it for • problem. 'or CKber call die GIS ..- ... .-we ..
• wtndaa plftona which rorma OM IDOdIaIe in • mco :tpteal ill ""*" tddi&iauI ._1. III dIIipIId ...

em}' Ml ....,.. IDd JnO:IeIiq *PI which an aecdcd tor the protIIea It 1IIDd.
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This paper is concem·~ with w~ in whidl read:ly &\'8ilable GIS systenu and data could cratty improve

Ollr .bUIly to Iludy. pIarl for and better undentancl Mhn'8l hazard probleru. After brid1y reviewina solDe ol

the features offeted ~ GIS I)lteau and related Ie'.Mt~~ wIUdl ClCMIId be of vallie in IDitiptina the impactl

of natural diulten a couple cI· specific aampies wiD be detcribed.

FFATl1ItiS 0 ... GI$ SYSTEMS

OIS systems and \Iw QnnpuUon CAD system" ~tlich art now a oommon feal~.' e ill enlinterinc. are I form

of computer p1phics utilizJnS many comlDOn conccpl&. BJdllypa of system ~ide • meal'll ('If representin,

lpItial dati and util~. c:c:ncepu such as p1Kinc diftM'Cllt types of featum on ~.n which can be displayed

.....Iy or combined in whltever combinatton is deIitcd. Topolo&Q1 information Qn be Itored and

displa)-ed in raster or vec:or formau Ind Qata or anmule iftIomaation can be stored in separate files which

are linktd to layers and ~ooiDrs.

A si&niflCant difference ~·Nt.n the two t~ of .,_ ill .. the lICales with wtuch they work. CAD

applications ,ena'tlly ia\oNe i)uiJdinp or ocher IIpplic.ltiofls in which the dirnen1ions are loch tIIat the

reprE".' 'c •• a 11M ..Iface doe! not ,enerate ar.y spxial problems. OIS I)'Stems on the other har,d 'n.y

consider relati\lely brae diltl~ or areas on a curved s"rfKe. the surface of the earth. and the mappin, of

lhe related InCormatioll let a n.t surface caIInot be :ione without introdU('jnJ !lOme type of distcrtion of the

inform.lion. This type 0( ?,oolc:m is given special consideration in mo.. GIS ~ystemS. The trend SCCII1!' to be

to utilize vector·based systellll in which &eOp'aphic f".tures art represented as a series of nodes connected by

straight or curved lines which in tum enclole a seric$ I" 1K'1yJonaI areal. Eadl polYJOnl1 Irea is identif~d and

an h~e various attribut~1 such u soil type. land VI. Wiler and 10 fonh linked wiUl the poIY&00all1\:a. lbil

dcacription is encoded ja data tables in separace or linked fora. D\Ie to thil complaand poaibly detailej data

daxription the amcNat of Wonution whidl Is stond for pIpIaicIIly rcpraeatin, an Ira can become quite

large- ne .... the ,..,bation and dctan which it II det:ided &0 iDdude, tbe waer tile dala bale becomes.

Most prominent GIS pt'OIfIJIII, such as the ARCJlNJ'O PfOII'IIIl C8II now abo procell ralter-bued dalA and

an display sudllnformari-". in .;lDDjunc:tion wHh vector irlonDadon as wen u c:any our a certain IIIlO"JIlt o,t.

coD\'ersion {rona rater to YCCtOr fona.

The dttai1ed nocIe-line-pol)'lon clescription oil g~JpI* Ifta abo ,eIlerates tom. special problems I

the area II oripnany prmented 1'1 series of SInalIer L.... which •• to be joined to form alaqer area. )n this

ease special prop....in. is iftduded and 'I*iaI care IIIl1SC betallen to be e:enain that the 1nf00000aUoa II the

edges oC each area rillUt:h the corrapondifta intomaticn oa ICIjlCel\t ..... One ClOnMqUeDCe 01 inc:ladiq

a hiIh-ieYei ol resoAurion or det.dl II the amount of tau taken to "1oo1t.up· and plot this infonnatioll on a

computer 1CI'nII.
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CIS nATA

Duc to the numerous :lpplic:ations in ",hich GIS S_1lI have been found to be of value. there has. been

3 rapidly cxpandinc effort to place information in a fonn ",hkll illuitabl. fOf OIS analysis. TbiI is a \'elY

fortuitous situation u the e"Ollection 01 data ud the prOt*.m1 of the data in. form suitable for use in natural

hazard problemI can be I very cxpmsi\Ie and time consumn, proposition.

A number of dcdsIons must be made in relation 10 GlS-based wind data. One major problem iltlc lize

(/ the data files wtUclt are :tcvek,ped. Thr size is related tel the 'evel 0( resolution and amount of detail which

it is o.::~!:~d to include in the data basc. The raacr the: 1cYd 01 rcaolution and the more detailed information

which iI included, the laraer the dati b&Jc become&. (If co,ne it Is IIways poaUblc to break the data bile into

segments 10 that instead c( displayina an entire eountry It one time, the display might consilt of a repon, a

stlte, a county, a city or o:her S1'itable area. Aside from the amount oC file Itorap required for. data base

is the problem of retrievinl~ thil Jnform.tion and diSJ'I'Yini~ it in lOme specified mann"r. An~ve alnount

oC data can !Tsull ill eithcr- • velY long write time to .play md manipulate 'fa))hi&:al screen information or

the need for hiJh-level equipment to quickly process :he informatica. Another toRlideration il the capability

to develop .und·alone ver:oons Clf OIS applications prJ.,aN (orlhe ,ven,e user who would not be interested

in inveslin, in a full-olowfl GIS 100",are system.

Some 61mpies of OJ!: databases which are readJy ..,allIble in the US.A. are the TIGER files, USGS

digitIZed map files and st:,tc. county and city base rn. whidl are being developed in many p8tU of the

aJunlry. The TIGER mes were developed by the 1...5. CCftlUI lura. and thc U.S. GeolopeaJ Su~ to

provide an operational fn nework for conductinl the 1990 census. 11wse files cover the entire United Statcs

and are ('()ftstructed on tht pattern 01 the l:2A.OOO U.~;.G.S. sectional maps ~hich have been tOtally con"erted

into a digital format. Additional detail was added in t'le f(1I1Il of street & place MIMI and other information

which was needed to orpnize the census operation. TICElt diPtII fiks are wabble Cor purehaM dircc:t1y

from the Census Bureau at IDOdc:Ia C05l bllt receatly • BIla:bcr of finu haw takeR the nGER fiIeI and added

various enhance_al an<1 impovc.-;ncs. TheM files .., for ..Ie at a \'C1')' RUOI1IIbIc COIl and in HVeraJ

dial..1 [orntats ",hich art eomparible with both !eldin, GIS lOftwan I)'tt'mI add CAD system. IUCh II

AutoCad. The flies can be plln:hased with the buk layers "rte1opcd by the Census Bureau and with additional

layers which ".ve been ~:enented .nd lidded by mbe!" po..,. and c.n provide topoaraphy at various

rtsolutions, zip codes, political boundaries, population deft_iN and many otber featwel. In addition varioUI

satellite imagery, luch u SPOT ;Jata, ~n~ diptlzed for direct use or included with nOER and other dara

bues. The homontal lcsoilltion pro.ldcd ." 110ER dati is on the order of 75 fcct in umn ucas and 200

feet in rural area. FilUres 2 ana ~ show lOme typiciJ nCIER data plotted It 0f'iIina1 and a mapified scale.

Other lypes Of Intormauon aft. bccominl available ftOlD a vuicty of~ etwerin... po....pht'.
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topography, soil charactc.istics, hydrology, coastal choltactcriItQ and cxbcr features Rquirod for natural hazard

analysis, plannina. desigr and !esponse,

Thus a new toollw become .vaiiable for nalunl1 buard studies and because of the wide applicability 01

the GIS s)'Stems. the c:D!:t oC the most ~nsiYc jtr:m, ·;he data ban, have been spread over • umber of

application areal. Thi5 p1O\'ides • larcc a",/)u"t of b.lSic informat.ion which QJl be used as a ,taninl point for

natural haurd applications.

SOME I1UfPLES OF GIS APPUGlnoNS IN NAnJIW. H.UAJtDS

In order 10 illustrate some of the pouible 'PF1ic:at~)nsof GIS syJteu1S in natural hazard plannin& and

mitiption. I couple of cwnpl':s will be described. 'l'hcse indade an exaMple which is in the plannin, ~Ie

and which hIS not yet been operationally implemented Illd an bl1nple of regional rille analysi$ which has been

under development for ~ome time and Is approading U operatkmal status.

CIS II I PI..... rw Delip WIad Data

Design wind dala, at ;he pr~nt time. is ,eneraly presented in map form and u:.uaIly consists ol a series

of contours \lIhich have been drtwn with the aid ol ~.nowll dati points Ilona with a wac input or judtement.

A user locates the positioft he is inlu(.$ted in and lJlttrFoiata between tOnlOun to select a dclip Vllue. In

the U.s. tlaere are many problems with thi& proc.cSure. The preunt ANSI-A$CE wind desjp !!lap is

conltruftfld on the basis uf relatively few points (On the order of aD avetqt of 2 points per .we). No s.pedfk

aa:ount is made for either rr;on..l or~ topop'aphic effects, tbis is telt up to the user, or Cor wind

directionality elfeeu It d·)CS ftClt take much study of a tOlJOltllphic map 01 the U.s. to c:onc:lude that tMre are

slpificant variationl at tt'poan·plty over even Rla1ively "C\at"ltIla ..,hleb are DOt weIIlCCOUftted for. Oearty

the present procedure hilS some real deficiencies and these deficiencies are maptified due 10 the Illuann,

effm ol wind velodtiel when U3ed (or dcsip. Tht IlI.ok of additional data pointS and the a.veJ 01 efton needed

to consider statewide or local lopoiRphic effect. hIS diacourqed a moq detailed appIOKh roward

doc:umentin& even maxim:lm wind dclip velocitu. m·.adlleu other wind parameters which are needed orca.ld

be useful fOf st1Id)'ins other tIwl extreme wiftd ea.:ts.
OIS systems provide a new t.:>ol which may provide a rrechanism to improve tile c:Dneetion, chancteriation

Ind manipulation of wind data. MUf.ll of the data DC'f-ded to any our tbk process i5 beinl.cnel'ltcd throup

other OIS appligtions. Digitlll-based maps are beio. ,~crated I' • 1afIe variety of talles fOf cW'fercnt

purposes and these data ",fill be a"ailable for applicaliOfl t,) wind problems. The cballenp is how to effcetiYeIy

utilize this new tool andlOurct of information co L'1IpIO',e OUf ability to plan 4nd deIip for wind effects.

At the most elementary tev:l it would be possible W dalpJy transfer the prelCftt~ wind map. or

mapi. to a GIS [emut by supttlllpOsinllhe praenl COnlQ\JtI to an outline map of the U.s.~ IlpOIl



E09-S

the data base IItiliud for lhe outline map it would then b: posu'ble (or a user to enter. quay in on8:>( the

~glDlDOn formats whK"h a.e coa:,ing into wide lIIC in 'JIS applatioDs. This could be latitude-Ionptadc. dty.

county Or other Seocraph:c name, postal zip code, ~reet addr... and many other formats. lbe OIS 5ystem

WDuld be programmed to locale and displl)' the poinl teIc>(ted and with lOme rel.tivdy limple prolPmminI

could interpol.te bttweer contoun of atrtnle wir.c1 vclxity. Thil would be 11\ '1.ltom.ttd venion of the

manual system now \lied.

A more llIclul .pplic:alion at • GIS s)'Item would be 10 include topo,nphic information which might be

important in wind effects. This I:ould be at the level or helpin& a user to decide on roupn_ catelOne, to be

uMd in dcsii1l or could start to include modifkations of the ntller erude contollr information to take into

account some of the larau influences of topography.

The cap.bility of. GIS system with lu' built-in C.UI processing capabilities abo presents a mcchan:sm to

improve tile characterization of wind data and wine: imJlacls. The .mount of long-lerDl data collected by

established sourcCl is fiftd He limited. However, t:lere is I large amount of data whkh has been and is

collectc4 from a variety e,f sources. These in~l\ldc :Jata ,;oll«ted by local communities. by the milit.ry. by

governmental orpnizations, by industry and by mati) Jther sour"&. The collection and proceuin. of this type

of data wu pr~iously a (·>rmid,lble problem but the GIS framework ma)' mike the use or this type of data

much morl: feasible. A 5p(dk effort is needed to determ fte how this data ooul<1 be utilized to improve wind

charac:tcrization. Some mllY aralle that noc aU of the!.e dna are reliable, but one feature of a G1S approach

~ that the GIS system can be utilized as an object Cllicnt,:d module In a macro system which includes other

modules for proe"'"of non-standard wind dlta In'- oth:r <1cslred analysil operations. The GIS l)'Ium then

can be.. IS In intecntin. platform which utilizes the internal and external modules to achieve the desired

results and provides an u!tcratt We interface and cfj':3Iay capability. With reprd to extreme wind dati it is

format limilar information which is built on I wider ''1M of data. If the data derlsiry becoJDel bJIb eIIOuJh,

anomalies in locally colleo:ted data may show up. Research • needed to bettoc cleYelop the buis of this

approldl. to develop improved predictive reJations to be used with 1II0rter tenn and data of I fuzzier nlture.

to recommend data formal for efficient UN of thesc' ~ta and to estabUsh how to use tbe OIS tools which

have ~me .v.ilable to us with raewer databases which are bein. developed and collected.

GIS-Baud BellOu' Bjsk AIIIIDis_tlIridIn S'l~tdtd .. Eartbm.eWs

J.. 0 ..1<..- to ilI.."t...t" th" proc:"du..n in"'ol""d ill ut:lian, elfi .., en iJncFetin. tool in nponlll ria

G»C:IOIIl.nt of lifolinou oultj_.d to _tural haaDrdc, an MOtapl. will "- -.d ill' olvln, Oil. OOIlMy, 5rio CO\lftty,

New York and one type or lifelin: element, bridges. The ana\ylillJ ~arricd out usIn. infOnDadoD cunently

avan.ble in I\litahle form on a 'Nidc geographic; basil•• A modular .pproae:b JI utilized wkh 111 open 5)'Itcm



E09-6

app"oach 10 that as additional data becomes available and t$ improved dimase UlCSllDent modell Ire

de'felopcd. sou~ data (:fined, lOil chara<:teristics ':Jetter idcntilled" attenuhon modell rcliaed and other

information made avanat le, this new information C~ rI be added to or tubltkllted for exisliD, portions of the

assessment program. In this way the system en be :udily improved In the futun.

General AnaM1q1 r\pmg 'l1Ic Oyc,,11 apprOllch developed lor this study involves three major intefKtive

components:

(a) Tht usc of GIS to provide the interf~, toiispJay .eoaraphic data, to manipulate inCannarion

Mored il'\ relational dar.a bues. to calculate topological parameters such as distance to a Jel~

!Ource, to sequentially :all subprograms which eviluatc vulne(abili~conditions for each bridge in the

selected analysis rei'0ll and to display tbe rnull of a query for the cffect ct a selected Muree and

magnitude event.

(b) A risle model for hidacs which can 5tatisticiDy predict the ~ctcd Icvel of damaac due to a

panicular jnlens.i~ of ground motion at the bridge site,

(c) A ground m<.tion attenuation model to predict the inieMity ol &round motion at a pankular

bridge site due to energy release at a sele<:tl:d p)lcntial source.

These interactive COltlponents are supported by ~ta files which encode charac:tcrista such as potential

earthquake $Ourta and nJ.gnjtlld~ and bridge characteristics which are important {or failure IBllysis. M is

usual in a GIS system the:;c file.. can be JCnc~ed u:crncJly but in a fomat a>mpaUble wilh the ens system.

~D.tI 81M A commercially eManced TIGER data file for Erie County, New York was utilized whicb

was IS5emblcd from tbirv one 7.5 Minule Quad maps which are available for mOSt urban ueas of the U.S,

Although spatial IUOlutiCol\ of Ihe TIger riles only provid a the IOQtion ol. bridae within 75 feet, it ..as felt

that Ihis was quite adequate fOl this 5tlldy, particularly in view of the uncertainties inherent in the earthquake

SOlU'Ce data and the attent:ation models available. Figure 2 shows I ponion of Eric County at the 1:24,000 sc:aJe

0( a 7.5 Minute Quad maJ:. 1 his provides an overall \iew of an area and it is pouible to identify m¥»r features

of the transportation roac nefW.:»rk and other major teatures. A areat deal of detaJl is embedded in tIU.. map.

however, the detail callDOt be distinauished at thilscale. """ GIS lyUltm provides a capabHIly to zoom.in or

window on a section of Jr. ap. Figure 3 shows a ",iftd.ctWed section of the IUp in Fipre 2. As can be seen ill

this Figure, details s~h &I Sfref:l nam~ have now becorre visible on the enluJed section of the map,

DPIDI" ,ntI bllm A!!!I!I'Smcnt ~od,l A Jenera: Ila'Clmin. model for GJ.S.Based risk ana~ ol bridps

in regional en\liroRmCftts \vlS developed for thi, propam. The procedure follow«t was to fim coOed as mudl

data as Muld be readily (nun·:! in the published literature reprding olldp (aUures aad dam1ae from

earthquUn. These data were then reviewed to determin" If sufficient deta11 wu indlldecl in delc:riptiona to

permit an ide"tifieation of the particular elements of :,. bridge system which tcSUlted in failure ~nd ~
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suffic:ient inlonnation was providtd to anive at a fairly rdiable estimate of &round intensity .t the bridp site.

Rclalivrly complete data were found for 7. bridges whidl were ciarnqed or failed durina an carthqUlu. Th.

data was uaminec1 to cstablish a luitable das&iflQltioll :~heme which collid encompass the major variables

related to bridse pedomLllnCe, clama,e and failure Exaraples of IOI1lC of the features considered are bridte

type, foundation conditions, type of component whil:h w.:rc involved in dama,e Or failure anel charactcristict

of loading. The latter ium is related 10 potential t:anhquake lOur~ mechanisms and earthquake ground

motion attenuation wbic:h is dbcuned in a later seclion ;>f this paper.

A major problem in CJ;tra<:ting damage and failun: in(mlDation from published sources was the IacIt of uy

standard fOI repcrtina $l1l;h dat i. In order to attempt to ,:stabli$h a reasonably consistent procedure for data

e"a!uation, • series of le~els of classification were e!.tabl:shed. On an over'II or maCro level the para;l1eters

can M grouped IntClloeding en..ironmt'nt or site inl(:nsit~1 dut to a aiven earthquake. deITee of damage, soil

conditions. foundation type and structulal parametns su.:h as pier detail•• materials lased and details sl'ch as

bcsr;ng type. Onrl)' brid!:e f.·ilures or damage could be initiated by liquefaction or surface faulting. hONeVer,

in order to r~duce the nu.noo of parameters to be ::>nsiolered in this study, these types of failure c:onditions

\\Iere deferred for future study and primary coneentraticn ....as placed on damage OT failure due to around

!lhaking rather than ground failure. The 7. bridaes u:;ed il'\ this Sl~ exe!udecl fhl"W' t)'~s of ground hULlr•.

A series of general (or perhaps fuuy) cateaones were selected for the initial work on this problera. These

calti0ries are rather brol.d .. lhe data available are alsc. rather fu~ and a high depee of computational

precision does not see", IJ'Propfiate. A more detailed dexriplion is Jiven in I paper Oft this analytis (0aut.92)

One important consideratioll in ~leetini the parallletl:n is the informatiort which is IVailable lor bJidaea

in the Irea to ... INdicd 311d displayed using the GIS system.

For the identifK:ation and c:harae:terization of the tridi':s in Eric County, New York which was used .u the

demonstration lrea, a tape of the: New York SAte brill,. il'lCiltcl} and inspection data wu obtained throllJh

the courtesy of the New Yorlt Mate Department of Transportation. The bridFs in Erie County were then

extraded from the larger state data NSC alona with the dea. red standard data cateaorin for th.. bridges. TIle

data selected for damBae or failure evaluBtian from blid&el letulUy lubjecl:ed to damapnl earthquakea were

matched to the dati available from the NYS InvcntCJIy.

After data identifICatio,\ Inel d.~ification was conpleted, I statistical analysis was performed I1tilhin, a

sttnclard multiple re:gress on technique. Four inteuities of pound motion were selected UM, peak

acceleration val'JC as the ddining aitcria. The regression analysis simply evaluated the potential contrib'J1ion

of each parameter to the l:vel of dama.e for each tddge in the dau base used. The dtmap equaticnl Yj

which result have the foU<lWinl form:
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where Yj II the duaap (lr failure level. TbiI epplollilNte auaJ,siI pnMdca a 10. indication of bcw eICIl

parameter contributes to the statisdcalle.,.( of damtp or flilan for tJa. bridp for which dllta WII ftIiIIbJe.

']'he model developed above reprelCnts the expect level of dIma&- for the Ialire eftICIIIble olllridps ...

the dati Nt available. 1t is 1110 aec:esaary 10 cletermir.. the ..... of rotiIbiUty wIIidI will raah whea tbD madd

ilawlied to one lftdividull bridF 1ft the let.

tJliDI 1 3 IfOllp d __IClUOD the ICt\W ud predicted rank of lIiIalic vulnenbility 01 bride- were

compared. The multi arc shown ill Table 1. It WI' found that Ua. rank ollCilmie Yutnerability of 57 of the

bridaes amon, tbe 74 bdd,e data let are predicted comely. III other wordI for this .. there iI a 77~

probability 01 carrec:t predictJon. which is IItisf'lCt(llY ro)r an initial lC1eeftinJ of YUlncrabWly. Due to the

procedure wed, the prot..bilit)· of can'Cd preclJcdon is almolt even for bfid&eI ia dafferetu nnks of seilllde........
Many other dam.. C.f talure models CGUId ............... -.... __~ would be to

evaluate the level of dam... to each ~IU of bridtC for the putic:ulat ClOdI which wu 18 cf'fect in the 1CIr

when the bridle wa dell.pled or modil"lCd. Ultimatc:ly it YfOU1d be desinbJe ro dIveIop I daIu&e or Cabrc

rnodeI which could be dJno.ctly evaluated for eech actual brtdtc ...., or from (JCJd data coI__ 1peCir1tllly

for this purpotc and from an ...-ment of the aarrcnc "ltate-OI-baIl"- of tbe partiQIlar bridp.

&rth.... hua.UltP,-,,:A,ttmptlot .. For I,Ma-.d1- the locations 01~ tlftlaqUlb

5OOI'CCI wbidl reIeuc eaeav and the .ariation of surfa intei8y of JIauad moUon with cIiIUftCiI fIoGl the

IOW'Ce ItO needed. AI th. focus of thit study in ROt oa cutllqub IOUftiII .. IttaulCDa .... iafGl'lllltioll

available ancaution nlahonlbipl from publilbed Uterllur........ for1M1It1Idy. The riIk ....,.procodare

is • Fneral IDIIbodolotY _ when OIlCl dnelop«l (Ill .....,~.. diIfennt IDQI'Ce data 01

luenudon relationlbipl. 8eaase the data 011 prot'lIblt .....1tudIa .. aIteIIIeIy ..,.,... tM 01S-bMcd

plO(edw'e is_-up to alIcw • \lMf to tan')' 01It .......-1" .....,. ud 10 ..... VMioaa IIIIIftkDdcI to tcnIftl8

evenu LO evaluate tile potential coASeqlMA(8L

For thilltudy 1ft attenuation equation npo"ed by Atidalon(~)wu IIMd wIdda de\....

'utlae. peak accelentioD relationships ill tenal of earthqaU awpItudc. It ill app&reftt that prabIems ...

with molt of the attenuatktn Nladonships aarratly &\'Iilab" ud • ..,..... poeiIiaa II to '*...do....,
which ...1 ro rd dllta at eIoIe u poutbIe for die lItad) rep ~ At fllldler WonutioIt

becoma avaiJabIe, improved reIationsblpa caa be 1lIMtituted. It is to 1pICiI, IOQRIII .. Uln1II ~
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mqnitude as thil is the tys- at parameteT molt pJanncu are ICCQIIOIDed to.

IpkrKtiy! GI$:JIaICd A.IIIDiJ With tile buk pnlCCd\ua for risk analysia de&ed. the Inteeratioft wRIl the

GIS system tan be fom-.ulated. As the inventDty (0( br.dps ranps from Irltentlte bridps to Ilxal bridps,

a sysrelll of icon' to idmlify the bridges and tbeir inlportanc:e ill &be rqional transponatioD network •

required. For nch bridle a table or file is prep'led conmnin. the attributes which If. required for &he

evaluation (i.c. soil condtlollS. foundatioJll, piers, c·te.)

An attribute table is also prepared {or possible :j()W'I~ and their data encoded or cfi&itiz.ed. Each eoutee

can include potential ran,es .){ maanitudes and their probIbilities. As an option the user can Ipecify In

arllitruy source and lIla3ftitude and display implClJ on the bridp Mtwork.

MenlA ban are define-d to display choices such as !Once Ioeations, b,idp types and simUu lnformatioll.

For eadl of these da~ a sutomtnu offers choiceJ SIKh a. sources likely to have mapltudes great.r than a

certain level or between certain bounds.

The overall~ dia.nun (nr the plogram is sh-3WJ1 '11 Fip... 1.

Graphic dau are stored in la)ered databases &lid ;Ibu:ar data are interactive with the paphic datil. New

information generated ii contained in map<Weriays

Standard features of the ARCANFO proplDl an 1ISCd for map file input. zoomin.. print-oat and rcpon

generation. The use of the GIS system provides a new (illlenUon (or eqineerilll analysis and platmin•.

CONCLUSIONS

GIS syscerns provide new a new tool and opponllnilla for study of naNnI hazard problems 'flCllldlft.

interactive llnalysia of re.ional or spatial risk aniI)'•. lbe GIS iysteDl by itself is only 1ft addad tool and does

not remove the n«CSSity to formulate appropriate allaJys.J techniques for ~al..lion or problems 11lt:b • the

example on risk auasmeQt for bridlfl. A valuable ftatu.re of the GIS-based IpPfO&Cb II that it can prcMde

a seneral -opetl-system- ll18thodoloar in which componenll IUdI .. I daaup aodeI or even type of buaI'd

couJd be easily IDOCIified Clr substituted without havin, to RJlWUafacture the eatire sysltlD. ne role at GIS

in inteantiJlc these modules if.to a hannonic intell.e:tM syIlelll wiD rmd 1nerasiD. .... in the future for

Itudyin. larsc-sc:ale ulllni hazard problems.

Ull'iUNCU

AIIdaIoa.GU M. (19104) '}JIelIualion 01 Strvaa CIOIBi ..... ill Cuada Prom ........ -liJndaIa ~.

BSSA.Vol.6I,Ho.4.pp.1I47-117t.

halla. M. p. Kim. $.H. 1M. a.c. and Chan•• K.C. (1992) 'CI:i-IuId ....... Iti* AJIPr'IIMh fDr ....~ to

Earthquake.. PtOC Itb ConI. 011 COJaputi_, i. Civil la.i...rill" AICa. 1992.
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AN ASSESSMENT MODEL FOR EARTHQUAKE FATALmES

Kliahl Shiono
~ of Civil Engineering

Tokyo Metropolitan Univerlity, J....

ABSTRACT By integrating existing knowledge in seismology, earthquake engineering,

and injury epidemiology, we developed a computer model for tile estimation of expected

fatalities in any given earthquake. Our dcsign purpose for this model was to prov jdc

adequate information applicable to the development of safety plans for the reduction of

earthquake casualty. We used \'cl)' limited range of input variables in onIcr to enhance

the model's applicability; Required in the estimation were earthquake magnitude, epiccn­

tral position, and three regional data of population, building type, and ground condition.

We tested the perfonnancc accuracy of the model using the data coIlcded from 16 signif­

icant disasters between 1962 and 1986.

INTRODUCTION

Since the reduction of earthquake fatalities, particularly, in developing countries

bas been one of the most important issues toward the enhancement of global diuster

safety, a method for casualty estimation applicable to disasters throughout the world bas

practical siJDificancc. Despitc the general understanding that dam.,e estimates are

helpful in the systematic approach of disaster prc\'ention, any universal model for the

calculation of expected casualties has not up to this point heen csIahIishcd.
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In this study, integrating existing knowledge in the fields of seismology, eanh­

quake engineering, and disaster injury epidemiology, we developed a computer model

that provides expected fatalities in II given earthquake. We comprehended that a consid­

erable amount of knowledge applicable to the model hili been established and, therefore,

decided to lay the principal objective of this development on the earliest accomplishment

of a prototype model. We also decided 10 use only a limited range of inpul data to en­
hance the applicabilily of the model 10 the ftal world.

METHOD

Figure 1 shows the general structure of the model developed in this study. Inpul

data for Ihe model are cOmposed of two parts: 1) Seismic informalion and 2) Regional

informalion. Seismic information includes: 1) Surface wave magnitude (Ms) and 2)

Epiccntral position. Regional infonnalion includes: 1) Population density, 2) Dominanl

construction type, and 3) Site effect in lerms of incremenl in seismic intensily.

A nine-calegory classification rcprcscnting construction types worldwide consists

of: 1) Rubble, 2) Adobe, 3) Cut stone masonry, 4) Fired brick masonry, S) Wood frame

with poor infill walls, 6) Wood frame with good infill walls, 7) Wood frame with wood

pmcl walls, 8) Poor quality reinforced concrete, and 9) Good quality reinforced conc:n:tc.

The classification of building Iype was done based on wall matcrials. Other flldors of a

building such • size and roof material, which may affect the occurrence of human casu­

alties, are expected 10 have a primary relationship with wall material.

Knowledge, or relationships, used in the model are: 1) Maximum seismic intensi­

ty VCISUS mapitude, 2) Attenuation of seismic intensity with distance (Attenuation func­

tion), 3) Collapse rate of each construction type versus sciwic intensity (Collapse rate

fuDCIion). and 4) Fatality rate in each consInIdion type versus c:ol1apIc rate (Fatality rite

fuDCIion).
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ConMruclion Type ~ude I Site Etr.ct I PopuIIiIjon Dendy

Vu~ Maximum
Functian (Epicenlral)

os.t(I;CT) IntenIlty
Io-f(M)

CoItepu Rate AftInuaton
Function Function

CR-f(I.CT) l-f(lo;rj

8eItnMc: ."..".
0is1rtbutian ---.f Affec:tMt ArM ~---.(Cir'aMr
....",.)

CoI..-Rate
DiItributIon DietbuIIon d

Populdon
F~RIi.

Funclon
FR.t(CR;CT)

F......, .....
c.trIbUIion

NumberdDMb

r: EpicentrW DisteIa
I: BeiImic Ir*nIitr
Io:Munum .,...,..:......

CT: ConIWction Type
06: DerMge Soore
CR: CClI/IpM~
FR: FII8Iily ...

Fipre 1. General .ruc:lure of the model.
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Thc distribution of seismic intensity was detcrmined from: 1) Rclationship be­

twccn magnitude and maximum. or epicentral. intensify and :!) Anenuation function.

1bcy must be chosen so as to rcprc~nt the ohscrvation for a particular country or region.

Several currently available !)tlJLlics Llemonstrate the!)C charaeteristiCll; for cxample: Kamik

(196.5) on maximum intcnsity and Chandra (1979) on allc:nuation, The distribution of

seismic intcnsity (Lc .• thc shape of isosc::ismal curves) is rcpresentcd by a sct of circlcs

which shear a centcr at the epicenter.

Structural vulnerability was given in terms of collapse rate functions (Figure 2),

which were defined as a relationship between seismic intensity and the rate of buildings

"beyond repair" among entire buiiding stock. Seismic intcnsity on thc Mcd\'cdcv­

Sponhcur-Kamik (MSK) scale was used in this study.

Rubble AdnbAIIU'--
Cut~~gtd Sndl

Wood Fr~ with
PoorJgfin iValls

Wood Fr~ with

GooU'V'J.rv'"
Wood Frame with

WoodD'JILW".
AetI ibced Conc:nIte
~11ty

Reinforced eoncr.
~

40

20

80

60

Collapse Rate (%)
100,.-------:,I~~~...--_.I!!!II..

,.' -' 1'-"-
..- ~ .~. ~.

...' , .'
.... ~ .,'

:: ~ -~. ~.
..., ~ "'~. .*,.

... ,,'.-'."- ~ ~., ,
o6'-~I~I~7~~·8~iI:i.'I~9~---:;'-·1O~==:l1=1::::::J

12
Seismic Intensity (MSK) , ••••

Figure 2, Coilapsc rate functions.

Fatality rate functions wcn:: givcn with a mathematical expression as follows:

wbc~, Fa: Falality ratc (%), CT: Construction type, FR.oo: Fatality rate at a collapse rate

of 100 percent, CR: Collapl'c rate (%). and n: Coefficient which account for the non­

proportional character hclWccn collapse rate: and fatality rate:.
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A value of 1.6 for coefficient n and values of 1'%, 20% IDd :l'%, dependina on

construdion type, for coefficient FRIOO were determined so as to obtain a consistency

with the relationships compiled by Coburn and others (1989). FR1oo's by construdion

type are: 1'% for wood frame buildings with wood panel walls, 20% for wood frame

buildings with poor, or light, infill walls, and :l'% for wood frame buildinp with good,

or heavy, infill walls, and masonry IDd reinforced oonaetc buildinp.

Fatality rate is affedcd by, in addition to building damage, nUil1Crous factors IUCb

as the time of occurrence of an event (time of a day. day of the week, season), victims'

characteristics (age, scx, hcalth status), and the cffe.:tivcncss of rescue activities.

However, we used a simplification, in this dc:velopmc:nt, that the I110It sipliflCaDt affect­

ing factor is the extent of buildina damage observed with due: consideration of construc­

tion type.

TEST

10 test the: performance accuracy of the estimation model, we coIIc:eted data from

16 eartbquakc:s as Iilled in Table 1. 1boIe are evc:ntl having shallow focuses in the inte­

rior, to which the majority of earthquake falalities WCIC attributed. We did DOt iDclade

ICveral disasters in which damage was limited 10 silc:l distant from the cpic:c:Dter rqion.

such u the 19~ Mexico City earthquake, and human casualty wu largely due to laDd

faihuc, such as the 1970 northern Peru eartbquake.

Death tolls estimated in the model were plotted in Figure 3 in comparisoD with

rqxxtcd fatalities. Com:spondence between estimates and data W8I found lIItilr.:tory

despite the model's simple structure. The averqe of the ratio of estimated deaths to

rqxxtcd deaths was 1.6, and the c:orraponding confidence interval at 70 peroc:nt _ 0.54

to 4.R. or one-third to thra: times of the averBF. For the 13 earthquUc:s l'CRpOIIIibIe for

more than one rbousand deaths, the avc:rap W811.2, IDd die c:orrapondina inlaval _

0.59 10 2.5. or a half to twice of Ihe average.



El().6

TABLE I
EAR11fQUAKE DATA USED IN mE TEST

Disaster Area Year M Deaths

1 Buyin-Zua, Inn 1962 7+114 12,OOO-l~,OOO

2 Vuto, Turke)' 1966 605 2,394
3 AdapuAri, Turkey 1967 705 89
4 Dasht-Bayaz. Iran 1968 7.3 7,000-10.000
S Gediz, Turkey 1970 7.1 1,086
6 Burder, Turkey 1971 6.0 57
7 DiDIo'. Turkey 1971 6.1 818
8 Ghir, Iran 1972 7.1 S,OOO
9~,Narapa 1m 6.6 S,OOO-ll,OOO+

10 Lice, urkcy 1975 6.7 2,385
11 Caldiran, Turkey 1976 7.4 3,840
12 Guatemala 1976 705 n,ns
13 Tanpban. Cbina 1976 7.8 242.469
14 EI-Asnam, Alp:ria 1980 7.3 2,263
1.5 Southern Italy 1980 6.8 2.73S-4,689
16 San Salvador, El Sal"ador 1986 5.4 1,500

R-o.I4(O>10)
0.90(0)1,000)

10 ...._ ....- ....._ ...._...-._....
,0

100

1,000

10.000

100,000

Calculated
1,000,000r----------_
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CONCLUSIONS

We realized I COIIIpUICr model for the c:ak:ut.lion of expected faIaIitics in I liven

earthqulke and tested its performance accuracy usin. dati collected from lipificant

disasters in the period from 1962 to 1986. The model hili remarbble ednntaac tbIlt it

requires only a very limited raJIIC of inpul data thaI may be collected in any pan tbroup­
out the world.

In the test, the model performed fairly well in Ipite of its simple structure and

audc nalUre of the elelDCDts dill oompoIC the model. Eltimafa W~ obtaiDcd between
one-third IDd three times of adUa1 dlIra, that cunaponds to the amfidencc interval. 70

percent.

Errors in the estimates were partly attributed to the affccrina factors that we did

not include in our current model. Some of those f.clon arc: 1) buildilll size, 2) buildina

elements other than walls, 3) occupancy and its time dependency, and 4) effectivCIICIS of

rac:ue IlCbvity. In addition, errors were partly resulted &om the IllUmptions used in thc

estimation such IS circular approximalion of isoscismall and roarK classification of

builctiDa types worldwide into nine alcpia. TbcIc problems must be included in the

future improvement of the estimation model.

For the model'. applicability to prKtical usc, prcparabon of inpul cIaIa is a major

conc:cm. o.IabMc development is pr.nlly a sipificllllt iuuc in addilioD 10 the im­

pIOYCIDC1It of tbc model belf.
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ABSTRACT: This paper presents the preliminary analysis and desisn of the fint

base-isolated buildins located in Shantou City, China. Bascd on the column load

distribution, circular isolation bearinss of 600-mm diameter and 1oo-nun thickness

are proposed. The bearinss are desisned for a 120-mm desisn displacement and a

24o-mm maximum displacement.. Supported on 23 bearinss, the isolated buildiq

has a 0.5 Hz nat.ural frequency. Subjected to the site-specific sp«trum of 0.2 9 peak

sround acc:eleration, the maximum acceleration response is 0.16 9 for the isolated

buildilll compared wit.h 0.43 9 for t.he fixed-hue buildins. The maximum dilplace­

ment reaponle at the hue level of the isolated buildins is 105 mm.

INTRODUCTION

The fint Ule of rubber for earthquake protection was in an elementary dool

in Skopje, YUSOIlavia (Siqenthaler 1970). It rest.s on larse blocks of unreinforced

natural rubber which are unlikely to be UIed Alain. The fint bue-isolated buildilll

in the U.S. was the Foothill Communities Law and Ju.tice Center in San Bernardino,

California. The buildin. is four-.t.ory hi.h and .it.. on 98 natural rubber bearin••
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reinforced with steel plates. In recent yean, several Japanese construction companies

have built demonstration buildinp on isolation systems. A review of the status of

base isolation in Japan is liven in (Kelly 1988).

This paper describes the preliminary analysis and design of the first base-isolated

building in China. The building is part of a bue isolation demonstration project for

Shantou City on the southeast coast of China. The design of the seismic isolation

bearings is discussed in detail. Subjected to a site-specific response spectrum, the

response of the isolated building is ~mpared with that of the fixed-base building.

SHANTOU BUILDING

The Shanlou building is an 8-story reinforced concrete beam-column frame struc­

ture. The front elevation and a typical section of the building are shown in FilS. 1(a)

and 1(b), respectively. The total buildinl height is 24.6 m. The Iround floor with a

story heisht of 3.6 m is for commercial use, while the upper floors with a typical story

heisht of 3.0 m accommodate three residential units per floor. The plan dimensions

of ttie buildinl are 10.:; m x 24.3 m. Fig. 2(a) shows the plan of foundation that

supports the isolation bearin«s located along the column Crid lines. A t.ypical sect.ion

at t.he foundation level, Fil. 2(b), reveals the proposed base isolation scheme.

The design strength of concrete arc 2S MPa for the columns and 20 MPa for the

beams and slabs, while the yield strenlth of reinforcement is specified as 340 MPa.

The 800r system consists of an SO-mm concrete slab supported by beams with a 200

mm )( SOO mrn section. The column section varies alonl the building height. It starts

with 350 mm x 550 mm for the first two floors, reduces to 350 mm )( 450 nun for the

next two floors, and finally becomes 350 mm x 350 mm for the upper floors. Besides

the structural dead load, t.he buildins is designed for a live load of 3.0 kN/m2 and 1.5

kN/mJ for the ground floor and t.he ot.her floor., respectively.

Shantou City is one of the many major cit.ies in China t.hat is Iocat.ed in an

earthquake prone area. The peak «round .cederation (PGA) al St.allton City is
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assumed to be of 0.2 9 for the design-basis earthquake that has a 10% probability of

exceedance in 50 years. The maximum credible earthquake for the site iF assumed to

be twice t.he ma~nitude of the desi~n-basisearthquake. The soil at the buildinK site

consists primarily of silty sands and clayey sands. The avcragc shear wave velocity is

determined to be 117 mls for a 15-m dcpth and 140 mls for &30-m depth. The soil

at the buildin~ site can thus be considered soft, i.e. Soil Profilc Type S4 (UBC 1991).

Fi~. 3(a) shows a site-specific ground acceleration response spectrum devclopc<J

for a damping value of 5%. The spectrum represents the ground motion of the

design-basis earthquake and is therefore anchored at the PGA value of 0.2 g. While

the rcsponse spectrum is utilized in the preliminary analy3is, synthetic time historics

compat.ible with t.he spect.rum will be utilized in t.he final analysis. For a base-isolated

buiiding of 0.5 liz natural frequency, Fi~. 3(&) givcs &spectral displacement of 140

mm. The design displacement for the bearings is however taken as 120 mm, reduced

from the spectral displacement to account for the 10% damping provided by the high

damping rubber bearings. The maximum displacement associated with the maximum

credible earthquake is then taken as 2·!Q mm for the bearing design.

DESIGN OF ISOLATION SYSTEM

The design requirements for the isolation syst.em are (a) provision of a natura.1

frequency of 0.5 Hz and 10% critical damping at the 120·mm design displacement,

(b) the displacement arising (rom the mAXimum likely wind force to be limitt'd to

an acceptable level, and (c) to perform without failure up to the 240-mm maximum

displacement. In order to maximize the likelihood o( uptake of base isolation in China,

the isolation system should also be inexpensive.

As a rule o( thumb, a bearin~ may support columns of loads varying up to ±25%

of its desiln load. According to the column load distribution, one type of bearing is

doisned for colulJUl loads ranlins from 1,000 to l,ioo kN, and the other for loads

from 1,700 to 2,800 kN. Thus, there will be 12 bcarin«s !iuppurtin« a mcan Ic.d of
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v =1,424 kN per bearins (7j,~ /) and 11 bearings supporting a mean load o( V

= 2,225 kN per bearing (Type II). The shear stiffness K, of II bearing is siven by V

and the required natural frequency f as K. = (2~/)'l\'/g. For f =0.5 Hz, K. = 1.43

kN/mrn for Type I bearings, and K, = 2.24 kN/mm for Type II bcarinss.

If the rubber will experience a 100% shear etrain at the 120-mm design displace­

ment, the radius r (or a circular bearing ca.n be obtained from r'l == 120K,I~G, where

G is the shear modulus of the rubber. If G = 1 MPa, substitutins G and K, =

2.24 kN/mrn into the formula yields r = 293 mm Cor Type II bearinss. For Type I

bearings, a softer rubber compound is used in order to avoid a second set of tooling.

According to one specification (AASIITO 1989), the bearing stress must be limited

by VIA < lOGS, where A = n 2 is the area. and S = rl2h is the sh4~ factor Cor

a circular bearing. With r = 290 mm, the formula leads to a ruhber layer thickness

h < 17 mm, i.e. the minimum number o( rubber la)'ers should be seven. Thus, the

division o( rubber into eisht layers would gi\'e sufficient vertical stiffness and sa(ety

factor for stability (AASHTO 1989, Thomas 1983). Choosing appropriate dimensions

(or the steel reinforcing plates and the rubber cover layer results in a circular bearins

of 600-mm diameter and loo-mm thicknf'Ss. The properties of final bearing design

are listed in Table I. In Table 1, the G value has been adjusted slishtly, so as to

maintain the K, value when a more sophisticated formula is used.

SEISMIC RESPONSE

For seismic analysis oC a base-isolated building, it is usual to represent the system

b)' a linear viscously damped model. The first mode of the isolated building is mainly

a rasid body mode with nearly all of the deformation occurring in the rubber bearinp.

The teismic input to the structure can thus be treated as an equivalent lateral load

proportional to the riSid body mode. Since it is a characteristics of a linear vibratins

Iyltem that all modes are mutually orthosonal, all higher modes will be ortbosonal to

the input motion. Therefore, the isolation system .'Orkll not hy absorbing the ground



EII-5

motion ener~es but by de8ect.ina them.

The eigenvalue analysis oC the Shant.ou buildina is arried out for comparins the

dynamic characteristics of the fixed-base (FB) condition wit.h t.hose of t.he hue­

isolat.ed (81) condition. Fia. 4(a) shoWI the first mode of 1.8 liz for the FO cue,

which exhibits the typical behavior of a frame st.ructure. Fia. 4(b) shows the first

mode of 0.5 Ib for the BI cue, which demonstrates the nearly straishtline risid body

mode shape above the isolation level.

The seismic response of the huildins with the FB and 81 conditions to the lite­

specific desisn spectrum, Fig. 3(a), are determined. The acceleration response profiles

alons the building height are shown in Fip. ~(a) and 5(h) for the trantlverte and

longitudinal directions, respectively. For the FB condition, the acceleration response

is amplified alons tile building height and reaches a maximum of 0...3 9 at the roof

level. The maximum FO response i. therefore amplified 215~ from the PGA value

of 0.2 g. For the 81 condition, the acceleration response appears to he linear and

gradually increases from 0.12 9 at the base level to 0.16 9 at the roof level. Therefore,

the accelerations in the 81 buildinl are below the lround accelerationl, anet the

maximum vallie i. only 80~ of the PGA value.

The displacement response at t.he base level of the BI building is 100 mm in the

transverse direction and 105 mm in the lonlitudinal direction. Thf' amplit,uda are

below the 120-mm desiln dilplac:ement. for t~ bearinp. Note that the displacement

response would have been lower if a deailn spectrum of 10'" dampins is used.

CONCLUSIONS

8a.sed on the column lOad diltribution. two types of circular bearinp are propoled.

The bearinll are oC 6OO·mm diameter and loo-rom thickness. Providins a 0.5 HI

natural frequency to the 81 buildinl. the bearinll are delilned Cor a 120-mm desip

displacement and a 2-40-mm maximum displuement. Subjected to the lite-'p«ific

5prrtnlm of 0.2 9 PGA, the maximum at'crlrration ill 0.16 9 for t.... 81 buildinl
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compared with 0.43 9 for the FB buildinl. The maximum dilplacernmt relpoIlIe at

the bue level of the BI buildinl il 105 mm, below the de-iln dilplacement.
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Table 1: BEARING PROPERTIES

Type G (MPa) V (tonne) K. (kN/mm) f (liz)

I 0.60 145.2 1.43 0.49

II 0.96 226.8 2.2·' 0.50
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fil' 1. Shantou buildiol: (a) Elevation; (b) Section

Fil. 2. (a> Foundation plan; (b) Section
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ABSTRACT A1mosI eiplly-five percent maU deaIhs due to rwural disasaen occur in

Asia and die Plcific Rim. As 1he urbanization mmajor cities and cornmunilia inaaJe at •

~ .... the risk to liws and property continues to increase. It is no wonder Ihat in
..of major teehnoloJical and scientifIC innovalioM, che level of risk in mlfty pII1I of1he

world is DOC clecreuinl.

Planners. sciemisu. and enlineen have SIUdied various natunI hazuds and their
mitiplion IInIqies. However.~ is ~1atively very little WOIk done on an _ ....

appnJIdllD risk IIIIftIFIMI'L EInhquakcs. which kill men propIc thin III adler ......

disuaas. hu been inIenseIy studied ewer the past du'ee decides Howeva'. even far dIiI

~ very limited cffon is spent in dewlopinll balanced~ allocation m.1Y ID

muimi~ benefill and minimil» losses.

Two imporww seamenlS~ the risk manqement JI'DUPS .... have DOC been

inwlvcd in taealth or impIemen&ltion Ire the finInciaI and 1he insunncc indUIIrieI. Ewell

thou'" Ihese two seeton deal widt Ihe enormous conJequences of nannl diulM'n, Ibeir

cxpeniJe. 1heir needs and their input have not been iDle"'" with ocher pIOfeuionIl aad

ICienIifIC IeCIOI'I. In shan. the scientifIC and~~tia (knowIedac
....s) do DOC CCJIIIII1UIIic: widt the flftlnCial-t.nId.. and inuance-wua..uaida

~ users). The faUlt is that less than opcinum strateaies are uted Ie)-. risk.
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This paper wiU review the CUJTent st3te-of-the-an in eanhquake risk management.

It willdlen provide elements of integrated risk management strategies to mitigate the effects

of eanhqlll1ce hazard. The suggested strategies and how they should be implemented in

developing and developed nations will be discussed. The goals of IDNDR and means for

achievinglMse goals will be presented.

INTRODUcnON

During ,he past five decades. considerable research and developmenlal wodc: has

been conducted to mitigate the effects (life loss and injury. propeny loss. economic

disruption. social and political impact. etc.) of natural disasters on mankind. Most of the

fundamenlal research has been conducted to understand the natural phenomenon itself and

the response of man made facilities to these disastrous events, Our knowledge about

earthquakes. hurricanes. tornadoes. etc. is a lot better today than it was just a decade or two

ago. Our understanding of how structures respond 10 these extreme events has also

improved subslanrially.

In spite of such impressi..'e scientific and technical gains. many lives are lost and

considerable economic disruption occurs due to natural disasters. As a matter of fact. and

put concern is the realization that the global risk due to natural hazards is not decreasinl.

It is natural to ask as w why this lack of risk reduction even though our teehnicalllld

scientifIC knowledge is so muc~ better? In this paper. we will explore some of die issues

that are relevant to this question. The specific hazard that we will focus on will be

eanhquakes. We will explore as to why eanhquakes cause so many casualties. Ufe loss

and propeny loss reduction strategies will also be investigated.

The main theme of this paper is to introduce the concept of intemted risk

man'aerrcnt. There is very little effon cumndy underway 10 develop a slrOnl. integrated

and balanced risk management strategy which could maximize benefits of allocated

resources and minimize the following category of losses life and injury; property dama&e;
business interruption; lost opponunities; building contents and damage; long-tenD social.

economic and political implications; other losses.
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This paper does DOl provide all the needed answers. However. it does nile lOme

queaions about resource I1loc.non. urbanization, disjointed risk manaaement and

&qmenwion of applicabAe sntelie~.

Vok:anic
H~ ErupIions 0Iber
TOI..... 2.B~ .3"
TypbooM. &c.

10.67.

Fipre 1L Lives lost due flO nailli'll disastm
o.u -.c 1900-1976. TocaIlMlIoIl - 4.6 million

Fiaure 1b. Natural disaslel'S deadl1011s
TcrriIorial cbIhI. 1900-1917

Tible I. NA1lJRAL DISASnRS BETWEEN 1900 AND 1976

r.
EdquIIIa
Voauc EnpIiaDI
floolk
1MdIIideI
A~r'"
CycloDea
HlMricana
TypMoaI
SIaI'm
T~

TOTAL

~

2.662.165
121,051

1,217,6t5
3.006
3,059

434,194
11,513
34.103
7.110
~

4.,579.741

"....,.HcwIcu

21...,657
337,931

175,220,220
44.673

150
17.....463
1.197,535
5,437.054
3,432.64J

3!2A3

'"Sc:'-:e T....,.. JuI, 1910 pp. 53·59
De IIbIe daa .. inc Ii for ........



E12~

RISK OF NAruRAL DISASTERS

Durin, the past nine decades. approximately four and half million people have died

world wide due to all nann} disasterS. The rate at which these casualties have occumd

have temained. relatiYely constant for each of the last nine decades. Ficure ta shows the

causes due to which these deatt.s have occuned from 1990-1976. Table I provides the

same data for numbers killed and numbm made homeless. Fipue Ib shows that most

lives lost due 110 natural disasters ue in Asia and in Southwest Pacifac ocean.

There ue many IU5OI1S as to why such. major proportion of alJlives lost occur in

Asia and Southwest Pacific ocean. Some of these reasons may be IuJe popu1alionJ; IIqe

urbIn population Iivin, in substandard housing: the oceans of this reaion Ienente many

AOI1DS Ind flooding; existence of the cin:umpacific "ring of fue", pwe boundaries and

~ chlins; Jenera! economic conditions in countries of dlis re.ion; and poor

conmuction pnaices. Over the past centllries, we have seen thai eanhquakes have killed

hundreds of thousands of people in major urban centers. Table 2 shows major histOrical

anhquakes.

Tible 2. MAJOR HISTORICAL EARTHQUAKES

Da

893 A.D.
Sept 1.1138
J.23.1156
Dec 30.1721
Otl II. 1137
J.3.1920
Sept I, 1923
Mly 31,1970
Feb 4. 1976
July 26. 1976

Nor1IItM India
AIeJlIlo, Syria
Xilln. Cbi...

HokkIicIo. '''­Calc:uua. India
Niulxia. China
Tokyo.J..­
Chimbolc, Pau
0UIICIIlIIa
TAIlIshin. China

DI:IIIaa

110.000
100.000
130.000
131.000
300.000
:zoo.ooo
100.000
67.000
23.000

250.000

It an be seen from Table 2 that most casualties are in urban centerS wiIh \ICIY lIrIe
populations. One of the reasons why we are not reducing global risk is thai the rue II

which we _ urbanizing is much faster than the rile al which we are impIcmentin. our

inle""" knowledge about the science, en.ineerin. and socioeconomic upecII uf
eanhqlllkel. Table 3 shows major urban cenlm thai are in seismic zones. it can be ...

1hat InIIIive increase in population will take place between 1975 and 2000. It is~
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that an earthquake si.'lli1ar to the Great Kanto eanhquake of 1923 can kill. even today. more

than 100.000. injure more than 200.000 and can destroy more than 750.000 buildings in

me Tolcya region. The total economic impact could be as much as one million doUan.

Such an event nee only would impact Japan and its economy. but could badly disrupt world

economy.

In light of such canhquakc induced hazards and the enonniry of the potential losses.
there is an increasing concem on how to manage eanhquake risk Waltet Hayes of the

United States Geological Survey reinforces such concerns:

... All urgefllllttd txists for earthquake risk management on all scales ... il is clear

Iltat 1M economic value of the dwe//i1'igs, buildings. public and privatt facilities. and

life/iM systems that art tU risk from earrhql.liJUs is nor only vtry large (billioNS of

dollars 011 1M global scale), bUl also that it is growing with time. This situatioll calls

for actioll IloW!

Table 3. cmES OF POPULATION 2 MILLION OR MORE
THAT ARE IN SEISMIC ZONES (POTENTfAL MAG ~ 1)

MexicoCily
Tokyo
Jabna
Los Angeles
Beijing
lima
Algiers
BIigtdId
Naples
San Francisco

1m
11.6
16.4
5.5
9.0
8.9
3.1
1.6
2.1
3.8
3.0

~
76.0
20.0
13.0
11.0
11.0
9.1
5.1
1.5
4.3
5.0

Many individuals. organizations. and governments have failed to recognize the fuD

extent of their potential eanhquake expDSure. This has occurred due to several faeters:

seeming remoteness of a major seismic evenl; lack of appreciation of the loss potential (life.

propeny. etc.); lack of tools to cost-effectively quantify risk; fragmented approach to risk

management

It all seems so overwhelming. Eanhquakes appear to occur at random inaavals in

nndom localions in random sizes and cause seemingly random amounts of damaae.

Fortunately. earthquake risk can be managed jusl like other economic uncenainties by
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knowinC as much as possible about the risk, nmowing down the unceruinty. and planninC

• Sll'ltelY at trIde-off accordingly. In the neJl.t section. we will describe various elements

of risk manqemC'nt slI'lltegies. It is .ppropriate to repeat~ that the key to risk

manasement is to develop an integrated approach which is consistent with the level of risk

and the level of available resources.

AN JNl'EGRATED EARniQUAKE RISK MANAGEMENT PROCESS

Impact assessment and loss reduction planning are complex issues that R:quire a

synergistic and integrated approach. GlobiJ management of eanhquake risk demands

proper understanding of all the risk rWuClion options and selection of those options in

conformance with socioeconomic. political. technical. and scientifIC environment of the

region.

JUSllike many risk management Slntegies in other seaors such as financial.

medical. environmental. etC•• eanhquake risk can be man_Jed. However. the necasM')'

expenise and know how is not readily available to the end user. Earthquake risk

assessment expenise is largely confim;d to a few research institutions. universities and

specialized consulting fums and is noc generally available to decision makers and planners

in pemment. financial institutions. insunnce industry and other non-technical users. II

is diffICult for non-enginccrs to define and obtain die relevant input fQl' earthquake risk

evaluation and use the analytical tools necessary to apply this data for decision makin..

Funher confusing the situation is the fragmented nature of the eu!hquake raardl and

consulting community. The requisite expertise is scanered over several disciplines such as

seismoIoJy. ploD. ge.xechnology. and SD'UCtlD'll and earthquake er:,meer;nl; all play.
role in sacarch and implemenlauoo process. Advances made in one field are often
overlooked by the other disciplines. Funhermore. research on the impact of eanhquakes is

largely based on empirical data and hence conclusions are modified with every new
eanhquake. As. result. it is diffICult to keep up with a result. it is diffICult 10 keep up with

the dynamics of the profession.

Edwin Sirmerof Uoyds of London (one of the users of risk manqement

stnteJics) sums of the insurance industry's fruSU'ltion with the current state ofearthquake

knowledge dissernination in .eneral:
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... /w}e are asked to write eartlulWIU insurance wilh only 1M moSI triviai if
U(onrt/1Iion. For CUlmple,/ have too frequently refused 10 provide rei1L~urQ1lCe

because tAt b,oke, presenting lhe req~sl could nol give mefundlJmenIQ/ i1{ormotion

... 1M scientists have iI, and we should have il. 100.

The above state of affairs exist because: we do not look at canhquake risk

manaaement problem in an intearated manner manner. Let us enumc:rale life loss and

propcny loss reduction strategies (see Table 4). The ~ven strategie.. outlined provide a

comprehensive manner of managing eanhquake risk. Let us investigarc separately rhe

seven Sb'ateaies and chen sec as to how they should be viewed in an integrated manner.

Table 4. LIFE LOSS AND PROPERTY LOSS REDUCTION S'lRAlCGIES

I. Prediction Life protection

2. Collapse proteCtion through Life and economic loss potenLiaJ
encirlctrinl desip

3. Insannce Economic loss potential

4. DisasIcr preplRdncss Mitiption of post-anhqUlke IraIIIIa

S. Edllcalion and training Betlef able to c:opc wilh diullen

6. Tnnsfer~ knowlcdp: Life loss and economic loss
from kIlo...1cdge p:neraws ft)')uction dIM: 10 easier implementltion
~ knowledle users of developed ItrIIqies

7. Land use planning and zoning Reduce economic _life _

Considerable research has been conducted by geologists. acophysicists. and other

earth scientists to study anomalies and prccunors. This strategy does provide life loss

protc<:tion if the prediction for the event can be made with fairly high reliability in time and

space. Unfonunately. at the current rime. technology and science has not been able to

provide such ~untc prediction. However, even long tenn prediction (almost statistical

foreclSling) has considerable merit. For example, the seismic gap theory does provide

excellent infonnation to planners, engineers. and other public officials about the relative

likelihood of eanhquakes on different segments of the same fault or on different faults.

Research and development in this dim:tion needs to be continued, at least in countries

where resources are available for research on this topic. However it should be noted that
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even with very accurIIC prediction, Ihe economic losses cannot be miniInizaL ~ amailer

ollOllr' coacan is the neplive impact of failed prediction.

Collapse profeCtion through enlincerin. desip provides the most COlt effective ;.

IInIeIY 10 minimize life and economic losses. After every eanhquake, it has been
observed that "good" engineering minimius life and popeny losses. Our state eX
knowledge about performance of i1I'UCtUI'eS has incIased SUMtantially over dle put line

decades. Unfortunately, there are many exislinl sttuetures. built over the put 100 yem.
which are still in use and ..hich do not conform to our coocept cI ..aooet desip" u viewed

from :KD' cumnt state of knowledge. This is especia1Iy true for deYelopin. counaies wbeR

naral housing, and to some extent urban housing does not have the needed resistance
lpinst collapse due to even a moderate size earthquakes. Even a small amount eX
SImlgthening can save many lives. An important risk manaaement strategy shou1d involve

various sttenJthening strategies (or existing structures.

lnsunncc is one of the best. and in flCt, minimally Ulilized risk ftlduetion 1IIUeIY.
Use of Ibis option can minimize property losses. busineu inlmUption 10ucI and other

regional economic losses. Reasons for under ulilization of this opIion Ire complex and

numerous. They include lack of Stale of the an knowledae on the put cI insuIInce

CII'rien. resulting in relUCIIftCC on their pan 10 market eanhquake insurance, UIRIIOnabIe

deductibles and premiums. and lack of knowledae on the pin ofpnenl public Ibout die
COllI and benefits of this option. A better implemenlalion of IU'IteIY 6~ 01
KnowIedae••• ) wiD make this option both at1rlCtivc and effective for major UItJIn cenw
of the world.

Disaster prepadnes$ is most cenni in manapna any dillSleI'. Proper 1e¥cI 01
preparedness on the pan ofgovernmcms can minimize poll earthquake ..... and iDcRIIe
Ihc pICe Orrecovery. This option must be used in all risk ..,...ement IIr'atqieI, and II aD
levels - &om individuals to regional. state and federal governmental1evelL

It is true that a better infonncd and trained citizenry can cope well with naeunJ

disasters. II is cXlI'Cmely imponanl 1b:1I simple, euy 10 understand infonnalion IIUSI be

nIIde available 10 the general public. There must be regular (and once in a wbiJe upriJc)

dilUter drills. Thus. strategy 4 and S must JO hand in hand.
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One of the biaest problems in risk mana,ement is that know1ed&e generators and

knowledp users do noI communicate. Interdisciplinary communication, even for cxperts.

is very poor. This has 10 be improved. Knowledge necessary for effecrive eanhquake risk

manqement cxists. The missin,link is a cost-cffecrivc mechanism 10 1I'Insfer dtc scale d
Ihc an know1cdac in a useable fonn. An example of such a system is called the Insurance

and Investment Risk Assessment System (IRAS), developed at Stanford University. It is a
link bctwun science, cngineering and financial community. More cffon needs to be put in

such knowlcdce transfer strate.ies.

Land use piannin, and zooin. is one of the most cffcctive risk reduction strate...

Properly implemented, it can mitigate losses Oife and propenyl due 10 aeologica1 and

lcotec:hnical poblems It a specific site. Even thouah this strategy is effective, ilS

implemenralion involves considerable cconomic and political concerns. Hence, vet)' often,
poIilicai issues govern land use plannin,and zoning rather than technical or scientifIC

issues. Whenever possible, lhis straleD should be a pan of any Ilobal risk management

stratcD·

Havin, described the above sevcn sD"IIcgics, it is obvious that a prudent (and

practical) mix of these strategies can result in an effective risk management propam. It

seems that straleD 2, in conjunction with strategies 3, 4, S and 6 will buy maximum
benefit. Snlepes 4, Sand 6 are extremely cost effective. Strategy 3 is the mosl under

utilized and cost effectivc stratcn if insurance companies, through StralclY 6 can improve

their insurance poemium and deductible estimates. We have found that current pnmium
and deductibles are high because there is cOnsiderable uncenainry (iponnce!!) amon,lt
insurarx:e companies about their fmancial exposure. StrafeD 6 can a:nainly help ~uce

this ianonnce. In any case, it is suffICient 10 understand that I cambination of the seven

stratepes (based on cost-benefit analysis of social, political and economic considerations)

will provide a sll'Olll inrearated risk managemenl snteD.

CONCLUSION

The greatest challenge in developinl seismic risk manlacment procecluJes is 10

make them less "mysrerious" and more usable. Whether we are tyin, to identify hip risk
structures or developinl strenatheninl strllccies for such hip risk SlNCtUl'CI to minimile
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risk. we must find vehicles by which knowledse senerators and knowledpu~~

communicatins. Em1hquakcs can affect lIrJe urban IreaS in developed or devclopins

countries. Some of the IlI1cst urban resions of the world are in such countries with

relatively hiah seismic risk. Government planners. economic decision makers do not have

approprille tools to help them understand the extent and relevance of seismic risk. There

~ ways in which they could manase that risk if they were properly informed. The

knowledge base on which they currently make their decisions is not consistent with the

state of knowledp cWTCIltly existing in research (and 10 a lesser degree in pncticing

enpneerin,) community. This lack of integration must change.

Anocher problem that exists is the problem of technology transfer between the

developed and the developing regions of the world. Massive reliable data bases about

eanhquake occurrences. source modeling. source mechanism. insb'Umentai recordinss. and

attenuation. exists in few central locations around the world. A global and regional

network of such centers could help many developing countries who canDO( afford to

maintain their own daIa bases. The challenge is not only to develop new models for SOUJCe

mechanism or new attenuation or new occurrence model; the most pressin, chaUense is to

assist the world in utilizing the current know how. The challense is to develop IRAS type

systems that any informed user can utilize for improving the quality of seismic know how.

Such an efron would provide opportunities to assess eanhquake risks in recions of the

world where historically many have died in past eanhquakes. Such an Iw~ness and

teChnology would help in identifying factors that increase or decrease seismic vulnerability

of c::ommunities or reJions.

The International Decade for NaNrai Disaster Reduction (lDNDR) could be an

excellent vehicle to achieve the above stated objectives. Amongst the len most important

programs that the EERJ Committee on IDNDR has identifted 15 candidate projects for the
decide. at least four projects address the issues of international cooperation. leChnoiogy

Dansfer and reduction of seismic risk through intelligent development of mitigation

Slnlegics. and through integrated risk management procedures.
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ABSTRACT Earthquake pound-motions in North Sulawesi on soft soil that have a 90

pertent probability of not beiRa ex.ceedcd in SO yean arc estimated to be 0.468 (46 percent

of the Itcelcndon of gravity) at Palu, 0.31 I at Gorontalo, and 0.27 I at Manado.
Estimated pound motions for rock conditions for the same probability level and exposure

time~ S6 percent of those for soft soil. The hazaR1 estimates are obtained from seismic

sources thll model the earthquake potential to a depth of 100 km beneath northern and
central Sulawesi and include the Palu fault zone of weSIel'll Sulawesi. the Nonh Sulawesi
subduction zone and the southern most seamcnt~ the Sangihe subduction zone beneath the

MoluccI SeL An attenuation relation derived from Japanese strona-motion data and

considered appropriate for subduction cnvironments of the western PacifIC was used in

determination ofexpected around motions.

INTRODucnON

Followinl the 18 April 1990 North Sulawesi carthquake (M. 7.3), the Indonesian

Geoloaical Reselft:h and Development Center and the U.S. Geo1oaical Survey (USGS)

initialed cooperative pilot studies under the auspites of the International Decide for Natural
Disaster Reduction. The purposes of the studies, performed throulh the Worldwide
Earthquake Risk Manacement propum (WWERM) of the USGS, were 10 I) map the
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earthquake ground-motion hazard throughout North Sulawesi in terms useful to

engineering design using a probabilistic methodology. 2) detennine what sources of

information were available for the estimation of economic loss to dwellings and

demonstrate techniques of estimating loss at a chosen site in North Sulawesi. 3} eKchange

technical e:ltpertise in the seismotectonics of the Indonesian region and in probabilistic

seismic hazard and risk assessment. and 4) provide the Geological Research and

Developme,t Center with the necessary computer hardware and software to carry Qut

seismic hazard and risk assessments. This paper summarizes aspects of the seismic hazard

investigation carried out under the project.

PROBABILISTIC GROUND-MOTION HAZARD MODEL

Probabilistic ground-motion hazard maps of the United States (Algennissen and

othen. 1982) have become the standard basis for eanhquake-resistant design requirements.

but also have found widespread application in regional land-use planning. emergency

preparedness. and insurance analysis. Development of probabilistic ground-mOlion hazard

maps involves three principal steps: 1) delineation of seismic source zones or faults. 2)

analysis of the magnitude-frequency distribution of historical eanhquakes in each seismic

source zone. and 3) calculation and mapping of the eKtt'eme cumulative probability FIfl4XJ

(a) of ground motion. a. for some time. t. In this study, the maximum amplitude of ground

motion in a given number of years cOlTCsponding to any level of probability is dctennined

using the Poisson extreme probability function:

F (a) = e"[l.F(a»)
mtJJC.t

(I)

where ... is the mean annual rate occurrence o( eanhquakes above some minimum

ml.nitude, , is a panicular exposure time, and F(a) is the probability that an observed

lCCelention is less than or equal to the value a. given that an eanhquake above some

minimum magnitude of interest has occurred.

The eanhquake catalol (or this study was obtained from a search of the world data

base of eanhquakes maintained by the U.S. Geologi~al Survey. National Eanhquake
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bins 0.6 unils wid~. All zones were considered capable of producing greal (Ms 8.0+)

eanhquakcs.

AQURE 11. Shallow Ie_icity Iftd leismic IOUICe

ZOMI or North Sulawesi. Circlea indic8Ie hypocenlS'l
$25 kill deep. X'I inda.c hypocenten 25<hSSO kill
dlq).

FIOUIE lb. Deep"'iIy IIId Ieiaic touIte zoneI
or NortIl S_weai. Circlea iIMIicIIe lIypoce11lerl
5OcIIS7S ka" X'I ~..,...... 7S<1lS100...

Figures la and b iIIusrrate the

seismicity of the Sulawesi region and

the seismic source zones in which the

zonal activity rates of Table 1 were

modeled. The activity rate for

Subcatalog I (Table I) was determined

on seismicity of the Molucci collision

zone (Fig. 2) to 100 km depth. The

activity rate for Subcltllog 2 was

determined from seismicity to I depth of

100 km associated with the leading edge

of the Sangihe plate and the subjacent

Benioff zone associated with the

Iubducled Molucca plate. Zone I

models shallow seismicity of this area at

a depth of 2' km. Zone 6 models the

Benioff zone seismicity and dips 280

northwestward from 25 km II thc

Molucci collision zone to 75 km al ils

nonhwc.tem boundary. Subcalaloc 3

is an CUI-west seismicity trend beneath

the Goronlalo Basin thll extends

throuch the 100 km depth of the catalog

(Fi•. 2, II, b). The seismic zone lacks

In apparent dip, cven for well recorded

earthquakes (Clrdwell and others,

1980), which indicates that the

eanhquakes are not associared with the

wesl-dippin. Benioff zone of the

lubducted Molucca plate to lhe north.

Subc:atllo. 4 (Tlble I) contlins

seismicity occurrin. in the vicinity of

o
o

", .
...-~ ~,.:.

l)
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Infonnation Service (fig. la, b). Hypocentral depths in teleseismic eanhquake catalogs of

the re.ion are of poor quality, hlvin, uncenainties of perhaps tens of kilometers for

eanhquakes that are well-recorded and significantly more for poorly recorded eanhquakes

(Cardwell and others, 1980). Hence, high uncenainty would exist in eanhquake rate

detenninalions derived from small samples of eatthquakes that might be judged to correlate

with the many tectonic elements in the region. To minimize such uncenainty in the rate

estimates, seismicity parameten were determined for five subcatalogs of eanhquakes that

included seismicity to a depth of 100 km (Table I). Each subcatalog corresponded

regionally to related tectonic elements. Estimates of the percentage of the overall rate for

TABLE I. SEISMIC ACTIVITY RATES FOR SEISMIC SOURCES OF NORm
SULAWESI AND TIlE SURROUNDING REGION.

C.t/Zone tn 101 N =• + 10M r~, Ir.(tloll f J} .ru (klll l ) (4' • (D~r kllll) (S,

S.bu••lol I 6.16K· 0.99 Ms (0-0.06) 1.00
Zone 1 5.953 • 0.99 Ms 0.60 37,211 1.382
Zonel0 5.759 • 0.99 Ms 0.40 29,315 1.292
S.bc•••1oI Z 8.703· U4 Ms (oaQ.26) 1.00
Zone 2 8.443· 1.S4 Ms 0.55 43,215 3.807
Zone 6 8.356· 1.54 Ms 0.45 33,7411 3.82K
SubUlllol J 5.7H9· J.OI M. (0--0.15) 1.00

Zone 3 5.308· J.OI Ms 0.33 15,9Oti 1.106
Zone 7 5.615-1.01 M. 0.67 27,OK5 I.IK2
S.bc...lol 4 6.3S4 . 1.01 Ms (o-O.09) 1.00
Zone 4 6.160 - 1.07 Ma 0.64 186,150 0.890
Zone 8 5.468 . 1.07 M. 0.13 88,457 0.521
Zone 9 5.716· 1.07 Mw 0.23 120,613 0.635

bbut.I·1 5 1897·0.19 M. (0-0.16) 1.00 57.903 -OJt66

( /) Subeatalogs and soutee zones used for seismicity parameter dctenninations. Individual
zone numbers are keyed [0 Figures la and b for identification. Subcatalog Scorresponds
directly 10 the rate detennination for Zone S. (2) Gutenberg-Richter parameters a and b for
the subeatalog fits on incremental magnitude data giving the standard deviation of the
regressions and parameters for the zonal activity rates. (j) the (ractional percentage of the
subeatalog fit distribuled into each zone, (4) the area of each seismic source zone. (5) the
area-w.>rmalillCd a value for each seismic source zone.

each subcalalog lhat belonged to each teCtonic element (;.~., each seismic source zone) were
based on judgements of the number of eanhquakes apparently relaled spalially to the

ICCtonic clement and on tectonic interpretations that are outlined subsequently. Activity

rates for each lubeatalog were detennined according to the maximum Iiklihood method

described by Weichcn (19KO) and Bender (19K3) for magnitude data gmured in magnitude
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North Sulawesi and the nonhern pan of the East Ann of Sulawesi (Fig. la). In the shallow

tectonic regime, this region of nonheast Sulawesi appears to be rotating clockwise as a

microplate that is decoupled from the peninsular anns of southern Sulawesi (Hamilton,

1979). Left-lateral differential movement is accommodated across the Palu and Matano

fault zones throuah cenlral and western Sulawesi (Fig, 2) A consequence of this rotation is

that the Nonh Sulawesi ann ovcnides the Celebes seafloor of the Sangihe plate alona the

North Sulawesi trench. Zone 9 (Fig. 2b) dips 120 southward at 25 km and models

seismicity of the North Sulawesi subduction rone to a mean depth of 75 k.m. Subcalalog S

(Table 1) corresponds to Zone S (Fig. la) and models seismicity alignments that follow the

Palu and Matano fault rones. Both faults show geomorphic evidence of young movement

with the Palu fault having ruptured historically (Hamilton, 1979). Earthquakes greater than

M. 6.4 are modeled as linear ruptures along the lraces of the faults. Eanhquakes Ms 5.0­

6.4 are modeled as point sources distributed unifonnly in Zone S.

i!"LUU
I .1 IANGIMll

NOAtw IlUWESI r! PLAn:
'~'''''''''''''''''''''",........,... +
I ! : ~~ :
I ii t i
I j i !

I
....' I·

Fipare 2. Index map of sclcclCd JCOIraphic lIIId tectonic clemenlS or North
Sulawesi (adapIcd from Hamilton, 1979). Bold mows indicate relative plallC
movcmcnu Kross ICCUlIIic boundaries. X's indicate Sangihc volcanic arc.
Tcetb indicae dip direction of Benioff zones.

lbe few Stroll. ground-mOCion recordings available for Indonesia are of poor
quality and are insufficient for gcncralizing attenuation characteristics in the relion,

1bcrefore. a recently developed attenuation relation for hpan (Fukushima and Tanaka,
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location arove the lOuth-dippin. Nonh Sulawesi subduction zone and the pcxential for

pal earthquakes to NptUI'e that zone. Figure 4 compares the hazard estimates for rock and

soft soil site conditions for exposure time. of 10 to 300 years.

FII'R 3. Pat borizonwlC<:Ckn&ion in son IOil havin'l 90 percent probability or
not bcina elLceedcd in 50 yean. ConIours lie in percent~ pvity (ClI).

10

10

60..
!~

i~
c
~ )0

S
t:l 20

10

0
0

Filure 4. Comparison of the
,round-motion hazard It '1Iu,
Goronlllo and Malllldo in Nordl
Sulawesi Province. Ground motion
values have. 90 percent pnDbility
of not bcinl exceeded in their
corresponding uposurc times.
Bold linel indicate the hazInI ror
sort soil sia.c conditions. Lilht
lines indieaa.c the hazard for rock
site condilions.

100 150 100 2~

EXPOSURE TIME C,anl
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ABSTRACf The seismicity in Indonesia reIaIed with the Benioff zones which IUbduct in

different directions with hetcro&ent dip 1ll11es. Many .renches found in Ibis rqion indicated

subduction zones. The tectonics structure in the euBn Indonesaa more complex ... in die

western Indonaia.

The IndoneIia recion is III active .1IIlie Ina, it is reconIed dill on die avenae IIbouI

460 earthquakes per year wilb the mapitude equal and &rater than 4 in Richiei' K'aIe.

The subduction zones of 180 Ian depth are founded from Sumatra 10 Well Java, and

begin of Central Java to Flora rachin& 665 Ian depdl. In die BuIda Sea rqion. Ihe

subduction IlOna are face to fKe ud have comect form with deaeuin& depCh from MIt

to east: from 650 to 96 kin. In the other c:ue, around MoIucca aRia the ..........

deIcend to the ell rachinl 651 Ian depth, and III the all into the depdl of Ibout m kat

fonnina a concave. The _lillie zones of 10 - 212 kin width CIII be found between CeIIbII

Java and Flores. and Ibout 223 kin width the IOUda 01 MincllMo.

In the simple subduction of Sumatra, the distribution of volcanoes corrapond 10 die

end subduction plate. In Java, up to Banda Sea area, the YOIcanoeI have nor dinct reIIIIion

to dilCOlltinued mne. In South Molucca the Klivily 01 wkanoeI corrapond III Ibe .. 01

IUbduction 10M, but in CeDIraI MoIucca it is found .... dIe..... _1bCM .........le

aRia.
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INTRODUCTION

The Indonesia archipelago lies in the end of three main tectonic plates. that i..

Eurasian plate, the Indo-Australian plate and the Pllcific: plata. The boundary of IhoIe pIUa

in Indone1ian region mostly consist of Benioff .. with different anaJea and YUious

directions.

In the western Indonesia, the Indo-Australian plate subduct from the IOUth side to the

north beneath the Eurasian plate, recognized u a Meditemnce euthquakr zone. Manwhile

in taJtem Indonesia, Pacific plate, Philippines plate, Eurasian pL-..te, Indo-Australian plate

are joined together called as Pacific belt earthquaa zone.

In the Indonesia archipelago can be found many trenches, indicates the subduction

rones such as Sunda trench, Banda reaion trench, Molucca treneh, and North Sulawesi

trench. There are 129 active volcanoe1 whidt are distributed a1on& Sumatra. lava,

Nusatenggara. Banda area, North Sulawesi and Molucca.

Bued on study in Central America, Tonp-lCennldec, Hanus and Vanek (198S) ftnd

the diftlCt relation between the leismic lIP in subduction zone and volcanoes distribution.

This study dilCUSS the relation between .asmic lIP in subduction zone and \IOIcanie'11lCtMty

in Indonesia.

SEISMICITY IN INDONESIA

The Indonesian region is an active Idsmic area; it is recorded 1hIt OIl the l¥Dp

Ibout 460 earthqualca per year with the mapitude equal 01' lrata' than .. ill Ricbeer -=-Ie.

They are Ihallow, intermediate, and deep euthquaka because moll of II,.. IN

sinwed in me subduction areas. Mostly, the earthquakes occur of mapilUdebet 5.0Iftd

5.5.

The shallow earthquaka was kx:aIed aIon& the wat side of SUIIIIIIa, Soudwn Java,

NUIIfeIlI&Ua. MoIuc:ca. Banda area and In. Jay&. The inB.1IOdiUeeudIquIbI diIUibuIrld

in West Sumatra, Java, NUIUengIn, ........ and MoIucc:a. The deep......«ar
bcain in nor1hern Centnl Ja., nonh of N'.II.e till waeem MoIucca. The facII

iIIClCIIIniam in the Banda area and in Molucca IDCft complex ..... ill die S........ MIl
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Java area. It is because the tectonic structure in the eastern Indonesia is more complex than

in western Indonesia.

The distribution of earthqwe. in Indonesia is c::onc::entrated in the area of subduction

zone. In Sumatra, the depth maximum of earthquakes is 180 kin, it means the plate subduct

till ISO km. Beginning of Central Java to Flores, the Benioff zone have a depth of 6M km

with aseismic zones between the depth of 260 to S42 km in Central Java and between 280

to 360 km in Flores area.

In the Banda ~a area, the subduction zones~ complex. The trenches make I cin:1e

near Weber basin and face to face each other. In this reaion, the subduction have a convect

form with decreasing depth from west to cast. 1be depth of the subduct plate in East Flora

reaches MO kin, and ir Tanimbar is aboul 96 kin. In the IOUth side, the len&th of the

subduction decreased from 902 to 2B2 bo, while in the north side from S62 to J68 kin.

Around the Sangihe archipelago in Molucca area, rhe tectonic plates descend to the

west mehing 6S8 km in depth, and to the east into the depth of about 21S kin forminga

concave. In Ceneral, the subduction zones in the west side are deeper than the east side.

figure I shows the maximum ground acc:deration in Sumatra based on McGuire'.

formula for the period 100 years: Bcnakulu area is 100 pi, South Aceh and along western

Sumatra are 60 gal. In Selat Sunda the maximum ground acceleration is createi' than 80 pi,

meanwhile in southern Central Java, and Bali are 60 Cal, figure 2.

SUBDUcnON ZONES AND VOLCANIC AcnVITY

Subduction zone is an active tectoni<: area, many earthquakes and volcanoes are found

in this zone. Indonesia lies in triple junction plate, most of them create subduction zones.

In Sumatra, the Benioff zone subduct till 180 kin, the location of volcanoes

correspond to the earthquakes depth of 100 - 140 kin. The aseismic zones in Java found

between the depth of 260 • 542 bo, and the volcanoes are located in the rqion which relates

to earthquakes epicenter between 100 to 200 kin, figure 3.

The YOIcanoes have not direct rdadon 10 dilCOl'ltinued zone in BInda Sta Ira. In

South Molucca, there is no seismic &aP, the volcanoes distribution conapoIld 10 the end of



El....

subduction zone, oot in central Molucca it is found that the location of vok:InoeI are Ilbo¥e

the !eismic area.

CONCLUSION

The maximum earthquake depth in Sumatra is 180 kin, and the distribution of

volcanoes correspond to the end of subduction plate. In Java, the seismic lIP found between

the depth 260 - 542 kin, the volcanoes wu 10C*d in the rqions which reIaIa to

earthquakes epicenter between 100 to 200 m.
In Banda Sea area, the volcanoes have not direct ~lation to aseismic zone. In South

Molucca, the activity of volcanoes connected are to the end of IUbduction zone, and in

Central Molucca it is found that the volcanoes are above the aseismic area.

The Indonesian zones of seismic hazard mostly lies in the western Sumatra and

southern Ja~a. In QSlCm Indonesia, even though the ~U.lke frequency is hieher' thin the

one an western Indonesia, its iRtensity is smaller. The rason for this, the eastern Indonesia

mostly covered by the ocean and rA populated. NevenheIess ISURImi sliD becomes a dual.
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ABSTRA.CT There is a widespread view in the UnitAKl States that a major

impediment to earthquake hazard reduction is not the lack of new knowledp

but rather the delayed application ofavailable knowledge. Technology tnDafer

is therefore being given greater emphasis by those federal and state apDCies

responsible for mitigating the earthquake hazard.

The National Center for Earthquake Engineering Research was eatabliebed

by the National Science Foundation in 1986 for the expreu purpoee or
conducting &y8tematic research in earthquake engineering and to improve the

rate of transfer of reaearcb results in practice. AcconIinclYJ the Center it

activelyenpged in technology tnnafer by a variety ofmunl• 'n1eIe activities

may be grouped under "traditional" and "special initiative" heMinp.

Traditional teclmolocy transfer mecbanisma indude: (a) publication of

tedmical reports, Cb) conduct of conferences, workabope and eemiun, (c)

conduct of short courses for the professions and (d) development ofdeeip aida

and uaer-friendly computer software.

However, traditional methods arc paMive by nature and need to be

supplemented by special initiatives. Pro-active atrateeiet, whieb the Center

has found to be Bucce88ful, include methocla that imt'lUve the ueeNIDeee 01 the
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research product and providing improved access to reaeard1 results aDd related

information.

Techniques for improving the usefulness and quality of research include

using multidisciplinary research teams, placing end-users on research teamI

and sponsoring demonstration projects. Improved access is provided through

a new Information Service, the development of expert systems and the

placement of qualified researchers on code committees.

This paper summarizes these activities and illustrates their potential

benefits by describing a case study in the seismic vulnerability of a water

delivery system.

INTRODUCTION

There is a widespread view in the United States that a ~or impediment

to earthquake hazard reduction is not the lack of new knowledge but rather

the delayed application of available knowledge. Technology transfer i.

therefore being given greater emphasis by those federal and state agencies

responsible for mitigating the earthquake hazard.

However if the rate of technology transfer is to catch up and keep pace

".vith the generation ofnew knowledge, traditional methods oftranefer must be

supplemented by special, non-traditional, initiatives.

The National Center for Earthquake Engineering Reaearcb (NeEER) wu
established by the National Science Foundation in 1986 for the upreu

purpoee of conducting systematic retean:b in earthquake engineerinc aDd to

improve the tnmsfer rate of research results into practice. AccordincIY, the

Ct'ntcr if' nctivt'ly t'ngngt'd in tt'chnology trnnRf('r hy R VRri~t.y of mp,ftn...

Headquartered on the campus 'of the State University of New York at

Butralo, the Center is a consortium ofacademic aDd profeMional iDBtitutioaa,

tinancia11y supported by the National Science Foundation aDd the State of'New

York. To date it has funded 166 projects at « institutions in 20 sta..... Ita
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mission is to reduce the earthquake hazard in the United States through

research and technology transfer. The Center considers earthquake

engineering to be more than just theoretical modeling and structural te8ting.

It has established research programs ranging from the seismicity of the

eastern United States to water delivery systems, from structural testing of

nonductile lightly reinforced concrete joints to buried pipelines, from intelligent

structures to fire following earthquake and from base isolation to the BOcietal

impact of earthquakes.

Technology transfer is sometimes confused with implementation, but

implementation of research results, in the strict meaning of the word, is not

8 function of this Center. Instead the Center plays a supporting role by

helping others who are responsible for implementation such 8S designers,

building officials, and constructors. Various mechanisms are being used to

improve the efficiency of this process and these may be grouped under

traditional and non-traditional headings.

It is to be noted that no single method of technology transfer will, on its

own be universally successful but that 8 mix of strategies, tailored aooording

to topic and audience, will be necessary for optimum results. It is also true

that the Center is still experimenting with various options and win no doubt

revise its program in time, as it accumulates experience in this endeavor.

TRADITIONAL TECHNOLOGY TRANSFER

Traditional methods of technology transfer include:

• publication of technical reports

• conduct of workshops, seminars and conferences

• conduct of short courses on specialized topics

• disHCmination of computer 8Qn.wan~

NCEER is using all of these techniques to disseminate its reaearcb

resulu. Some of thiR activity ill deRCribed below.
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Technical Reporte and Special Publications

To date. 172 technical reports have been published which describe the

results of re&eareh projects funded by the Center. Since the Center wu

established in 1986, over 35,000 copies of these reports have been distributed,

worldwide. The Center maintains an exchange program with other

universities, corporations, and Government agencies. Currently over 30

institutions are members of this program.

In addition, 500 copies ofthe English translation ofthe Japanese research

report. Manual for Repair Methods ofCivil Enaineering Structures Damaged

by Earthquakes, have been distributed by NCEER. Other special publications

produced by the Center include 8 commentary to the New York City Seismic

Building Provisions and 8 reprinting of Myron Fuller's book The. New Madrid

EarthquaJte.

Workshops. Conferences and Seullfl.~. ~

NCEER schedules a large number of workshop8, conferences, briefings and

seminars each year for the purpose ofeducating the practicing community and the

general public a8 well as for 8haring the state-of-the-art of resean:h imowledp.

The Center's objective here is to:

• Conduct and participate in workshope, conferences and meetinp. to

bring together researchers and practitioners to diacuea issues related

to seismic hazard mitigation, for application to earthquake-related

problems in engineering, urban planning, geosciences, and education

• Conduct seminara on earthquakes to educate an audience about the

hazards ofearhtqUl'ke and related research, and to promote interaction

between NCEER researchers IUld other earthqu.ake ezpertl

• Provide opportunities for practicing professionals to benefit from the

expRndin~knowledKe base in earthquake hazards research. by offering

profe&lional development seminar& and short courses.

Examples of the topiCi covered by theIe meetinp include:

• earthquake hazards and the design of COn8trocted facilities in the
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• npert lyatema whim can be _peel and uaed by praetic:ing engineen

for the leilmic cleeipl of .trucutrel

• PMHarthquake nconn8iumce ftndinp

• mnovative technical developmenta in eJllineerina and leilmolOl)'

• potechnical impact of earthquake. on lifelinee and other buried

.tructurea

• PMHarthquab lel'Yiceabilit" of _ter delivery ".tema

• IOcioeconomic problem area. whieh !'Nult from earthquaa. and other

natural diauten and evaluation or poteIitiallOlutiona

Computer Software
To date, approDmately 40 computer JH'OII'8ma have been developed under

NCEER apouonhip. Not all of thflle PJ'OII'8ma are auitable for immediate UIfl by

the pract.icinl proCeuion, but a lipificant number were written specifically Cor the

end-UMr. TheM are currently bema diMeminated tbrouIh the National

Information Service in Earthquake EDIiDeeriDI <NISEE), at the Uniftrlity of

California in Berkeley. Some"eumplea are:

lDARe lnelutic damap aDalyaia of reinforced concrete

atructu.rel

Nonlinear lite reaponae aDal,.iI

NOIlliDear dynamic ualyaia of tbreHimeDaional hue­

iaolated atnac:t.urM

StroDI-motion data bale int.erfaee

Additional effortl related to the clewlopment of computer-bued expert.

l)'ltema, are clNCribed below"

NON-TKADIT10NAL T~HNOLOGYTKANSfo'ER

'lbe preeeding &eetion hu pnlIeIlted a number oftraditional mec:baniuna for

teebao" tranaCer which a1thouP widely UIed, are leldom .uftic:ient to uaure

the tranller of ....-reb ruulU into pI"IlCtice. The Celttel' baa therefore

aupp)emeDt.ed theM "....iw" activi&iee with • number' of pro-act.ive, .peciaI
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initiatiVlll. Theile can be grouped broadly under two heaclinp:

• improviDa the quality and uMfulneu of the reteareh pnduct

and· improvm, aeeeu to the naearcb product

Technique. uted by the Center to improve the quality and uaefulDeu or
research reeulte include uain, multidilCiplinary reeearch teaJU, plac:iD&end·ueen

on the reIeU"d1 teama and .poneorinl demonetration projeeta. Impro'led acceu

to emtinJ knowled,e and rMeaI'cll produeta ia hem, provided throush an

Information Service, the development of apert .y.ma and the placement of

knowledpable reeearchen on code c:ommitteel. Some of thele ac:tivitiea are

deacribed below.

MuJtjditciDlinarv 8eHarch Teamt· Epd·Wn end DemoDltration Proieett
Multidiaciplinary teame which include leiamo1oeiate, eDlineen and eocial

eeientiate, Dot only improve th-. quality of work done, but they alao facilitate the

implementation proceu. For eumple, the involvement of the aervo-hydraulic

induatry. a eonatruetion company and univenity re.earchere in a coOrdinated

reaearch team has led to the construction of the fiat full-acale inteDipnt structure

(an actively controlled la·.tory buildiq). Thia clemon.tration buildinl will be

uaed to Dot only advance the atate-of-the-art in active eontrol, but a1Io to identify

and overcome impedimenta in the applicatiOD of thW tecbnolOlY in real·...ld

atnacturel.

The technolocY tranafer pI'OCeU can allO be accelerated if the reeearch team

indud.. a member oCtile \ller community. TbiI ia partieuJarly true ifthU end·

ueer baa on·line rHJM)naibility for the eoDMqwmeee ofearthquake-related damap,

.uch ... boepital owner, a fire department chief or a city buildm, oIlcial.

It it weD Mtablilhed that. a demonatntioD pnject can be atnmely UJeful

.. a ftnal phue in a major reteare:h pnpam. Such a project can pn9ide a foca1

point for thOle reeeareben who are workiDa OIl ftrioua upeeta • the ....

problem, and at the IaIDIl time, the field apelieDce can entia.. the quality oCtile
reMJarCh preductl. HOWftW, the Ceo_ baa aIM foUDd that theM pnjecU CaD

.timulat.e the implementatiGD oC~ IIndiDli in the .-l-"'" bJ
demonatra.... to the pn(ealioa aDd the public at Jarae, the applicabUit, 01 the
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re&eareh findinp. Furthermore, the active involvement of the end-uaen of the

reeearch in theBe projecta allO facilitates the transfer of theee technologies in a

remarkably effective manner.

Examples of NCEER demonstration projects either planned ur underway at

this time include:

• Active control of the Takenaka Building and the Akron Tower

• Equipment evaluation in hospitals

• Vulnerability study of the electric, gu, water and oil lifeline. in Shelby

County, Tennessee

• Vulnerability study of the Auxiliary Water Supply System (AWSS) and

the Municipal Water Supply System (MWSS) in San Francilco

• Response and retrofit of a typical Eastern highway bridge

• Regional study of the East Bay Municipal Utility District and the

Hetch "etchy Aqueduct System

InfOrmation Service, Expert Systema, Code Committees

The Center establiahed an Information Service in 1987, with a two-fold

objective; tint to provide reeearehen with access to current literature and second

to provide a service to practicing engineen and other profe88ionala who are

unfamiliar with the earthquake literature and who need 888i1tance with findinl
publication. and other information relevant to their intereat.

Housed in the Science and Engineering Library of the Univenity at Buft'alo.

the Center's Information Service responds to about 200 reference queriel per

month from around the world. A cireu1ating collection of tens of thoUIBDdI of

boob, journals, technical reports, maps, and audio-vilual media iI maintained.

and new acquilitions are constantly added. The Service publiahee a monthly

newsletter. the NCEER Information Service News. which is sent to hundreds

or selected researchcrs and practitioncrs in many countrics. The Service allO

develope and maintains the QUAKELINE c1atabYe.

Qn,lrelioe
The Information Service established the QUAKELINE database in mid-



E19-8

1987 in reeponee to a need for more thorough indexing and abetnactiDc or the

literature in the field.

It W88 considered that many publications ofgreat interest were not heine
indesed in traditional bibliographie resources, 8uch 88 COMPENDEX. As a

result, the Service adopted the task of indexing and abstracting a variety of

items, most of which are not indexed elsewhere and are often conaiderecl to be

fugitive literature. These items can include technical reports, domestic and

foreign journals, books and book chapters, professional papers, theses and

dissertations, and other formats.

Materials chosen for inclusion in QUAKELINE must be directly related

fA> earthquakes, earthquake engineering, seismic design. the dynamic

properties of materials, natural di888ter hazard mitigation, di8Uter

preparedness, response and recovery, wind engineering, or closely related

fA>pica. Abstracts are provided for all items in the database. Many times the

abstracts are taken directly from the publication itself and may be edited for

space considerations. When not provided in the original document, abetracta

are written by the Service stafl'.

QUAKELINE now contains over 14,000 records, and about .wo records

are added monthly. The database is mounted on the DRS sYBtem, a product.

of DRS Tecbnologies, Inc. The 888OCiation with DRS provides three distinct

advantap8: DRS offers simple telephone acx:eu throughout much oftile world;

DBS provides sophisticated eearch soft.ware, with Boolean eearch stnteai­

and the capacity for complex and field-specific aearches; and BBB' aean:h

language is well known to many librarians and researchen in the &eld.

Potential QUAK~(,JNR users need only a terminal, modem, and

telephone line to take advantage of remotA! seard1ing of the databue; DO

lJ)ICial equipment or software is required. The sophisticated BRS eearch

software is acce88ed online along with the databaae. Aa an altemate method
ofacceuinc QUAKELINE for tboH woo do not. wish to do their own Mlll'Cbinc.
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the staff at the Service perform online searches on request, for a modest fee.

It is clear that many users of the database prefer to have an information

specialist perform their searchers.

Computer-based expert systems fl\r the seisnuc evaluation, deeign and

retrofit of stnactures offer a potentially powerful mechanism for acceleratinl

the transfer of expert knowledge &om experienced professionals and

reeearcben to any engineer with a personal computer and a telephone.

NCEER has funded the development of two expert SystelDl in this fif!ld that

have innovative architecture and which are abaaed on good engineering

practice. These are EVAL <at Carnegie-Menon) for the evaluation of existma

buildings, and STRAKE <at Comell) for the design of new buildinp. Both

ezpert SyatelDl, which run on engineering workstations, are DOW available for

trial use to engineers experienced in earthquake-resistant desip ofbuildinp.

Feedbaek from these trial sites will greatly strengthen and expand the

knowledge base in these programs making them powerful tools for students

and engineers with le88 eJq)erience in seismic design. 'Ibis will be particularly

important as attention to seismic design issues increases in the eastem United

States.

Another strategy adopted by the Center, has been to encourap prominent

ruearcben to actively participate in the development of desip and

conetl'uction standards. To date, the Center has placed researchers on code

development committees for buildinp (for both New York City and the State

of New York); for highway bridges (for the American Association of State

Highway and Tr8ll&portation OfticiaIs); for seismic (hue) ilOlation; and for the

National Earthquake Hazards Reduction ProIram (NEHRP) Revisions to

Recommended Seismic Provisiona (national building provisions).

Some of the above-menUuned methods Cur t.ecbnolOlY transfer are

illustrated in the following cue study.
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CASE STUDY

One of the Center's current research projects concerns the 8eilUDic

vulnerability of water supply systems. Ground failure due to an earthquake

can rupture buried pipelines and the consequential 1088 of water can have

serious CODse<i.uenc:es for the local population not just for consumption but a1Jo

for the control of fire following the earthquake.

This study is a cooperative venture between researchers at Cornell

University, consultants at EQE, San Francisco and end-usen in the Water and

Fire Departments of the City of San Francisco.

Computer codes for the hydraulic analysis of pipeline systems have been

developed and used to develop evaluation methods for eDsting pipeline

SyatellUi. Strategies for design, operation and rehabilitation of such lyatema

have also heen developed and correlated against historical perfonnance in past

earthquakes. Workshops have been held and a strong working relationship

developed between Center researchen and officials of the San Francisco City

Water and Fire Departments. This led, for example, to the passage ofa $46.2

million bond iuue to improve the City water supply with protective features

against earthquake damage. It also led to the City retaining ODe of ita two

fireboats at a time when both were up for sale. Aa it tumed out, the

availability of the fireboat Phoenix on the night ofOctober 17, 1989 W88 crucial

to the eventual suppression of the fire in the Marina District which followed

the Loma Prieta earthquake.

TheBe events are considered evidence of aD effective and rapid tranBfer
- ,

of technology which had an immediate and obvious benefit to the City of San

FranciACO. The methndR uRed were a mix nftraditinnal (a workshop) and non­

traditional means (8 multidisciplinary rcscarch team involving end-ueen).

TbiI ella mple is aigDificant becauae it abows that teehDOIOlY tranafer can be

improved by the UN of special initiatives.
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CONCLUSION

A significant impediment to earthquake hazard mitiption il the

relatively Ilow rate of application of new knowledce in the real-world.

If the rate of information tl'anaf'er il to catch up and keep pace with the

pneration of new knowledee, traditional methods of traD8fer must be

lupplemented by lpecial meuurea which may be tbou,ht of .. Wnon_

traditionalw
• 'Dris paper baa summarized some of the traditional and noD­

tnutitional methocll that the National Center for Earthquake EncineeriDI
ReBearch is using to accelerate the tnuW'er of research results into practice.

It is coDduded that no aincle method will, on ita own, be univenally

8ucceuful, but that a mD of strategies will prove to be more effective.

Notwithstanding ita modest auc:ee&8 10 far, NCEER is continuinl to look for

new and improved ways to tranBfer research results into practice. Only by

applying innovation to the technology tranaf'er procesl, will the pp between

Imowledp poeration and knowledge application be cloeed in a reasonable

time frame.
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risk. we must find vehicles by which knowledge generators and knowledge UseR are

communicating. Euthqlll1ces can affect larJe urban areas in developed or developing

counaies. Some of the largest urban regions of the world are in such countries with

relatively high seismic: risk. Government planners. economic decision makers do not have

appropriate tools to help them understand the extent and relevance of seismic risk. There

are ways in which they could manage that risk if they were properly informed. The

knowledge base on which they currently malte their decisions is not consistent with the

state of knowledge cUlTCndy existing in research (and to a lesser degree in practicing

engineering) communit)'. This lack of integration must change.

Another problem that exists is the problem of technology transfer between the

developed and the developing regions of the world. Massive reliable data bases about

eanhquake OCCUITCnceS. source modeling. source mechanism, insllUmentai recordings. and

attenuation, exists in few centrallocati<'ns around the world. A global and regional

network of such centers could help many developing countries who cannot afford 10

maintain their own data bases. The challenge is nOl only to develop new models for source

mechanism or new attenuation or new occunence model; the most pressing challenge is 10

assist the world in utilizing the cunent know how. The challenge is to develop IRAS type

systems that any informed user can utilize for improving the quality of seismic know how.

Such an cffon would provide opponunities to assess eanhquake risks in regions of ,he

world where historically many have died in past eanhquakes. Such an awareness and

teChnology would help in identifying factors that increase or decrease seismic vulnenbility

of communities or regions.

'The International Decade for Natural Disaster Reduction (lDNDR) could be 1ft

excellent vehicle 10 achieve the above srated objectives. Amongst the ten most imponant

programs that the EERI Comminee on IDNDR has identified as candidate projects for the

decade. at least four projects address the issues of international cooperation. technology
transfer and reduction of seismic risk through intelligent development of mitigation

S1J'11egies. and through integraled risk management procedures.
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~Ia~ are aeeded. For tbit purpoee. the followiq are required: a..-ona, foR:e model for

bridle~. a p:uIlIlDDIic. model. aad a meIbocI for IeIpCJIIIe aaaly.l.

Wi_... fmlI ppH - The ........ of~ iatludm, die aoalu-r I'CItOrinI fOl't* caD be writteD

•
IMHZ} + ICHt} + {FNI,} • -IAtH/}t, (5)

..... [M) - - .-ria; [X) - .«- ..aria; (J) - elil'Ktioa vector; mil I. - powad acceIeratioa. n.
DOII1.., ... wcIor. {FNL}' ..... froID die~ at the aocIeI to iacorporate the ........ mllliv_ ••

{FNtI -Ill {X} + (1.0 - a)(T)[K,,)({:} -{.}) (6)

...... (T) .a .,..,........ ia local c:oonIiaat-. to forceI ill die coordiaateI. aDd llCwl) •

tile 1Ii«- a..w"'a - 1.0 ia Eq.6~ I ron:. aDd forceI

In! caIcuI rra. ~ (aocIeI) are npected to occur. n. curv -=II BOde.

(.). ce .. oIIeaiMd froID eIi~ vector... die hylteNlic: COIIIpOMIIt. z. ce .. delcriW •

t _A.-"{~I.llzl"-IZ+'Y.lzl"} (7)

•..... a. I. 'Y are CClIIItIDta ....... to tbe laylteretic ....... force cbancteriltiCI; A, , aad If are ,.,......

...... 10 r.c:tioM of .... eli eDII'J)' (Sule .. otben. 1915).

.. dIM..., vector~ 10 dve tiou of IDDIic. ...,erpoIitioa

......... Io of ...... la a~ .....--of ....,~IO.

. T
(.I -1-2EtIIHWJ-[,,2){WJ-(l-a) I· J[TJ IKei]({zl-{.I)-(rl.f (I)

[.JTIAf)[.. '
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GrowMI mptjcII AIZIh1 - Earthquake .round motioa il modeled u • zero IDelIII filtered 0aUIIiaa Ihot noile widl

• ICan8i-Tajimi 1pIdnuD. To modeIlbe aoa-l&atioaarity i.D Ibe ,round motiOll, the iDleDlily iI ...~ by die

AIDiD-AJIIIype ..velope fuottiOIl (AmiD ud An,. 1968).

!""'em yjbgtiqa Dlnit -- Ulin. equivalent Iineariutioa (Baker and Wen, 1981). the underIyiq aonIiaeII­

layllenllM; nIIIdom vibnlioa problem .1 redUCeIi ,Kim IIId AD,. 1992) to Ibe IOlutiOll of die followin, Itocbutic

differeatial equa&ioll:

.!!..S = GS+SG T +B
dt

wbere: S - E[y(t)y(t)T] il Ihe covariance of the rupoase,

Bij - 0 elltepC ~2 - let)

I(t) - iDteIlIity fuactioa of ellcilatioll. and

0 0 0 0

2 -2Esws 0 0 0-w,
G • 0 0 0 0

2 2E,Wg
K (' Kw, -a_ -( I -a)-

'" '" '"
0 0 0 c~ K.q

Abo,

.!!..y • Gy + F
dt

iD wbidt,

(9)

(10)

y • {x,.,t,.w.w,z}T (11)
F • {O.1, .0,O,ot .

lad. Il" *, ud I, are dilphameat. velocity ud 1lXdenli0ll of die 1Oi1, rtlIIp8Clively; II;' .ad 'N .... IDOdII

di....... lad v.Jocity of die IInIcture.

EylllllljoD of mpvp" statjBig - The IDelIII and variuace of die muimum curvalure CIa be obtaiaod ...';n. dilldie""""'" peIk ..... Weibull diltributioa (Yan,- Liu. 1981). The ..... h)'lleretic eaero iI obtaiaed

by IDIvial Eq. 9, wt..a ill variMce requirea die IOlutioa of aDOIbeI' difJenatial eli_OIl (PileI, It II, 1913).

Approlla-boDCU II. lie obUiDed (Kwuk IDd AJII. 1917) IhowiDJ that tIae C.O.V. il fairly~ arOUIId 0.2.

n. .1*1 ...... iI .-:-rily • functioa of die damqeI of die 1IOdee. .. a-craI, taow.vw, daia

fuDctioaaI ....ioIIIbip _, be elpnued oaIy iD tenlll of probability. Specifically, die ev_t 1ft. die , ...........
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.....Ied by die .--ry DDaJinNr propertieI of meted ItnIctural elemeata. Howevw, wbea the lIroq-motioD

..nbquMe a~illl&ioD ... llOITIIpODdiq ItnIchlnll reIpClUe recordI lie Ivaillble. the KalDIIII filleriDa (Yua IIId

ocben. 1919) i•• effective IDIIbod for idealifyillllbe liaeu IDd DOIlliDelU' parameIen of. IlnIcture.

ILLUSTRAnVE APPLICAnON

The damap of Hi,hway S/14 oven:1'OIIiDJ duriD, the 1971 Sua FerDIDdo eanbqUlb i. uIeIIIld 10

illllllrlle the appIicatiOil of the propoeed method. nil bridp il I lypical bipway oven:roum, coaatnIcted with

pi.. 1Dd curve Jirden. The IIlnIdWe oollapwd durin,lbe Sua FemIDdo eu1hquake; I 1/30 acaIe modeIltUdy waa

performed (WiUiam8 ud 00ddIa. 1976) 10 ~lIamiDe Ibe aeismic behavior of &hi. bridp. The dilllallioaa of Ibe

KlUaI ud model IlnICturellIe ahoWII in Tabi~ ! IDd Ibe deacriplioo of the ori,ina1 KtualllnICture il abowa in

Fi,. 2. 5tnIctunl properti_ of Ibe model .l1IChare 1ft ohlained tbrouIh elltc:Dded K-I1IIIIIl fi1leriaa (YlID and oIben,

1989) uam, the IIIMIUnd time hillori_, and· die ..wta 1ft COIlverted 10 thoae of the Klual IlnK;l1IR uaiDJ
appropriaIe ain, relatioaalUa-ted in William8 and Godden (1976).

The propertiea of die KtuaI IlnIcture Deeded for damap .bmallOll were thua ob&ained II mmmarizeci in
Tible 2.

TABLE I: DESCIUPTION OF MODEL AND REAL STRUCTURE

R.I SlnIcture Model

Tola! LqI1l 636 ft 254.5 in

IlIdiua of CurvIlUn 270 ft 108 iD

CoII111111 Hei.... 90ft 36 in

Deck SectioII 3OIh7ft I.S in 11 2.S in

CoIIIIIIII Sec:tioIl 10lh 5 ft 4inl2iD

TABLE 2: STRUcroRAL AND SITE PAR.UfETERS OF HIGHWAY 5/14 OVERCROSSING

CII # ., f III(Hz) f. ..,;Hz)

0.05 6.OP 1106 -2.03 I 106 0.10 o.al 0.1 2.63

0..,. lie c:alcuIated from the ellpectecl mailllWll curv dillipllted ...... II the DOdaI

IocIliou abowa ia Fit. 3; 1M reM.. lie ......u.d ia Table 3. The of the IInIctUn ia detenaiDed

• I "-:Iioe of II die IIOIIeI accorcIiDa to Eq. 13 --n-I ill T8bIe 4.



TABLE 3: CALCULATED MEAN DAMAGE INDEX POR EACH NODE

....
1CCIl. 1/61 1'3. 1121 213. 5'61 1.

DUde

1 0.0107 0.0421 0.0963 0.1714 0.2610 0.3156

2 0.0361 0.1446 0.3U7 0.5794 0.9059 1.3032

3 0.0090 0.0361 0.0112 0.1445 0.2259 0.]249

4 O.CXOO 0.0200 0.0449 0.0100 0.1250 0.1791, 0.0074 0.0291 0.0671 0.119] 0.1166 0.2614

,.... ..... ....,
-, "2

•
~ ..........,

.....
Pia. S AMIJIicII'" til......,

5/14 ""era...

•

....

I
..·
••.. ..

i::
J.......

•• •.+-........,..~..,..., ........,..,...~'P"'T" ..........,
I.e I.e L. ... ... •..

Peak Ground Acceterotion (,)

Fia." '"lily cww 01 .... I •

11111 coefIicMaI of v.-iIIiaa ofdie ......... is fairly~ II • val. of lppfO~i""y0.62. ThiI

IlrUCbIN coil.... f ... JI'OU8d acilatioa of 8nMMI 0.17. duriq .. 1971 S. F.... -.tbqueb. Col1IpIe

........ to",.;-iI, c....s II)' 1M~ of ........... 1Dp of 1M c.- pi. (aodl 2 ia Fia. ]). Ie

~..dUI~."'1InICbIrac:.. ..CDIIidIrad tocol..... IlIpp1O ' .......... iDdu

of0.1 ~ of-.,.,ina dirr..t levaI dc:. .. obtaiMd. From run'lati" probahility

~ __aDd C.O.V. of pobaI calcul fordi...1UdIquab illleMiliaa; .........

... __ ;. Tallie 4. A....... dial praIlahililJ of col ia praIlahililJ of_~ ..... level 0.1•

.... ....... fntiIilJ c:wve for dIia Ilridp would ....,. ia Fi•. 4.
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TABLE 4: OLOBAL DAMAGE STATISTICS UNDER DIFfERENT INTENSmES

116, 1/3, 112, 2/3, 5/6, I,

M__ 01..DuIap 0.0307 0.122 0.277 0.493 0.770 l.1I

C.O.V. 0.620 0.620 0.620 0.620 0.621 0.621

CONCLUSIONS

A quIIIItitalive IIIIltbod i. prellllted for damqe .lIea.meat of eliltiD, brid,e ItnIcl"JreI UIin, nlIUl'" of

Iylleal ideotifiutiOD 10 detenDiDe die curreDt ItnM:turaI propertieI. AI ItrUctUnI da-.e iavlrilbly iavolvea

DOOIineu behavior of a IlnIclUR, the paruneterl deMio, the aonJinear and hylteretic caw.eterilticl of ill loed­

deron.tiOD relatiODlbip are 1110 required. The KaJIDIIl filteriq tecbDique of .yltem idelllific.liOD bu beeD Ibowu

10 be effective for tbiI purJIC*. The propoeed metbod i. i1JUItnted for _i.mie damI,. of a reiafoR:ed CClIICret.e

brid,. dull wu aeverely damqed cluriDI the 1971 San Feraando earthquake.
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SECOIfD US-UIA COIIRUIICE 011
ENGINEERING FOR MITIGATING NATURAL HAZARDS DAalAGE

Yogy-.rta, Indonesia
22·28 June 1192

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

K. Muni.ndy', K.N.G. Fuller' and H.R. Sidjlbl~

1. Ru~ Institute of U"'vw. K..... Lumpur
2. M.I.ysi.n Rubber Producers Re..arch Auoc~tion

Hertford, EngIMd
3. R....rch Instituta of Human Settlements

Bandung, Indonew

AllTlACT Sehaic holation is a novel technlque of .arthquake protectlon

which involve. IIOUntlnc the bunellnl or structure on l_inated rubber-.teel

bearinp. The horizontal .tiffne•• of che bearinp 1. de.lpd to live the

.cMlftud .tructure • horhontal natural frequency of about 0.5 Hz. This is

below the frequency ranle In vhlch .,.t of the eneraY of earthquake. for

rock and .tlff soil site. is typically concentrated. on.. buUdinl is thus

detuned frc. the Iround .,tlon occurrina durina an earthquake, and the

&Ccelerationa it experience. are -..eh reduc.d. Further.or., the IIO\Il\t.d

.tructure will behave pr.doalnantly .. a riliel body with llttle

allpUflcat10n of the baa. accel.ration at other lnela. S.l_lc isolation

i. .uperior to conventional ..tboda of .tr.ftlthanlft1 becaus. not only i.

dallal. to the prl_ry .tructur. .1nlaia.cl, but ••condary .tructural

f.atur•• , buildinc cont.nt. and occupant. ar. prot.cted.

The t.chnical and econoaic fea.ibllity of .pplyina •• isaic

i.olation to a ...11 buildins in a country .uch .. Indone.ia i. currently

beina d by ..ani of a proJ.ct involvins the conatruction of a 11

four-.tor.y bul1ellft1 on a .It. naar '.labuanratu in S.V. Java. Th••rea

hal a r...onabl. delre. of •• lsalc &ctlvlt:y tINa pr...idl... die po.sibillty

of a cllr.ct nt of the t.chnical parforaaace of the bu11d1111. '!be

papal' liva. detail. of the bul1dllll and outline. the principl•• of
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•• i.alc l.olation and how th. deslsn of the iaolation sy.te. i. approached.

~ well as technical aspects, econa.ic factor. and appropriatene.s of this

technololY for countries such as Indonesia are discussed.

IJrmODUCTIOI

The traditional .ethod of protecting buildin,s and other lar,e

structures from earthquake damage ia by strengthening, with no atteapt to

reduce the forces entering the structure. Althou&h thh approach can

prevent collapse of a ~ullding, it provides no protection to the oceupant.

or contents. both of which will lenerally experience amplified

accelerations froa the earthquake .hoek.

An alternative aethod of protection i. to i.olate the building frca

the ground disturbance (Oerh.. and other•. 1977). The ..thod has b••n

termed 'b.se-isolation' or aore .pecifically 's.is.ic Isolation' and it has

alowly salned widespread acceptance .-ong structural en,in••r.. There ar.

aeveral such buildlns. in th. United State. and Japan. A nuaber of th••e

have now experienced earthquake. and their re.ponae ha. confiraed the

expectation that a bas.- holaced building will perfor. better than a

conventional bulldins in aoderate and strong earthquake. (California Dept.

of Conservation, 1985).

Seis.ic laolation involve. supportin, a structure on flexible

b.arings that allow horizontal .ave..nt during earthquake .hakina. The

support systea Is desisned to ..ke the natural frequency of the 80unted

structure below the predo.inant frequency content (2-5 H& for rock or stiff

soil conditions) of the earthquake. The frequency .l...tch re.ults in the

isolation of the laOunted structure frOil the earthquake 8Otion, and Instead

it responds by oscillating as a rlSid body at Its natural frequeney.

Becaus. this frequency is low the acceleration lapo.ed on the building is

••aU. FurtherJaOre response .. a rigid body result. in the

acceleration belns con.tant throu&hout the bulldlna. and bence the

elimination of the aapllflcatlon of the acceleration. that occur In the

higher parts of atructures bullt wltb conventional rilid foundations

(Duh_, 1913).
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n.e need to develop effective, but relatively low-co.t e.rthquake

re.i.tant construction technique. in develop ins countri.. i. of par-.ount

illPort.nce. Much of the daaaS. and the •••ociated 10•• of Uvea occurs to

...Uer .tructure••uch •• private dwlliDl., .chools .nd offic... The use

of l_inat.d, hip daapina rubber bearins. app.ars to offer the b.at

approach to the provi.ion of .ei••ic prot.ction to .uch ...11 .tructur•• ,

particularly in c1evelopinl countri... Th. _in purpo.. of the current

proj.ct 1. to ••tabli.h the technic.l and econa.ic fea.ibility of this by

the con.truction of a de~natration buildinl In Indone.ia.

LOCATIO. or DDIOa'l'lA'I'IO. IUILDIIG

Ov.r 101 of the world' ••arthquake. occur in Indon••ia, ..ny of

the•• alonl the Su..tra-Jav.·ln~r ar•• which repr..enta the boundary

b.tween the Indlan-AustraUan .nd racific plate. (Bentley and others,

1979). Given that .OM .re•• experience I1J1lif1cant l.vel of .eisaicity,

W••tern J.v., vlth it. rel.tive •••• of .cce•• fro. J.kart••ppeared to b.

• .uit.ble reaion for the aite of the dellOnatr.Uon bulldlna. A

love~nt-ovned crop e.t.te in one of the ••rthquake prone ar.a••xpr••••d

vUlinpae•• to donate. dt.. This had to ••tisfy require.nt. a. relard.

loc.tion, topolraphy, 1.01011, •• i ••icity, acce•• and .uit.bl. exl.tinl

••rvice.. After consideration of the••,. pr.Uainary leot.chnic.l

•••••••nt .UII••ted ••ite on the , ..ir Badek crop ••tat., v.ry near the

town of re1.buanratu, •• I"it.ble for the de~natr.t1on bulldins.

A borehole v.. drillecl at the alt. down to 61 .tre. to .It.bUlh

the .011 depth .nd unclerlyina rock .tructure. Th. r ••ult. indicate •••nd

and ,ravel layer of only 0.5 _tre., and below this aoarate to biah

.trenlth rock. Strenlth t ••t re.ult••nd the rock delcription liv.n in the

borehole 101 .ulI.lt that if the buildlnl foundation. vera .11 .et into

thil r.latf-vely fr••h rock then the ••rthquak. vibr.tion. would be

unalter.d by .urfac••0U. or va.th.r.d rock. Thll finding will b.

incorpor.ted into de.lan .pectr. for the .ite curr.ntly beina produc.d by

Bee. Carter HolUnp and r.mer Ltd.
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DIIIOISTIATIOI IDILDIIC DUIG. &lID STl.DCTUU

Th. type of building cho••n for the project la a low-colt apare-nt

block of four Itor.YI. The .ini~ appropriate liz. il influ.nced by two

consider.tions: the coat of the laoladon .yat.. .hould not add a

.ienificant proportion to the overall coat, and deaienins lov-co.t

i.ol.tion bearift&s to .upport ...11 loada i. difficult.

Th. g.ner.l aethod of construction in Indone.ia for buildings of

two to five ator.y. utilize. a reinforced concrete fr.... Thi. technique,

vith ...onry Infill, vas cho.en as the 8O.t appropriate for the

de80natration buildina. a overall i.pres.ion of which i. shown in Filure

1. The tot.l ground plan area i. 19.8 x 9 ..tre., and the h.ight i. 12.8

aetr... excluding the roof. The fundall.ntal natural period of the building

i. 0.4a. It i. e.ti..ted that ita total weight i. approxi..tely 600 tonne.

(dead load) plus 120 tonne. (lives load). The building and the around

outdde will be inatrUMnted .0 that the perfomance of the wolatton

ay.te. can be •••••••d .hould any earthquake occur. ..J

'tlure 1. Froat and .ide eley.tiona of bu11d1ftl.

I I ~I =1~

I I ' t , I ,I
c: =
\ t ,I- t ' I
=, =1__ t
' I \aI

~'-'• I

~-(- .
~_L
i
I

. I::~. '

. !'., ," ~

The .uperatructure of the buildina h•• b••n daaien.d to .athfy the
i • '.)

leis.ie 10.cl1,,& require..nt. in the current Indonesi.n Earthquake Code
._ .' J 0 ' l. I 'l~ .1 L

without takinl the provision of ba.e ·isolationillto ac;,c;ount. . lec,aus~
-' • J. J • ' ( _ '. j ." . J 1. ,",

laolation will lover the ••la.ic fore•• , the .truct~ral fr... ?-.ed.JlC»~ .~., '

al Itrona .. dadped. A ,U&htly weaker fr... could produce lavinal to

off·.et the .dditional co.t. a••ociated vith the isolation .y.t••.

DUlel DTHODOLOGT or SEISIlIC ISOLATIOI luaIlCS

The _!.apleat w.y. frOil a .tructural point of viev, of lncorporatlna

the i.olatlon .y.t•• Into the de.an.tration buildinl is to loeac. one
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rubber beadna under each load beadna col~. Thh _thod vill require

~6 holation bearinss for the bulldinS a. indicated in FiSUre 2. The

vertical load supported by each bearins l'anse. between 22 and 60 tonf.

•

a

a

a

a

o[J

_-l-_--J-----1.~

Filure 2. Cround-plaD of build1DI 1adieat1na t~

position of load bearinl cal~.

Earthquakes are ai.ply sround oscillation. of very larse upUtude

and rather low frequency, the predo.inant aoes. of excitation senerally

beins horizontal. The isolation bearinss ar. desllRed so that the

horizontal natural frequency of the IIOUIlted .tructure 11 decrealed to a

value where the _snitude of the induced earthquake excitations are s_l1.

Structural acceleration
re.pon.. It I

0.8

0.4

2r -I

_f
'<J 1<J J-a

'eriod He.)

Filure 3. Structural respon..
•pactra (5% daapinl) for ysrious
return periods around 's.ir Badak
r..ion. (- stucture. on hard
Iround - ••- on soft Iround. )

F11ure 4. Sketch of ..i..s.c ....rilli.
11liclcne.. of luana! _ul plat..
1. 1_. For 60- d••1p d1.plac-.alt •
2r • 2~ gd b • 6._. 'or 210­
de.11ft dlsplac.-nt. 2r •~ Uld
h • 10.&-. Supported ... 30000k1.

As the deaisn .pectrua for the dte 11 not yet avanabl. the

final dedit' of the selsaic bearinss Is not po..lble. J.verthetes•• SOM

prellalnary deslan of the bearinss can be undertaken usina the siaplified
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de.ign spectra for the Pelabuanratu area available in the Indonesian code

for earthquake resistant building design (Bentley and otbers, 1979). Such

spectra for varying earthquake return periods and 5% critical ~ina are

shown in Figure 3. AssUliing. structure with a natural period of 2

seconds. the aaxillUlll displacement, •• ti.-t.d fraa the acc.laration, 1.

about 71 .. for a 20 year return p.riod and 243 .. for a 200 y.ar r.turn

period at 5% daaping. At 101 daaping, the typical l.vel for a high cla8pina

natural rubber systea, it is e.tiaated that the dl.place..nt would be 61

.. and 207 .. respectively.

I.adng Desian

The bearings need to give a horizontal natural oscillation period

T of the order of two seconds. The requiT~d horizontal stiffne•• of the

bearing It., can be calculated using

It., - (4'1{ Za~) (1)

where a is the total aass supported by the b.aring. Fro. the horizontal

stiffness, the total height of rubber in each bearing. assumed a cylinder

of radius r ...y be calculated fro.

nh-1\r2c/k. (2)

(3)

where G is the shear modulus of the rubber at a strain corr••pondinl to the

..xi... design dbplaceaent and n the nu8ber of rubber layers each of

thickn••s h. Th. total height" of rubber .ust be large enou&h tet ke.p the

shear strain impo••d on the rubber at the aaxl_ horizontal bearina

displace.nt less than the pemitted ...1_ (typically 100-200%). '!he

radius of the bearing has to b. sufficient to prevent roll-out (if the

bearing is not bolted to the structure) or cavitation within the rubber

(Tho... , 1983) at the ..ximum horizontal di.place..nt. and to support the

vertical load without imposing too hi~ a strain on the rubber. Anatbtr

iaportant design consideration of the b.aring is ita stability. Th. load

Pc at which a bearing in compre.s1on becomes unstabla can be .xpr••••d

(Tho.... 1983) as

lc-lC ......
ag n CgT'

where a is the .... supported by the bearing and I the acceleration due to

Iravity. (Pc/mg) 1s the safety factor, generally taken as 3. The .1nt.ua

number of rubber layers may well be deterained by this criterion.
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The compressive .tiffne•• kc of each bearing i. siven by

k c - 3C1I ra (1 + 2Sz)/nh (4)

where S is the shape ractor of the rubber layer equal to (r/2h). The

stiffness kc is required to be large enough to en.ure that rocking of the

isolated .tructure is minimized and that the vertical earthquake cOllponent.

are not amplified by the i.olation bearing•.

Uaing 0.5 KP~ for C, b.arings .upporting 30 tonf vere de.igned for

maximum horizontal displacements of 60 .. and 210... The d1menaion. of

these are indicated in Figure 4 above.

Choic. of Rubber CpIDOUPd

Becau.e of its atrength properti•• and re.i.tanc. to .tiffening at

low temperature, natural rubber i. g.nerally preferred in laminated

bearings. It ha•• low degree of inher.nt damping, however. Neverthele.s,

natural rubber-ba.ed compound: with sufficient da.pina and non-lin.arity

have been developed th.t ..k. the provision of auxiliary damping and wind­

r.straint devic•• for the i.olation sy.tem unn.c••••ry (Darh.. and other.,

1985). Such an approach off.rs advantale. of .1Ilpl1eity, coat benefits and

long tera reliability without continuo~ ..int.nance.

DISCUSIIOI AIID COIICLDSIOI

It is apparent that coats ar. regard.d a. quite c;:oitical; the

provi.ion of superior .arthquake protection .hould not involve a

.ignificant increase in co.ta, otherwi.e the innovation ..y not sain

acceptance. Because of the lover .trength requirements of the ba.e­

isolated building, preUminary .tudy .ugge.t. po••~ble .aving. of U5$15,OOO

could be made on the .uperstructure for the de.anstration building. Thi.

constitut•• a significant but partial offset for the cost of the bearing.

and the necess.ry .adifications to the structure and the s.rvice

connections.

las.-isol.tion by ..an. of rubber bearins. i. very appropriate to

tho•• tropical Asian countries 11k. Indone.ia, locat.d in an .arthquake­

prone region. loth the raw material and a .i.ilar bearina technololY

exist.. Indonesia is one of the larse.t producer. of natural rubber in the
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world, and thh h the .ast suit.ble el.stoaer for sehaic be.rings. Their

..thod of aanuf.cture is quite siailar to that uaed in bridge bearings for

which sufficient experti.e .nd resource. .lre.dy exist for loc.l

production. Vlth.o.- extra c.re .nd control of ..terial. and production

technique., it would be within the c.p.bility of loc.l aanuf.cturers to

produce queUty ••h.ic be.rinl.. The uae of • local aaterial and

t.chnololY would have .dded co.t benefits.

In coneluaion, it h hoped that the construction of the

deaonstr.tion building In Indone.ia vill h.lp ••tabli.h the advant.g•• and

fe.sibillty of b••• ·hol.tlon .....thod of .arthquake protection and

encoural. it••doption by .tructur.l .nsineer. in Aaia.

Th. work de.cribed ln thh project v•• funded by UNIDO under

contr.ct lN8ber 91/022 and project n-..ber US/GLO/89/169. The .uthora

.xpre.s their thanks to P.T. 'erkebunan Xl for donating the .lte for the

building, and to J. Abednego of aIlC, Bogor.
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ABSTRACf Tectonically, Indonesia is situated in the active area. It is called 1ft iIIInd arc,

u indicated by 1ft arcuate shape of the island chains, traIChes, ldive voIcanoeI IIId

earthquake ldivity and the chain of islands. On the OCher hand IOIIIC put of the cuan
IndoneIia J'CIion is more complicated. Conlequendy. the area will be vu1nerIble eo ...­

huanllUCh u earthquake, volcanoes and landslide. The third one is mo c:auIed by thick IDiI

due eo ItrOnI watherinI proc:eues, and heavy nin in the tropical rqion.

Zonin& i. technolo&Y whi<:h divide an area in lOme rqion ICCOI'dinI eo the buard 1ewI.

Ellthquake zonina map will divide the Ira baed on pouible duup or around modaD

criteria, volcanic ZOftin& map wiU divide the rccion baed on the hazanllew:l due eo .....Ie

praductI from the crater of volcano. UndIIide mnina map will deIi..ae the ... 1ICDOfdift&
eo poaibIe IIndIlide huard. Indonesia is the fourth country in de awnben 01 pap'lMine ia

the world. BecaUle of this, in lOme places people have to live in the aeokJIic build III&.

Population condition force the people to live in these hazards arras. 1'baefore the ....

map IhouId be used u much u possible in any IandUle pIannina of the area. Evca in die

danpr area, if there is lOme advantage the reaion could Itill be utilized with the ..

boundary condition.

INTRODUCflON

Indonesia is located in the area calied island ~. It CCIIdain of uaIMe rona 01 iIIInd

chains with deep Ita trenches in the ocean side (Uyeda 1978). The -1lCIiYe- illlnd~ is •
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anomalous area in the canh having the ~or characteristics U 1Calrat.e continuation of

islands, prominent volcanic activity at present. deep tn:nch on the oceanic side and shallow

tray shaped seas on the continental side. gravity isos&atic: anomaly, seismic: activity (shallow

intermediate and deep). canh movement in propess. and c:oinc:idenc:e of arc with recent

orogenic belts (Sugimura and Uyeda, 1973).

The population of Indonesia was 179 million people in 1979. with the growing rate

of 2 ~ yearly. The density are 200-1000 peoplelsq kin in Java Island and Bali. and 20-200

people in Sumatra. Sula>Nesi and Nusa Tenggan Island. Other mas are leu than the above.

This condition force inhabitant to live in or to utilize the hazardous area. In order to

minimize the loss of life or economic losses some technology should be adapted. Zoning

methods is one of technol"lY that could be used and to be utilized in the area with special

geological condition as in Indonesia.

ZONING MAPS

A. Seismic zoning Map

The seismic zoning map is a map which is related to some eanhquaka parametus

such as maanitude intensity, lIC'CCIeration. active faults. probability occurrence and 10 on.

Housner and Jennings (1974) described seismic zonina map for eIIgineerinC purpose as a map

that specifies the level of force or motion for earthquake resistance design. thus it differs

from seismicity map thai provides information only on occurrence or eanhquaka. Srivastava

(1914) defined leismic mnin& map to delineate areas of probable maximum intensity of

earthquake and to indicae basic 1a:C1eration for clai&n. On the other hand ~vedev (1968)

roughly delcribed thalr.one in the seismic zoning .... are delineated lOne OIl the basis of

seismic: and leoJoeical ~ata. Those maps can be distinJuished into three croups. seismicity

map. faulty map. or leiunotec:tonic map or seismic probability map, and qineering map.

I. Housncc eM lnD'. clwfn,.,tlog

a. SriPk"J ., - the simplest seismicity .... are the plot of mapilUde-rated

epicenfa'l or Ibe put earthquakes and judgement enter only 10 the atent of

interpretinc the pre-instrumental histoll of the rccion. In this map. if data are

available adeqUlle1y to define the frequency of occurmace VI maanitude.,;,fearthquake
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over rcaion, the wthquake risk map aut be consttue1ed.

Sometimes the leismicity data are also well presented in the tam of sain ener&Y

density auociated with historical earthquakes.

b. flull mag. BlsmGlcdOnk mag Ind Bismk grobabUItJ -g - seismic fault map

is -Cned to show all fault on which movements have taken place within certain

specified period of time, c.e. in historic time or in the Ia.:,t 10.000 yean.

Seismotectonic map is used to describe maps which are essentially fault map

aucmented by other eeolOJic information, such as tectonic processes, locaIeeo1oJY

and so on (Evsccv and othen, 1968).

A Seismic probability is constructed from a fault map by assienine probabilities of

Q(Xurrenc;e of t.anhquake of different maanitudes to each active fault, and usienine

areal distribution of intensity to earthquake of different maanitudes.

c. _'-dnI Mg - the maps which are dilCUSled above present basic data combined

with professional scismolOJicaI and eeololic:al judeement. They are aenerally not

directly useful 10 eRgineen. who need a quantitative IUidance reprdina leismic IoIds

to be resisted within certain allowable stresses, strain and so on. The enJineerin& map

vary depaldinl upon the intended applications and on the interest of the individual

consaructine the map.

2. l<arglk • AIccnnJgep c"pllka'.
Kamik" AlCenniuen (1978) differentiate several types of zonina maps accordina

10 the data and usumption used in their preparation. Ac:cordina 10 the c:ontaat they classified

the earthquake zooina maps 10 four caaeaories.
a. Mal.... totens"! map - this type of map aut be either map of maximum observed

intensity with smoothed c:ontoun of intqrated isoldsmall or nwp of maximum

expected intaasity. Theoretically, this type of map '*' be developed bued on the

definition of IOUn:e rcaion, put earthquake llltisties and aIIalUilion functions.

b. ............'M mg - some mnin& IUpI ue classified accontina 10 OCher

quantities. The IDOIt common is related 10 buildina code. This type of map will be

IpCldfied u Ibc coeffICient KCOI'dinalD type of IInICtUre Mel pound condilion.
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c. Maximum cround IIJCUUmncp. mu . lhis type of map show ground motion

parameters such as maximum acceleration, particle velocity, or displacement.

Actually the basic data for this map is intensity. In several countries this parameters

an be recorded by special seismoenph. The great majority of instrumental strong

motion data have been recorded in California and lapan. Another way of findine this

parameten is by usina the attenuation model from another earthquake parameters. For

any panicular earthquake area the attenuation data based on correlation of observed

intensity will have more accurate result.

d. Scism... risk maP • there are a number of definition for seismic risk map. For

instance, in the former USSR a risk includes economic and other effect of eanhquakes

durinalong time interval. Donovan (1973) stated that seismic risk should be in the

term of return period of intensity or magnitude. Vere-Jones (1973) stated three point

as concept of earthquake risk; they are geophysical risk referring to probability of

recurrence of damaging earthquake at specific region; the engineering risk referrinl

to the probability ~r failure of a particular type to structure; and the insurance risk

referring to claim being lodged to specific amount. The Workinl Group on Statistical

of Natunl Hazard (Puis, 1972) (Karnik " Alcermissen 1978) defined seismic risk

as the probability of loss, from earthquake and a natural hazard itself is a state of risk

due to the possibility of occurrence natural disaster. Kamik" Aigermissen (1978)

state thai risk must be referred to the losses of certain object.

3. seLgpk Zelna Ma, ig loclowia

Scvenl Macro zonation maps has been made by several authon. the oldest one is

Earthquake Hazard Mapof Indonesia (Brest van Kempan. 191). This map consist of epicenter

distribution, intensity in the renn of eravity acceleration and tsunami data. Sutadi (1962)

produced a seismic zoninc map based on the surface around acceleration calculated \lsine

Kawasumi empirical formula.

Wiratman (1971) delineate similar map by usin& the same formula. The same map is

also presenled by National Workina Group on Encineerin. 5eismo1o&Y and Earthquake

Eftaineerin. (1976). Becca Carter Hollin, It Ferner LId. in 1m praented the frequency

map for certain maanitude.
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At present several institutions made ZORina map based on their needs. For cumplc

the map produced by Directorate of Water Research (1982). This map shows the wne

delineate the earthquUe coefficient for Water Structure. The data included in this map are

based on soiUrock types, acceleration and period. The DiRCtorate of Public Work (1980)

published the seismic wning m 10 for building structure.

Another maps are shows calculation of b value from Ritcher • Gutenber'J formula

(Sudarmo, 1917 and Santoso, 1980).

B. Volcanic Zoning Map

The types of volcanic hazards are diverse and vary from one volcano to anoIher. The

numben of ca5lWties also differ widely accordin, to the nature and location of activity. The

most significant aspect of volcanic hazards are : the distribution and pattern of different type

of IJrocesses, the velocity, the temperature, the len,th of warning, and the frequency of

occurrence (Blong, 1984 c.f. Situmorana and Sudrajat, 197). The potential hazard process

is usually related to volcanic product such as flows, outfalls, slide or avalanc::hes, gas

emissions, ground deformation and tsunami. Volcanic hazard zooin, map is made based on

the past and present character of the volcano, the topographic condition, prevail wind

direction and so on (Sudrajat, 1991).

Some maps of volcanic zoning in Indonesia have been JMd>lished by Directorate of

Volcanology in Bandung, such as Merapi, Soputan, Semeru, Ciremai, Mcrapi Lamonpn,

Mahawu, Ganalama, Karangetan, Sundoro Banda Api, Makian, Awu, Lewocobi, Kcrind,

Batur, San,eyanl Api, Papandayan, Kralcatau, Kala, Dukono, I1ibulona, RohaIenda, EbuIobo

and so on. This map is usually called Hazard Area Map.

C. Landslide Zonina Map

Landslide zoning map is usually made based on the put occurrenc:e of events

combined with the leologic and rainfall condition. In Japan as for example, the Japanese

Islands arc divided into aaht acolo&ic units for enau.nna Purpote, based on aeo&oIic
constitution and the landslide distribution (Japan Society of Landslide, 1980). On the other

hand Koidc distinluished Japan into three reaion as tertiary landslide, fmctule zone landslide

and hoi sprina landslide (Shinjo Construction Work Office, 1985). ldentiracation of the



E22-6

landslide vulnerable area could be done by identifacation of steep slope, cliffs or banb beiDa

undercut by stream or wave action. area of dnina&e concentration and seepqe ronc. area

of hummocky around. and area of fault and fracture concentration (Rib IIId Liana. 1978).

The landslide wninl in Indonesia is made based on the frequency of events, intensity and

leologica1 environment (Elifas, 1988).

DISCUSSION

The result of zoning method is • map which shows the vulnerable area to natural

disaster, e.g. earthquake, volcanic eruption and landslide. Thctcfore in the Indonesian reaion

where so many people have to live in the hazard area, zoninl map could delineate the hazard

level, consequently if this map is used the danlcr area could still be utilized.

Thc earthquake dangcr as a lround motion parameter in a c::ertain zone could be

mitigated by a proper seismic coefficient for a certain structure. In the hiCh risk area such

as fracture zone or fault zone the landuse planninl should be adjusted only for llriculture,

forestry or other activities with no sca1cment or industrial area.

Volcanic area is always a very fertile zone. Traditionally, this rqion has a hilh

population density. The adjustment of landuse in certain rqion is necessary. The people

should be trained that vulnerable area for volcanic: erupcion should be used only for

aariculture, forestry or other activities of no settlement or industrial zone. In other word they

should build their settlement in the area outside the hazard ronc or low hazardous zone. They

should also be trained nol to put lheir valuable thinls in the hazard zone.

Landslide is a small scale disaster, a1thou¥h individual slope failure Ienerally are not

so spectacular or so costly as c:ertain other lIIlunl c:aludt1'OpCl u earthquakes, ftoods and

tornadoes, but total or cumulative financial loss of landslide is probably paIa' thin any

other sinlle leoIo&ic hazard to mankind (Schuster, 1978).

The effort to manaae this kind of natunl phenomena could be done by avoidinl or

mitigatina. If there is financial value people muld still live in the danJer area by providina

mitiptillJ effort.

CONCLUSION

Based on the above discussion the conclusion is u follows :
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- In the futaft people would be Clduc:atlld to Ii~ with natural dilllta'.

- Natural DiJuaer could be manaaed by awidin& or mitiptinc the impKt.

- Zonina is one IIChnoIoIY Ihal could be UIed in awidina or miliplina natural huud,

tbaefore micro ....... of-=ll naIUrII buud __ should be done.
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ABSTRACT

In this paper, It is outlined that the earthquake hazardl, earthquake
prediction Itqes ....d the countenneuures for Its reduction won. In China. The
future In thll aspect, .... eR.lneerin. system for seismic dilUter reduction which
II composed sill major disaster reducln. measurel: monltorin. and survey,
forec:Mt, resistance, prevention, rescue Iftd relief, Is proposed.
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EARTHQUAKE HAZARDS IN CHINA

China is one of the seismically most active country In the continent of
the world. Since the M.innln, of this century, there are more than 1200
earthquakes Ms;;> 1 occurred In the world, amon. them 1110 took place In
China. In the past 40 years. in Ivenae 6.6 seismic events per year with Ms
;;> 6.0 occurred in China. resultln, In mut 276.000 penon dead and 763.000
person Injured; the property loss calsed by earthquakes. only by incomplete
statistics for 11 earttK:uake events MI ;> 7 since 19.9 showl: the bulldinls widl
60 million rooms and about 100 million square meters collapsed. and they
worth over 10 billion RMB; other direct 1011 of Installations for Industry
and agriculture were over 30 billion RMB. Table I shaWl the losiel and
casualty caused by some disastrous earthquakel.

The seismic activity In the continental rellons. In comparison with other
places of the world, have such features as: hlah frequency. I....e mllnitude
....d elltensive dlstribullon. Most domain was suffered from earthquakes with
basic seismic Intensity of 7 to 8. maklnl up 32.S"" of the .roSI land area.
There are 136 <:Illes located at that rellons. of which there are 30 cities with
a population over O.~ million. rouply holdin. 4S,. of the overall cities In
China.

The earthquakes In OIlna malnl..d are typically Intnpl8te eventl with
complell structural background. Most of thele earthquakes occurTed within the
middle crust. about 10·2S kilometera in depth. Because of shallow fOQl deptha.
high density of population Uld most of buUdin,1 built before 1950s' were no
anti-seismic struclure. so all larae earthquakes occurred In the thickly Inhllblted
districts have caused very levere disasters. For elample. the Tanlshan
earthquake with Ms - 7.8. occurred on July 28. 1976. the selllllically destructive
rellon were over 30,000 squ.e Idlometera. about 242.000 people wen killed
and 180.000 people severely Injured. Tanashan City. a modem city with LOS
million Inhabltanls and over 100 yean hlltory. based on mlnln, and ceramic
Industry. was razed.

The seismic hazards have broulht about lrave lossel and tremendous
threats to the Chintse people. Over a 10lIl period of time. the Chinese have been
maklnl unremitting efforts for reductln, the .elsmlc dilUter Iftd have lot some
elperiences and achievements In this asped: eanhquake prediction. preventl....
relieflng and against .e1~Ic hazards.
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Table I. Disaster produced by some disastrous earthquake'

Dale LocItlon MlIIIltude Cuualty PrqJerty loll
lluui..

1"6 Shamxl B B30.00()(deId}
Tlllclteng

1668 Shllldona 8.5 100000
Sanhe·PinIUI\

1679 lIebel I 100,000
Uuyuan

1920 N!n&ltia 1.6 2:JO,OOO(dtad) .
Alngtai

1966 Ilcbei 7.2 8.000(dead)
Tooghai 18,OOO(deld)

1970 Yunnan 7.8 27,OOO(injured}
800 million RMB

Ilalcheng I ,)00(dead) of direct lou
1975 Uaoning 7.3 4,)OO(injured) 450 million RMB

for

9.6 billion RMB
of direct 10..

Tugshan 240,OOO(deId) 600 million RMB
1976 Ilebel 7.8 IIO,OOO(injured) for ~lItf

U billion RMB
for rebulldlnl

TilE EARTHQUAKE PREDICTION AND ITS ROLE
IN MITIGATING SEISMIC HAZARDS IN CIIINA

Earthquake prediction involve'! estimating or forecasting th,~ time. place.
magnitude of a destructive earthquake and the damage or hazard ",'th the losses
of property caused by it. Table 2 gives some schemes about stage division of
earthquake prediction . By comparing these schemes and considering present
knowledge level about preparatory process of earthquake, state of data, md
convenlnce for working program and International exchange. we think the sixth
scheme in table 2 15 better. Earthquake prediction in China Is divided Into lon,­
term (years to several decades or even longer). Intermediate-term (months to
years), short-term (days to months) and Imminent (within several days)
predictions.

The opinions determining the preparatory period of several decades before
earthquake as the long-term are coincident. The research objects and methods of
lonl-term prediction all depend on recurrence of strong quakes. palaeoseismicity
and tectonic comparison of strong quakes. revealing the long-term felularity of
strong quakes in a point. a belt and a region. The research results are used for
earthquake zoning and evaluating of seismic risk.

The opinions determining the period from several months to oc:cunence of
strong earthquake as the short-tenn are also coincident. for the abrupt anomalies
and rapidly-changing anomalies of several geophysIcal and geochemical fields
before strong earthquake, In features ...d time scale. are very similar between
themselves and to some experimental and theoretical results. Some experiences
tell us that the more imminent the occurrence of strona earthquake is. the more
.bundant the abrupt anomalies are, ...d the higher the ratio of different
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macroscopic anomalies including unusual behavior of animals and climatic
anomalies. People all expect to distinguish an Immlnent-tenn prediction several
days before strong quake from the short-tenn stage, but several peaks of abrupt
anomalies often appear before a strong earthquake. Thus, In most cases, It 15
difficult to detennine definity the coming of imminent stage.

Nevertheless, the earthquake prediction, as one of the forward position In
geoscience. Is stili a scientific puzzle currently in the world. Compared with
developed countries, there still is a distance In the observing technique.
Instroments. data processing and communication apparatus. Nevertheless among all
the methods and measures for reducing seismic hazards, earthquake prediction
(including Intermediate-term, short-term and Imminent predictions, and post­
quake tendency diagnostic jud~ment5 as well) Is the basis. In addition, there are
many scientific and technological difficulties In making accurate predictions.
Furthermore. earthquake prediction is practically affected by social. economic.
psychological, political. legal and religious factors. Although earthquake prediction
Is a critical approach in mitigating seismic hazards, it still has soml" limitations.
So only organically combining and Integr~ting various measures for stlsmlc
hazard reduction together. can the optimal efficiency be attained In reducing
seismic hazards.

TIlE EARTHQUAKE COUNTERMEASURES AND ENGINEERING
SYSTEM

FOR SEISMIC HAZARDS REDU(''TION

The Idlon of natural disaster reduction Is not only the exclusive action of
science and technology. but also the popular action of whole society. For the
purpose of natural disaster reduction, it is necessary that the whole intematlonal
society would work, cooperate and connect together with this aim. Based on the
above mentioned, this paper suggests silt major disaster reducing measures:
monitoring and survey. forecast, resistance. prevention. rescue and relief. for the
centralized state engineering system of seismic disaster reduction in ('lIina.

I. The monitoring and survey of seismic disaster

The monitoring and survey of natural disaster serve are the foundation of
natural disaster reduction. By the monitoring and survey, data and information of
disaster can be provided. Therefore, the hazards could be warned and forecasted.
Even the emergent commence actions for disaster prevention and reduction can
be taken directly. At present, the nets of monitoring and survey for the seismic:
disaster have been set up In China. In general these nets are composed of three
scal!'!s: the statewide synthesis station, the regional monitoring and survey station
and the local monitoring station, as well as wide spreaded unprofessional
observatories.

At the present, as the result of efforts over 20 years. the elO.rthquake
monitoring and prediction research systems have been set up In major seismic:
areas of China. The observations and researches of earthquake precursors have
been developed. The nation-wide network consists of Beijing, Shanghai. Chengdu,
Shenyang. Kunming and Lanzhou 6 regional telemetry networks. 12 local radio
telemetry networks and 9 Sino-USA cooperative digital seismographic stations.
There are 970 professional seismic stations and observatories distributed over
China. of which 379 stations ron by local governments and enterprises. Every
year. roving measurements of the gravity. geomagnetism and crustal deformation
profiles are carried out. with the measuring routes as long as 20.000 kilometers
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and III I, .. UiJO observatories points. Except for the professional, there are a
wide'I'I' ,"I unprofessional seismic observatories. So a relatively complete,
natioi \~ 1,11" Ill,mitoring network has been built.

/ Ih~ forecast of earthquake hazard

i ,n r l' IJ ke prediction Invol ves estimating or forecasting the time, place -.cI
ma!(lilfll ii' d a destructive earthquake and the damage or hazard with the 10llel
01 1'[(:" 'l' (lIl~ed by it. Earthquake prediction in China Is divided into lona­
teml \ ,or· I" lens of years or even longer), intermediate-term (months to yean),
short 1,'11 :,;,IY, to months) and imminent (within several days) stages. The IUle
seak ,::, lL' lor the earthquake prediction, after the Xingtai earthquake event,were
beg"" " ,,(,,) Since the establishment of The State Selsmolollcal Bureau of
Chiln .:, i 'J'i: (abbreviated to SSB). a unified leadership and management h.
brl'l) ii, ,I, I' <l (\\t"r the naliondl seismological work, The stipulation of earthquake
pre,li. ;',';1',' ratified by the State Council have made a rule for the contents
lUId .. ' ,; ., ,'11,!,S to release the earthquake prediction, The earthquake prediction,
mll~{ ('i'ost>d by the local seismological branch, approved by the local
prov in,. ~., '('rnment and at the same time reported to the State Council ad
havr I I ~kased to society by the local government at the right moment.

(i.1 I!Il' unremitting probe in the paM 20 years, the research of earthquake
predict" ,:1 ' ..IW got great achievement in China. The successful prediction of the
Jlal<'h,'p:' "il111quake of M = 7.3 ha.~ elucidated that at present, It II possible to
maId' I ,./ C't~rtain extent and even successful prediction of some larle
earthqll,"" ~ I'i.-fore their occurrence ttHough meticulous and serious effort.
Jlowl'\"·, I!I,' f>arthquake prediction is an extremely complicated scientific puzzle,
with Ii,,' i .lIqz~han earthquake and other ones failed to be predicted. This fact
indh al" 'i 'It WI.' are now still basically under an empirical stage of earthquake
prcl!ln i II. I hI' physical mechanism of seismogenic processes and Intricate
prenJr")i\" ;ht'nomena are not yet well understood. The empirical knowledge Is
very oj 'ilh:illenged by various problems arising in the course of earthquake
pre<lIl'II-'lI ,),adices, The most salient problem encountered is the nonunlquenne.1
of lh~ 1,'\', lnn between the precursory anomalies and the earthquake occurrences.

j)j,;,qt'r forecast, including the regime for the disaster and the
preas~..~~nH'r:1 for the hazards, is the scientific base for various disaster reduclion
prepar.!1 ,\11 AI present, alt.hough there are some empirical and theoretical bues
for ear' :,qu;lkt's forecast, the overall level of forecast Is stili relatively low. 1be
succ('\sllll ;1rediction level could hardly be risen unless the capacity. contents and
analvsi,,- ml'lhods of monitoring and survey are greatly Improved. It Is specially
worth' t'mrhasize the great earthquake which will be occurred In heavy
populal" 1 ,Ift'as.

:i 'Iht' rt'sistance of seismic disaster

I ',,~ Tt'si ..tance and prevention of the seismic hazards have underwent a
tortuou'" lo;td in China. In the 19505', with the limited of knowledle of
seisnw!, ':''1 and the state financial support, It was clearly stipulated that the
buildint-s should not be designed In anti-seismic structure In the .eas where the
basic il'roslty is lower than 8, In the areas with the basic Intensity over 9 the
buillJing.. would be cut down in height and adjusted In plane to Improve the
buildin/l I,roperties to reach the aim of seismic disaster reduction, So, except
some v1ry important buildings, there was no capability of anti-seismic property
for nl\' i huildings. Undergoing Xingtai earthquake (Ms - 1.2, 7.938 penonl
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dead, H,613 persom injured and 1.200.000 houses collapsed) and Tonghai
earthquake (Ms = 7 S, I H,OOO person dead. 27.000 person Injured and 338.000
houses collapsed). tl:e seismic hazards impelled us to study the anti-seismic
measures for buildings and installations and to search for optimal anti-seismic
design in engineering and earthquake resistant measures in seismic risk region.
The Chinese Government, soon aUer that, promulgated tht stipulation requiring
the design of the buiktings and installations to make ·structures would not
collap~e during large earthquakes and not be damaged during small ones". The
works on engineering anti-seismic designing and earthquake resistant measures
impelled the resistance and prevention of the seismic hazards and have got great
a~lIievements in China.

By the case of China, the Chinese Government decided that the key of the
resistance and prevention for the seismic hazard reduction is the urban one and
pointed at 38 cities as the focal points of it. Since 1979. the important huildings.
installations and engineering for the earthquake resistance and prevention of the
seismic hazard reduction have beer. built according to the standard of basic
intensity 7 in the urban area, where the basic intensity is 6. Since 1986, it was
sti!'ulated that the area with the basic intensity 6. mak ing up ahout 27% of the
domain. should be optionally reinforced and anti-seismically defended.

All of the above works have greatly improved the capahility of the
resi~tance lUld prevention for the seismic hazards and got some achievements. For
example, after adopting the above measures. an earthquake with Ms - 6 in
1981 occurred in the same place of 1966 Xingtai eanhquake. no houses was
collapsed and no person died or injured. In the same cases, the buildings
reinforced in lIalchen earthquake (1975). Daofu earthquake (198 I). lIeze
earthquake (1983) have got obvious benefits and the seismic hazards were
reduced. It is obvious that the capability of resistance and prevention for the
seismic hazards will raise with the increase of the state finance and the
investment.

4. The prevention of seismic disaster

Disaster prevention includes two aspects, one is that suHicient attention
should he paid to disaster prevention in planning constructions and selecting their
sites in order to avoid potential disaster. another is that shielding type measures
for disaster reduction should he taken for mobile factors including personnel,
machinery. equipments, etc. For the former, considerations based on standards and
specifications have already heen given in plannlnl large national projects. For the
latter, it is related to the knowledge and techniques of disaster prevention for
popularization. When the disaster prevention consciousness of the whole people
has been risen, it would be a social measure of great potential for disaster
reduction. The propagation of natural disaster knowledge has been strengthen In
order to improve the awareness of disaster prevention among the whole Chinese
nation. Such extensive propagation would be greatly helpful for the public to
raise the self-preparation and seU- defense abilities. enable them to cooperate with
the government in front of disaster and take positive attitude towards mitigating
IJazards.

5. The rescue of seismic disaster

Since the beginning of history. compared with other countries. the seismic
ha7.Jlrds In China are very grievous both In casualties and property losses. For
Instance. up to the end of 1988, there are about 335 events with the casualties
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OVl"r I 1\ r"l ""1~ cau,rd hy tanhqu.tkl'~ in the world, in which 88 events
occurred {idna ;uld lhe ca~lJallirs fe:lChrJ up 10 40% of the total; especially 7
earthqll,i" "'IJrn'd in Ihe w()Ild with casualties over lOO,OOO, among them 4
event .. ,n : Lfllt. which is 574" of !hi" :<,1;11 So that the Chinese Government has
to laho r"',11 ,'.lill~ and mohili/l" Ihr wholt· aspecls to dral with various social
and t·, ;" " ,I, jl flrohlems hroll"tll hv thr seismic halards. Therefore the
eanhqlj .. ~" r,-II"I is not only ardu()l1~ hut also strenuous

I, ",,' 'I ~ lit of speri fie COIHllt iWI' of China, the fundamental polley of
earlhq, '., ,:'f hy Chinese (;o\"r;n;~\I'1}1 are: dl"pend upon the masses and
clli Ire:, ' " ;. 'I'. sri f saving anc! hi-II' e;tth olh,. r and with the necessary relief
and ',II;, ': tv th" slalr go\"trnnw,l! I ht' ft'lid experiences of over the years
p,med ;i', II,' t!mdamental poliry i, \('1\' l"ffel-live. /H'('ording to this policy, the
(hlllt'~" , ,,"lfll1,,'''t dt'riv{'<! thr hi,t,'Ji l ';!1 Ir,sons and experiences, with multiple
mea'lll'" ,I IIII,tholl, to prepar!' for I'f('\t'nting and reducing seismic ha7.8rds of

• : I" for th,' co ('arth'lI)'I'" ,mel post-quake the urgent task is to
. 11111" anll injun"d, tl' rt'tiJIIl the normal sorial life, rehuild the

! J(',~i!11l and r1illlinalt' !I1\' 'I'i~lIlic aftl'rmaths.

i " ""., of seismic hal.arcl~. IlldlHling the recovery of production and
SOCidl 1,1:' i' dl,O .I yery elkctivt' nieao,lJrt:' for disaster reduction. Once a serious
dIS<l'l"1 ' ,'ill .. d, tile urhan constrlH 111111 and puhlic wealth would be damaged,
tilt' illl;" :,,' pl,"!uction and financial :,:'livilit's wnuld he stoppt'd, and even the
sinJI (II'" ';l(it"ty and family would he d!'stroyed and thus indule large
defiY:!!1 " ,i"'t'!; Therefore. to shont'n Iht' time for the recovt'ry of production
ann tile ., 'I ,,: fllel ion of horne i" ;t11 imrortant measure for disaster reduction.
The ('I'i'I'''' I ,,)vernnH'nl rest'rves I hillioll RMIl for the relief of natur-.lI hazards
evrry .", \"I't that, once the hea.y hMards occurred. it will be supported by
the SPi" ';',il,;'li!'. domestir help ,Uld international support as well,

I he h,.,,, policy for the sl:'ismie halard relief in China are: to put the
prt'vt'/Il i, \I, I, r,t, to maintain organization and command under the leadership of
the a,I';III1',II,III\'e regions and to utilize the army, the militias and the
profes';'.litl f"L("f tt'ams Althnugh /In'at progress and some experiences have
been ",oJ III Iht' r{'scue. relief works and rehuilding the lifeline engineering after
earthqu:tk l'. In rreventing the occurrence and enlargement of the secondary
seismic d':I\lt'f. Ilecause of the limitrtl rroperty storage, the social weakness in
disastl'l I r\fllllng. and the imperfect disaster legislation in all of the Chinese
socirlv, " j, more complex and arduous tor the relief of seismic hazard In
(,hina

In '11,- i~"o,( 40 years, acemding til thl:' incomplete statistics, there were over
!O mill"." 1'<", ,pie, over 10 billion RMU of the state financial support involved In
the Sl'I'llllt n'lit'f, rescue and rebuilding in China. The Chinese Government has
basicall) ,II ,,)mplished: to comrletl' the urgent tasks of rescure the life and
Injurl"d wil;lin a couple of days after the earthquake, to reduce the ca41ualtles and
proPt'rt\' io", to the minimum and to make a preliminary arrangement for the
livielih·' "I .'f virtims in seismic calamity; to take about 3 years to relief and
rl'huil.l lh,' "<"i,,mic calamity areas upon general destructive earthquake regions,
ror y''';Oi l"arthquake, such as Tangshan earthquake, until 1986, the cIty's
econollli,' pn,dllclion level ju~t rl"turn to the prequake level and the Chinese
(Jovrfll1lll' 117 !Ol1k !O yt"ars to rt'lil'l and rl'huild the uman installations, this wort
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will take a long time.

According to the above mentioned, the sill measurements can not be
dispensed In the system engineering for the seismic disaster reduction. They are
essential for the aim of the IntemaHonai Decade for Natural Disaster Reduction.

Seismic disaster reduction must be a system engineering and must rely on
a unified information system. The overall disaster reduction countermeasures
should be worked out beforehand on the basis of an overall undrrstandlng of
the diluter. Meanwhile, the system should provide scientific Informatioll
extensively to various departments and brandles of science. coordinate the disaster
reduction work In various departments, rise the research levels of seismic
dlsuters synchronously, promote and accelerate the heightening of the disaster
reduction efncacy.

We are confident that the loss caused by natural disasters will be
minimized by the whole international society would work. cooperate and connect
together with this aim.
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TO IMPROVE HEAVY RAINFALL FORECAST:
TAIWAN AREA MESOSCALE EXPERIMENT (TAMEX)

Geotge T.·Jen Chen
Depanmem of Atmoaptwic Science
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T..... TaiwMROC

ABS'mACl' TAMEK is a research program to i.Jrprave, through ~tter

W'lCIerst.ancli.B}, the forecasti.n;l of heavy precipitation events that lead
to flash floods. 'Ihe program was proposed to the National SCience
CDJnc:i1 ard meteorological OCI'lIll.Ini.ty in Taiwan in 1983. After abaJt 4
years pl.a.nnin:J, the field pw;e was carried out successfully in May ­
.Jww 1987. A 5-year follow-up researdl plan to caver both the basic ard
awlim researdles started right after the field ~ in 1988. 'Ihe
Pc8t-TMEK Forecast E)cercise, be carried out in May -- .June 1992, is
planned to ClCIIPlete this 1D-year TNmC program. '!be objective of this
Far:ecast EKarcise is to apply the sc:imtific results and tarecast tech­
niques generated by the~ program ard to develc:p nawcastirq (0"- 3 h)
an! very-&hort-r~ forecastinl (3- 24 h) capabilities in the heavy
rainfall forecast in Mei-Yu seasa\. An overview of this 1()-y8ar program
is given in this paper.

INIK:JCUcr'IOO

A transition period between the winter NE JIU\SOClI'\ and s.maer SW
DalSOCI'1 regimes occur::;; over subtropical Fast Asia in the lata sprj,ng and
early sunner. D.trirl:} this transition period, a frent ( Mei-Yu fralt in
Taiwan ard QUna, Baiu front in .Japan) ten::Is to form in the deformation
wild field between a migratory high to the north am the subt:rcpical
PecUic h19h to the south. Although the individual Mei-Yu front often
1IlCN8S slowly southeastward after its formation, the mean position of the
front urdercjoes sequential north\\'ilrd shift between May and .July depen-­
di.rq upon the intensity ard the pOSition of tho largo-c-..calc circulations
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Fig. 1 (a) AnnJal mean ( 1975-1986 ) frequency distributiU'\ of 850 hPa
froot in Taiwan Hei-Yu seasoo (15 May - 15 JW"le). Front fl'8qlB1Cy is
counted at U h intervals aM analyzed at 1" latX 1" lag grid inter­
vals. Heavy dashed line iniicates maxiIlum axis. (b) Climatoloqical
daily rainfall (l1Ill) at Taic:hurq in 1956 - 1975 and the monthly JDBan

daily rainfall (l1Ill) in 1951-1970. 'ftle Hei-Yu season is indicat.ed.

in the subtropical latitudes. Fig. 1a shows the annual mean frequency
distributicn of 850 bPa front in the Mei-Yu season of Taiwan (micl-May to
mid~une) • '!be axis of maxinum frequency, in1icat~ the mean positicn
of the Hei-VU froot, is oriented aJ:l)roxiJnately in an east~ directicn
ext:.ernirlg frcn southern Japan to southern QUna. '!he seasooal rainfall
distribution in Taiwan reaches a maxiJrum dur~ the Hei-Yu sea&al pri­
marily due to the repeated cx:currence of the Mei-VU front. 'I1YJ D8all

daily rainfall at TaichUlYJ, \Iohic:h is located in central Taiwan, is
presented in Fig. lb to show this feature.

Fig. 2a shews the smoothed tqloqraphy of Taiwan and the .an rain­
fall distributiext durirq the 1972-77 Mei-VU season. 'lbe 0IIntral Ib.U'\­
tain Ran:}e (am) runs through Taiwan in a north-scM:h cIi.r«:tian with an
average terrain height of about 2000 m am a peak of 4000 II. 'Ihe~
9APUc infl\BlCB is clearly shewn by the IIUCh higher val,-- of rainfall
ext the windward slopes of the OR than ext the lee slq)8S urder the
prevailincJ &Q1thwesterlies in the lower trcpJSphere. AI1lCn) the .any
IeSCl&Cale features otlseI:ved near the frent, the most inpartant are the
organized JI!8SOSCale convective systen& (teSs). 'lhese COI'1Y8Ctiw~
ted to IlICMI alag the froot frem west to east. As they IIlCMa aa:ou the
Taiwan strait, they are often affected by the steep orography of Taiwn
am prcduoe locally heavy rainfall of up to a few hunckecl IIill.u.tar8
per day. Fig. 2b shows the spatial distri.b1tiext of heavy rainfall
events in the Mei-VU seascn of May am June. 'Ihe pattern reflects the
influence of the QtR an:! 10c.3l topoqraphy. 1bc property cIaIDge caused
by heavy rainfall an:! tho l1soociatod flaoh floodinJ in tho MQi-Yu soasan

114:·....... D............". -
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Fig. 2 (a) 'Ihe Mei-Yu rainfall (solid, em) in Hay lS-JWle 18, 1972-1977
ani smoothed topograPlY ( dashed, m ). (b) Distri.b.ltioo ot the 326
cases of heavy rainfall events in May-June, 1975-1984.

becanes IIlJCh roore serious III recent years due to the rapid eoollany
growth in Taiwan. Each of the heavy rainfall/flash flood events, such
as the Hay 28 case of 1981, June 3 case am June 10 case of 1984, caused
US $400-600 millions in damage. with the awareness that the prediction
of flash floods is greatly haDpered by a lack of wnerstan1ir'q of the
mesoscale pcooesses responsible for producing heavy rain, the National
science council (NSC) of the Republic of 01ina (RX) in Taiwan es~

lished a mesoscale meteorological research pcogram - the Taiwan Area
Mesoscale Experiment (TAMEX).

EXPERIMENl' DESIGN

TAMEX is a research program CXlnducted jointly by scientists of Tai­
wan, the AX, an:1 the United states to iDprove, ~ better \.UU!r­
stan::li.n), the forecastirq of heavy precipitatioo events that lead to
flash floods. In order to achieve this objective the field~ was
launched to oollect the data necessary to study 1) the mesoscale circu­
latioo associated with the Mei-Yu front; 2) the evolutioo of the mes0­

scale ocnvective systems in the vicinity of the Mei-Yu front; 3) the
effects of orography on the Mei-Yu front and on mesoscale convective
systems. '!be observational program of TAMEX consisted of five CDl1lO""
nents: an upper-air network, a surface network, a radar network, an air­
craft program, am a satellite prcqram.

'l1le ~-air network was CXIlp06ed of ocnventional am special raw­
inscnie sites am pilot billlCXXl stations. Nine of the 12 rawinscn:ie
stations were lard-b:l~ systcmG an1 three were located on ships, cove-
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rin) an area of -.... 500 kIn X 500 kin contere:i over Taiwan (Fig. 3a). The
surface network consisted of 75 surface stations (Fig. Jb), 126 rain­
gauges (Fig. 3c), 21 wirrl ta.;e.rs, arrl 3 shipboard stations. '!be radar
network consisted of five conventional radars arrl three C-ban;i Doppler
rclWrs. Pericx.ls uuri.n:J whidl high-resolution ~ations were made
were referred to as "intensive observing periods" (lOPs). Fran 11 May
through 20 June 1987, the NOM P-J aircraft flew ten missions in ~rt
of eight TAMEX lOPs. The aircraft was based in Okin.:1wa, Japan, though
all flights were C.J.rr1O::l out in the TAMEX area. 'Ibe net.eorological
satellites in operation durirg TAME:< were the G1S-J, tl:lAA-9, an::1 W~-
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j Fig. 3 (a) The locations of the TAMEX
J rawinsonde (solid circles) am

I
pilot balloon (open circles) net-
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10. DurinJ lOPs, rootine observational systems increased their frequen­
cy of obserVations. "Fixed" special ot&ervinJ'systems, such as Dewler
radars, were operated in selected modes. ft:)bile otservating systems,
such as aircraft arrl ships, were deployed into areas of special inte­
rest. In order to provide continuous measurements to stooy mesoscale
circulations during undisturbed, as well as disturbed pericxls, soundin]s
were taken continuously at 6-h intervals during a special OOOel"ving
pericd (SOP) frOOl 15 May to 15 June 1987.

FIELD PR:CRAM

'lbe field~ of TAMEX extenJed fran May 1 to JW"le 29, 1987 co-
verirg thirteen lOPs and ten P-3 aircraft flight missions. 1he partici­
pants in the field phase included the ROC and the US ~ts. '!he
ICC CCIllX>nent consisted of 80 scientists and 1000 research associates,
students, arrl technicians fran 4 universities and 11 governnent agen­
cies. '!he US eatp:lnent consisted of 50 scientists in Taiwan am 25 sci­
entists, research assoicates, arrl students in okinawa fran 11 universi­
ties, NSF, NCAR, NOAA and NRL. The operation cost was estimated to be
about US $ 5 million, consisting of 4 million fran the ROC side arrl 1
million fran the US side.

'!he TAMEX field program was an operational success, and quailty
datasets were collected in support of all TAMEX scientific objectives.
'!he 13 lOPs ext.en;led over 23 days of the 2-lOOnth operation. The P-3
aircraft flew a total of 82 h, tllree vessels participated a total of 92

days, am al:x>ut 2000 so..wiings were launched, including 1200 launches at
6-h intervals, arrl 800 launches at 3-h intervals. In addition, nearly
oontinuoos data were collected at 3 groun:l-based Doppler radar sites, 75
surface stations, the VHF wind profHer, and 21 miaaleteorological
towers. A total of 739 h of ground-based Doppler-radar data "Jere recor­
ded. An excellent data set was available for studying various scienti­
fic problems relevant to heavy rainfall events. Mesoscale meteorological
phenanena on l!Itlidl the TAMEX field observations were collected include:
the Mei-Yu front, low-level jet (UJ), pre-frontal squall lines, open­
ocean MCSs, JOOUlltain convection, terrain-induced rresoscale ci.ro.llation,
frontal defonnation due to topogra(:hy, an:! lan:!-sea breeze. An oveIView
paper of TAMEX field program was presented by Kuo an:! Clen (1990).

fOLLO'l-UP RE'SFAROi PR:XiRAM

A folla.r-up research program was established right after the TAMEX
f ield ~ to cover 5 year ( 1988-1992 ) ROC-US collaboration research
activities. At the NSC, the TAME:< basic an:! applied researches \VeI"8

sURJOrted by the Division of National science an:! the Division of Plan­
nin:J, respectively. 'lbe financial supports for the applied research an:!
related activitics were also provided by the central weather Bureau,
Ministry of Tran:::portation and cormunic..\tiol15,and Ministry of F.ducation.
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To provide a forum for scientific excilarqes of TAMEX research results,
the annual TAME>: scientific wrokshop was held in Taipei in June 1989 am
at NCAR in February 1988 ard September 1990. In addition, the Inter­
national Conference on Mesoscale l'1eteorology am TAMEX, to serve as a
forum for the di~position ani discussion on all aspects of mesoscale
meteorological research am the scientific results of TAMEX, was held in
Taipei in DcccJnl:;er 1991.

More than 200 papers were presented at the TAMEX arrl other Work­
shops/Conferences, ard I1'Ore than )0 TAMEX papers have been p..1blished in
the refereea journals includi.n:;J the TAMEX Special Issue of Monthly Wea­
ther Review/Arrerican Meteorological Society in November 1991. sare of
the mesoscale research results in the pre..JI'AMEX era as well as those
derived from TAHEX prcgrarn are presented by Clan (1992). It is believed
that through the combined theoretical, JOOdeling, ard observational ap­
proaches as de.rronstrated in TAMEX research, these scientific results
will contribute directly ani in:lirectly tcMard i.Irprovia] heavy rainfall
forecast not only in the Taiwan area but also in other part of the
would. To apply the scientific results am forecast techniques genera­
ted by the TA."1EX program am to develop nawcasting ( 0 - 3 h ) am very
short r~e forecasti.n:3 ( 3 - 24 h ) capabilities in the heavy rainfall
forecast in '-lIe Mei-Yu season, a Post-TAMEX Forecast Exercise is sche­
duled for the period of 1 May - 30 June 1992.

rosr-TAMEX FORErAST EXERCISE

As an effort to put the research results into operational use, the
NSC has sponsored a TAME< Forecast Exercise in May am June 1992. Ten
working groups have been established to develop new forecasti..n;J tedlni.­
ques am new conceptual ltodels based on the scientific results of TAMEX.
'1lle goals of tilis experiment are : (1) to introduce new forecastin:] con­
cepts into the operational forecast systems am to reduoe weather ha­
zards by utilizing new nowcastin3 systems am new forecastin3 methods,
am (2) to establish a baseline for future !orecastia] iltprovements (
such as new forecast target areas am new forecastiIq parameters).

Fig. 4 shCYWS the operational flOlol chart for the Forecast Exercise.
'Ihe routire operation period (ROP) arrl intensive operation period (lOP)
are defined in terms of the observation am / or expectation of heavy
rainfall event over Taiwan area. Be.'iides the heavy rainfall forecast,
the quantitative percipitation forecast (OPF) will be made at 3-h inter­
vals over 6 regions as shCMl in Fig. 5a in R:>P ( 0-24 h ) an:i lOP-Alert
stage (0-12 h). In the IOP-WarnL"lg stage, 0-3 h QPF will be made at l-h
intervals over 15 counties as shCMl in Fig. 5b. '!here are 5 experimen­
tal forecast groups (EFG) on the shift for the two-month Forecast Exer­
cise from May 1 to June 30, 1992. Each EFG consists of a workstation
expert, a lead forecaster, ~ 2 assistant forecasters. '1lle Forecast
Excrci!A! will be oper<ltod at the central Weather B.1reau using the newly
in:.>talloo \-lC.:1Ulcr IntC<jrution LlI1d·Nawc:lsting system ( WINS). Besides,
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JllCt'e than 40 scientists frall varioua n ••arc:h ard operatia\al CX'IIIILU'\i­
ties ot RX, USA, canada, and south Africa will participate in the Exer­
cise.

110

······ .. ············· .. Ror··· .... ·
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110

: Fig. 4 '!be cpratimal now chart
for PostJfAMEX Forecast E)(er­

cise in 1 May - 30 June 1992.
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Fig. 5 (a) six regions tor on ard

lOP-Alert stage. (b) Fifteen
forecast in 100-wamirg stage•.

heavy rainfall forecast in RP and
ClClUntiee fer QPF ani heavy rainfall
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mNCIlJDING REMARKS

TAME){ is a research program to iJrprove, thrcu;Jh better un:Serstan­
d.i..n:J, the forecasti.n;J of heavy rainfall events that lead to flash
floods. '!he field program of TAMEX was an operational success and an
excellent data set was collected for stuiyi.n) various scientific pro­
blems relevant to heavy rainfall events. '!he follo..r-up research program
of TAMEX, again, was a success with fruitful scientific results whidl
will mntril::llte directly am in:tirectly towarcl inprovi.n:j heavy rainfall
forecast. '!he enj of the ten-year TAMEX program will be reached by
1992 . '!he National SCience council plans to COlXluct a meeting in 1993
to review the scientific aOOClTplishments of TAME){ am to assess the ef­
fectiveness of the 1992 TAME)( Forecast Exercise. 'lhis review may serve
as a startirg point for the planni.ng of a future field program.
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ABSTRACT
Most rivers and streams on Taiwan are short and steep.

During the Mei-Yu and typhoon seasons, floods develop rapidly
when storm rainfall is concentrated for short time periods. Such
heavy rainfall induced by meso-scale and micro-scale convective
systems cannot be effectively monitored due to the sparsity of
weather stations. To strengthen the regional observation of
heavy rainfall, the CWB has been proceeding on a project to
establish an automated rainfall and meteorological data
collection system in the principle drainage baains in the Taiwan
area. The system will cover seven SUb-regions apread over the
region west of the Central Mountain Ranqe(CMR), and four
sub-regions in .aat.rn Taiwan. A total of 318 stations is
proposed.

The completion of the system at the end of 1992 will
greatly enhance Taiwan'a meteorological observing capability.
The real-time availability of meteorological data will ensure
the protection of western Taiwan from pouring-rainfall and
flooding events through increased warning time and better data
for improved flood management and control.

1.8ACKGROUNO
Moat riv.ra .nd .tr.... on T.iw.n are .hort .nd at.ep.

There .re thr.e rainf.ll perioda in Taiwan, includin9 north.a.t
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monsoon perioQ in winter, Mei-Yu period from mid-May to
mid-June, and typhoon period from July to September.
Northeast Monsoon Rainfall Period

In winter, the northeast monsoon picKs up moisture over
Yellow Sea and East China Sea before reaching Central Mountain
range of Taiwan. Therefore, the moist northeast monsoon will
cause rainfall in northern Taiwan, but not in central and
southern part of west Taiwan. Fig. 1 is the rainfall
distribution in February. It is seen that the winter northeast
monsoon period is a rainfall period in the north, but not in the
central and the south to the west of the Central Mountain Range.
In this rainfall period in northern Taiwan, meso-scale heavy
rainfall cases may occur occasionally. Fig. 2 is a distribution
of daily rainfall of an example case.
Typhoon Rainfall Period

In summer, typhoons are formed to the south of the Pacific
high and steered by the easterlies. A large portion of typhoon
tracks passes the area of Taiwan (Fig. 3). Typhoon rainfall
period is one of the three major rainfall periods in Taiwan.
There are about three typhoons, on the average which pass the
vicinity of Taiwan each year. Because of the orientation of the
Central Mountain Range, special rainfall distribution occurs in
Taiwan. Typhoon tracks in the vicinity of Taiwan may be

classfied into six categccie£ (Fig. 4). The distributions of
averaged rainfall for each category are shown in Figs. 5 to 10.

Fig. 5 shows the distribution of the averaged precipitation
for the first category. The precipitation is located m~Anly to
the west side of the Central Mountain Range.

Fig. 6 shows the precipitation distributions for the medium
to strong type (a) and weak type typhoon (b) of the second
category. For the medium to strong type, there are three maximum
centers in the regions of Yi-Lan to Hua-Lien, north side of
Yang-Ming mountain, and the Ali mountain area. For the weak
type, there are only two maximum centers in the regions ot
Yi-Lan to Hua-Lien and north side of Yang-Ming mountain.

Fig. 7 shows the pecipitation distribution for the third
category. The precipitation as mainly located to the east side
of central mountain range.

Fig. 8 shows the distribution for the fourth category. Thl.
category is subdivided into type a (occurred in August or
earlier) and type b (occurrod in s~pt~mbcr or later). For type



a, the precipitation is mainly located in the eastern Taiwan

from Hua-Lien to Heng-Chueng. For type b, the increases of
percipitation in eastern and northern tip of Taiwan were
possibly enhanced by the northeast monsoon which prevails in
late fall throughout the winter.

Fig. 9 shows the fifth category for type a (occurred in
August or earlier) and type b (September or later). For type a,
the precipitation is mainly located to the east of the Central
Mountain Range and to the south of Hua-Lien. For type b, the
fact that more rainfalls were observed over norhtern Taiwan than
for type a was again possibly due to the presence of the
northeast monsoon.

type a (occurred in
later). For type a,
east of the Central
of Hua-Lien, in the

type b, northeast
to enhance the
to the north of

Fig. 10 shows the sixth category for
August or earlier) and type b (September or
the precipitation is mainly located to the
Mountain Range, especially to the south
region of Kao-Shiung and Ping-Tung. For
monsoon may again play an important role

precipitation in the region of Yi-Lan and
Yang-Ming mountain.
Mei-Yu Rainfall Period

As time goes from winter to summer, the Mongolian high
weakens and the Pacific high develops. From mid-May to mid-June,
the stationary front between these two high pressure systems
stays in the vicinity of Taiwan and causes heavy rainfall in
Taiwan. It is called Mei-Yu rainfall period in Taiwan. In the
stationary type of large-scale Mei-Yu rainfall system,
meso-scale convective systems are always found. An example of
heavy meso-scale rainfall is shown in Fig. 11. As a result of

frequent torrential rainfall, flash floods occurred almost every

Mei-Vu period in recent years.
During the Mei-Yu and typhoon seasons, floods develop

rapidly when storm rainfall is concentrated for short time
periods. such heavy rainfall induced by meso-scale and
micro-scale convective systems cannot be effectively monitored
due to the sparsity of weather stations. To strengthen the
regional observation of heavy rainfall, the CWB has been
proceeding on a project to establish an automated rainfall and
meteorological data collection system in the principle drainage
basins in the Taiwan area. The system will cover seven
SUb-regions spread cv~r the region west of the Central Mountain
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Ra~qe(CMR). and four sUb-regions in eastern Taiwan. A total of
31~ stations is proposed.

2 • 1'1IRPOSE

Upon the completion of the project, the intensive automated
rainfall and meteorological data collection system well be able
to add greatly to the obs~rving data source, and to monitor
lo~alized heavy rainfall. In addition, the data collected can be
used to forecast flash floods and to issue timely warnings to
the public. Better forecasts for the water discharges of
re~e~voirs are also expected.

Of stations of this system in west of the CMR

Figure 1 illustrates the overall design of the
number

3.SCOPE

The
will ~each 248.

network.
The installations of the system began in July, 1986. Up to

May 1992, five sUb-regions of 160 stations will be completed.
Th~y cover the drainage basins of Tam-shui, Cheng-wen, Ta-an,
wu. Tseng-~en and Ta-chia Rivers, and the Tao-chu, and Hiao-li
regions. (Fig. 12). These installations have produced the
expected results. Real-time precipitation data (Fig. 13) are
shared with water conservancy, reservoir, and electricity
mana~e~ent groups. These data are used for the operation of
reservoirs, regulation of water supply, and prediction of flash
flOods. Before september 1992, two SUb-regions of 35 stations,
spread over the central region west ot the CMR, will be
installed. They cover the drainage basins of the Chio-shui
Rivers, and Chan-hua region. In March 1993, another 33 stations

will be established in the Chia-nan region. By fiscal year 1997,

90 stations will be deployed in four sub-regions in eastern
Taivan covering the drainage basins of the Lan-yan, Hua-lien,
Shiu-k~-luan, and Pei-nan Rivers.

In this system, approximately 78 percent of the stations
r@cord rainfall; 22 percent of the record wind speed, wind
direction, air temperature, and sunshine duration. Statistical
met~ods have been utilized to determine the number of stations
needed in each area under the requirements of reliability and
rel~tive accuracy to aChieve maximum economic efficiency. The
net\/ork density is GO-lOa klll~ •
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4.TECHNICAL DESCRIPTION

4.1 Computer System
The discussion of the computer system is divided into three

parts. They are the network architecture data handling software
and databases, and user interface software.
4.1.1 Network Architecture

The goal of the computer system design is to make instantly
available for both real-time and historic rainfall and
meteorologic data. In order to accomplish this goal, a network
of minicomputers is utilized. Data from each major drainage
basin in Taiwan is routed to a regional data processing station.
Small Digital Equipment corporation Micro VAXII or Micro VAX
3100 minicomputers at each regional data processing station are
used to store data locally. The small Micro VAXes are connected

by dedicated telephone lines and networking software to a larger
central processing station in Taipei. A DEC VAX 8350 is used as
a central station computer.
4.1.2 Data Handling software and Databases

The rainfall monitoring system makes use of licensed VAX/OMS
real-tlme software written by the Sutron Corporation of Herndon,
Virginis, USA. The software consists of realtime, interactive,

and batch software.

Data from the rainfall monitoring stations enter the
computer network through serial data ports on the Micro VAX

computers. Radio receiving and demodulating equipment turns the
incoming data into a serial data message. Real-time software on
each Micro VAX decodes the incoming messages, identifies

stations, and stores the data in a daily files database for an

easy local access. Every 10 minutes special batch processes

transfer the data from the regional data processing centers to

the central processing station in Taipei. The central data
processing computer automatically updates an archive database.
4.1.3 User Interface Software

At the regional data processing stations, data are made
available to users through Chinese Character terminals with
printers. Users access the data through menu-driven software

which allow selection of current data or historic data. Figures
14 illustrates a typical user menu in English.

At the central processing station, users can also acce••
data through Chin~~~ Char~ctrr trrmjn~l~ with printerR. Map
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graphics software provides real-time
rainfall and meteorological data.
typical map with meteorological data
4.2 Field Monitoring stations

Field stations are fully automated. Each station consists of
an instrument tower and a telemetry tower. Some
stations have instrument tower tipping bucket rain gauges only,
some are equipped with a tipping bucket rain gauge, a wind speed
and direction monitor, a sunshine sensor, and a temperature
sensor. The telemetry tower contains a microprocessor-controlled
data collector and transmitter along with lightening protection
equipment and the transmitter antenna. Weather data are
transmitted hourly. Rainfall data are transmitted each time when
the bucket in the rain gage tips. In periods of no rainfall the
rainfall, stations report at least once every 6 hours.

5. BENEFITS AND FUTURE EXPANSION
The fully automated monitoring system will benefit many

areas of water resources management. The benefits stem from the
following new data provided by the system:

o Near-instantaneous rainfall data island-wide;
o Hourly meteorological data island wide;
o Automated, instantly available daily reports;
o Automated long-term statistics for future planning use;
o Automated monitoring of large rainfall amounts and high

speed of winds;
o Very short-range weather forecast island-wide;
Specific initial benefits which result from the newly

available data include:
o Improved forecasting because of increased data

availability;
o Improved warnings because of rapid data availability;
o Easy access to data in both Chinese and English;
o Minimum personnel required to operate the minicomputer

system;
Future benefits will depend on the application of the data

to real-time modelling of Taiwan's hydrology. The potential
exists for:

o Real-time rainfall/runoff modelling of Taiwan's aajor
river basins;

o Int~qr~tion of w~tcr level monitoring to enhance the
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ability to model rainfall/runoff hydrology.
o Improved climatological and hydrological res.arch because

of the greatly improved database.

6. CONCLUSION

The initial phases of the automated meteorological data
collection system for Taiwan have been in operation for over
five years. The integrated system of meteorological instruments,
radio communication, and computer hardware and software has been
proved to be reliable and effective. The completion of the
system at the end of 1992 will greatly enhance Taiwan~s

meteorological observing capability. The real-time availability
of meteorological data will ensure the protection of western
Taiwan from pouring-rainfall and flooding events through
increased warning time and better data for improved flood
management and control.
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Fig. 12 Co~puter Network for Rainfall
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Fig. 14 Example of real-ti.. precipitation data(O.l")
shown in monitor.



F02·11

_oJ

I
•

l

..
r--

'·l'\,'/ \

I I 'I l~.
11'---1,
I r' - I:

'I ' .
rr' /, '\. ' ;,! J\- .~- -,,.."

\
I,

./

(8) (b)
F'ig.10 The distribution of the composite average

precipitation for the sixth typhoon track category.
(a;. August or earlier.
(b). September or later.

2~OO GMT MAY 2?
-0100 GMT MAY 28

1981.

(8) (b)
Fig.11 Distributions of three-hourly rainfall for

8 Mei-Yu C8118.
(Atter Chen and TS87, 1984)

1700-1900 "GMT
MAY 27, 1981.



F02-12

, ,
/--+:. I

't 1---,...--- "", ,.~SI

/ ~,, , .
I // ,--II

j.. , r i-
/'

.f'
/.

-/ I r
I ,/ I

I, , -, ' :
- - -, , '-r'

(
,-~ (.f"
r, ''')'
I i y-~

\ ,". / " Mf

\f "II ( ;~~;:---.:.'
I' • ~.. 0':' ; •.4_

,. \ I -l J /;. ','",. .
, , • ,-""1,;, I I" •'. I . -,--,,-c-;-'7--;----

.~-~ .B+~i-=~:-~
, . I',._--------;

..
i

(8) (b)
Fig •• The distribution of the composite average

precIpitation for the fourth typhoon track cate~ory.

(~). Aur-ust ~r earlier.
(b). Sertember or later.

I
•,

..

I
I
•
I

•;~.. -- ".. ,
.""... ,/ , I

/. ' '-l
/ '-- J- "

/ ' I\

- ,:, J,- I I 'I

-- ~ ~ l'(f,~!+-
I ( , ,
" .-

\ / I j/j "!__~
,./ ~ T:-·::-:....
;-, I (I ;...~.::-: --~~~-

: J , .-1;/~.!~:.~--Lj ._.~ C' •....,...,

U'l_~._,G ; :~--:..t-'-~c~
L. --IlI;;;,~..,;i;-l_..;..;i;.l..;i;;~-iio''i;i'i;i;I' ~~~~-:'-

(a) ("b)
"ig.. The distribution of the composite average

precipitation for the fifth typhoon tr~ck category.
(a). August or earlier.
(b). September or later.



F02-J3

," .'

f
•
f
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Fig•• The di~tribution of the composite average

precipitation of the second typhoon track category.
(a). medium to strong ~yphoon intensity.
(b). weak typhoon ~"~ensity•
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.i~. 7 The distribution of the comp­
osi te 8verR~e pl'ecipi tatiOI~ "for
the third typhoon track category.
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I' if,. 3 The most commonly seen
ty~hoon tracks from May to
September, the numbers repre­
gent months of the year_
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Fig. A schematic diagr­

aID for the six typhoon
track categories.

Fig_ 5 The distribution of the comp­
osite average precipitation for
the first' typhoon track cs'tegory.
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Fig.' The di~tribution of the composite sverage

precipitation of the second typhoon track category.
(a). medium to strong ~yphoon intensity.
(b). weak typhoon ~en~ity.

Fip;. 7 'fhe distribution of the. comp­
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sent months of the year.

f
•
J.

117-E ~ ~251·E

'\)1 ,J
cnt---- Jzl

I r -:,. l;II ...
I ,!

~
t"t.-~~

I r l 7-' ~J. ~'
~.

!r "- I"'IIl irA~ -

~~
-~_. -.~.

~ .. -4

r""'llI .....

~ •
~ \ I.,
- • ~,z

f ~
Fig. A schematic diagr­

aM for the six typhoon
track categories.

..,

Jt'ig. 5 The distribut'ion of the comp­
osite average precipitation for
the first-typhoon track category.



F03-1

IECOIfD US-ASIA COIfnUlfa 011
ENCINE£lUNG FOR MITIGATING NATURAL HAZARDS DAMAGE

Y08yNtte, IndoneN
22-21 June '.12

PROCESSES Of RIVER BANK EROSION DURING fLOODS

Yulchito FuiiU. YOIhio Muramoto', and Yutaka Yahiro2

1. DiN"... Prevention ......,ch Institute
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2. Chubu District Construction Bureau
The Mini,try of Construction

AISTRACT: Bank lin@ r@lr@at of a low wal@r course caused by hydraulic

scour and collapainc/.lippin~ process h.. been observPd since 1980 at a

site in t~ Uji Kiv@r, a .iddle reach of t~ Vodo Kiver, in Kinki Uis-'

trict, Japan. T~ bank erosion pruc~sses are diBcussPd with a local bed

ACOur at a top of _.de slope_ and ita atability is evaluatPd by a ai.­

pH f i t"d Junbu .elhod of .lope atabil ity anaiyaeM. Local ~ acoUr h~ar

the bank of the low water course caU8@S bank slope instability and the

al ip fai lure ill predicted t.o take place .Her o\,(>rbank flooda.

11'l'lOOUCl'10il

Many hous.. and wide are•• of acricultural land have often heen

lost by river bank eroaion durin. flooda, d...cin~ huaan activities and

aocial alocka. For the ailieation of BOCial loaa@a caua.d by riv@r bank

erosion, it.s proces..s .uat be ~lariried t.o puraue erfective counter­

...ures. Rank ero_ion proee...a hav~ ..inh two sub-procea"R, hydrau­

I k 'r"""llnrlM "lid tC...,....·hiulic·,,1 r"i I"re·. III "te· fur..r l.rclC~.·"M. ~<li I
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parliclps are derived fro. bank slope and wohed away to aake the slope

steep, and the slope Joses stability to fails and colla,.e or slip down

onto the lower p~rt of the slope. In this latter process, larce part of

thp bank is supplied directly into the flow with hieh transport capaci­

ty, therefore bank retreat rate i. accelerated.

«8I11YATIOIII 81ft

iJank I into retreat of a low water course caused by h,draulic lICour

and collapsing/slipping process has been obaerved since 1980 around the

43 k. site in the Uji ri~ert a naae of a aiddie reach of the Yodo river,

Ult' aoBt i.portanl river in Kinki Dislrict, .iddle-veslern Japan. A.

shown in Fig. 1, the 38-45 ka reach of the Uji river is a coapound cross

spetional channel. ItB low WAter course h.. fairly constant widths of

80-JOO .t while the floodplain ~idths chanle fraa 40 a to 350 a, bei",

restricted with dikes of both Rides. Alon« banks of the low water

(:ourse, wi J low Bhruba gro,", above the ordinary water level and the flood

• •
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plain ia covered with tall r~Pda. CraBB Bectional ahapea at the 43 k.

ahow diatinctiv~ bank eroBion on the leCt hand side of the l~ water

courae, where the willow shrubs were washPd away with bank ..teriala.

Except thpre, howevpr, no BPverp eroBion haa bPen rpcolnized on both

aide banks though the low water course has al.aat s..e lea.etry. Tex­

ture and Bize distribution of the bahk was described previoualy... well

.. hydrolo~ic and hydraulic conditions (Fujita and othera. 1988).

BAIl IIOS1ON ..-x:E9S

Retreat of the left aide bank edle 1ine oC the low water courae

around the 43 ka .ite i. de.cribed in Fil.2 Croa survey. by plane table

r~ 1980 to 1988 and by elpctro-optical diatance aeter arter that.

Ero.ion rate is hi(her in down.treae part than in upatreae part. Typi­

cal change. in bank shapes ar~ i lluatrat.t"d in Fill.3 and bed topolCraphy

in thia reach i. delineated in Fig.4. Fils. 3 and 4 present that bank

heilhta at the 43 ka are alwaya about 10 a. al.ast twice at the 43.2 !la.

Contour lines in Fil.4 indicate that b~lk hei.hta and water depth. alonl

the eroded aide incre..e in the downatre.. direction and that hleh bed

elevation area like a point bar alon. the inner bank of this Blilht bend

hu ~n adyancinl( downatre.. accordinll to the opposite bank eroaion,

which ia d~natrated by changeB in 7 a contQur linea. Such variation.
""".. •• Doc.2'.·1l 21.·15

•••••••••. "or. I. '11 •••••••••• 1Ia, II. 'IS S. '.
------ Jooo. I.·1l ------ "'e.•• ·.s ------ 11.·11
---- I\or.I.·1l ---- 1\0•• t.·.. ---- 12.·.
--- ....1.25.·12 ----- 50,. S.·.. _ .. - 1'.·._ .._. s.,. 1.·1l _ .._- "'•. 1'.'15 _ .._. s.,. I.' •......11.·.

e---

. _., .....-.._.-.' _.._.. -.'_" .
43. Ol.

Rrtrl'at of bank l'll.el· I hit' "round lht· 4:1 k. NC"(~t iUII.
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rather than continuous grain dislodCeHnt f~ the slope. It corre­

sponds to bank edge 1ine var tat ions that indicate lar.e-.caled bank

failures of slip type are reatricted within downatre.. part of the

obaerved reach where bank ia higher than 8 • and ed,e 1inea h-a.e IIever­

al concave figures of circular area. Bank alope failure conve,. a larce

aeount of bank aaterials directl, into hiCh capability zone of aedi.ent

transport and intensified bank erosion.

STABlLln OALYBI! OF lAB SLOPI

Stability of the bank slope i. in~esticated with a si.,lified Junbu

~thod for.ulated by Yea.,.. i and Ueta 1986. Near lhe 43 k. aite, a

diluvi.l cravel layer wilh N values of 21-50, atandard penetration test,

is found f~ about 10 • depth below the rJoodplain aurface. This

diluviu. ia covered with an alluv1u. that consiata of two aand-cravel

layers and two clay layers lying alternalely. Accordincly, soil par.-e­

lers used in the anal,sis should be varied for each layer, but for sake

of the ai.plicil,. the bank uteri.la are .aau-.d to be tan.o.eneoua and

soil par.-etera, auch .. the unit weicht y, the internal frictional

ancle _ and the coheaive force c, are preauMd to be reJlreaented b, a

sin,le value respeclively. Heprellentative valuea are soucht par.-etri­

cally, cneparin( analytical r.aulta of slip aurfacp ahapea and .lnl..l

aafet, ractora with the aurve, data.

Acce~~able values that y • 1.7-1.9 tf/.3 , proved to have onl,

alieht influence on the reaulta and fixed to be 1.8 tf/.3 • V.lues of _

a 10-40' were ex..ined and found reuonable to be 30-35. The8e values'

coinCided with those evaluat" r~ N valuea of 5-21 in tlaP .and-,ravel

alluvlua by an "pirical 1"@1aUnn for _. Then, coheaion c ia deter­

.ined parUletrical I, below, chancin, valuea r~ 0.5 tf/.3 to 2.5 U/.'.

Two aile., the 43.0 and the 43.25 Ita sections, the hi,hat ad the

lowest bank reapeclhely, w~re choHn for Uae analraia to diaUncuLah

the influence 01 bank heicht on alope atabilit,. flaP water atace condi­

tion" in t .... rivpr and in t hi· IInodplain tCrnuftCI ",,' ..r ..... Itillpl if ....
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of the stre.. channel iaplies a autual

interaction between river bank eroBion and

bed variationB.

Fie.S showa a relation bE'lwppn c~sa­

sec'.lonal areas erodH annually and bank

heights above a point of abrupt changes in

aide ~lope. Though a poBiti~~ correlation

jR clpar hPtwppn thPa, two dirrprpnt lrpnrl.

can. bE' recognized in it. One of thea can

be eKpressed by a function that ~ = 3.2(H.­

5)l near the upper en~elope line, where
"

15 43.2Oc.. __ I"
ll~~ -~ .. ~.,..:..:.:':=-~:=......~ ---1111

=-- '.5

15
Z1m) ~--r--""'--'

10 ...........

" " ..'" "--, ,

q "-4~·~ .... 't5""rl~·J 'i';'"
Fie.3 T,pical chan,e in the

bank ahapp_ of the low
water course.

A i. the cro•• sectional area eroded annu-

J A i!- )J""P=;L.L.
ChanceR in bed topocraph, in the reach of eroded baa.

1DO

A 0

(m',
0

0 050,
CIcI

i 0

01

.,
88

~o

t;i 0

Thl. rela-

tionahlp correaponda to slope changes with

cOaplete reaoval of slipped bank aaterials.

The olher ia denotH approxisately a. an

equation A =3.2(H.-7)l near the lower

eA¥.lope. au••estin, the partial reaoval or

tailed aaleriala or ...11 aeale bank col­

lapse. These quadratic increaaea in ero­

aion are_ with bank bei.hta iapti"a that
"lip r.ilur.· iM C~C__HI a..d ilK width" are .·ilC.5

proportional to bank hei.hls ~KcPPdin. 5 a.

L _.__•

~ H. (Jr.) 10

f'nrr.·l •• InIl. brt......
ann••al I, f·....... aftO_
and alopp bPi.htB.
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into three ca.bination•• conaiderinc tYPIcal flow ,...... that I.:

a) annual llean water level both in the riyer &lid i. tile ..........

for the ordinar) river bank conditia. or that loec .fter flGOda

b) floodplain le"el both in the ri"er ud in tile .roued.

.-., ...
0-0: ....-., ...
0-0, ...
.-a: ...
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..,...,..
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for the condition durinc flood••

c) annual llean w.ter level in the river aIId floodpl.in aurface 1...1

in th~ ground. lor the condition juat .fter flood rec...laea

SoH analytical resulte of alip a.rhe.. and the .inl_l ..f.t,

factor.. F. lor a _lope ahape in 1186 .re depicted in fi •.'. bei..

cOlipared with that In 1987. Accordin. to iacre.. in c, alip .rf8Cee

are enlar,ed and .c»ve to deeper part. while ".1.... of F. becoee I .

Fairl) siai lar al ip ••rfacea lor different bank llei.ht i-..lr ratlc

incre••e in failed .... correapondin. to the tread in 'i••••

Values of F. calculated under three condition. aboye are plotted i.

Fi •• 7(a)-(c) reapectivel, for bank alope aurve,ed in .tI. -1111 .l tile
IS

I\IIl

•

(a) (h) (r.'
.·iac.7 An cliacr_ ..r (:.. lc:ul.I......hd_ ..f.·", rac:lctrll few ...... ,,:I ...
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43 k.. Chances in F. values are little for both variation of _ values

and annual chancp in slope shapea, while laree for that of c. F. have

the hiChpBt values in case h) of whole bank s".reed .,hi Ie the lowest

in case c) of bank containine a larce .-aunt of pore water juat alter

flooda. In case b), ~ffective weicht of bank bod, which ia a cau.e of

inatabi li t)' ia rf'duced b, sut.ereence to .ue the bank lIOre atable. In

contrast. the bank bf'cows unatable in case c) becau.e pore ..ater left

in the bank produces a hilh h)'draulic slidinC force. Valuea of F. at 43

k. were ...eh a..ller thu those at 43.25 k. thouch they allow al_t ...

bank ateepnes.. Such a clear distinction of F. valuea can, therefore.

•

,..

..

'UI

(b) 19.,

...
(a) 1984

4 ..

••
Fi••• Chan... in .Iip .urlace~

with the .inl..1 .tabilltr facto...
("'c.....rt'd wit.h .. 101M" ......... in .....
M"qUMIt ,parll.

be ascribed to a Irp&t difference of the bank heichts which ia aubee­

quent to bed scour near the bank. It &Creea with the obHrved variation

of the retreat rate alon. the bank .entioned above.

Under the condition el. Value. of F. are ..ller than unitr for

al.at all cOlibinationa of c and _ at the 43 U. whereas the unatable

re.ult. are restricted for several c.... that c :: 0.5 tt/.J and c. 1.0

U/.J at the 43.25 u. Since alii, a few c.... of c. 0.5 tf/r rielda

F• ...ller than unit)' in case al. alip failure of ban~ ia interpreted to

occur ..inly after flood receaaion at the 43 u ~tion.

Inapectin. reault of .tip " IMI

f ha L._..' F . Z(~aur ace ape. &II .nuwn 1n • II • ..

6, for un.lable conditiona in

CaM c). a COIIbinaUon that _ •

30' and c • 1.5 U ,.:1 proved to :a­
che the clow.t to the alope

15 I,.,
.ha-.....urPd in the au--uent Zl-' _-_...,.-\----.,'--.J"Ll..,;:",:;j,IJ,j.'Io.I"-.

,ea;:. One of tt.e. i:~that; "'/ ..:\\ • lL.c.I U
.- F:· .""

deli eel -- a, 1.1'''' ,.~~•••.:r--
neat in Fie· 10(.) by a 5 ---~) 12'.·'·.............. . ....······U~I ',1

_.- - .) ."'" ..... . I ~
chai n line incase c) wi lh F. ., • '--__~_.--_L.----"_~_.----'''-_

,...0.743 tor 1984 data at the 43 ka.

Solid -ad b~ken linea in Fi•• 10

illu.tr.te alip aurfaces analraed

......r a) IUId h) ("'oM ilion. ....­

apPCtiv.. I,. The...• lin... for A-C)
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are fairly .iailar to each other in spite of the creat difference of

water atale condition. and values of F.. The shape of bank Blope in

1984 at the 43 ka .howinl entire reeDval of failed .... cave lood ana­

lytical re.ult.. On the other hand, a Mhape in t.he 1987 survey iaplie.

that re.ained part of fai It''d aass on the bank Rlope toe. The analytical

re.ult••hown in Fi•. IO(b) are shapeB of B..II-Bealed alip Burfece auch

different froe those &easurPd in the subsequent year, indicatin, that

larCe-scaled .lip occurR whPn a flood riReR after the river flow haa

conveyed bank ..terial. failed previoualy.

a.cWOIIG IIIIIAIU

The .Iope .tability analyses as.urPd the occurrence of the bank

'ailures occur" accordinlC to the Rcour near the banks. Spatial chance.

in flow velocity and bed shear stress are the causes of .evere local bed

.cour. Diatribution. or flow velocity and shear BtreKB chan,e..., be

evaluatt"d throu,h a 2-diaenaional calculation of flood flow. of variou•

• t~e.. ~e are now try inc to dev~lop a 2-D calculation &Odel .uitable

for auch a .tre.. channel ronditions and 'or the prediction of flow

patterna and bed variational thouCh abrupt chances froe the floodplain

to the low water channel yield coaputational in.tability.

We are craterul to YodolCawa Local Cor·atruction Office, the "ini.try of
eon.traction for lhe help of river channel auney. Thia atuel, baa been
.upporteoct by Grant-in-Aid for Scientific Ileaearch "Natural he.arel", the
Mini.try 0' Education, Scienc~ and Culture.
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ENGINa.aING lOa Im1G.TING N.".... IlAZ.... DAMAGa

YOIveQrta, 1ncIon....
22-28 June 1..2

EffECTS OF THE WAR ON FLOOD DAMAGES IN tlROMMA
DUE TO TYPHOON 411.

YOIhiIki ~w~', Taro Obi Ind Y08hito TIUChiy8'
1. AIIOCiItI ProfIuor 2. ProfeIIot
Diua~ PN..,."tion ReIurch InatituM

KyOtO Uni~aity, Goka-Iho, Uji, KyOtO 811, J..-n

ABSTRACT:Just alter the eecond world war, typhoon 4516 which landed on Muu­
ruaki, Kyusyu IsI&nd on 17 September 1945 with the &tmwpheric preaure of 916.4mb
generated severe damages in Hiroshima. The nationwide 1088 of lives due to the ty­
phoon was 3128 and a two-third of the dead wu counted in Hiroshima. The factors
which enlarged the darRal0 in HirOlhima are l}a lack of proper meteoroloskal obler­
¥ation systelDl, 2}delay of debris and flood control worb Uld 3)A-bombed wide uea.
They were all influenced by the war which declined disuter prevention potential. Due
to the war, the government cut down the budpt of land de*opment and draft of civil
engineen made the public worb diKontinuoUi uad discontent.

1. INTRODUCTION

After the second world war, we had severe storm disuten in almoet every year be­
fore 1960. Although they were due to .trong typhoons and concentrated heavy rainfall,
the effects of the war can not be neslected. Dun. the war, the nuural environment.
as well aslOcial ones were much changed. Typhoon 4516 landed on 17 September 1945
and passed near HirOlhima u ahawn in Fig. 1. The preuure on landilllw" 916.4mb
which ia the second lowest preasure in Japan. At that time, our meteorolosicalnetworb
were much destroyed and confuaed by the war 10 that the typhoon track could no~ be
traced well. As well known, HirOlhima where an atomic bomb Was dropped on 6 Ausuat
1945 wu atill in ruina, therefore, the typhooa damas- were enlarpd. The number of
the 1<* or livea due to the typhoon in Hiroahima w.. more thua 2000.

The damages occurred at (I )Rooclinl in the b.in of the 00&& river which IIows
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l'·jg.2 MelcolOlogical coudiliolls

through lIiroshim& city, (2)dcbris flow in Kure city and (3)dcbris flow around country
sides in IIirOfihima prefecture. We discussed on the eff(~ct.s of the war on the damages
through the data analysis wi th newly developed tools.

2. METEOROLOGICAL CONDITIONS IN HIROSHIMA

Fig. 2 shows the chauges of meteorological conditions in Iliroehima. The maxi­
mum wind speed( 10 min averaged) was 30.2m/s and its direction was north. We had
unaeaaonahle weather(much wetted due to a long rain) late August in 1945. The total
rainfall in the disaster was 218.7mm a.nd the rainfall intensity was 57.1mm/hr. The daily
maximum and the four-hours maximum rainfalls in Kure are 185.11010 and 113.3mm
respectively. The maximum total rainfall due to Utis typhoon 886mm was recorded aL
the Shikoku mountains. Therefore, the rainfall observed in Hir<llShima area was Dot re­
markable in comparison with other places located in nationwide.

3. DAMAGES DUE TO DEBRIS FLOW

III llir08ltillla, the wea.thcria'g granit.e widely distributed and it" area Wall the largest
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in our country. When trees in the granite area are cut down, afforestation and recover
of forest are very difficult. Moreover, the coefficient of permeability of the weaLhering
granite is large, so that the weatbering has easily penetrate into a deep layer. The
large sediment discharge accompanied with heavy rainfall depends on this cbaracteris­
tics. The occurrence of debris flow was also accelerated by man-made environment as
revealed in this section.
3.1 Single Debris Flow ]n Oono Village

Oono was located 20km west from Hiroshima city as shown in Fig. 3. In this
village, we had the Oono Military Hospital in which the number of inpa~ients was about
800 including atomic bomb injured. Due \'0 the debris flow, about 180 lives were l05t.
In the central part of the hospital area the Maruishi river wh08e catchment area was
O.617km:l flows. Usually the river discharge was very small and at the mountain site
it changed to wadi. The debris flow has repeatedly occurred in 1804 and 1886. The
longitudinal slope of the river is divided into three portions as shown in FigA. We have
many small rivers whose slope is larger than that of the Maruishi river, but the volume
of sediment yielded by the debris flow reached to 2.6 xl~m3. The discharge volume per
unit area 4.3xI0!>m3/km~ is nearly ma.ximum(Mizuyama, 1989). The damages of build­
ings and the width of debris flow can be reconsbucted with aerial photograph analysis
in Fig. 5. The kinematic wave method can hindcast the river discharge as shown in Fig.
6. The dynamics of the debris flow can be analyzed with recent contribution on this

Fig.3 l.ocaLion and toLal raiCall around Ilir05hima



problema by Ashida and Eguhira(1989). Fig. 7 .hows an exunple that the theoretical
prediction of occurrence of d....brit ftow is good apeement with the field dUL
3.2 Debra. Flows In Kure City

Kute was the second I~geat city in HirOlhima prefedure. During t.be war, naval
base and dockyard were located in this city. The resident area bad been developed on
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the slope of the mountains along the coast and 80 was very narrow. Rapid development
due to naval demand of man-power and increase of military force make the population
large. Although we have nol accurate census of this city around 1945 due to military
secret, the number of resident seems to reach more than 300,000. Therefore, there were
no additional space to build livinR facilities in the city area 10 that IOmc rivcrs were
covered to build houses oVt!r them or the mountain llopes were newly developed. More-
over, at the end of the war, na~ headquarters constructed lOme roadl on a steep slope
of the mountains. These roads were used to construct anti-aircraft emplacements. Due
to the debris flow and flooding, the nu~r of the de.d were 11M.

In the mountains, a large number of landslide and mus movement were occurred
around the mountains (from the viaualsurvey of aerial photographs they were found at
591 points.). They almoet played trigger. of the debril flow. Fig. 8 shows the flooding
area and distribution of the number of the dead in the old city area. The dis.-ter re­
port(1951) described the proceu 01' the enlargement 0( tlae dunll8es. The IKse amount
of sediment discharge buried river counes and debris control dum, and Oftrftow water

with large velocity carried away or deltrO~ tbe wooden ho.... in the midnight.

4. FLOODING OF THE OOTA R.1VER.

The riverbead of the Oota river illocated at Mt. Kaomuriywna(1339m in height)
and the area of watershed g 1690km' and ita length of major river course is l04km. In
the Edo period( 1603-1867), Hiroehima had developed a a caUe town in the lowerer
course of the river. The local government had promoted to let newly reclaimed rice

field, 10 that the occurrence of ftoodilll had increued. A••hown in Fig. 9, the lood
disaster. occurred about 90 aince 863A.D.
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In the IcinemaLic wave method, the gOftl'aing equations are well known. The nu­

merical calculation gives the hydrograph of the Roodilll .. shown in Fil' 10. In the

Oot. river, we had Rvere flood disuten in 1988. In the run-oft' an"y., the various

coeflicienC.s and conltants included in the gonrDinlequalioMwere already authorised by
Oka(I989). The maximum flood disch_ge 6700mJ /. at Nishih..... wu recorded in 1943.
In the 1945 Rood, however, the eaUm&ted peak diac:h.... w_ :scJ24mJ/. _ t'oo.n in Fil.
10. The are.. inund..ted by flood water wu ..,lar. in compari8OD with the ICaIe of
ftood diacb.......hown in Fig. 11. After the 1943 800d, ·the mer improvement worb

had not .Jao done due to tbe w......hown in Fit. 12. The cat-otr budpt IIld the lliCk
of river engineen were very Rvere problea. to COIdiaue the worb. About 45,000 people
escaped (rom north part of Hiroshima city liftd temporarily on the riverbed ..d tbe
neipborinl of the Oot.. river at that time. Unfortunately, it is impmaible &.0 d_fy the
vidiDIB due to atomic bomb or riftr floodins. FOI' eumple, the number of the ricU_

due to atomic bomb lurveyed on 10 Aua_t 1946(one ye... alter) were 122,338. I. the

800d p1aae, the estimated mean inundation Wpt wu 3.3m wbich is .ufticieat to carry
out poor housing materi... Rt temporarily. Therefore, tllia number .urely iaduch tlae
victi... due &0 the ftoodiq.
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Fig.10 Some exampln of flood diKharge in Uae Oola river

Fig. 11 laulUdaLed area due to floodinl in llirc»luma.
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S. OTHER FACTORS INFLUENCED

Our met.eorological obeervalion sy.t.ema were almost. out. of U8e in nationwide due
to damages of the war, Eepecially, Hiroshima Local Me&eorolosical Ob.ervalory ••
severely destroyed by an A-bomb. Pr.ctically, DO one knows that his typhoon came
nearer. Sudden violent .ind and heavy rainfall at aiaht in Hiroshima muet made people

hopeless.

8. CONCLUSIONS

Throuah dat.a aaalysis of the diau&er caued by typhooa "SI6., the damasee ill
Hiroshima were enlarsect due to the dects of the .ar. The major factors are pointed out
.. follows: I)ald of proper me&eorolopcal ot.ervation .,.tema, 2)c1e1ay of pablk~b
in the field of debria and flood conLroi due to bud&et cut aacl drut of ci¥il enpneen ,
and 3)aLomic bomb-devuta&ed areu ud occurrence of ......y MUpes.
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ABSTRACT Flooding is " significant natural hazard in Malaysia. Somf'

29,000 sq kin or 9 percent of the total land area of Malaysia is flood

prom' ilffC'("'tinr. .,ho\lt 'J.7 million pC'op!". Th" .,v('r.,r.<> .1nn\l:11 flood <1.lm.,I',1'

is estimated at H $ 100 million After the disastrous flood of 1971, thr

Governlllent has takell positive steps to deal with the flooding problems.

The strategies adopted cOllprise institutional development. inplementation

of structun,l and non-strulotur.,l measures and'il pro-active appro:lch uf

comprehensive catchment planning and management. The Covernment's

co...lt.-ent is reflected in the increasing public expendi tures on flood

IIttigation works. All thl'sl' lIeasurf'S au' /limed ilt creatlnr. a flworabl ..

envlrunlllelll lo supporl <1m} p.'olOolc sociO-ccollolnic devclopmclIl in lhe

country.

INTRODUCTION

Malaysia ('ovprs an .1rC'a of J30,'.00 !'>q. km, C"ompri!'>ine of two rrtions.

namely Peninsular Malaysia and States of Sabah and Sarawak. Situated just

north of the equator, it experiences a tropical Monsoon climate. The

average annual rainfall is estimated at 2,420 mil for Peninsular Malaysia,

2,&30 ... for Sah.1h illld 'LIIJO mm fo .. SllfllWllk. Ttl<' hulk of t.11t' wall'"
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r.sources are derived from the South-we~t Hon~oon (Hay to Augu~t) and the

North-east Honsoon (Nove~ber to February).

The topography of Peninsular Malaysia is characteriz~d by a central

spine (with ground elevations of up to 2000 meters above mean sea level)

which slopes steeply to the relatively flatter undulating coastal plains

on the ealitern and western sides" In the Stat~s of Sab:lh and Sarawak, a

si.Uar terrain exists but the higher grounds are found in the interior

along a northeast-southwest direction, bordering the boundary with

Indonesia. There .~rc morE" than 150 river systems in thE" country. The

river courses are relatively short with steep gradients in the upper

stretches and compilratively f1.1t and meandering stretches in the lower

reaches. Flood flows .1re therefore transipnt in the upper reaches but

increase in duration and intensity towards the coastal plains. The bulk of

the population are concentrated in towns and villages situated in riverine

valleys and coastal plains and hence are prone to flood damage.

Flooding is the 1II0St significant natural hazard in Haleysia. The

country 1s fortunate that it does not experience the problellls of

.arthqu.ke or typhoon as in her immediate neighbors such <IS Indonesia and

Philippines. The severity of th(' flooding prohlt"m h,1$ f'sc.l1at ..d in rf'('('nt

years as the country becomE"s mOI"p dE"vE"lop..d. Very sizable flood damagel;

have been experiencf'd in mall)' parts of the country as a result of the

.ajor flood events in 1967, 1971, 1973 and 1983. Though some 29,000 k.

or only 91 of the total lalld aUla art! flood prone. "Un! than 2.7 .. il11ol1

people (l8X) are affected by floods. Figures I and 2 show the flood

prone areas in the country. The average annual flood damage is esti_ated

at "$ 100 .illion.

FLOOD MITIGATION STRATEGIES

In Malaysia, the Government is the main body responsible for the

provldon of infrastructure f.1cllities of which flond .ltigatlon

constitutes an i_porlollll ('olllpolwni. TIlt" prohlt'm of tlootlillr. is, howt·v~r, &I
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historical and complex one and hence a systematic and rational approach is

required in order to ensure cost effectiveness. The Government i. fully

aware that the solution of the flooding problem requires multi -pronged

.trategie. such as those listed below :-

(a) Establishing appropriate And workAble institutions for i1.plem.ntin~

flood mitigation works and flood relief operations.

(b) Implementing flood mitigation lIeasures in existing problem areas.

comprising structural and non-structural lIeasures.

(c) Adopting sound watershed development and management policy for future

dcvE'lop.-nt to avoid a~·.gl'.1vat lllg ~xist ing or ~l!IlCl·.1tillt~ I1('W flooding

problems.

Estahlishment of ~orkilblt· Inst i t\lt ions

The Covernment of !1al.wsi"l h.15 est.3blisht>d appropriilt~ institutions

or working arrangement to cope with the various aspects of the flooding

problem. The most notable of these institutions are :

(L1) The Permallcllt COllllllissioll 011 Flood COlltrol

(b) The National Disaster R~lief and Preparedness Committet>

In addition. the Federal GovcrnPent has also entrusted thE' Department of

Irrigation and Drainage (DID) with tht> responsibility of implementing all

flood mit.igatiull progr..l_cs illld t.I ... assuciat,·d ta:;k uf hydl'ulogi(.· ..d dillil

collection for wat~r rt"sources planning and othel' ilppliciHiollS.

The Permanent Flood Conrrol COlllllission was first establ ished by a

d~\: hioll 01 t.ilt! c.:alJim:t. ill 1') /1 and \:uu",nl1y. lL 11; h"'adcd by the

Minister of Agriculture w1th DID s~rving as the secret~r1at. The

COllll15s10n is entrusted with thE' functions of taking measures for flood

cont ro1 <Ind to n'ducc' the· Cl('curn'l1('C' of f I Clods ;md In tlll' C'v('nt of

unavoidable flood1ng. to minimize the damage and loss o[ lifE' and

property.

The National DilHlster Relief and Preparedness Committee. headed by

the Minister of Information with its secretariat at the National Security

Council is responsihle' for coordin.1t ing r£>llC'f 0\)('r.ltiOn5 at th.. Ft'dcrAl.

Sf ... t.· .Ill<l Illstrit'l 1"\',1", "' .. Ih.lt .1·;·;1"1;11.... • ,'all I,,· " ....\.\"..<1 tn 'Inllll



victi•• in an orderly and effectively .anner. The ..chinery i. activated

when flood. occur in several states or when a .tate experienc•• a ....iv.

flooding which cannot be adequately handled at the state level. Rea.f

operation. are then carried out by the Police, the Ar_d Fore•• , the

Mini.try of Health, the Ministry of Social Velfare, the Mini.try of Trade

and Industry and voluntary organizations .uch a. the Red Cre.cent. A flow

chart .howing the operation of this Co.-ittee is given in Figure 3.

Iapl'lfntlne Flood Mitieation Measure.

Over the years, mllny studies have been carried out to addre•• the

existing flooding problellls affecting .any ot the larger rivvr balliins and

population centers. Based on these studies, various .tructural and non·

structural Illeasures have been proposed. Structural _asures inc Iud.

channel i.prove_nt. bunding. flood bypass. poldering. flood .torage da.s

and flood detention basins. Non-structural ..easures inc Iud. flood

foreca.ting and warning. flood zoning and flood rhk .apping and

resettlement of aff.~t.d population

The commitlllent of the GoverOlllent to flood .itlgatlon is reflected in

the .teady increase of goverl\lllent funds for flood control works (Figure

4). For the period frolll 1970 to 1990, a total of about M$ 500 .111ion wa.

sp.nt on flood .itigation Activities. Under the Sixth "alay.ia Plan (1991

. 1995). the financial allocation for flood .itigation progn_es has

increa.ed to about K$ 700 .illion. Flood .itlgation progr.... ha. ~cOllle

the larg..t cOlllponent of engineering activities in the DID which ha. a

traditional role of i.pl'Mnting irrigation and drainag. work. in the

country.

The future scope or de.and for flood Illitigation works in the country

up to the year 2000 has been identit1ed by the National Water Rellources

Study co.p1ecrd in lqll:>. In hrtpf. thf' study rropoud thf' t.provf'_nt of

850 u. of river channels, the con.truction of 12 dasI., 82 u. of floodway

and the re•• ttl• .,nt of about 10,000 peopl•. Th••e work. ar. ai.,d at

providing protection to ~O I of the population 11vlftl In flood pr~ ar.a.

by the y.ar 2000. Howev.. r. du.. lo li.i tat Ion of fund.. only a ...11
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percentage of the recommended flood mitigation programmes has been

i.ple..nted even though 10 years have passed since the co.pletion of the

study.

Soynd Watershed pevelopment and ManAgement Policy

The long term solution to unacceptable flooding problell requires

addressing the issues at its source, which is the watershed. The clearing

of forested catchment for agriculture and urbanization is generally

acknowledged as the main contributor of flooding in lIany localities. a

typical example of which is the capital city of Kuala Lumpur.

As the population increases and coupled with ~he projected expansion

of agricultural and industrial development. one would expect urbanization

to continue at an even greater pace in the years to come. Hence it is

prudent to practise early. a sound policy of comprehensive catchment

planning and management to ensure that future development activities do

not aggravate existing floodin" or genf'rAtr nrw flooding prohlplWs. The

formulation .nd periodic rrview of Structure Plan for urban centers.

drainage ••sterplan, flood risk mapping are examples of such effort to

minimize the flooding problem typically associated with urban development.

At present, about 60 % of the land area of Malaysia is still under

natural forest cover. DPvelopment activities in the forested watershed is

carefully IIIOnitored and controlled by the Forestry Depart_nt. 11. National

Forest Policy was adopted in 1977 and embedded in this policy is the

concept of sustainable utll ization of forest resources with due

consideration to flood hazard mitigation and other benefits.

CONCWSIOlS

Since 1971, Malaysia has embarked on a systematic long term progra...

to· cope with the natural hazard of flooding which constitutes • _jor

hindrance to soeio-economic develop_nt. Workable institutions or

fr...work has been formulated to imple_nt pro~rallllles for flood control



and to carry out rei lef operations durinS ..jar or catastrophic floods.

For exhtins flood prone .reas, the CoverruMnt hAS co_itud to larse

expenditur•• to i~le..nt structur.l .nd non-structural ....ur•••1..d at

alleviatins flood ~se. Equal ••phasi. i. al.o siven to the pro-active

approaeh of co.prehensive catch_nt plannins and ..nale..nt to avoid

allravatins exi.tinS flooding or gener.tinS nev floadins probl•••. Throulh

this .ulti·pronsed approach. it is hoped that the floodinS proble. can be

.ffectlYely controlled and the wat.r re.ource. of the country can be

h.rn••••d for the ..xiaua beneficial us. of the peopl•.
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SECOND US-ASIA CONFEURa OM
ENGINEERING FOR MmGATlNG NATUItAL HAZARDS DAMAGE

YogyaklllU, Indone"
22·28 Junl 1992

INTEGRATION OF NONSTRUCTURAL MEASURES
INTO FLOOD CONTROL PLANNING

L. Dougl•• James
Utah Stat. University

Login, Utah 84322 USA

ABSTRACT Th. non.tructural .pproach to flood control wa. introduced in
the United Itat•• to .uppl...nt co.tly d... , l.v... , .nd channel. to
control flood.. When flood d...ge. war••till iner.a.ing d••pita an
axtan.iv. .truetur.l progr... the u•• of non.tructural ....ura. wa. ...n
a. a w.y to cut co.ta .nd reduce the .nviro~ntal di.ruption of
con.tructing l.rge faciliti... Howev.r. non.tructur.l ..thod••hift
.uch of the co.t burden to the privata .actor by ..king l.nd 1•••

productiv. and con.truetion .ar••xpan.i... The .tructur.l/non.truc­
tural bal.nc. i. particularly ~rtant in deY.loplftg countri.. bec.u••
both l.rge flood 10.... and large deval~t co.t. e.n r.t.rd ~ic
grO'.rth.

The aiddl. w.y i. to coabina ....ure. in progr... that help people
Laprov. their U ... de.pit. floodiftg. ..cb fbodpl.in 18 uniqu•••nd
••ch .itu.tion requir.. a ..par.t. analy.i. to che.. the be.t ....ur••
• nd provide for their .ffective ~leaant.tion and .ffici.nt oper.tion.
'rhi. papal' di.cu.... the ....ur••• their .....-..t, and their ~
bin.tion. Of the non.tructur.l ....ur•• , flood proofing helpa wher. the
flood. ar••hallow, land aan'v-ant L• .ar. appropri.t. wit" deeper
flooding, and ccntingency progr... provLde backup during ..jor di.a.­
t.r••



F06-2

IIfl'aODUCTION

rlood. ar. larg••••nt., and .oci.tj long lacked t.chnolovy to
build d... , l.vee., and chann.l. to contain major flood.. By 1900,
con.truction capability reached the point where 90ver~nt. could hire
c.dre. of engineer. and build proj.ct. th.t th.y id.ntified with a pride
th.t w•• reinforced a. flood-control infr••tructure .nh.nced n.tion.l
economic d.velop.ent. The rub i. that politici.n. and engineer. who
concentrate on econa.ic V.in find th.ir proj.ct. c.u.ing .nvironmental
and .ocial t.pact. th.t turn -benefieiarie.- into .nt.goni.t.. Op­

po.ition -eunt. when people .xperienc. incr.a.ing flood 10•••• and oth.r
adv.r.e .oeial and enviro~ntal t.pact••nd th.n f.c. a great.r
financial burd.n to repair the .ginO facilitie•.

In the l ••t 30 ye.r., th••• iner.a.inv impact••r_ co.t. h.v.
f.vored a turn to non.tructur.l _a.ur•• , and y.t Ilany 1M<.'pl. now wond.r
wheth.r the reduced u.. of flood control infra.tructur. i. ~evl.cting .n
••••nti.l ingredi.nt of national d.v.10p.ent. Wh.n pl.nnin~ to find the
be.t ba1anc., we can think of flood d...g.. •• a tax impo.ed by nature
on .conoaic d...lop.ent and of flood control a. a provram of huaan
int.rvention to reduce a tax who.. par-ent i. divided among gov.rnment
budget. for flood control, 9OY.r~nt co.t. of keeping tran.portation
and communication line. open, flood 10.....uffered by privat. parti•• ,
and .xpenditur•• people ..ka to protect tbaaaalv... 'ine. a heavy tax
burden r.tard. ecollOllic de..los-ent, the pl.nning 90al ia to find the
combination of _ ••ur.. (w.y. to pay th.t tax) th.t ainimiae. the

par-ent. aow.••r, it i. ~rtant to r.eovnia. that .eonQllic d.v.lop­
_nt iner..... all taxe. ov.r t~. It i. not r.ali.tie to .xpect to be

able to find flood control provr... that wUl reduce the total tax.

CllAMC'nRIIATIOII or PLOOD PROBLEMS

P1anninv begin. by defining the prob1... rlood wat.r. fro. ri.ino
riv.r., .tora-driven ocean wav••, or inten•• local rain. and di.rupt
huaan activiti•• and daaag. capital inv••ted for .conoaic growth or by
people ...kinv better liv... They inundat. and d••troy crop., buildino.
and th.ir content., and road., utilltl••, .nd other infra.tructur••
Th••e cU.ruptlona and daaage. incr.... with water d.pth, .edt.ent
content, v.locity, and otherper-e:er.. ac.e area. ar. floocled
f,.equ.ntly, and other. OIlly experi.nce rare event.. WhU. cJ..."....y
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be r.paired aft.r • flood, the co.t of r.peat.d r.p.ir. tak•••vail.bl.
r ••ourc•• away fra. .conomic d.v.lopment. In .umm.ry, • flood probl.m
can be ch.r.ct.riaed by d.pth, .ourc., type of property inundat.d,
frequ.ncy, .nd long-t.~ impact., .nd flood control ....ur•••hould be

..l.cted to perfo~ well for the giv.n char.ct.riz.tion.

ALTERN~TIVE CONTROL KE~SURES

Plann.r. can n.xt look .t the option.. Th.ir go.l i. to conv.rt
id.a. into impl...ntabl. program., .nd innov.tiv. people through the
ag•• h.v••xperi.nced flooding .nd concoct.d • wid. v.ri.ty of r ••pon••
appro.ch... ..ch h•• it••tr.ngth. and we.kn...... E.ch work. bett.r
in .gee .ituation. and wor•• in oth.r.. H.r., w. will bri.fly out lin.
the chi.f option••nd th.ir m.jor .dv.ntag•••nd di••dv.nt.g•••

Gov.rnmental flood control program. hav. prim.rily r.li.d on
cont.ining flood. through the .ngin••r.d con.truction of r •••rvoir.,
ch.n".l., .nd l.v.... R•••rvoir .tor.g. damp. flood pe.k., .nd l.rg.r
r•••rvoir••r. oft.n g.ted for po.itiv. flow control, ch.nn.l. conv.y
wat.r down.tr.am, .nd l.v... ring .r••p with high property v.lu•• or
ce-p.rt..nt.lia. floodpl.in. to prot.ct highly-d.v.loped .r.... Th•••
l.rg. progr... h.v. the .dv.nt.g•• of .conomi•• of .c.l., in.tall.tion
by .xpert., .nd .n in.titution.l pr•••nc. with continuing r ••pon.i­
bility. Th.y h.v. the di••dv.nt.g•• of high co.t, l.rg. pot.nti.l for
.nviron.ent.l and .oci.l di.ruption, .nd impo.ing aolutio". r.th.r th.n
working with the people with the probl....

People cam.only bl up.tream d.v.lopment for flood••nd ••dimen-
t.tion. W.ter.hed ..n.g nt c.n r ••tor. rur.l upl.nd. to n.tural cov.r
with gr••t.r .oil w.t.r .tor.g••nd r ••i.t.nc. of the .oil .urf.c•• to
.ro.ion. Det.ntion etor.g. c.n be u••d in urb.n upl.nd. to compen••te
for gr••t.r runoff fre- paved .r.... Th••• l.nd tr••tment. provide •
fix.d .tor.g. c.pacity th.t r.duc•••mall.r but i. r.l.tively ineffec­
tiv••g.in.t l.rger flood event. and .re g.n.r.lly h.lpful for ••diment
control. Rur.l ....ur•• mu.t be c.refully pl.nned to au.t.in the
productiv. u.e of upland. for .gricultur. or for••try. Urban ....ur••
~.t be r •••on.bl. in t.rm. of the tot.l co.t of l.nd dev.lopment .nd be

periodic.lly cleaned to remove accumulating d.bri.. Effective program•
• r. co.tly to .u.t.in .g.in.t dev.lopmental pr•••ure••



Non.tructur.l ....ur•• bro.dly divide between l.nd man.gament and
flood proofinQ. Th. 90al of land ••n.Qament i. to make the be.t u•• of
land c~n.ur.te with the flood h••ard, economic n..d., .nd the unique
contribution. of floodplain environment.. L.nd ••nagament c.n be
coordinated with l.v... to control .patial inundation-d.pth r.lation­
.hip.. The goal of flood proofing i. to protect building••nd facili­
ti•• by u.ing .l.vated or more flood-re.i.tant d••ign. tor new building.
or by rai.ing or modifying exi.ting building. to reduce future damag••.
Dry flood proofing protect. people and th.ir po••••• ion. by keeping
interior. dry••nd wet flood prooring u••• con.truction mat.rial. and
d••ign. that reduce d...ge••fter wat.1 .nter. the building••

A well-prepared contingency progr.. I).aintain. ba.ard c••t.r.
wh.r. people e.n obtain accurate information on the factor. contributing
to their flood ri.k (th. Qo.l for the flood ha••rd modeling recommend.d
in the l ••t joint conference (Iurg•••nd COng, 1988» and t.chnic.l .nd
financial h.lp in arranging l.nd u.e .nd de.igning building. to ..et
th.ir per.onal need., 2lactivate....r,e.cf c••t.r., when flood. or
failure. thr••ten, to give people current information in term. they can
under.tand on evolving flood event.; foreca.t flood peak., coordinat.
flood fighting, evacuetion, .nd relief activitie. by the public and
priv.te .ector., and act with authority to k..p people working together
in ti... of d.nger, 3)provide. flood proofed i.fra.tructure th.t i.
de.~.gned and ..int.ined to minimi.e di.ruption. to communic.tion.,
tral.port, ca..erce, water .upply, and .anitation during flood event.

and recovery period., and 4lgive. people the ••curity of having .afe and
••cur. pl.c•• to 90 for refuge in the wor.t of circu••t.nce. and of
h.ving in.uranc. or oth.r .ourc•• of fin.nci.l ••curity ag.in.t cata.­
trophic 10..... Refuge progr... gen.rally operate more eff.ctively if
they .re locally-run facilitie., for thi., they need to .erve oth.r
purpo.e. between flood. (••cure .torage, .chool., ho.pit.l., police,
fire, .nd oth.r critical function.) to be well ..n.ged and fi.cally
.ound. All four prong. of the contingency progr.. ar. important.

All four ....ur•••hould be combin.d. A good tot.l program u•••
• tructural ur•••nd water.hed ..n.gament to cont.in flood. and
non.tructur.l ur.. .nd contingency progr... to reduce human vulnera-
bility. people .r• .aat vuln.r.bl. when th.ir livelihood. are thre.t­
ened by ha.ard. they poorly under.tand and th.y h.ve little inatitu­
tional .upport. .xpert. can by .are effective if they put more .ffort
into contributing to the und.ratandin; .nd reeource••v.il.ble to
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.upport peopl.. M.ny action. promoted by .xpert., particul.rly in the
non.tructur.l .nd contingency program., do not work •• well a. the id.a.
generated by people livinq with the prob1... However, the•• people need
bett.r ri.k info~tion and .uppl...ntal re.ource. to make their
innov.tion• .cr••ff.ctive. During major flood., it i. particularly
t.port.nt to have infra.tructure th.t pre.erv•• communic.tion••nd trade
.nd to prot.ct the livelihood. of the popu1.tion with .ource. of income
during the recovery period. The ult~ate goal i. to help people e.cape
fro. • d-.orali&ing .tatu. quo by implementing innov.tion. that r.duce
flood vulnerability .nd help enhance .ocial and economic development.

PERFORMANCE EVALUATION

The third .tep i. to conduct performance evalu.tion. to det.rmine
which option. c.n be ~pl...nted .nd operated to alleviate the defined
probl.., individually or in variou. ca.bination.. The performance. mu.t
be evalu.ted fra. .ngineering, legal, financi.l, .nvironment.l, .nd
.oci.l perepectivee. The evaluation of engineering performance inve.­
tigat•• whether the propo.ed de.ign will function (contain the flood
w.ter) with low ri.k af failur.. Th. l.g.l ch.ck i. to .n.ur. that the
.ction c.n be conducted within the fr..-work af exi.tin; can.titutional
authority, ta make eure th.t th.r. i. no di.crimination wh.n taking
property and regulating human .ctivity, .nd to blunt unn.c••••ry l.g.l
liability. Fin.ncial performance i. evaluated in term. of .n .bility to
gen.rat. r.v.nu•• to pay the bill.. Th••nvlron.ent.l .valuation .u.t
cov.r .cologic, agrpna.ic, and gec.orphologic i ••u•• to mak••ur. that
the u.e. pl.nned for the floodplain. and the land treatment. planned for
the upland. will indeed deliver. .ocial performance i. commonly
overlooked .nd aay be the .c.t ~portant becau•• people have to u.. the
l.nd .nd water in way. that will mak. the program .ucce.d. The perfor­
..nc••v.lu.tion. ar. made by .xpert. in the•• r••pective field., and a
propo.al that fail. the te.t in any of the.e five domain••hould be

~diately dropped.

WORTH EVALUATION

Th. alternative. that pa•• th••• performance check••u.t then be
.v.lu.ted to d.t.raine whether the .acrific•• required to make th.. work
are ,u.tified by worthwhile re.ult.. The analy.i. i. coaplic.ted by
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~l~ipl. in~.ract10n.. Peopl. in~.ract in d.cidin9 vhat th.y van~

individually and in r.aching c~nity con••n.u.. Pro~.ct. int.ract
within the hydroloqic cycl., with oth.r pree••••• in th.ir lar9•
• nv1ro~nt, .nd vith the n.tional .conomy and po•• ibly vorld trad••
People in~erac~ wi~h proj.c~. in .a~ching d••ir•• and c.pabili~i... Th.
gov.rnMent proqram for flood control .u.t b. coordina~ed int.rnal1y and
in~~r.ted with private inv••tment. for .conomic d.v.lo~n~ for ov.rall
ba1.nc.. Th nt of worth i. u••d to Mak. d.ci.ion. on the four
tradeoff. in Tabl. 1 and c.n u•• the .i. Ob~.ctiv•• for proqr... in
public work. li.t.d in Tabl. 2 a. crit.ri. (for furth.r r.ading ...
Pa~ton and Sawicki, 1986). Th. five f•••ibility t ••t ••hown in T.bl. 3
weigh good imp.ct••9.in.t the bad in proj.ct.d future .cenario••

STUDY GUIDELINES

Th••tudi•• for problem d.finition, proqram formulation, .nd
perfOrMance and worth .v.luation. ar. be.t don. by an int.rdi.cip1inary
t ....upported by .ound inform.tion .nd vi.ionary offici.l. and 9iving
aupport to public participation .nd d.c.ntraliz.d d.ci.ion makin9
(Jame., 1975). Th. d.ci.iona on the i ••u•• li.t.d in T.bl. 1 ar. b••t
make by govern.ent official.. Program••tumbl. vh.n people vith
pr.conc.ived pr.f.r.nc•• , wh.th.r di.ciplin••Peeiali.t. or in govern­
..nt, ar. able to .w.y .ction. by ..king .~at...nt. on princip1•• th.t
do not apply to loc.l .ituation.. The goal of planning i. to find
.olution. not to .ndor•• popular id•••.

Howev.r, politici.n••nd bure.ucr.t. are mora apt to plan from
prior vi. ion. that they ar. r.luctant to .xpo•• to objective ••••••ment.
people in authority are r.luc~ant to open planning to other., wheth.r
th.y ar. ca..on people vho may no~ und.r.tand .a-e lar9. i ••u.. or
.pecia1i.t. who.e .ad.l. ar. too ••ot.ric. Official. f••r 10.ing
control ov.r proqr... that build the. popul.r .upport, h.ving to do.l
vi~h gr.at.r compl.xity than th.y c.n .xplain to the public, g.ttin9
aurpri•• r ••ulta, confrontation. that mak. them uncomfortabl. and
unc.rt.in, and h.ving to r.v.r•• prior po.ition. in t~. of ~h."9.'

Economic optimi&.tion would combin.....ur.. in a proqr.. that
.inL-i&•• the flood t •• u.in9 the obj.ctiv. function (J...., 1967)1

N1ni SMc + NNc + FPc + LMc + C'c + D (1)
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TABLE 1

ISSUES IN FLOOD COIITIlOL PLAIIIIIItO

~ i .... : Wheth.r the ben.fit. of 9ovar~nt action ju.tify t ....
that reduce the production by the private ••ctor.

"rwloe 1....' Whether it i. 1••• ca.tly for 9av.r~nt to pay the flood
t .. by providln; new flood control infra.tructur. or for the prlvat.
&eCtor to pay reduc1n9 the lncoee .arned frOll l.nd. The cOlIp&riaon
.hould al.o con.ld.r the .nvlra~nt.l v.lu. of the land .nd the aaci.l
co.t of deprlvin9 poor landown.r. of h19h.r inca.e••

I.y••~~ 1.... : Whather declinin9 aperatin; efficiency .nd the 9rowlng
co.t of aaint.inln9 .9in9 f.eiliti•• ju.tlfie. ch.n9& or r.pl.c...nt.

Allocatioe 1..... : How .ueh Haited public fund. to take frOll other
9Dv.rnaent.l prQ9r... and 91v. to w.t.r r ••aure•• aanageaent .nd how
auch of tho•• fund••hould be 91v.n to flood control prQ9r....

TABLE 2

CIMIRAL PLAllIlIItO OLJICTIVES

..tloaal iaeae-: Incr•••• tn. net Y.l~. of production for the country a.
a whal. a. d.t.rained by ben.fit-co.t an.\y.l. (Gr..l.y-Polheau. Group,
1991). Pr••erv. people'. lneoee. and jtb. throu9h flood .v.nt••

"'1t,a Diatribut. beneflta fairly av.r the population. People .uff.r
when wealth 1. conc.ntrated a. well a. when people .r. not able to 9aln
..raonally by workin9 h.rd.r. lqulty requir••• balanced di.trlbution
of benefit. aIIOn9 lndividu.l., .DCi.l 9roupe, and l'&9ion. a. wall ••
durift9 proj.ct u.pl...ntatian and for the long run.

rr•• I •• , ".pect individual .over.19nty to jud9& thelr per~l ba.t
lnt.r••t. Howev.r, lndlvidual l'iQht. conflict with public welfare when
people benefit by u.i1\9 floodplain. in w.y. that hurt other., cau..
public ....n.. for r.l1.f prQ9r... , or e99r••ate flood ...~ci...
Oovernaent pl.nner. ..y f..l that their bett.r inforaatian and 9raatel'
.xperti.. aUowe t .... to t.U people what to do, but they ...t be
r ••pact baaic hwaan ri9ht••

...1r tal .-a11t,a Pr•••r.. the floodplain ecolDQic and ...nity
valu.. (J and other., 1971) found in unuaual habitat., river
corridor., pollution control, and 9reen .pac••

~il1tra Shleld people frOll varied and unc.rtaln .1tuatioRe. The
protectlon that flood control provide. a,aln.t lar,. loa....bDul. be
planned to foat.r aaclal chan,. a. lt 1. no benefit to pra..r.- a .tatlc
lOCi.ty where people ha•• no hope for batter tt.aa.

"'lt~ &ad sa'.t,a Protect people frOll drownl"" injury, and watar-borne
and other di....... Whil. the value of life cannot be ••pr••..cs in
econoaic untt., 9Dv.rnaent fund. to prot.ct life ar. lialted.
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TABU 3

raAllaILITY TEaTa

8cDa..t c ru.U.1Utrl WUl ven.rated Konoaic beneUt••xceed the eoet.
required to k8ep the project 901n97 "n.fit-co.t analy.1. 1. ,.nerally
applied for thi. purpoee.

F1aaacial ....~ilitrl Will .uffLc1.nt fund. be availabl. to t.pl....t
.nd ..1nt.in the proj.ct? Gov.rn.ent. h.v. 10n9 had difficulty ..curlft1
.dequ.t...int.nanc. for .tructural proj.ct., and fundLnv flood proofl..
or inca.e protection with l.nd ..na9...nt Ln the priv.t•••ctor PO"
.ar. difficult i ••u•••

...ira....tal P...~ilitrl Will the .nvLro~ntal v.in. exceed the

.nviro~nt.l 10••••' The r ••ult. of enviro~nt.l t.pact ........ftt
need to be reviewed to 9iva normative vuidanca to projact pl.nning_

SoCi.l ....~llitrl Will the ben.fit. to people th.t e.nnot be ••pre....
in .anetary t.ra- .xceed the di.ruption. to their lLv••' Thi. i. done
throu9h aoci.l ~ct ........nt.

Political ....~il1trl W1ll r ••pan.1ble 90ver~nt offici.l. ir.nt the
nee••••ry .pprov.l••nd provida the .u.t.ined .upport required for the
..a.ure. to continua to be affaetiva ov.r tu.-7 Th. needed pr."r¥atLOft
beca-e. an L••u. with aach chan9. in adaini.tration.

TAILE 4
or PLOOD COIITROL KEASUUS

Continuing Cptt 1I.1dyal D ..
...11 public. R8duced loa...
for ..Lnt.nanc.. for l.rv- flooda.

&COMOKIC IMPACTS

Initial Coat

Larte public
for con.truction.

KwIlYrt
Stora98

channela
• nd Lev...

Larv- public. Kadiua public. hcr••eed 10....
for conttruction. tor ..Lnt.n.nc.. for 1.cV- floodt •

..lativ.1y l.cte Mo ~ct Oft
for landown.r.. l.rvar floodt.

Incra.... with '1'0 c'"nfoftlLnv
dev.l~t. u••••

Flood 'roofiftl

Cont1.nvancy
Provc..

Larte to buildinv Oft.n l.rva to
owner.. bldQ. own.rt.

...11 pr.paration Larva durin;
COtt. event••

Li... citked dur­
in9 ..,or ..-ntt.

'roperty difficult
to protect.
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wh.r. the re.pective term••re the co.t. of etructur.l ....ure.,
w.terehed ••nagement, flood proofing, land m.n.gement, .nd contingency
proqr..e .nd fin.lly the economic flood d...g... E.ch term .wme the
coet. of initial implementation and the pr••ent worth of the coete of
continuing oper.tion .nd maintenance (Table 41. The .valuation proce••
muet then be bro.dened to balance the good and the bad in the other

di..neion. of fea.ibility a. illu.trated by .uch i ••ue. a. tho••
outlin.d in Tabl. S. A .tudy integrating the v.riou. mea.ure. gen.rally
.elect. me••ur•• th.t take .dvantage of th.ir primary .trength., and
th.ee are highlighted in Table 6.

Typic.l program. in the United Stat•• (L.R. John.ton A••ociate.,
1991) and Europe (Handmer. 1987) .el.ct de.ign frequencies ba.ed on
public poliCy and employ .tructural mea.ur•• to prot.ct again.t the

.elected event, wat.r.hed m.n.gement to reduce .ediment.tion, land
management to keep people out of more hazardous area., .nd flood

proofing where people build in .rea. where the flooding i ••hallower or
occupancy i. otherwi.e ju.tified. Expert••nd official. work with loc.l
people in flood prone communities (Flood Lo•• R.duction A••oci.t•• ,
1981) and have a conting.ncy progr.m of flood w.rning and evacuation and
flood fighting, relief, and repair to u.e when .11 el.e fail ••

In .n integr.ted progr.m, the .dvoc.te. of e.ch mea.ure will find
th.ir problem. and ne.d. better met through the cooperative .ffort. For
.xample, the .upport.r. of contingency mea.ure. to reduce 10•••• when
the -mbankment. are overtopped will gain by working w~th lev.. builder.

to prot.ct their common intere.t.. People coming from div.r•• vi.w­
point. will und.r.tand each other b.tter, .nd their cooperation will add
to the credibility n.c••••ry to .ell the total program a. needed to
re.olv. the i ••ue. on Table 1. Cooperation i. much bett.r than l.tting
rh.toric on environmental protection or ecme other favorite cau••
• xac.rbat. fear. and ob.truct the u.e of fact. in objective deci.ion

..kinQ. In this ca.e, the environment.l group. can gain by overcoming
the .pr.adlnQ f.elln; that environmental .tudie. ar. larQ.ly d.l.yln;
action. or th.t they .erve the .lite more than the common people or

poorer natlon••

ThorouQh pl.nnin9 ie likely to favor nonetructural mea.ure. e.rly
and .tructural ....ur•• later ln the proc••• of economic dev.lo~nt.

Th. continuatlon of an effective non.tructural prOQram throughout the
period of urbaniKation ~r econ~ic develop.ent will reduce .tructural
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w.t.r.tIed COntinuing Debrl.. cl.ani09 Upland Dev.lopel'
Mana~nt co.t. pr09I'... • liv.llhood•• pr•••ur•••

Lind Man.~nt _.ilt pl'••- Enviro,..ntll Keep public R••i.t
.ur.. for i~et.. of .upport for d.v.lo~nt.

devllos-ent • d.v.los-ent • the cone.pt.

Flood Proofln9 M.::n.y for
"uUdin9own.l'l.

Di.eouC'iI bul1d- Deplo~nt Enfocclng
in9 in ..n.itlv. by poor .nd buildlng
.1'.... .ld.rly. cod•••

Contin9·ncy
PI'09r..

Holding
fundI in
r •••rv••

People forCJIt
in ...rCJInci•••

Di••_in.­
tin9 w.rn­
ing••

Pr.l.rv.
in good
tt.e••

Itor.CJ1

Ch.nnell
end Leofee.

Flood ProoH09

TUx.. •

IETTINGS or PRlMAltY ADVIUlTAGE

_ ..rvoir .it•••vailabl.. F•••ibl. ~ltlpul'po,.

Pl'oj.ct••

Rh.r delta. and othel' flat al'.a.. ...11.r .tr....
flowi"9 thrOU9h ••tabli.hed urban .r... Or •• part of
the infr••tructur. built with d.v.lo,..nt. Rural
.tr.....t • lower level of prot.etion.

AboY. '1'.'. lubj.ct to frequ.nt flood109• "nlland.,
urbani.lot ar.a., .nd Hdt.ent IO\II'C• • 1'••••

Land. IUb'ect to deep floocli09 or haviD9 low .conOlaic
po~.nti.l. Regional layout. for ul'b.n .ad lndu.tri.l
clevelopllent. '.rk••nd 9r..n .pae.. Land. r ...rved
for l.t.r d.v.lo,..nt.

auildiD9' lubj.ct to .h.llow, frequ.nt. flooding with
.low r.t•• of ri... -.t flood pl'oofinv of building.
ln '1"'. of gr.at.r h•••rd. Infr••tructur••

"rYe and a••i.t privat. part i •• who cannot avold
flood-proDl .1'.... WhIr. people can U•• r.liabl.
info~tion to help t~b... Wh.I'. naaded to ~
ba.ie .upport infr'ltructur. functioniot aad whel'. the
ha••rd can be lUI threat.ni09.
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co.t., .nd the people living in the floodpl.in will f..l co.fortabl. in
..king per.on.l ••crific•• if the pl.nning find. w.y. for thea to
~roy. their liv•• by living -are productiv.ly with the h•••rd.

A good non.tructur.l progr.. i. not • w.y to prot.ct pr...rv.
pr•••nt condition. but • w.y to help people find. bett.r lif••
Kon.tructur.l ....ur.. require ...jor .ffort by ca..on people who will
not work h.rd unl••• th.y c.n bett.r th....lv... Th. poor of the world
.r• .or. int.r••ted in th.ir per.on.l welf.r. than in ••vinV gDv.rn.ent
the co.t of buying .tructur.l flood control. Countri•••round the world
will g.in if people c.n do thi. without -aving to the citi•••nd cau.ing
incr•••ing population conc.ntr.tion. in urb.n c.nt.r••

CONCLUSION

A working b.l.nc. .-ong the .v.il.bl. flood control ....ur.. i •
••••nti.l. In that balanc., flood proofinv v.n.rally h.lp. -a.t wh.r.
flood••r••h.llow or un.void.bl., l.nd ..n.v...nt work. be.t in .r•••
of gr••t.r haa.rd, and conting.ncy progra.••r•••••nti.l wh.r. the
ri.k••r. l.rge .nough for people to t.k. flooding ••riou.ly .nd wh.r.
th.y need .xtr•••curity .0 a. not to be ov.rwh.l..d by ••tr....v.nt••

Th. progr.. •• • whole .hould ca.bine th... ..••ur.. in • w.y that
helpe people u.,rov. their liv•• in flood-prone .nviro~nt. bec.u••
the.. will .lw.y. be with u.. '.rticular .tt.ntion .hould be giv.n l,to
pr.v.nting floodpl.in dev.lo~nt that initi.lly ben.fit. the dev.loper
but then bring. irr~v.r.ibl. ch.ng. to the n.tural .cologic.l b.l.nc•
• nd cannot be .u.t.ined .nd 2)to dedicating flood-prone l.nd. to u•••
that condean local people to perpetu.l poverty. 'rogr.. t.pl...nt.tion
need. to be particul.rly well organiaed in d.v.loping countri•• where
continuing larg. flood 10.... r.tard econo.ic vrowth no Matt.r which w.y
the t.x i. paid. Soci.ty ~.t h.v•••If confid.nc. to keep going•

••ch floodpl.in i. uniqu., and .ach .ituation _u.t be c.r.fully
.valu.ted to det.rain. the be.t ....ur... 'roviaion .u.t be ..de for
their .ff.ctiv. t.pl...nt.tion .nd .ffici.nt operation and to ..k•
• iju.~nt. in th.ir d••ign and ..int.n.nc. a. condition. ch.nge ov.r
t~.
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Division of Wate, Resource. Enginee,ing
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Bangkok, Th.iland

ABSTRACf The Bana Lanl dun is an eanh-rockfilled dam built ICf'OIIIhe Paani riWl'

in South Tbailand. The dam is 8S mhip havinl I crest lenath of422 mIDd I JaerYOir 01
I maximum storqe capKity of 1,403 million m'. The dam is susceptible to br'eKhin1 due

to overto:JPinl eauted by heavy rainfllll in the upstream c~hment. In thilltUdy, • bIacb

erosion model is tiled 10 predict the breaching erosion of the Ban, Lan, dim cauIed by
flow CMftOPPiDl. The aublcqucnt downanam floodin, due to die dam tn.:h ouIf1ow is
prcdic1cd by the MIKE· I I model. The releO/ant prcdic1cd relUll. arc the arrival time ollhe

flood Wive fluat, the lDUimum flood depch and the extem ol fIoodinl .. vmou. ..doaI

dowftIaam of the dam to PIIIani provinec•• rach lenph oliiO kin. Tbe rosulll 01 tbiI

Itudy II'C UlCful in dnwin, up an emcrpncy plan for evaeualin, people Uvial iD the flood
hazanl area to I safe location. Sensitivity analysis is earricd out to ......ine Ihe efJecII of

the model puunctcn of the two models on the JRdic:ted relUlts.

INTRODucnoN

The 1""- of thil itUdy i. to predic:t the breachin. erosion of Ihe Bani ......1 ...

due 10 flow O'IeI'IOppin, and the raultin, flash flood downsaeam ollhe dsm. 11Ie ....
Lana dam is I multipurpole dam built in 1976 ICI'OII the Paaani river in South ThaiIIDd

(Fil. I). The dim is IoCIIed .. Banaanl S... dilUict. It is an eanh • rockftDed .... wi6 I

heilblol 8S m, ICl'Clllenph of 422 m and I maximum IIOrap oll,403lDilHaa .'. The
caachment area above the dim is2,()1O kln3 and Ihe annual inflow .. IMO~ .'.
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A semi-analytical model is developed (according 10 Singh and Scarlatos, 1988) and

applied to predict the breachin, erosion of the Bang LanS dam. The computed dam brelch

outflow from the breach erosion model is routed further downslJ'eam alon, the Panani river
foradistance of 110kin by using the MIKE-II flood routinS model developed by ;he Danish

Hydraulics Institute (OHI, 1981). The arrival times of flood wave front and flood peak

levels at Bannang Sata District (KM 16 from the dam) and at Yala province (KM 72 from

the dam) are calculated.

MArnEMATICAL MODELS

Dam Bl'CICb Ermioa Model

The govemmg equations are the reservoir water balance equation and a relationship

between the erosion rate and the flow characteristics (Singh and Scarlalos. 1988).

1be water balance equation can be expressed as follows:

dHA,"dt= (/-Q)-Q. (I)

where H =reservoir water level, I =reservoir inflow. Q. = outflow discharge from crest

ovcnopping. spillways and power house and A. =reservoir water surface area. AlIo,

(2)

(4)

and

u. = a..(H - zl' (3)

where u. =- mean outflow velocity. A. =wet breach cross-sectional area. CIt • empirical
coefficient, p. • O.S for critical flow over a broad-erested weir and Z • breach bottom
elevaDoo. For the cue of dam breaching (I-Q) « Q•• combinin. Eqs. 1. 2 and 3livel

A,: = a..(H _Z)I12A.

1be erosion of breach cross-section dZldt is given by:

dz IL_ = ~u"1

til
(S)

where Uz = empirical coefficient to be determined by model calibntion. In Ibis

study a linear erosion cue is considered. i.e.. ~ :: 1. For • uapezoidal breacbin.
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shape with a constant bonom width b and a constant side slope s (Fig. 2), the
following two equations can be obtained by integrating Eqs. 4 and S and insening

the initial conditions H =Ii" and Z =Z. at time t =to (Sinthananopakhun, 1991), i.e.,

[A.-b] [A. +b + 2s(H" -Z,,)] - [A.-b - 2s(H" -Z,,)] (A.+b] exp[F]
2s(H -Z)= (A.+b + 2s(H" -Z,,») + [A.-b - 2s(H" -Z,,») exp(F] (6)

(7)

where A. = (b2+~sA,)os, A7 = 0.5b -0.05 (b2+4~sA,)o.s,

A, = O.'sb +0.S(b2+4azsA,t' and F = A 6 (Z - Zv) / (~ AI)

The values of H and Z can be solved by trial and error from Eqs. 6 and 7.

MIKE-II Flood RoutiDS Model

The model is a one dimensional flood routing model and can be applied to the network

of cells and links of the Pattani river and its flood plains as shown in Fig. I. The basic

equations are:

ao aAax +a;--q = 0

OQ +~(a.Q2)+gA oH +gn
2Q lpl =0

a, ax A ax AR;

(8)

(9)

where A =channel flow area, n =Manning roughness coefficient, g = gravitational

acceleration, H =water level, Q = discharge, R =hydraulic radius, a = momentum

coefficient and q = lateral inflow. Eqs. 8 and 9 are transfonned to a set of implicit

finite difference equations using the well·known 6-point Abbott numerical scheme.

The double sweep algorithm is used in solving the linearized finite difference equations

for H and Q.
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Stability and AGGIIIJ'jX gf MIKE-II Mgdc;1

In order to obWn a stable uution of the ftnite diffetence leheme, the two foUowin,

conditions have to be aalilfied:

1) velocity condition. i.e. VA tl A x ~ 1- 2, where V = velocity, At. time llep and

A x - distance step between two computational locations. The velocity criteria expreaea

that A t and A x IR to be elected 10 that the water will not be transported more

than one space step per time step.

2) Courant stability: Though the 6-point Abbott finite dif'ference scheme is an

implicit scheme, the lCCuracy of the model will be poor if the Courant number,

C, is too large. In the MIICE-II model, the following value of C, is used. i.e.,

C, = (V+4id>A t I A x ~ 10 - IS, where C, = Courant number and d • depth. The

Courant number r~prellCl how many space steps a wave caused by a minor disturbance
will move during one time step.

In this study the space step or distance step A x • I Ian and the time ltep A t - 2 minuleS

are uled to obtain the required stability and lCCuracy of the results.

MODEL INPUT DATA

URICh HrpIjoo MqlcJ

The required input data for the breach erosion model are the initial reterVOir water

level If. • 119.S m MSL, the initial breach bottom elevaboo Z. • 118.S m MSL.

the terminal breach bottom elevation Z- - SO m MSL. the side dope eX bracb

sectioo s • 1:1. and the tenIlinal breach bottom width b • 108.1 m. 1bedilchaqe
coefficient CIa and the erosivity coefficient ~ are determined by trial and error durin,
model calibration.

MIKE-I' flmJ 'gniDl MgkJ

For .he MIKE-II flood routing model, the input data are the crou-1eCtionI of 1be

Pattani rirer meulRd at every 10 kin interval. The flood plain crou-1CCIionJ aIoD,
both ,..~:. of the river are obtained from the contour map of lCale 1:20.000 with I

COrlLOW' interval of I m. The river has many meanden between KM 0 (Bang Lana dam)

and KM 70 and islocalM within I narrow valley. Between KM 70 and KM 110. t:be river

is lesl meandering and havin, floodplains OIl both sidesofthe river. The upstream boundary

conditioi. is the computed breach outflow hydropaph from the Ban, Lan, dam and

the downa1rCalll boundary condidon is the constant mean lea level. A Iteady IWD
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initial flow condition is assumed. The distance step of 1 km and the timc step of 2

minutes arc used. The input model parameters are the Mannina n of the river and

the flood plains.

The Mannina n. of the Pattani river obtained by the model calibration usina

flood data in 1969 (Sinthananopakhon. 1991) is found to be between 0.02 and 0.03. For

the flood plain areas. the Manning n isestimared according (0 theveactation condition

(Chow. 19S9). and it ranaes from 0.8 to 1.0.

RESULTS AND DISCUSSIONS

Re'Y"! and Sepsitiyity Analysis of Dam Breach Erosion Model

The discharge coefficient at and the erosivity coefficient a, in the dam breach erosion

model are detennincd by model calibration based on the previously estim:lted peak breach

outflow of 14S.000 mIls (EGAT. 1985) and the time (0 pea~ outflow of 2.S hours (Mc

Donald and Langridge-Monopobs. 1984). It is found that a. =1.7 and a, OK 0.00098.

Sensitivity analysis show that when at is decreased the peak outflow is reduced and its time

of occurrence is delayed. When a, is reduced. the breaching rate is also reduced. The

increase in the terminal breach bottom width b or the breach side slope s produces a higher

peak outflow discharge. The reservoir water level depiction and the breach bottom elevation

at various times are showl' in Fig. 3.

ResylulU¥i SC;p.itiyiLY Analysis of MIKE-II Flood Boytins Mgdcl

The dischargc hydrograpbs at every 20 km stations computed for the MIKE-II model

are presented for a period of 24 houn in Fig 4. The flood peak elevation envelope and the

arrival time of flood peak and flood wave front along the river are presented in Fia. S. It

can be sen that the flood peak elevation at KM 0 reduces significantly in the fllSt 10

kilomelaS. The flood peak elevations are mostly above the river bank elevations except

within the reach from KM as to K.M 110where almost no overbank flow OC('urs. At Bannana

Sail district. the arrival times of wave front and flood peak after the dam ~achinl swu

are found to be I.S hours and ~ hours respccti\'ely. At this station. a maximum flood depth

of 19 m could be expected with a floodina duration of 26.S hours. At Yala province which

is 72 kin downsrreun of rhe dam. it is found that the flood wave front and the flood peak

will urive at the province 6.5 hours and 12.S hours approximately after rhe dam breachin,

SWU Rspecti\cly. The overbank flow duntion is found to be 2S.5 houn. Fil. 6ihow me
nnsvene Wlter surface profile of cross-sections It KM 72 at various times Rspectively.

AI can be seen. durin, me risinl flood. the water level in the river is hiJher than ill me flood
plains. This means that the flow spreads from the river into the flood plains. Tht reverse
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condition occurs during the flood recession period. The relevant parameters of flood routing

model are the Manning roughness coefficients of the river and flood plains. According to

the sensitivity analysis, it is found that the effect of the river Manning n is more significant

than that of the flood plain Manning n. When the Manning n of the river and flood plains

are increased by 20%. the peak flood levels are increased by about 0.05 m to 0.1 m.

mNCLUSIONS

The results of this study can be concluded as follows:

1. The breach outflow hydrograph of the Bang Lang dam is calculated based on a

trapewidal breaching shape wid! the discharge coefficient a. = 1.7 and the erosivity

coefficient~ =0.00098. The two coefficients are determined by calibration based on the

peak outflow of 145.000 mlfs (EGAT, 1985) and the time to peak outflow of2.5 hours (Mc

Donald and Langridge-Monopolis, 1984). Sensitivity analysis shows that the relevent

model parameters are the discharge coefficient ai' the erosivity coefficient~, the breach

side slope s, and the tenninal breach bottom width b.

2. The arrival times of wave from and flood peak after the dam breaching starts are

found to be 1.5 hours and 5 hours at Bannang Sata (KM 16 from the dam) and 6.5 hours

and 12.5 hours at Yala province (I(.M 72). The maximum flood depth at Bannang Sata is

19 m. However. there is no flooding at the Yala province because it is located above the

river banks. Sensitivity analysis is carried out to determine the effects of Manning n of the

river and flood plains.
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ABSTRACT Th. coa.tal area. of Ban,lade.h ar. fr.qu.ntly batt.r.d

by cyclone. and th.ir a ••ociated .tor••ur.... With a rapidly

increa.in. population l.rge nu.ber. of people are now ••ttlin. on

land which are hazardous to habitation. Thi. h•• incr.a••d huaan

and liv••tock death., and da.a.e to property. In the .b.ence of

.ny .e.nin,ful Land U.e Policy the .overn.ent h•• not been .bl.

to r ••trict habitation in the haz.rd zone. Aa a r ••ult po.t­

cyclone reli.f and rehabilitation require.ent. have incr••••d

beyond the capacity of the local ad.ini.tr.tion, and every ti..

there i. a .ajor .tor. the central .overn.ent h.. to play •••Jor

role and often international effort i. requir.d to aav. the

aituation. R.lief u.ually reachea 12 to 48 houra att.r the ator••

Thia c.uae. i •••n.e aufferine becau•• food .tock. h.ve b••n

waahed away or da.a.ed, and aource. of potable drinkin. wat.r ar•

• ro••ly in.dequate. Aeri.l relief ha. been tri.d out but thia i.

very expen.ive and .o.eti.e. count.r - productiv•• The only

viable .olution .ee.. to be to .tren.then local adaini.tration

and local HOO'. to diatribute reli.f .ateri.l. i ...diat.ly after

the .tora ha. abated. Si.ilarly with reh.bilitation, out.id.

effort i~ usually expenaive and the .olution ••, be a .y.t•• by

which donor. and international reli.f •••ncie. u•• the Di.trict

ad.ini.tr.tion and Local HOO'. a. th.ir .round-l.v.l partner••
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INTRODUCTION

Over the p•• t three dec.de., c1clonic .tor•• and .urle. have

killed .ore people in a.nll.de.h th.n in an, other countr,. In

ter•• of hu.an .i.er, thi. di.a.ter-prone countr, .uffer. aure

fro. cyclonic .tor•• than fro. flood. and droUlhta. Vet, becau.e

the coa.tal area i. re.ote fro. the centre. of power .nd the

people .re very poor and .ocially ••r.inali.ed, the, receive Ie••

attention than tho.e affected b, riverine flood •• In the

unprecedented riverine flood. of 1981 and 1988 a' couple of

thou.and per.on died, but within the .pace of a few hour. on the

ni.ht of 29th - 30th April 1991, one hundred .nd fort, thou••nd

per.on. perished fro. the .ur.e .cco.pan,1n•• hUle cyclonic

ator•.

Definite record of lar.e cyclonic .tor•• '0 back to 1&92, .nd

m.ny .uch .tor•• are known to have hit the coa.t 1n the pa.t two

centurie., but det.iled record. and r.li.bl...t.orolo.ical d.t.

se.. to be .vaU.ble only fro. 1980. In th.t ,e.r two aever.

cyclonic .tor•• of Hurricane inten.it, (with wind apeeda ov.r 118

k•• per hour) hit the Chitt••on. co••t. 'aciliti•• in Chitta.on.

port were b.dl, d••••ed and oc••n-.oin. v••••l. were driven up on

to the beach north of the city. Incidentall, di...ntlin. of the••

c.st-up .hips w•• the be.inin. of • profit.bl••hip-br••kin.

indu.try which continu•• till toda,.

Durin. the period 1960-1991 sixte.n .ev.r. c,clonic .tora. h.v.

::ro••ed the co••t of aanll.de.h of which t.n have cau.ed v.ry

.xtenalv. d••••• (Tabl. 1). In this p.riod .0•• 500,000 to

100,000 person. peri.hed in th••e .tor•• , .o.tl, due to the

.cco.pan7in••tor••ur••• which c.n be up to nine ..tre. above

••an .ea lev.l (IES 1991, Matin 1112).
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Table 1

MAJOR CYCLONES vaICH AFFICTED BANGLADBSB SINCE 1860

Date Hax. wind apeed Sur.e heilht Huaan

(ka./hr) in aetre deatha

--------------- -------- ------
09 Oct. 1960 162 3 3,000

30 Oct. 1960 210 5-7 5,149

09 May 1961 146 3-4 11 ,466

30 14ay 1961 146 7-9 M.A.

26 May 1963 203 4-6 11 ,520

11 "lay 1965 162 7-8 19,279

12 Nov. 1970 223 7-9 300,000

25 May 1985 154 3-5 11 ,069

29 Nov. 1988 162 2-4 2,000

29 April 1991 225 7-9 139.000

The population at Baniliadeah haa doubled over the paat tventy

tive yeara and intenae eeonoale eoapetition haa forced ailliona

of people to aettle on natural diaaater hazard zonea alan. rivera

and the eoaat. In the abaence of any aeanin,ful Land Uae policy

the Governaent haa not been able to reatrict aettleaent in theae

hieh riak areaa. Deapite the ,reat increaae in the nuaber of

people livinl in riaky areaa the proportionate nuabera of deatha

aay have coae down becau.e of aeaaure. taken over the paat two

decades. However there ia • need to reduce d.aa.e fro. the.e

atora. throu.h "pro,raa. that control the type, den.ity, and

location of coaatal settleaenta" (Clark 1990).

The bi, difference in the le.s of life in 1970 and 1991 ia bein,

attributed to a aueh iaproved cyclone warnin, and evacuation

a,atea. There were new 232 eye lone she I tera, bui I t by the

Ban'ladeah Red Creacent Society or by the Govern.ent with World

Bank asaiatanee. with havin, aaved the livea of a quarter of •

aillion people durin, the cyclone of April 29-30th 1991.



RELIEF AND REHABILITATION MECHANISM

Over the yeara the Govern.ent of Ban.lad.ah haa evolved •

• echania. for re.chin. relief to the aff.ct.d people i ...di.tely

after the ator. winda aubaide (GOB 1985). Th.re ia a Miniatry of

Relief and Rehabilit.tion ("ORR) which i. prob.bly not unexpected

in • country ao prone to natur.l ha.ard•• Thi. Mini.try u.ually

h•• on hand foodlltock•••• ilned to it .pecific.lly for relief.

The.e are kept in Miniatry of Food .tor•••• (.odo~n.) and can be

releaaed either aa Iraflta to individuala or .old (uauaUy at a

aub.idy) to loc.l .hopkeepera. MORR alao k.ep. on hand a.all

qu.ntitie. of lentil. (pul.e.' .nd edible oil for e.ar.ency

diatribution. A••oon a. there i. notification of a .evere .tor.

in the Bay of Ben.al MORR allocate. funda for eventual purehaae

of other relief .ateri.l, aueh a. clothin., corrulated iron

aheet. for roofin, and biaciuta. The Gov.rn.ent .1.0 relies

he.vily on the Red Cre.cent Or,.ni.ation on di ••••in.tin. ator.

warn in, , ev.cu.tin. people fro. h••ard .one., .nd di.tributin.

reI ief i_ediately after a d••••in. ator.. The Banllade.h Red

Cre.cent Society (DRCS) which ia .ffiliated to the Int.rn.tional

Federation of Red Cro•• and Red Creac.nt Sociati•• , ha. a lood

track record. It 18 relied on both by the Govern.ent .nd the

people of the eo••tal .raa. to provide pr.-cyclone warninl ~nd,

in .o.e c.ae., .helter, .nd poat-cyclone relief, .nd in .o.e

e ••ea, reh.bilit.tion. Th. BRCS h.a 20,000 volunteer. in the

co•• tal areaa, .nd they look after, to the extent that their

resource••llow, no Ie•• th.n 2 .illion peopl •. It h•• been

e.ti.ated (HCSP 1992) that there are over 4 .illion people in the

Hi.h Riak Area of the coa.tal Eone, and therefore half of the

people at ri.k hava no BRCS cover.,e.

Due to the very .a.nitude of the proble., with up to 20 .11110n

people likel, to the arf.cted by wind d..ale and ov.r 4 .illion

.ore to be aevarely .rrected by wind and aur,e da.a,e, po.t­

cyclone "e1ief and rehabilitation c.nnot be h.ndled by the
Govern.ent .lona. In facl hundred. of NOO. ru.h workera and
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.aterial to the affected areas after a severe stor., but .ost of

the. are daunted by the destruction they see, the lack of road.,

the shortage of boats, the incle.ent weather and the difficulty

of living in an area strewn with dead hu.an. and ani.als. Host of

theM quickly dispose of whatever they bring by the roadside and

the ntricken people gather along the .ajor paved roads knowing

that reI ief is unlikely to reach the interior during the first

few days. Those who live along the roads often receive far .ore

than they need. and those in the interior area., difficult of

access. barely survive in an environ.ent vitiated by polluted

drinking water and rotting bodie•. Relief usually reaches the. 12

to 48 hours after the stor.. and thls obviously causes i_en.e

suffering because food stocks have been washed away or da.aged,

and sources of potable drinking water are gros.ly inadequate (GOB

1991).

The Civilian authorities uBually call in the .llitary to help in

these Bi tuations. The Air Force flies in helicopter. to reach

places completely cut off and air-drops food and clothing to

people stringed on islands. Unfortunately these air-drops are

often garnered by groups organized by a few t ••ilies, leaving the

.ajority to.fend for the.selves. This situation can be countered

only if the civilian authorities have adequate transport vehicles

and funds to place officials to handle relief operations within

hours of the stor•• This is usually not the case. and after the

April 1991 cyclone so.e co••unities did not receive any

assistance for as .any as five days.

ROLE OF LOCAL NGOs

Very early assistance is absolutely essential because the

drinking water supplies are affected .nd lar,e nu.bers of people

are totally shelter-less. It is reported that aany die after the

cyclone due to disrrhoeal disease and exposure to the rains which

continue after the star. has pa.sed. In such a situation only the
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local administration and local NGOs can be of help. Local

ad.inistration consists of elected representative. (union

chair.an and ward .eabers) and .inor officials of various

ministries. Local NGOs are very few, becauae .ost of the. are

daunted by the physical conditions and extre.e difficulty of

access. There is, for example, only one proper jetty (landing

terminal) along one thousand kilo.etre. of coaat (excludinl

Chittagonl '::ity). Local NGOs therefore tend to avoid the Hilh

Risk Area, which extends between five to ten t •. fro. the coast.

However a few aediua-seized develop.ent NGOs, such as NiJera

Kori, HEED and POUSH, have gone into theae areaa, and the bilger

NGO such as BRAe I PROSHI"KA and Gono Shasto Kendra (GK) are

beginin. to take an interest. A network of local NGOs and local

administration, backed by the Governaent (particularly MORR) and

International NGOs, could assist the SRCS in drawing up and

i.pIement in. both eaergenc)' reI ief and rehabi! i tat ion work and

community-level development work. In tact, on a long-ter. view,

the rehabilitation work, which consist. of land recla.ation, re­

stocking of fish ponds, re-building of huta, repair of roads etc.

is development work, and as such it should for. part of a coaBtal

zone regional development plan INEHAP 1991).

FUTURE NETWORK

Looking ahead it see..s certain that BDRes will have to continue

to playa aajor role. It has a Disaster Preparedne.a Prolra••e,

but this is not adequatf!ly funded. Aa pointed out earlier they

are providing prf!-cyclonf! warning, evacuation and ahel ler and

PORt-cyclonp reI if!f and rehRbil itation as.istancf! to, at best,

nn.. -thir,i nf th,. "fr"t·' ..ri fUll'lIl,,' inn. Whrt.hpr t.hp, eRn rovpr t.h~

entire population in the High Kiak Area Juat through an increase

1n funding is not clear, because there are proble•• of internal

.ana.e.ent and also coordination with Govern.ent official., NGOa

and local ad.iniatralion.' Hore fundin. for BDReS ia abaolutely

esaential, but even thf!n, local ad.lnt.tration and local NOOa



F08·7

will have an important role to play. Surveys carried out in 1991

by POUSH (a local NGO) 8:'.<1 in early 1992 by the World Bank/UNDP

funded Multipurpose Cyclone Shelter Prograa.e, showed that

elected representat ion at the grasBroots level (ward aeabers)

provided prompt acceSB to information and a channel to relief and

rehabilitation material. They have not been trained in warning

dissemination, evacuation procedures or poat-cyclone handling and

recording of the flow of relief and rehabilitation 'OOdB and

services. During the 1980s the military establish.ent played an

overwhelming role in the distribution of relief .aterial. After

the 1991 cyclone they still played an i.portant part but elected

they still played an important part but elected representatives

and district-level officials had the aajor role. However, lines

of responsibil i ty were not clearly de.arcated and this created

soae confusion. In particular it was seen that soae International

NOOs, in tandem with Bangladeshi NGOs with no experience in the

coastal area, distributed relief without providing any

information to the district adainistration, thus i.balancing the

distribution equity, and promised expensive cyclone ahelters and

housing as part of the rehabilitation effort, but ultiaately

failed to coae through with their proaisea.

CONCLUSIONS

It is not being arsued that the Govern.ent should be they only

channel of assistance, but that there should be auch better

coordination of all relief and rehabilitation effort. To this end

coordination cells lIay be set up, more or leas on a permanent

footing, at cent~al, district, thana and union levels. These

cells should conRist of representatives of BDRCS, locally baaed

NGOs, electfllli reprf!sentativelll And 1I(0vernaent officials. One of

their aajor functions would be to i.part training and carry out

awareness C81D1.)IAillns for potlt-cyclone acce .. s t.o relief and

planning of rehabilitation so that it Cor•• part of lon.-tera

d~velopaent i nV"Rt..~nt. OfOV,.) np.pnt... 'fort" in the ('oaRt.AI Area
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.uat take into account natural hazard•. Aa .any Anderaon haa

aptly put it : "Disasters occur aost often in poor countriea and

cause the aost suffering a.ong poor people. Theae are precisely

the societies for who. developaent is aost urgently needed. Yet

by ignoring likely di&asters, aany develop.ent efforts do nothin,

to decrease the likelihood of disasters, and aany actually

increase vulnerability to thea" (Anderson 1990). If Poal-cyclone

relief and rehabilitation is aeshed with local develop.ent needs

lhe benefits would possibly be far aore lastinl.
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ABSTRACT Flood is a recurring phenomena in Bangladesh. Recently Bangbdesh dcvcIoped

an approach of formulating a long term plan, which would provide a comprehensive IOlution

to the recurrent flood problem and create a climate for sustainable pl'OJram for economic and

social improvement. The approach called the Flood Action Plan (pAP) is to be tcehnicaIIy

1OUIlcI, socially acceptable, environmentally sustainable and economically feasible and

financially implementable. The key elements of the FAP are the concept of control f1oodin&
which \\'ould allow the desired level of inundation over flood plain but JRVCIll daJnI&a, the

approach of integnting structural and non-structural flood mitiption measures, lAd the

concept of compartmentalization for effective flood manaaement. The Action Plan's praent

activities, covering the five year period 1990-199S, is the tint of IeveraIItl&CI in the project

formulation process. Over the last two yean rqional plans are bein& formulated It

JRfcasibility level. A number of supporting studies are beina undertaken to improve data

base, develop understanding of the beneficial u well u adverse impacU of flood control

projects through evaluation of completed projecu and conduct pilot level activities to try out

the new concepts and approaches. The FAP is takina a cautioul approach in project

formulation and their subsequent implementation which will lead towards development of an

effective flood disaster mitiption proaram.

INTRODUCTION

Flood is a recurring phenomena in 8In&1adesh. While the IftOIlIOOII dominalel the

rainfall pattern, flooding in the country is the result of a complex series of factors. MOlt of
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Bangladesh is located within the flood plains of the three great rivers, the Ganges, the

Brahmaputra and the Meghna and their tributaries and distributaries. These rivers systems

drain a total catchment area of about 1.72 million square kilometers lying in India, China,

Nepal, Bhutan and Bangladesh. Only 8 percent of the catchment area lies within Bangladesh.

As a result huge inflows of water enter into the country, and Bangladesh has no control over

it.

The various factors that singly or in combination create flood in Bangladesh are the

huge monsoon inflows of water that come from upstream catchment areas coinciding with

heavy monsoon rainfall over Bangladesh, low floodplain gradient, congested drainage

channels, and the influence tides and storm surges. In Bangladesh, four major types of flood

occur, namely monsoon floods from major rivers, local flooding due to heavy and intense

rainfall. flash floods in the eastern and northern rivers, and floods due to tidal surges in the

coastal areas. In fact two thirds of Bangladesh is vulnerable to flood and almost every year

between one four to one third area goes under water.

FLOOD MITIGATION STRATEGY OF BANGLADESH

During pre-colonial days extensive flood protection efforts mostly through

embankment were practiced in Bengal (eastern half of which is now Bangladesh). During the

colonial rule of about 200 years there were no effort to maintain the embankment and people

were led to accept flood as a part of life and suffer with it. After the major floods of 1954

and 1955 the first systematic study of the flood problem was carriet! out by a UN-sponsored

team who recognized the importance of flood control and major work! were recommended

as a pre-requisite to advances agricultural production. A water Master Plan was prepared in

1964 which propose a number of large projects combining the function of flood control,

drainage and irrigation. Subsequently, some major embankments were build along the main

rivers. Polders have be=en completed covering the entire coastal belt which is now safe from

tidal inundation (not from cyclonic storm surge). A few large flood control projects as

recommended in the Master Plan have been completed and some projects are still under

implementation .

However, by the early 1970's, a shift in devdopment strategy based on small-scale,
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quick-yielding projects rather than major flood control works led to ground water

development through tubewells, introduction of low lift pumps to harvest available service

water and spread of dry season cropping. Thus, the flood control debate receded into the

background until the floods of 1987 and 1988.

Strategies and option for flood control in Bangladesh have been debated for many

years. On one side the argument that periodic flooding in Bangladesh is largely unavoidable

because the works needed to eliminate flood from the riven are technically and economically

unfeasible and, moreover, tend to create as many problem as they solve. Those who support

this argument believe there is considerable scope to built on the ability of the Bangladeshi

farmer to cope with and recover from the annual floods. On the other hand is the widely held

view that the country cannot be at the mercy of floods forever and that all the major rivers

must eventually be contained so that the floods are safely passed through Bangladesh to the

ocean (UNDP, 1989). Those who support this argument believe that this would reduce the

risk associated with economic activity on the flood plains and increase the economic growth

of the country.

The severity of the recent flood led the Government of Bangladesh to look for a flood

plan which would, in the long term, provide a comprehensive and permanent solution to the

recurrent flood problem and thus create climate for sustainable program of economic and

social improvement. The plan is to be technically sound and implementable, socially

acceptable, environmentally sustainable, economically viable and financially justifiable.

Soon after the 1988 flood, the government in collaboration with UNDP undertook a

comprehensive review of the planning approach of on going activities related to flood

mitigation and work began on a flood policy study and a flood preparedness study. A set of

II guiding principles was developed (shown in table I) which now forms the basis of flood

mitigation strategy of Bangladesh.

Table I. THE GUIDING PRINCIPLES

(Source: UNDP. 1989)

I. Phased implementation of a comprehensive Flood Plan for:

- protecting urban and rural infrastructure,

- controlling flooding to meet the needs of agriculture, fisheries, navigation, urban
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flushing and annual recharge of surface and ground water resources;

2. Effective land and water management in proleded and unprotected areas through

'controlled flooding' as against flood control and companmentalization;

3. Measures to strengthen flood preparedness and disaster management;

4. Improvement of flood forecasting an early warning;

5. Safe conveyance of the large cross border flows to the Bay of Bengal by channelling

it through the major rivers with the help of embankments on both sides;

6. Effective river training for protection of embankments, infrastructures and towns;

7. Reduction of flood flows in the major rivers by divenion into major distributaries and

flood relief channels.

8. Improvement of conveyance capacity of river network through channel improvements

and appurtenant structure~ to ensure efficient drainage and to promote conscrvation

and regulation of flows;

9. Development of flood plain zoning where feasible and appropriate;

10 Coordinated planning and construction of all rural roads, hiahways and railway

embankment with provision for unimpeded drainage; and

11 Encouraging maximum possible popular participation by beneficiaries in the plannina,

design, and operation and maintenance of flood control and drainage works.

Notable features of these guiding principles are effective differattiation between

winundationwand WfloodingW(Nishat, 1989); recognition ofdifferent level of flood protection

for urban and rural areas; introduction of the concept of -controlled floodinC- and

compartmentalization; integration of structural and non-structural option of flood mitiption

inclusion of river training and bank protection as part of future flood plans, incorporation of

environmenial considerations in engineering and planning; and participatory Ippf08Ched

planning and project management.

THE FLOOD ACI10N PLAN

Almo5l paralld to the flood policy 5ludy three major JtUdia were also completed by

professionals from Japan, France and the USA (a study by Chinese experts has rccendy been
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completed). The World Bank in association with national and expatriate experts who had

carried out the aforementioned studies prepared a Flood Action Plan (FAP) which is now

under implementation (World Bank, 1989). The FAP has been based on the 11 guiding

principles and adopted a stage approach, following pilot trials, in plan formulation. The FAP

has been endorsed by a general meeting of donors, held in December 1989, in London. The

present phase Action I'lan, covering the five-year period 1990-1995. is to be seen as the first

of several stages in the development ofa comprehensive system of flood control and drainage

works designed to meet the long term objectives of sustainable development of water

resources and flood management. It would be carried out in parallel with agricultural

development and a program of non-structural measures such as flood forecasting, flood

warning, flood preparedness and disaster management. The m~in elements of the Action Plan

are regional studies for the six regions, into which the country has been divided, based on

the concept of control flooding aimed to prevent damaging level of flooding but trapping the

benefit of normal level of inundation and compartmentalization for effective water

management. in addition a number of supporting activities had been initiated for

improvement of database essential for planning including mapping, development of better

understanding of impact of floods and flood control works, development of appropriate

hydro-dynamic models and carrying out of pilot level activities to evaluate and finalize new

concepts and approaches in flood management.

The FAP projects to be recommended through the regional studies are to ensure that

all the proposed embankment and other physical works take into account the environmental

consideration. All regional studies are to consult and fully take into account the interests and

views of the intended beneficiaries and those affected by the project, at various stages of

design and implementation to ensure that they are committed to the projects; this commitment

will help secure the long-term operation and maintenance of the investments.

The FAP's overall approach of the various regional studies now aim for integrated

water management program designed to address not only flood mitigation but also drainaae

and irrigation requirements. Institutional development program forms pan of the Action Plan.

This program would attempt to strengthen the implementation capacity of the relevant

government agencies. the local consultants and contractors. 1lle FAP has established simple

but effective coordination and follow-up mechanisms both within the Government and amona
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donors.

The elements of the FAP are summarized in Table 2. Broadly the activities are

divided into II main components and I~ supporting studies and pilot projects. In addition to

these studies, a " Guidelines for Project Assessment " to provide a common agreed basis for

evaluation of all project components have been prepared.

Table 2. COMPONENTS OF FLOOD ACTION PLAN

FAP No. Activity Donor(s)

Main Component

1. Brahmaputra River Training Study IDA

2. North West Regional Study UK, Japan

3. North Central Regional Study EEC, France

3.1. Jamalpur Priority Project France, EEC

4. South West Area Water Management Study UNDP,ADB

~. South East Regional Study UNDP, IDA

SB. Meghna Estuary Study Netherlands, Denmark

6. North East Regional Study Canada

7. Cyclone Protection Pro:xt EEC

8A. Greater Dhaka Protection Project Japan

8D. Dhaka Integrated Town Protection Project ADD

9A. Other Towns Protection Project ADD

9D. Meghna Left Bank Protection Project IDA

10 Flood Forecasting and Warning Project UNDP, Japan, ADB

11. Disaster Preparedness llroject UNDP

Supporting Studies

12. FCDII Agricultural Review

13. Operation and Maintenance Study

14. Flood Response Study

IS. Land Acquisition and Resettlement Study

16. Environmental Study

UK, Japan

UK, Japan

USA

Sweden

USA



17.

18.

19.

20.

20/21

23.

24.

2S.

26.
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Fisheries Study and Pilot Project

Topographic Mapping

Geographic Information System

Compartmentalization Pilot Project

Bank Protection and Active Flood Plain Management

Projcct

Flood Proofing Pilot Project

River Survey Program

Flood Modelling and Manaaement Project

InstituLional Development Program

PROGRESS SO FAR

UK

FmIand, FnnlC, Swibalaud

USA

Netherlands, Germany

Germany, France

USA

EEC

Denmark, France, Holland,

UK

UNOP, France

Works on all the 26 components have <:OII1menced but sound are lagging behind in

progress mainly as a result of late start (mostly due to procedural wrangles). Amon& the late

starters are South West Regional Study (FAP-4), Flood Prepmdness Study (PAP-H),

Fisheries Study and Pilot Project (FAP-I7), River Survey Procram (FAP-24), Bank

Protection and Active Flood Plain Management Project (FAP-21122) and Institutional

Development Study (FAP-26). Worb on Brahmaputra River Tr;ainin& Study (pAP-I),

Greater Dhaka Prolection Project (FAP-SA), Dhaka In_rated Town Protection Project

(PAP-8D), Other Town Protection Project (FAP-9A), Meghna Left Bank Protection Project

(FAP-9B), FCDI Agriculture Review (FAP-12), 0" M Study (FAP-13), Land Acquisition

an<! Resettlement Study (FAP-IS) and Flood Proorm& Project (FAP-23) have either been

completed or nearing completion and follow-up activities/studies are beina planned. Studies

and activities North West Regional Study (FAP-2), North East Regional Study (FAP-6),

Flood Forecasting and Warning Project (FAP-IO), Flood Response Study (pAP-I"),

Environmental Study (FAP-16), Topoaraphic Mappina (FAP-IS), Compartmentalization Pilot

Project (FAP-20) and Flood Modellin, and Manacemcnt Project (FAP-2') have INlde

significant progress in their work.
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Regional studies are being carried out at prefeasibility level. However when a project

component is firmed up it progress to a feasibility level study. In March 1992 a review of

up to date progress of work was made and further need of synchronization of the supporting

studies with the main project components was emphasized. Flood Plan Coordination

Organization (FPCO) of the Ministry of Irrigation Flood Control and Water Development

is supervising the implementation of the FAP. The FPCO is advised and guided by a Panel

of Experts which includes both national and expatriates. Progress of work and coordination

between various components of the FAP is reviewed regularly by an interministerial review

committee.

ISSUES BEING RAISED BY CRITICS OF FAP

Ever since launching of the FAP, many experts and professional have been critical

of various aspects of it. Even a government appointed Task Force to review the Flood Action

Plan sounded skepticism about the success of the exercise (fask Force, 1991). The Task

Force was highly critical of the conventional approach of flood control projects because of

many adverse environmental impacts and frequent failure of the structural measures. While

they agreed to the approach of the pilot level trials of new approaches of the FAP, they were

apprehensive that all lessons may not be incorporated into the project components. The

March 1992 Conference which was participated by representative of donors, professionals

and experts in relevant fields including engineering, sociology, economics, geography,

fishery, environmental and disaster management, and representative of government and non

government organizations and agencies. This was an opportunity for critically reviewing the

approach of the FAP and put it on a revised track when necessary.

This conference as well as the Task Force raised the following key questions: •

- are embankment desirable technical options ?

- should Bangladesh not learn to live with flood '1

- will not the damage to open water fisheries be irreversible ?

- are environmental issues being properly addressed to 1

- are the non structural options being given due emphasis and priority ?

- can Bangladesh cope with the flood problem from within her boundaries ?
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- is synchronization of work of various components being received ?

- how the huge funds required for project implementation and 0 " M will be met 1

- are FAP activities being properly guided' and

- is FAP a nationally accepted program ,

In the Conference, FPCO and the Panel of Experts responded to these issues and it

may be said that the approach of the FAP in finalizing a flood plan for Bangladesh received

due support and activities under the FAP are continuing. Construction 'of embankments as

the major mode of containing flood walen within the river channel faces the following main

criticism : loss of land due to land acquisition, breaches in embankment due to river erosion

and thus total failure of the investment, adverse impact on fish growing in the flood plain and

possible higher incidents of flooding at downstream locations. Failure ofembankments during

high floods is common phenomenon as consU'UClion of embankment is often of poor quality

and losses are higher in such situation compared to no embankment condition. However,

embankments are found as the cheapest as well as locally accepted technology. It is expected

that practice of controlled flooding will be able to overcome the environmental adverse effect

including the problems regarding open water fisheries. Scope of floods reservoir, flood bye­

pass and detention basins as alternative options are not feasible in Bangladesh (except for

Chittagong Region) as the country is almost flat.

Living with floods and doing nothing is not an option acceptable to the people and the

national government. However, about one third of the regularly flooded areas will remain

without any protective measures and for those areas adaptation of non structural measures

are the only choice. In the regional studies it is expected that proper integration of struetuJe

and non structural options will be made.

If Environmental Impact Assessment (ElA) (for which FAP has already prepared a

manual and a guideline) is carried out properly then most of the questions pertaining to

environmental adverse concerns will be addressed to. InClusion of environmental impact

assessment has been made mandatory for all the individual plan components.

Most of Bangladesh being part of a flat land and since most of the potential reservoir

site are far away, and in other countries, and other ItnIctural optiOiIS are not viable inside

Ban&ladesh, it has been the approach of FAP that the main effort for flood mitiption will

be carried out inside Bangladesh. However, efforts in improving flood forecasting by making
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available hydrological data from upstream areas tieing up of embankments at the border,

through regional cooperation, are under progress.

Synchronization of the various components of FAP has not been possible and is

admitted to be a major drawback of the program. Ideally all supporting studies should have

been taken up together with the pilot project and then the regional studies should have

proceeded. However it's expected that by the time the regional studies progress to feasibility

level most of the supporting studies will be complete and appropriate modification in the

plans will be possible. Need for the effective flood control in Bangladesh need not be

established again but what is leing debated is the planning approach. Total flood control is

neither feasible nor desirable. In fact the aim of flood control projects already completed and

presently under implementation, based on the Master Plan of 1964, set their approach to a

goal of total flood control and these are the projects that are being criticized. These projects

will be remodel and rehabilitated under the FAP.

The question of availability of funds for implementation of projects that will emerge

from regional studies has not been worked out. In fact the outlay of fund that will· be

required is not known as studies are still in progress. However the present level of funding

now available for water development sector may not adequate. One of the aims of the FAP

is to involve beneficiaries in 0 '" M and possible mobilization of local resources for

maintenance work is being worked out.

The questions of coordination of FAP projects components are valid. The conference

observed that coordination as well as the level of guidance provided to the various groups

responsible for project components are not satisfactory.

CONCLUDING REMARKS

Water resources development including flood management has been and will contince

to be a key factor in the economic development of Bangladesh. fo'ailurc to utilize the water

resources in an integrated, balance and comprehensive manner will not only cause staanation

in growth, s~ially in agricullure sector but also will give ri~ to many environmental

problems.

A rhythm in the annual water cycle dominates life in Bangladesh : excessive water
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during the monsoon causing floods and insufficient water during the dry season creatine

droutht like situation. These two extremes influence the planning for water resources

development in Bangladesh requiring effective measure in flood control, irrigation and

drain~ge. Development in irrigation sector together with flood control and drainage

infrastructure, in areas where it has already been completed, has created a regime when other

agricultural inputs may be effectively utilized to enhance the yield rate.

Though FAP initially had put their main focus on flood mitigation it is now shifting

towards development of an integrated water management plan for the country. Two words

in FAP have been wrongly coined; they are "action" and •plan". In fact based on a policy

(contain in the guiding principles, which however need to be reviewed in light of the insight

gathered in the initial phase of FAP) a plan is under preparation. It will then be organized

into a phased implementation program. Present action is mostly limited to pilot level

activities aimed to refine and establish the planning strategy for proper incorporation of the

guiding principles. It is expected that FAP will establish many new dimension in the

approaches of effective flood management.
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ABSTRACT Global wanninS will affect fuum floods therefore, ~ful COIUidcralion
of all parameters involved is DCCeuary. Changes in temperatuJe, JRcipiwion and

solu ndi.1ion are Jiven by tbRe slobal circulation models (GFDL. GISS and UKMO)

assumin, a scenario of doublin, of carbon dioxide (~). The cffec:u of these

chanaes on runoff can be predicted uling a rainfaU-runoff model like the Sacramento

Model which consideo all these pIJ'IIIlCten. Calibnbn, of dlis models pracnt
ncverthc\eIS -se ~ulties so that results can only be considered u preliminary.

Some results show increase in floods of • ccnain annuity due to increued

precipiwion. In other cases the increased temperature. solar ndi.1ion and poaliaJ
evapocranspindon decrease runoff and soil moisture. Definite conclusion u to wealller
floods are increased or decreased by global warming cannot be drawn IC this .....

A small clIChment (Mlletaen, River) in northern Thailand IeI'Wld u a cue
ltudy. nus tropical calChment (l76S kala) is in natural condilion. without human

influence. The maximum flow is about 700 m'/s in rainy season; avenae flow is

around 22 m'/s. The mean annual precipitation is 13SO Mm.
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Funue studies should try to predict more accurately the meteorological chanlCs

and the dares when they will occur. Furaher, improved rainfall-runoff modellinl should

yield more reliable prediction of floods.

INTRODUCTION

The effect of global wanning on floods can only be studied through detailed

discributed or lumped rainfall-runoff models. This paper presents such a study based

on liven information on global wanning effects on the abnosphere. This information

is extrlCted from three projection models: the Geophysical fluid Dynamic Laboratory

(OFDL) model, the Goddard Institute for Space Studies (GlSS) model and the

United Kin.dom Meteorological Office (UKMO) model.

The changes in temperat~ are given by the three Global Circulation Models

(GeM's) as well u chanaes in precipitation and solar radiation. With these information.

the chanaes in potential evapocranspiration were calculated using the Penman method.

The Sacramento rainfall-runoff model was selected for the study because it

yields better results than ocher models in the calibration and verification phases, i.e.,

in the present conditions of carbon dioxide (CO2) contents in the atmosphere (l x

~. For the prediction phase, a doubling of 002(2 x CO,) was assumed by all

GeM's. Nevenheless no clear indication is given reaardina the time span it will take

for the elrth's atmosphere to double ii'S CO~ contents. since this wiU sll'Oll&1Y depend

on policies undenaken by the countries regarding CO2 emissions.

THE SACRAMENTO MODEL

This model wu developed by Burnash and othen (1973) to feneast runoff in

the SlCI'IIDento River Basin (California). It is a deterministic, lumped type pll'llDela'

model, whic:h treats the whole catchment as one unit. It contains four conceptual
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ston,e zones which include an upper free and tension water zones and lower tension,

free primary and secondary zones. Transfer of water between the soil moisture

zones is ,ovemed b)' the relative states of the wnes (water contents) and the model

parameters 3Ccordin, to set al,orithms. Precipitation is split between direct runoff,

if the catchment has an impervious surface, and upper f~ and tension water. Only

evaporation can remove the tension water but free water can either conuibute to

surface runoff or be uansferred to the lower tension and f~ water zones by percolation.

The lower free water woes combine to produce a non-linear base flow recession

while the lower tension zone is depleted only through evapotranspiration.

Calibration of the model was based on 6 years of continuous record (l9S6-61),

which include wet, dry and medium years. Verification was performed with 19

years of historical record (1962·1980).

THE MAETAENG RIVER BASIN

The Mactaeng river is located in nonhero Thailand (nonh of Chiang Mai)

between 19° and 20° latitude and between 98° and 99° longitude. The area

experiences tropical monsoon climate. The rainy season is brought about by a

south-west monsoon from mid·May to October. The north-east Monsoon produces

the winter season, generally from late October to early February. The summer

season or dry season is characterized by relatively high temperature. incrcasin,

humidity and cloudiness. Approximately 90% of the annual rainfall occurs durin,

the rainy season. Mean monthly ~lative humidity varies from S8% in Marth to

83% in AUlUst and September. The flow in the catchment is undisturbed by human

activity.

GLOBAL CIRCULATION MODELS

The output of three ,labal circulation models for the coordinates of the Macraeng

Carchmcnts include:
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mean monthly temperature shift (Table 1)

precipitation lealiDl factor (Table 2)

solar radiaIion lealinl flCtor (Table 3)

AU these outputs correspond to the doublinl of co, scenario (2 x COJ with
respect to the present situation (1 x 0)2).

Table 1 Mean Monthly Temperature Shift

TempcralW'C Shifl (GC)

GeM Jan Feb. Mar Apr May Jun Jul AUI Scp Oct Nov Dec

OFDL 2.20 3.31 4.66 4.41 3.06 2.78 1.53 2.36 2.SS 2.36 2.82 0.98
OISS 6.SS S.03 5.33 S.09 4.81 3.60 2.96 2.94 3.96 3.68 4.14 S.29
U1CMO 2.57 4.30 6.15 4.00 3.11 2.S9 2.84 2.84 3:36 4.39 7.05 3.86

Table 2 Mean Monthly Precipitation Sealin, FIlCtOn

Scalinl FlCaon

OCM Jan Feb. Mar Apr May Jun Jul Au. Scp Oct Nov Dec

OmL 0.47 0.32 0.49 0.69 0.88 0.96 0.90 0.90 1.34 1.26 0.79 O.SO
OISS O.~ 0.56 0.68 0.84 0.9S 1.12 1.38 0.73 0.89 0.90 0.86 0.91
UKMO 0.14 0.13 0.S5 1.05 1.28 1.35 1.48 0.72 0.77 1.18 1.18 2.01

Table 3 Mean Monthly Solar Radialion Scalin. Facton

Sealin, Facaors

GeM Jan Feb. Mar Apr May Jun Jul Au. Scp Oct Nov Dec:

OFDL 1.05 1.08 1.13 1.24 0.99 1.18 1.16 1.09 0.96 1.07 1.14 1.15
GISS 1.06 1.06 1.02 1.06 LOS 1.08 1.03 1.04 LOS 1.02 1.04 1.04
UKMO 1.08 1.15 1.15 1.05 0.94 0.9S 0.80 1.38 1.11 0.99 1.09 1.02
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ANALYSIS OF FLOODS

Usin. die prediaed chanps in meteorolOliCU faeton due to line QCM's and

the ca1ibnred SlCI'UDeIlto model, • prediction of flow for the doublina of ~

scenario wu anempfed. Since many parameter» (Lettenmeier and ochers. 1988) could
be of interest reaU'din. floods, only the annual maxima p:.xted on probability paper

(In-na and others. 1989) are shown here (FiaUfC I) in order to estimate their

mapirudes and the respective probabilities of occurrence. Table 4 shows the increue
and decreue of annual daily runoff maxima (in mils) predicted for all tine GeM's.

In aenenl, it can be leen that GFDL Model predieu an increase in floods for all

return periods. which GISS and UKMO models predict • decrease in floods. The

reason for this result il that OFDL projectiOO5 indicate hiaher rainfall in September

and October, the peak. flow period. The percentap chanae in Table 4 is also

shown craPhicaI1y in Figure 2.

Table 4 Annual Daily Runoff Maxima

Return Runoff (m'/l) Pen:ent OwIae

Period 1 x CC>z 2xCOz

(yn) GFDL GI55 UKMO GFDL GI55 UKMO

Annual Daily Runoff Maxima

2 184.10 198.30 145.80 215.73 7.71 -20.81 17.18

5 314.74 364.41 226.48 315.94 15.78 -28.04 0.38
10 412.45 488.65 286.83 390.89 18.47 -30.46 -5.23

20 515.58 619.78 350.52 470.00 20.21 -32.01 -8.84

50 664.23 808.79 442.33 584.03 21.76 -33.41 -12.07

100 788.03 966.21 518.80 679.00 22.61 -34.17 -13.84
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CONCLUSIONS AND SUMMARY

The studies conducted reprdin. &he JIoba1 Wll'lllin. effec:tl on f100dI cunoc
yield • unique conclusion. Some &1obaI circulation models yield hieber floods and
some lower (or mOlt return periods. For cltample, for • IOO-year flood one model
predieu • 22% increase while another predicts a 34~ reduction.

The pocential cvapott'lllspiration (PET) plays a major role in tropical hydrolOl)'

and even maR 10 when &he issue involved is global warmin,. Therefore it is

impcntive 10 model the effects of climate chule on PET lCCurarely 10 dw the
chance of FniD, a reliable cstimallC of the hydrologic: impact of Jloba1 wannin. in
the topics becomes maR probable.
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AI8IUC!'. flood bas.rd cu._ deat... and de.tN1 properU.., 0 ....11' i.

ftCOUIltered br cta-, rh.r _ ....1h.Uon, etc., llut ca.pen_ted .itll

••.., hi'" coat.. Therefore, flood oceurene.. in ".loped ooatri..,

.h.re fund. are a.aiI.ble, r.i.e ..bi,uit, in the ..thod•••ed for

flood pre9eDtlon. or .itl,.tion••

Flood dl ter ocea... .beD accu.ulated rl••r .ater f~ rainfall

exceeda it. e l diacharei.., capaclt,. The .tN_flow i. atfect.ed br
rai.fall charllete , buin bJdroloelcal coadltloaa, ........1. "iOal

par_tera; .hich • ..., in ti.. aad .pace......r, .11 di""". caJiM­

l.tiODn dl.....arcI of detailed buln pbJ.lcal par_te... llWO"_t. ".

buln i. ~roacbed .. a unit, to .lapllf7 the coapl.alt, of flood flow

calculation., bene. proyide. U.ited inforaation OD flood flow Me....l.

which deterain. flow di.ebare. at a particular ti.. &ad l00&tlOD.

The buln .pented "rinlt.-el....t" approach, proyl.. flood flow

foral" -.cbUli., aoreoy.r cu daUni.., the 1... t~ ,reater 1.­

fl•••Ual buln ph,. leal par_tera OD flood flow fonl... lleJlO8

proyldlDi _tter 1I01ution. to pment or .iU,ate flood dl...te....
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1. 11IIIODUCI'10I

Furtber 1IlIJrov_ot to dluohe flood buard probl. ia NQIIINd

aloce thl. oatural di...ter occur. e.erT.here all around the world.
10c1udllll 10 Indone.ia. 80M rivera u80Ciated with floocla haye been

.ucce••fu1h controlled or .itilated. e.l. bT d.... riYer 001'_1­

i.ation, etc. However. .1.11ar treat.ent technique work. 1... at other
rivera. tbe river baain. are .till yulnerable to flood haaarda.

Flood experts in public work., uniYeraitie•• etc. work hard to pro­

yide better flood haaarel prev_tion. or .iti,ation.. .e..rtllel.... ap to

now flood of .uch Ie•• de.tractive tlaul "1Ioab'. 'Iood" that .........
tbe Ya11eT of Eupbrate .nd Ti,ri. alw.,. cau.e. dl ...ter.. r.i.Inl

ubiluitT In tbe exi.tin, ..thod. on flood pre.ention or .iti,ation

co.patibilit,. In fact ••ariou••tadie. ba.e failed to i.proye the
under.tandi.., of baain re.pon... to rainfall (Corbett ud &opper, 1171).

More wort. are required for better ander.tandin, on flood fo~Io,

MChanlu. fI'M which flood preyentiou or .iti,aU.. wUl be obtaiDed.

H.ay, rainf.ll ••uall, co.ple..nt. bi,h .tr... flow or roraa flood
buard whicb la alao affected br the followin, factora:
- Beain pb,.ical par_tera area, .lope riYer l-.th, etc.

- ...10 bJdrolo,ic conditiou: .rouadwater, Uow••tececlnt

_lalaN, DO raIn daTa. etc.
- 8treuflow b,draulic .,.te.. 1.e. lnalta .tre.flow ••lacit" flow

depth. diac........ etc.

TINt 1ntent..li" of t ..... facto... whicb .&17 1n UM .....pace,

inclucU.., of r.infall characteriaUc, di.Unctl, fa.... _ IncrediblT

cc.plex of flood foraiOl ....i_ ... hard to .....ntMd; oIlaU-eiIIC
...... bowl......... abUlt,.
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The .UlOds osualh are baaed on cliutoloKical and/or hrdrololicai

data, but less concern in buin physical para.eters. Three _tl.acla,

aaaociated with (flood) flow discharles, are the "cli..tic ..thod" that

heavih relies on Btora/rainfall characters, the "black box ..thDd"

such aa in the Rational Method, and the "unit h1dro,rapb ..thod" that

provides calculation of (flood. peak flow dischar,e.

2.1 rbe Cli..tic/lai.fall letb04

Three types of graphical correlations, the Co-axial Graphical Cor­

relation, Rainfall vs Star. Runoff Curves, and Graphical Repre.entation

of Initial Moisture Conditions, are uaed to eati..te runoll f~ rain­

faUs. The differences between these .ethods, in aequence, are on the

factor involvellent. which are the ~nth17 aurface runoff, current and

antecedent IIOnthh rainfall, initial ~isture content and defic1encr,

and stora charactera (intensity, distribution and duration)i ... also

Varahner (1977). Theae .ethod. contribute very Haited inforution on

flood flow foraing _chanisa.

a.1 The BlICk 10. .t.Ipl

The black box .thad in the Rational Method (Muhaner, 1851i in

Pil,ri., 1978), coaaence. the under.tandin, of flood flow propertr

(i.e. flow disch.r,e) in a river basin. It involvea baain area (A,

k.2), rainfall intenait, (i, ./sec) and basin converaion factor of

rainfall to runoff (c,-), in order to calculate (flood) peak flow

diachar,e (~, .3/sec )i ..theuticall,: Qp =ciA (in Pillria, 1978).

The valoe of "c" becoae. a aajor conatraint, ~.tI1 intanlible

works even by u.in, tables. Ward (1918) _ntioned that the value of "e"

varied froa ba.in to basin, aoreover fro. storR to .tora ••en in a

sin,le river basin. ('rench and others, 1974i l&ad aad 8cbult•• ,

1974, and Pillria, 1978i in Polo, 1985, Unpublished Di rtatloe).
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Hundred of Rational Method equatiolla ha.... been founded. aDd ot.he...

will ari••• Cona.quently, there i. no rea.an to appl, one of tbo.e

equation. for other rher baain.. The black box approach ataacla for

probable flood flow deaian by inyohin. the eo-called retun perioda.

It ia not uBOCiated with (floocl~ flow fONin, He..... i... but flca...a

that hi,her rainfall intenait, relatea to hi,her flow diacharte.

a.3 ",it IIIdroCnDIa letbod

Unit h,dro.raph representa inloraation on the relation of flow di.­

char••• rain'all. and ti... B, definition. unit hJdro,rapb i•• ,raph of

direct runoff re.ultin. f.-a. one cenU..ter of effecthe rainfall of a

apecified duration .enerated unifonll, oyer the baain are at a UDifora

rate (Varahner. 1977~.

On it. deYelo~nt. b,dro.raph deacribe. buin bueflow CODditi0D8.

effecta of different rainfall character or di.tributioa on brdro.rapb

.hape. etc. 'I'0Il unit bJdrocraph it ia pouible to calcul.te peU of

flood cleaip (.ee Table 6.2 in V....bn.,. 1917). senral ..tboda that

inyohe diUerent bub condition. ad rainfall cbaracter. are

dncribed in the VUI Te Chow ..thod. Collin' a ..tbod. etc. ADotber tn­

of _it h,dro.rapb ia S-hJdrocrapb wbicb i. a au.aUon bJdl'Ol1'aph.

produced b, a continuoua effecti•• rainfall at a conataDt rate for ..

indefinite period. Then the .raph i. connrted into ita UDlt bdroIraph•

.. in Benard ..tbod. Clark'a ..tbocl. etc.

The unit hydro.raph approach baa been well deYeloped aDd Ih.. ia­

foraation on the relation. of flood flow di.char,.. aacl ral.faU

charactera. but on tlood now fONlln, -.chani_. An,..,.. the direct

u.. of ....um r10lIl diacharl. at a at..... .auee recorder ..... .el7

lialted in.olY8..nt of baain phraical par...tera which realI, affect ~

rher .t..._flow charactera.
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3. GLOMI. All) '.I.II-a--r AJIIIWWWII

Both, the black box and unit hJdro.raph .tboda are buecl 011 .lobal

approach, onb of dUferent .cal.. In the black box _thod, the rber

baaia i. treated aa one unit, iacludiDi to the raiafall iateDait, which

18 auuMd unUora (but later la .raded, e... iaoh7te .thod). In the

unit hJdroaraph flo" di.char._ f~ the whole baain 01' f~ a particul...

.....nt of the baain , i••aaured at a particular tiM aad locatiOll.

I.proye.ent. of thi. approach, eith.r to .olve an, .acount.red

conatrain. or in order to under.tand the baain re.~ to rainfall,

heay 11)' ioyoh in. B t.at. i.tics. Howeyer, Yer, lilii ted infonation ....

ayailable for the under.tandin. of flood forain• ..chani...

Global approach ayoida ea.plexitr eau.ed b, the iat.r-relatloeabip

0' baalo phr.ical Par_tel'. , baaia hJdrolocie conditiOll, and .tre_

flow h,draulic, due to an, direct rainfall 01' in the .tr... 'Io"in•

• ,.te•• It dela,. the ....1' .tate ca.plexit, of ealculatloa to be left

behind for the flnal anal,.i •• Ye.J.Yicb (1972) ..ntioned that the

iaadequac, of the anUable techaolOO re.ardi... flood treatMDt i... a

re.alt of the .i.pllfieation ot flood prapertie. aDd d••cription••

1IeYertheIe••, the coatinuin. hardahip in flood .trick. couatri_ to dar
repreaeat. that Ie•• haye been underatooel OIl flood fOrlll.. Me....i_.

Proem. in 8Clence ..... tee_Iocr 1..... to the fDDlli.. of .­

heIlce ca.pletel, ditrereot probl. appl'OKb. ee.puter tec_1OO aob..

ca.patl... ti. COD_tloa. which can be daDe in MCODCIa. t'Mnfon,

finite el....t or finite difference appl'OKh f.vora the bvoh_t of

..err part of .... in concUtiona, to oouat ..err part of buia ..........

to rainfall•. Thou.and to .il110n calculation. are repre•••tin. the

relatio••hip of variou. bub par...tera and bulB (river) water

condition., in the fora of flood flOlf cihchar.... at .., part al., t'"

river l_lth in a vel" .bort ti•• aa dearlbecl below.
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The involve.ent of basin physical par-.eters within finite-ele.ent

approach was described by Polo (1985, Unpublished diaaertation). It in­

volves "finite" basin area, topography (elevation, etc.), riyer ieo.th,

its pattern, slope, width, etc., in order to deter.ine atre..flow cha­

racteristics at any location along the river length. Rainfall characters

(intenaity, duration and distribution) and basin hydroloaic.l conditiona

(streaa depth, baseflow, etc.) are included in the calculation ...ell.

Figure 1 and 2 show the (peak) flow diBchar.e. accordin. to tlH,

on the account of basin lacel physical paraaeter. reepon.e to rainfall

charactera and also of existing hydrological conditione. Then,

si.ulationa on factors favor to differentiate greater fro. Ie••

influeneial factors for peat Claw discharge, altemative aolution. of

flood ha.ards can be done especiall, at an, particular prone .ection••

In other words, by .anipulating the value of great (and ••all)

influencial factors, flood flow properties can be calculated before anT

proposed treataent for reducing high peat flow di.char,e, i.e. to

preveot or at to .itigate flood flow potential••

4. cx.cWSIOl8

Global approache., I.e. black box and unit hydro,raph aetboda, are

Ie•• effective than finite-eleaent approach for UDder.taDdin, flood flow

propertie•• The ,lobal approach provide onl, li.ited infor.ation on

flood for.in••echaniBB, what i. the Influencial factor., ti•• of

concentration, etc., &B provided by the finite-eleHnt approach.

Running "finite" co.puter prograa (Bruno in Polo,1985. Unpubli.hed

dia.ertation) enables us to under.tand on basin re.pon... to .to.... ,

hence providing better understanding on flood flow foawiq MChani••

Con.equentl" appropriate flood basard prevention or .itl,.tion, on the

account of alaulated basin par-.eterB. can be obtained.
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SICOND UI-AIIA CONFIRENCE OM
ENGINEERING FOR MITIGATING NATtJIlAL ILUAItDS DAMAGE

Yogyak.IfU, Indonaill

22-28 June 1992

FLOOD HAZARD IN THE COASTAL LAND
RECLAMATIONS OF HONG KONG

M.R. P.art and W.W.·S. Vim
Department of Geography end Geology

The University of Hong Kong

ABSTRACT. The distribution of the flood hazard in Hong Kong including reclaimed areas

is described and case studies are used to illustrate the severity of the hazard. Some

observations on the major causes of flooding which include rainfall and storm surges are

made. The current flood warning system operated by the Royal Observatory is described and

future developments discussed. Engineering practices in relation to flooding are outlined and

current projects reviewed. This in ;ludes modifying drainage systems to cope with

reclamation.

INTRODUCTION

Hong Kong is located on the south coast of China to the east of the Pearl River Estuary.

Due to iu natural shonage of flat land for development out of its total present day area of

about 1,100 km2, close to 10 per cent consists of coastal reclamation (Figure I). Currently,

the rt..te of expansion into the sea is greatly increased because of two mega-projects. They

are the Chek Lap Kok Airpon and West Kowloon Reclamation involvins 1,200 and 330

hecW'es respectively. The territory has a flood hazard.

SPATIAL DISTRIBUTION OF THE INCIDENCE OF FLOODING

The spatial distribution of reponed incidences of flooding for the period 1970-1990 are

shown in Figure 2. Mapping was based on secondary data sources, primarily the Royal

Observatory annual and monthly weather reports, along with newspapers such as the South

China Morning Post. The map does not portray all reponed incidents of flooding as some

were too general in the description of area to allow them to be plotted. Cartographic

constraints also influenced the mapping. Nevertheless. the map dues provide a useful guide

to floodprone areas.
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Figure 2 reveals that the flood hazard is spatially restricted in occurrence and is confined

to lowland areas, many of which are also near the coast and may also be on reclaimed land.

The flood hazard affects both urban and rural areas of the territory but the perception of the

hazard differs between the two environments. In urban areas flooding is not regarded as a

serious problem. This is because of its temporary nature and the fact that drainage systtms

have been designed and emplaced so as to minimise the flood hazard Furthermore. in the

New Towns such as Tsuen Wan, Tai Po and Sha Tin where much of the development is on

reclaimed land, engineering pral.lice has attempted to reduce the risk of both sea and river

flooding.

In rural areas there has been a change in perception of the flood hazard. Until relatively

recently when paddy formed the main agricultural practice little was heard of the flood

hazard in rural areas. Paddy required a plentiful supply of water and with an intricate and

well maintained drainage system excess water could rapidly he drained away. However, with

the abandonment of agricultural land, associated with the decline in paddy farming, and

increased development of the rural areas for hOUSing and other non-agricultural uses a

growing awareness of the flood hazard has developed. Since the coastal lowlands may

receive considerable runoff from inland rural areas the Hong Kong Government has had to

devote considerable attention to drainage and flooding in rural areas.

CAUSES OF FLOODING

Some major causes of flooding in Hong Kong are summarised in Table 1 alonl with

examples. In the C\>&SW land reclamations. flooding may be exacerbated by the lonl term

ground settlement (Yim, 1991a). Old reclamations which have settled are particularly

susceptible to flooding because they create a -trough-effect- between the inland areas and the

new n:clamations. Changing hydraulic gradients consequent upon reclamation may also

increase the flood hazard.

CONSEQUENCES OF FLOODING

Flooding causes a number of problems in Hong Kong one of which is the loss of

qricultural crops, livestock and fish from ponds. The Agriculture and Fisheries Department

has an emergency relief fund to aid fannen who have suffered severe losses due to noodinl.

However. the funding given to farmen is intended to help them re-establish their businesses
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Table 1 CAUSES OF FLOODING AND EXAMPLES

EXAMPLE

17m August, 1982

Typhoon Brenda. 2()"21st May, 1989

Typhoon Wanda, 1st sept., 1962

Typhoon Rose, 16-17th August, 1971

Kwai Chung, 1st July, 1977

CAUSE

1 Rainfall

2 Rainfall associated with a typhoon

3 Storm sUrJe

4 Rainfall and SIOnn surge

S Other causes, e.g. burst watermain,

failure of sewerage system

rather than as full compensation. Flooding also causes disruption to transpon and damqe

to infrastructure. For example, Typhoon Gordon in July 1989 caused flooding on the New

Territories Circular, Man Kam To and the Shau Tau Kat roads. Property and lives are also

put at risk during flooding and squatter settlements may be particularly susceptible. For

example, Typhoon Wanda in September 1962 resulted in a storm surge which caused severe

flooding around Tai Po and Sha Tin and resulted in 130 casualties. 3000 huts and S villaae

type houses were destroyed in Sha Tin and n,ooo people were registered u homeless.

Further back in time, two un-named severe typhoons in 1906 and 1937, both of which were

assocWed with severe stonn surge flooding. have estimated death toUs of 10.000 and 11.000

rapectively.

TIlE FLOOD WARNING SERVICE

The Royal Observatory of Hong Kong operates _ flood waminl service. Whene¥a'.

flooding is~ to occur _ warning will be issued by the Royal Observatory and sent to

the Information Services Department for distribution to the relevant government deputments

and orpnisations. The flood waminl is also issued to the HonlKonI Telephone Company

who operate _ special calling service. Local ndio and television stations also receiw A

Flood Special Announcement for broadcasting to the public. This is updated hourly until

rain. sufficient to cause flooding. is no lonser expected. In dec:iding to issue _ flood

wunin& consideration is liven to both the intensity and expected duration of ninf'all. This

iaformation is obQined from conventional meteorological~, SIIelliteand IIdIr lad

I neIWOrk of ninpuaes connected to the Royal 0bservaI0ry by teIemdry. For die period

1913-1990 iDclUlive the Royal Observatory hu issued. 011 -venae. l' wuninp .. ,..-.

Sila 1983 the Royal Observatory has operated _ thllDdersaonn. flood and landslip wuniII&
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service, the latter being in conjunction with the Geotechnical Eneincerine Office of the Civil

Eneineering Department. The service evolved from the thunderslOrm and heavy rain

waminl service which began operation in 1967.

Currently there is no flood warning service in Hong Kong based upon streamflow or

water level in rivers. This may be because the small length of Hona Kona riven would live

little advanced warning. II may also be due to the fact that there is no streamflow forecutinl

model calibrated to Hong Kong conditions. However. consultants are currently examinina

real time flood forecasting for the Indus Basin based upon both routing and rainfall runoff

models.

Much of the development in the territory is in the lowland areas or on reclamations and

in these areas ground settlement or a rise in sea level can exacerbate or cause floodin&. In

consequence of this -hazard- the Royal Observatory runs of storm sulle warnin&

proaramme. This service issues waminas of an impending sea level rise during the passaae

of a typhoon. Because of the influence exened mainly by the coastal configuration (Yim,

1991b), the Tolo Harbour area, including the two New Towns of Sha Tin and Tai Po is

affected by the highest flood water levels.

CIVil ENGINEERING AND FlOODING

Sound and effective drainaae dcsian plays an important part in combatin, the flood

hazard in Hona KOila. This has been aided by the development of a desian rain storm profile

for Hon. Konl (Peterson and Kwonl, 1981). The rainfall information, when \)Ied with an

appropriate hydrologic model, can be used to predict runoff volume for specified return

periods. In Hong Kong the rational method has often been used lO calculate the optimum

size of drains. Table 2 presents the minimum return periods for drainaae desian in Hona

Kona. The desian eneineer~ opt for hieher return periods if site condtions necessitate.

1'IIere also exist Cftaineeringauidelines for cross drainage structures on fOlds and hiahways.

1"hese standards and guidelines have been updated (Hiahways Department, 1983). Desian

standards and ,uidelines for all aspects of floodin. an: cunently under review by the

Government.



Fl4-7

Table 2 MINIMUM RETURN PERIODS FOR DRAINAGE DESIGN (AFI'ER CEO 1978)

A. For nu1lahs and main stonnwater drains through developed an:as and for important

land drainage 200 yean

B. For stonnwater draina&e networks in developed areas SO yean

C. For unimportant land drainage 10 yean

In order to help prevent flooding from the sea considerable attention has been given to

selecting suitable formation levels on reclamation projects and crest levels for sea walls. The

minimum formation levels used at Junk Bay, Sha Tin and Tai Po are 4.5 metres above

Principal Datum while at Tsuen Wan it is 3.9 mapd. The selection of the appropriate

formation levels is helped by sea level records obtained by the Royal Observatory (e.g.

Chan, 1983) and by the use of models developed by the Royal Observatory. The formation

level is usually set at the height of the 100-200 year return period storm surges. This is

because of the crater risk of rainstonn related flooding if the fonnation level is set too high.

The use of numerical models to predict stonn surge effects began with the Sha Tin New

Town Development project in 1976.

EJtlCnSive reclamation has necessitated updating the stonn draina&e systems in many

urban areas. This has been done by means of modelling and field studies. For example.

MOU MacDonald are currently cxamininc the impact of the West Kowloon reclanWion on

drainqe aDd seweraae. The reclamation cuts across the draina&e outfalls of 16 mostly urban

basins and the new reclamation will further restrict flow in an area already prone to flooding.

New storm... drains are beinC desiCned and construe:ted and the project involves field

monitorinCIDd mathematic:al modellinC.

Until rec:cndy the possibility of sea level rise due to Clobal wanninC and the settlement

problem on reclamations have received little attention in the territory. However. increasinc

aaaation has been focussed on these aspects includinc their implication on floodina (e.c.

BudinlUld Chalmers. 1988; secrewy for Works 1990; Yim 1991a). Althoulh Yim (l991c)

found no evidence for a risinC sea-1eYeI trend in Honl 1Con1. the North Point ncIamatian

hal been found 10 be subsidinl at a rate excecdiftl cnastal uplift. Therefore it is abo

.....ry CD consider the infiucnc:c of lonl tam pound settlement on floodin&. Major new

rec1amaIian projects such u the Nonh Lantau Replacement Airport (1200 ha) and the West
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Kowloon RtclamaIion (330 ha) would require careful consideration on these matters.

CONCLUSION

There exists a flood hazard in Hong Kong. A variety of causes of flooding exist and

man in both urban and rural areas may have acted to enhance the problem. To counter the

flood hazard the Royal Observatory runs a flood warning service and a storm sUlJe warning

pqramme. The possibility of real-time flood warning is being investigated. Engincen

have assisted in alleviating or minimising the flood hazard in Hong Kong by deciding upon

appropriate design standards and investigating the hazard in the context of new reclamations.

They are also involved in examining new methods of flood warning.
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DEBRIS CONTROL IN MOUNTAIN WATERSHEDS
OF lOS ANGELES COUNTY
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ABSTRACT Th@ large discharlel of water and lediment frOlll Iteep lDOunuin
watersheds onto a denlely populated floodplain are a _jor leololical
hazard in Los Angeles County, california. To reduce the ela_lel, the
County constructed Devil'l Gate Relervoir. northwest of P•••den., to tr.p
sediment from the 31.9- mi 2 Arroyo Seco vaterlhed discharle. it. flood and
sediment load. The County extended it. Itructural progr•• in the 1940••
Faced with increased operatina coStl. the City later added a wat.ershed
I8lInagement. progr.m for flood and debris control. Record. of debri.
accumulation in the relervoir for over 50 yearl lave d.ta on .edi~nt.tion

that were used with the P.cific Southwelt Inter Agency Committee Hodel to
determine the effectivene.s of luch l.nd treat...nt ....ure. as iaprovina
land cover .nd preventing fir.s.

INTRODUCTION

Los Angeles County. California is one of most populous counties in
the United States. About 9 mUlion people live on .n alluvial plain
formed by sediments discharged frCla the leologicaUy younl S.n Gabriel
Hountains rising to the north (Fig. 1). DurinK the winter sea.on that
brinKS most of the rainfall in this semi-arid cli_te. occasional storal
produc~ major floods frOll! the s.1&11 , steep drainale basins and can
initiate debril flows. These events .re • "jor aeolOlical ha&ard that
have caused extensive d__ge .nd even taken lives in the u~ban area. that
have expanded into the canyons and floodplains. HI jor storml in 'ebruary.
1914. caused an estillllted $10 .iUion da_le to residential property;
power, telephone. and transportation lines: and ~th.r infrastructure. The
storms of February .nd March. 1938. lenerated flows from the 39.1-.i2 (77­
km2 ) Arroyo SeeD waterlhed. northwe.t of Pa ••den., that eau.ed da...e. of
almolt $2 million (Cooke, 1984). A flood in the La Canad. Valley on "~
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Year'. Day, 1"4, killed over 40 people aDd cau••d propert,. d.....
r.achina $5 -tilion.

Fil. 1. Map of Study Area C.fter Cooke. 1984)

After these floods. Los Angele. County, in concert with the Corps of
Enaineers, Breatly expanded its syste. of .tructur81 ....ur•• for ••dlaent
and debris control. Hountain slopes vere stabilized, 30 da.s were built
at canyon mouths with reservoirs sized to cont.in desian flood peaks and
retain their debris and se~im~nt. and the channels below were lined with
concrete. Many more s..ll crib dams were constructed in the aountains to
redure the amount of debris reaching these reservoirs. The County al.o
cooperAt~d with the U.S. For~st S~rvice in prOlramA to control fire. and
reBulate recreation. Howev~r. prolra. costs pose an enoraGus financi.l
burden for the County. Debris must be reaoved from behind the a••s after
.. jor storms at a cost from $4.~ to $10 per cubic yard dependin. upon the
distance to disposal sites and opportunities for recuperatina co.ta fraa
the sale of sand and auvel. Present atora.e does not live adequate
protection to the urban area., and the costa of addinl sedi..nt control
.tructurea in the steep watersheds are exceslive. For that r.a.on,
further l.nd tre.tment in the vater.hed hal attracted the interest of the
County.
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CASE STUDY: STkUCTURAL MEASURES FOR ARROYO SECO WATERSHED

Devil's Gate Reservoir at the llOuth of Arroyo Seeo canyon has
served Pa.adena as a flood and debris control facility for over 70 y.ars.
Sediment production from the Arroyo Seeo watershed can be estimated from
periodic field surveys of debris accumulation within the retervoir made by
the Lo~ Angeles County Department of Public Works (LACDPW). The total
production is obtained by adding measured accumulations to the sediment
volumes that have been excavated or sluiced through the reservoir. Fig.
2 show. the debris accumulation from 1919 to 1988. The rate of sediment
generated has varied significantly during different timl~ periods. Before
1935. flood flows and sediment production rates were @enerally small.
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Fig. 2. Debris Accumulation
at Devil's Cate

From 1935 to 1948. the peak sediment flows were higher as little was being
done to contain sediment within the watershed, and the faster sedimenta­
tion was filling the reserv~ir. Annual sediment production was estimated
as 177 acre-feet (AF) or 5.56 AF/mi z. The period from 1948 to 1960 was
drier. and sedimentation slowed. The years after 1960 once again brought
larger floods and faster sedimentation. and the excavation program had to
be accelerated to k~ep the reservoir from tilling. Since 1969, the
sediment accumulation has slowed to an average annual rat.e of about 100
AF, 3.14 AFfmi 2 per year, despite two major sediment-producing storms (Fig.
3). Thus the t'rosion control structur@s havt' reduced annual sediment
production to about 57 percent of their former values. This figure
approximately matcht's the 60 percent found by Simplon (1969) when
comparing storms in 1969 and 1938,
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Fig. 3. Debris Generated from Arroyo
Seco W.teuhed

NON-STR.UCTURAL MEASURES FOa ARROYO SlCO WATD.SHID

Facing ste.dily increasing operation COlt., the City i. looking for
• cOlt-effective way to reduce lediment and debris flow to the
reservoir. R.estoration of "_tive plant. and regulation of lan~ u.e are
primary me.sures. Although then ....ur•• will probably have little
effect on large flood pe.ks, they .re expect.d to r.duce di.chargea of
sediment and debris substantially.

Mountain sedi..nt product~o~ ca.es throulh two processe.: 1. lurface
runoff on hill .lopes picks up soil particle. cau.inl .heet erosion; .nd
2. lubsurface runoff along the top of iapenDeable rock layers causel pore
pressures that induce landslides when flow rates exceed .oil transmissi­
vity. Vegetation inhibits landslidel by rootl that secure the loil mantle
to the underlying rock, by providing tranlpiration drying the soil, and by
falter pore drainage al rootl maintain soil permeability. The influence
of vegetation on microclimate reduce. erolion by preventing soil breakup
by cycles of freezing and thawing. Plants .hield the .oil .urface from
the erosive energy of raindrop impact and retard runoff velocities.
Unfortunately, vegetative cover is difficult to maintain in a .emi-arid
climate. Long dry sea.ons make plant cover .usceptible to forest fire,
gre.tly increasing ero"ion rates and debris events. The watershed
management plan is to restore conifers to the higher elevation, oaks to
the valley, and mosaic chaparral by age group•. The mixed vegetation will
be protected by regulating recreation and controlled burning.
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EVALUATION OF THE EFFECTIVENESS OF WATERSHED HANAGDtENT

The Pacific Southwest Inter-Agency C08IIlittee Hodel (PSlAC) is a
sediment yield rating model that provide a framework for evaluatina
potentia! watershed management measures (PSIAC, unpublhhed report: Hellon
and Rasely, 1990). The Hodel defines ranges for nine variables iaportant
in dete~ining sediment yield as shown in Table 1.

TABLE 1. PARAMETERS AND THEIR SCALES IN PSIAC HODEL

Factor Lower bound Upper bound

F1 GeoloRY 0: hard rock 10: friable rock

F2 Soil 0: rock surfaces 10: fine textured, ea-
silY eroded soil

F3 Climate 0: arid areas experience 10: long duration or
few storms or most of intense storms
precipitation a~ snow

F4 Runoff 0: lower flood peais gen- 10: high flood reak
era ted from base flow from overland f ow

F5 Tt'pog- 0: mild sloges: moderate 20: steep slopes
raphy slo~es (20 egrees or

32. percent) at 10

F6 Ground -10: completel! protected 10: a ground cover pro-
Cover bl vegetation rom ero- tectl <20: of the area

S10n. 0: 40% cover

F7 Land -10: areas with undistur- 10: intensely grazed or
Use bed natural vegetation cultivated, or fre-

Quently burned

F8 Upland 0: no evidence of erosion 25: > 50Z the area is
Erollion CDmrri3ed of rills and

Itul ies

F9 Channel 0: flat ~radient. bedrock 25: active areas with
Erosion stream c annPoI: structur- head cutting

al prot.ection

Appropriate values for each parameter are estimated by revi~ing

conditions within the watershed, and the nine values are summed to give a
Sediment Rating Factor (SRF) that indicates its sediment production
potential.
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The aDAYal .edL..nt ,.ield (AY), in Ar/ai l , i. eatiaated a.:

(1)

wher. A i. the area of the tributary wat.r.hed in ai 2 , and. i. the baa.
of natural loaarithaa.

The recorded aediment yield at Devil'. Gate dam from 1969 to 1983
vas used to calibrate the nine parameters. The value for each of the nine
para.ters WAI adju.ted to give an overall annual aed1ment yield that
matched the recorded total. The parameter values estimated for current
conditions in the Arroyo Seco watershed, the total SRF, and the PSIAC rank
are listed in Table 2. on the following page.

The rationale for the value selected for each parameter is now
discus.ed indiVidually. Fl: In the Arroyo Seco waterlhed, most of the
parent bed rock is highly fractured igneous rock that decompole. rapidly
when eEposed to the el~ments. The.e. surfaces are the primary lource of
the land and lilt vashed out of the canyon during Itorm events. F2: The
ianeoul rock decompoles into a thin mantle of coarle landy loil that tendl
to move down Ilope loon after being formed. The remaining .oil ia poorly
developed and Ihallow. The coarse Itruct.ure givel the loil a high
infiltration capacity: but heat &enerated by fires often caus.I a chemical
chang. that makel the solI water repellent. After a fire, .torml on the
watershed lenerate more runoff and carrying much more sediment and debris.
F3: The Los Angelel area hal a Mediterranean Climate in which molt of the
precipitation is in the form of winter rain. Hany Itoras lalt leveral
days and thoroughly wet th~ soil. Following lush growthl of vegetation
dry out and increa.e the fire danger. F4: Stream flOWI, .aaured in
Arroyo Seca since 1911, vary greatly from one year to the next. Within
the wet yeara. IaOlt of the runoff is concentrated during one or two _jar
storas. One would expect sediment production to be even IlOre concentrated
in large storm events. f5: The San Gabriel Mountains above Pasadena are
very steep with an aversge slope of about 50 percent. Some Ilopes reach
70 percent. F6: The lIlAin native vegetation on the hill slOpel is

chaparral which intercepts more rainfall than does grass and thus reduces
runoff from lesler eventsi but the thick brush is combultible and a higher
fire rilk. Coniferl are•• are diminishing. F7: Except for a few roads
and trails and lome high-elevation recreation facilities. the land' in ~he

waterlhed have not been developed, but the San Gabriel Hountains have been
rated as having a high fire hazard with most firel cauled by visitors
during dry periods. f8: Dry erosion is extensive on the steep mountain



FlS-7

slopes during rainless periods. During major sto~I, wet erosion occur I
as raindrop impact loolens the loil surfaces. and the flavinl runoff
transports the detached particles. Landslides occur when the soill become
saturated. F9: Channel erolion il a lesser problem than upland erosion
because it is reduced by crib dams but is still an active sediment source.

TABLE 2 ESTIMATION OF CURRENT SEDIMENT YIELD BY PSIAC HODEL

Factor Comnents Score

F1 Geolol!.v Heavilv weathered Igneous 8

F2 Soil Coarse. sandy, poorlr developed and 8
shallow; water repel ent after fire

f) Climate Lona dry season. winter storms 9

Flo Runoff Small watershed hiR,h peak flow 9

F5 TopoRraphv Very steep. ava,. slope > 50 dearee 20

F6 Ground Cover Incomplete chaparral cover 5

F7 Land Use Recreation. some road & trails. 4
hiR.h fire risk. small burn

Fa Upland Erosion Both dry' wet erosion on slopes 22

F9 Channel Erosion Cnb dams reduced some erosion 16

Se~iment Ratin2 Factor (SRF) 101 PSIACRank 1

Calibrated Annual Yield 99.80 AF Observed Annual Yield 100.08 AF

Watershed management schemes proposed for the Arroyo Seco watershed
can be evaluated by estimating their effects on each parameter in the
PSIAC model. The new sum give an SIF that can be used to estimate a new
sediment yield. Watershed m.:1nagement will not a1t.er geology. soils,
climate and topography, thus th~li~ parametel values are held constant. It.
can directly change ground cover (F6) and land ~se (F7); and these changes
alter runo.E (F4) and upland erosion (F8). The change that can be
achieved by wat.ershed manag~m~nt is used to ~st~mat.e new values for t.hese
four parameter. and the SRF and the annual sediment yield are recalculated
(Table 3). The annual yi~ld can be reduced to 64.87 AF. 2.03 AF/mi 2 ;

accordingly, the PSIAC rank will improve to 2. As a direct benefit. the
debris basin evacuation cost will be reduced by at least $255,620 per
year. calculated at the minimum ezcavation cost of $4.5 per cubic yard.
Working together, structural and non-st.ructural measures can cut the total
amounts of annual sediment yield from 177 AF to 65 AF.
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TABLE 3 REDUCTION OF SEDIMENT YIELD BY WATERSHED MANAGEMENT

factor Coaments Score

F4 Runoff Reduce peak, increase baseflow 8

F6 Ground Cover Restore conifers, mosaic vegeta- 0
tion, contour furrow planting

F7 Land Use Rellulation visitinll., fire control 0

F8 Upland Erosion Reduce wet erosion on slopes 20

Sediment Ration Factor (SRF) 89 PSIAC Rank 2

Annual Yield 64.87 AF Reduce Annual Yield 3~.21 AF

CONCLUSIONS

Watershed man'lgement is an effective non-structural measure for
debris control on the steep mountains in semi-arid Los Angeles County.
The case study of the Arroyo Seco watprshed Rhows that restoration of
native vegetation and strict fire control have a potential to reduce
current annual sediment yield by an additional 35 percent. These measures
are recommended for other watersheds. The Pacific Southwest Inter-Agency
Committee Hodel is a usefUl management tool that obtains jud&ments from
experts from several disciplines to help decision-makers evaluate the
effectiveness of sediment control programs. Data collected on the
accumulation of sedill1ent in debris basins and the conditions in the
contributing watersheds can be used to improve model calibration and
accuracy in estimating the consequences of specific management practices.
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ABSTRACT Approaehe. to dealinl with floods in the Unit.d Sl.te. have

ehanled draaatie.lly durins the latter half of this century. Ther. are

.everal reasons: chanses in policies .nd attitud.s r.sultins fra- the

••lion's experiene. with aetual flood events, develo,..nl of bett.r

t~.in.d and more experi.nced professionals, imprOVed .n.lytical

t.chnique. and for.castina ....ur.s, and incr••••d eapabilitie. to

•••••• the economic .nd natur.l resource los••• a••oci.t.d with v.riou.

us.s of the floodpl.in.

Th. author reviews curr.nt philo.ophia., policie., and practice.

for reducins th••• 10•••• in coa.tal and riv.rin. floodplain. in the

United State.. Sa.e promi.ins .itilation approaehe. ara presented,

ba.ed on an ext.naive 5-y.ar .tud, of proar••• toward. d.valopine a

unifled national prolr.. for fl~?dplain aaftal.-.nt.

tllTlODUCTtotl

'l'hroulhout the history of the United Stata., the pravallina vi...

has bean that huMns should u.e and ...sU, the natural anvir....t to

...t th.ir need.. ror c.nturie•• people bave been s.ttline on the benks

of the countr,·. river., .tr..... and eoa.tlina. to take adv.nt..a of

the water suppl" transportatlon. anera, .ouree. wilcUife babUat. and

other benefits floodplains provide. 'I'ha laqe-scala devel..-.t ....
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~lfication of riverine and eoa.tal floodplains for eeonoaic u•• has

eKacted • hi&h priee annu.lly in death•• personal injury. suff.rina.

econoaic loa•• and ...... to natural and cultural re.ource•.

Flood••ccount for more 108se8 than .ny other natural di•••ter in

the Unit.d St.te•• with the exception of droulht. durina certain

period•. About 7 percent of the country i••ubject to flood wat.r

inundation and .yerale annual flood dama&e. are ••timated at '4 to

6 billion. Becaus. of itl size and seolraphic diyersily. the United

State. experience. the full ran,_ of floodin, forms. Ix..,le. include

inland flash floods. ic. jama. alluvial fans. ch.nnel .iaration. Iround

f.ilure. and .tot~induced coastal floodina and ero.ion.

niE EVOLUTIOI OF F~OOD MITIGATION 1M THE UNITED STATES

The way flood. and their consequences are d.alt with in the united

St.te. toda, i. the re.ult of political .ction. and &ov.~t.l and

private ..a.ure. that .pan ne.rly .ix decade•.

AI floods beca.. more destructive becau.. of lhe lnere••inl

capital inv••tment. that knowin,l, or in.dvertently were beina placed

within flood-prone .r•••• there w••• c.ll for ...sur•• to ,,'event or

l~it d..-s•• to sueh inv••tment.. A••umption. of rederal

~spon.ibilit, for eontrollin, flood water••t.rted durina the e.rl,

part of this century primaril, ••• re.pon.e to .i,nifie.nt 10•• of life

or propert, d...,e. In the en.uina decade•• de.pit. billion. of dollers

in Feder.l inv••t ..nts in flood control p~oject. which averted billions

in d..., ••• overall floo4 IOSlfts and other co.t. continued to ri••

beeau.e of unwi•• u.e of the Vation's floodplain•.

Durin, the 19'0••••veral major .t.,. were taken to redefine

Federal polic, to avert future flood 10•••• b1 help1na the 50 .~ate. and

20.000 flood-prone loc.liti•• encour••• wi.e u•• of flood-prone land••
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Broader .ppro.ehes were .tudied and .pplied ineludina way. to adju.t

future 4evelo~t and u•• to the flood ri.k. flood foreca.tina and

re.pon.e .,.t.... floodproofinl or retrofittin& of .xi.tina flood-prone

.tructur••• r.location of property. and. n.tional flood in~rance

proar... Th••nviron..ntal valu•• of floodplain. received ,rowina

recolnition and .upport. To implement th••e ...~r.s. an extensive

prOlr.. to map the .ation'. flood-prone ar.a. v•• al.o initiated.

A proposal for a unified national procr.. for pra.otinl vi•• u.e of

the Mation's floodplain. va. prepared durinl the 1970. and lat.r

r.vised. It set forth a conceptual fra-.work in Which ..nalin,

floodplains vould become a true Federal/Stat./local partner.hip. The

proaram entailed Federal assistance (technical and financial); state

initiative. involvement. coordination and leadership: and local

responsibility, decisionmakina. and mana,ement. Strat.ci•• and tools

for flood loss mitilation and for the pr••ervation and re.toration of

natural and beneficial floodplain resource. al.o vere pre••nted.

Durinc this period the 1-pereent-annual-chance flood v•••dopt.d a. a

ainimum nation.l st.nd.rd to be aet in devislna flood protection

....ur•• for permitt.d future dev.lo~t in flood haz.rd are... State

and loc.l involvement in floodplain man.,...nt incr•••ed .ub.tanti.lly.

Over the pa.t two dec.d... incre•••d c.p.bilities for n.tural r ••ourc•

•••••..-nt .nd i.,.et anal,.i. h.ve been developed.

IVALUATIOM OF THE EFFECTIVElESS or MITIGATIOM MlASuaES

In 1987. a Federal inter.aener ta.k force undertook a .tud, of the

ov.r.ll effectiveness of the .ation' ••fforts to _itil.t. the i.,act. of

flood .vents. Thi. national •••••..-nt (the fir.t of it. kind on sucb •

coapreben.ive .c.le) va. coapleted in l.te 1991 and published in 1992 in

a tvo-voluae r.port. The two voluaes are entitled Floodpl.ip IIpaI pt

in tbt united st.t•• : An ".e'!!!Dt _!port. Vol~ 1. ~r, Iaport.
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ad Yol.- 2. Pull hport. TM .tudJ pC'Ovldee illfo~U.Oft Oft U. _taw

ad ua. of floodplain., dona wit." an ..aluet.1Oft of tbe wart..

• trateai•• and tool. beina .-ploJed to reduct 10•••••

Lht.d below are 10M of the ke, findina' of the .tud,.:

Individual ri.k .war.n.... Althoulh sub.tantial prolr.l. hal been -.d.

in incr.a.ina in.titutional awarene•• of flood riak. individual

awaren'l. fall. far Ihort of what i. needed, r • .ultinl in unwi•• u•• and

d.v.l~nt of flood hazard .r•••.

Wieration to wat.r. '.ople are attracted to riverine and coa.tal

.nvironeent. for a variety of r •••on., u.uall, unrelated to .con~ic

n,c"lit,. In rec.nt decade., the annual arowth rate in the•• area. bas

Ire.tl, .xceeded the 'ation a. a whole. Thi. hal expo.ed propert, and

peop1. to unn.c••••ry risk.

'l004plain 10'.... De.pit. att..,t. to COP' with the ,rob1.., the larse­

Ical. d.ve1op.ent and .a4ification of riv.rine and coa.tal floodplain.

hal r • .ulted in incr••• ina d...S" and 10•• of floodplain re.ource•.

Short-tera esonO!it r'turn.. In.an, in.tanc•• , private intere.te

d.velop laneS to ..xiain .conotaic return without reaal"d to l...-tera

.eon_ic and nat.ural r ••ource 10..... 'ftli. increa••• public

..,enditure. for relief, rehabilitation, and corrective acti~.

Lift. "f.t,. and pubUc health. "cau•• of technolOlical adV8ftCM in

flood vamilll and r••pon.e, flood-related dtathl are not. increaelna on a

per-capita ba.i.. Public health and .af.t, r • .u1tlna froa flood

con.equenc.. i. not a ,.rva.ive probl.. bec~.e of the provi.ion of

health care and love~t and private flood relief.

"'_ced lFnwled" and tlCbnolnr . tn.t1tut1~ and indiddual. tbat
deal with floodplain ,robl_ ...t have a broed r.... of iftfoc.aU._. a
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variety of technololle. to deal witb ...rlinl prob1.... and .tand.rd. to

Whicb tbey e.n r.far for luid.nce. a••••rcb ha. enhanced our know1a41.

and provided new and b.tter tools to d.al witb pby.ieal, bioloaica1. and

.oeial proee••••.

A national flood protection standard. Becau.e of avoidance of

hiah-hazard areas and chanses in construction practic••• ~st new

floodplain d.velopments now have improv.d flood protection.

How.ver, these controls over development within the reaulatory

floodplain. defined by the limits of the l-percent-annual-chance-flood

event, have resulted in a eoneentration of development. just beyond

th••e limits or levels. Protection from the effect. of Ir.ater. Ie••

frequent floodinS is still needed in those places where .uch floodin,

will cause unacceptable or catastrophic damaS••.

Limited lov.romental capabilities. Some stat•• and mo.t c~nitie.

lack the full resources necessary to brins about ca.preben.ive loe.l

action to mitisate flood proble~ without Federal support. Loe.l

love~nts invariably misjudse their ability to de.l witb .evere flood

evants. However. they are nec•••ary partners to any succes.fu1 solution.

1tt4 for interdisciplinarY approaches. Con.ideration of plan. to .olva

flood probl... ha' to encompas. the entire hydrololic unit .nd be part of

a broader water re.ourc.s mana,emP.nt prolr... A l.ck of f..ili.rity with

all the .vail.ble technique. bi•••• the inve.tisation .nd .eleetion of

.olution. for .pecific flood problems. Trainlnl in a vari.ty of

discipline. is needed in d.viain, and carryinl out aitil.tion .tratelia••

Applie.tion of measures. Nationwide ..ppin& of floodplain .r••• bas

re.ulted in detailed .tudie. of mo.t community floodplain are... A

variety of strate,i•• have been used to re.tore and pr•••rv. the natural

and cultural resources of floodplain. and to reduce .cona.lc 10•••• b,

aodifyins floodinl. by modifyinl su.cept.bilit, to flood d"'le and

di.ruption. and by modifyinl the impact. of floodinl on individual. and
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the c~itJ. atorl,. or control of floodwat.r. i••tlll the pr.f.rred

political approach at the local l.v.l .

• fl.ctiven... of aiUlaUon _.sur... Struetural flood eontral ..asurel

have been .ff.etive in reduciftl econo~ic 10•••• to floodplain

occupant.. The application af additional .tructural ..asur•• i. viewed

a. liaited becau.e oC .cono.ic and environ..ntal con.ideration.. Land

u•• r1lulation. required by ,~ Federal prolr....nd i.,l..-nted bJ

,t.te and local lavern.ent. have reduced the r.t. of floodplain

dev.l~t but bav. not arre,ted it. C~li.nce vith relulatory

control. i ••• ianificant problem. Mev technoloaie. and techniqu••

a••ociated vith risk nt. foreca.tina. varninl ••nd con.truction

practice, have i.,roved the application .nd eCf.ctiven••• of th••e

activiti•• sub.t.ntiallJ. A national flood insuranc. prOlr.. hal not

r.alized it. full potenti.l becau.e Ie•• than 1/4 of floodplain

r'lident. have purcha.ed and ..intained policJ cov.r....

Rol. of di•••t'r a••i.t.nce. Liberal rederal a••i,tance in polt-flood

relief and recoverJ hal reinforced exp.ctation. of love~t aid if and

when flood di...ter. occur. This aind,et hal resulted in U.ited

.iti.ation pllnnina and action. by cam.unitie. and individual•.

1M1ti-btzar4 .itilation. There i. & Irowinl inter••t and need in

intearatina flood 10•• reduction .tratelie, vith tho.e for other

natural hazard.. DeaUna vith daultanaou. haz,reI' in POlt recoverJ

.ffort, i' a ,rob1...

'ational 19a1, and re'oure... Despite ar.at .tride. in that direction.

the United Stat•••till lack. a truly unified nati~l '~Ir.. for

floodplain ..nal..-nt. Aabiluity in natianal loal. hal hind.red the

effectiv• ..,loyaent of liaitad financial and~ relourc•••
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SOIII PIGllIIIIe APPROACMU FOR UOADU APPLICATIOif

The application of .iti,ation ..aaure. i. con.trained bl the

availabilitl of fund., faailiaritl with a ..aaure, individual or

c~itl capabilitl to iapl..-nt it, and e.rtain ph,.ical and technic.l

li.itation.. However, in •••••• in' the .ppro.che. and exp.rience. of

the United State. in aitisatins flood i.,.ct., the.e ...aure. bold

pra-i.e for application .nd evaluation el.eWhere:

8i.k analy.i.. Public awarene•• of flood-prone area. and the flood ri.k

~.t be i.,roved bl identif,inl hazard area. and ..,lo,inl other

.trata.i... Thi. infonuUon ...t be provided to individual dec is ion­

..ker. and polic,..ker. in terns the, ean under.tand and act upon.

Avoidanc. of flood Control bia.e.. lnain..r. are .xpected to find

.olution. to probl~ u.inc their .pecialized education and traininl.

The t-.tation is to .tud, and rec~d ..alUra. with IIhieh ... have

experience or faailiarit,. It i. beca-ina incraa.inll, difficult to

ju.tif, and obtain the ..an. for capital int....iv. project.. Broad.r,

interdi.ciplinar, approaches to probl...olvina uauall, are needed.

Qtvelopnnt of .tatt fOd loeal ca,abiHtt... To ...t the n.... of

affected c~iti•• , .tate and local intera.t. au.t be involved in

developina and applJina flood .iU.aHon ...lUres. In&i....r. and other

di.cipline. can a••i.t in providina trainina conc.mina .itl••tion

aUernative•.

I_royed "miDI tD4 [11'90" .nt_. rairll .iaple flood warnl",
•

• ,.t... can be developed to halp foreca.t the --.nitud. end ti.ina of

flood .vent.. T.-porarl evacuation of ra.id...t. of flood ha&ard area.

ean be acCOllP1i.bed. The dqree of IUCC... d....... on noUr,ina the

affected population, how thel respond, lead t~..... the a.,anabUlt,

of a.,aeuation routa•.
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Adiu,t.ents to individu.l ,truetur... Chanle. can be ..de to ext.tins

con.truction (for ex.-ple, elevation in pl.ee) and to peraitted new

con.truetion to aint.ize .xpo.ure to floodinl. Howev.r, such

.dju.t.ent• .u.t be eon.i.t.nt with individu.l re.ourc•• and

e.p.bilitie., local buildinl practie•• , .nd .v.il.bility of teehnieal

•••i.t.ne. if n.e••••ry.

Publie infrastructur.. Two loals c.n be .ecompli.hed by f.ctorins

.xpo.ure to flood risk in the desiln .nd location of public

infr.structur.. First, th.se s,st..- are le•• likely to be

incap.cit.ted by flood event.. Second, and perh.ps more i.,ortantly,

th.y can eneoural. or dlscourace develo,.ent in flood hazard .rea. by

th.ir .xi.tenee or ab.enee.

COICLUSIOIS

rlood aitia.tion in the United State. initially centered on

.tructural ....ur•• to .adify floodina. In r ••pon•• to cbenlina

.ituation., n.ed., value., and prioriti•• , howev.r, a new approaeh hal

evolved which all~ the b•• t mix of aitilation ....ur•• to be .pplied

to unique loc.l circ~tances. A nuaber of inport.nt opportunitie. are

"'rsins for inprovinl the eff.ctiv.ne•• of tho••••lected. The,

involve broadeninl the .cope of the ..asur.. to enc~••• other water

re.ourc...nas...nt aetiviti•• end to int.lrate flood-r.l.ted .tr.lelie.

and ..asur•• with tho•• d••ilned to mitil.te oth.r natur.l haz.rd•.

teehnololic.l .dv.nce. .1.0 hold Ire.t proai.. for i.,rovina the

applic.tion of .xistins .trateai.s and tool•.



GROUND FAILURE HAZARD
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ABSTRACf

Taiwan has more than 15% of its Ian'" occupied by mountains, hilly lands, and lateritic
terraces, Landslide, debris flows, and erosion of slope surface have 10111 been the mo&t
frequent natural hazard in Taiwan.

Traditional methods of slope protection, such as reinmrc:e-c:oncrete retainina walla,

earth anchors, gabion walls, drainage system, etc., remain popular in engineerilll circle.
However, the high costs and environmental conflicts involved in use of these methods haw
caused concern and opposition from the general public and environmental-proteetion
agencies.

Since 1983. the National Science Council ha.\ heen sponsoring rc:sc:arch projc:ctI on
landslides. Empha.\is is panly given to developing methods of slope protection which are
not only effective and economical, but also in harmony with the environment. Veletation.
reinforced earth with geotextiles, surface treatment, soil impnwements, and hybrid methodl
have been developed. Some full-size experimental slopes have been construded in the field
to demonstrate the superiority of the methods developed.
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INTRODUCTION

The main island ofTaiwan has more than 75% of its land occupied by high mountains.

hilly lands, and lateritic terraces.

In the Central Mountain Ranges, ThC're are more than 100 summits higher than 3,000

meters above sea level. The highest peak, Yu-Shan (Mt. Jade), stands 3,952 meten above

sea level. These summits are, in general, highly fractures at the top. Loose screes can always

he seen on slnpes imrl1ediately below the crest. Some of the scree slopes have developed

intn colluvium depnsiu.

Unstahle slopelanJs in the hilly region include dip slopes, talus deposits,and mudstone

slnpelands.

laterilic terraces stands up from the Western Coastal Plain to heights from 100 meten

to 25U meters. Although they are flat and stable at their top surface, their sideslopes are

steep and basically unstahle.

Many slopeland communities are developed partly on cut ground and partly on filled

ground. Mnst of the filled ground are not properly compacted. Standard ofslope protection

are not even better than that of ground compaction.

Taiwan is in the collision belt hetween the Eura~ian Continental Plate and the

Philippines Sea Plate. Very high rate of uplifting has made Taiwan a mountainous country

of very high relief. Genlngical processes are very active. Folding. thrusting and over-riding

of geological formation are very well developed. Delotructive earth-quakes oc:aarred from

time to time in tJje history of Taiwan. Earthquakes indU("'ed land51ides are not uncommon.

The most noted case was Tsao..ling Rockslide (1941) which involved mass movement of
more than a hundred million cuhic meters.

Taiwan i~ situated in the suhtropics. Heavy rainfall and typhoon attack the island
several times a year. Maximum l·houf rainfall can be as high as 120 mm. Maximum l-day

rainfall was 1136 mm. Landslides and debris flows ofVarious llalles occur frequently duri,.

or after a heavy rainfa)). Ermion of slope surface in the mudstone area can be more than

IOU mm per year.

There are many traditional methods of slope protection in use of Taiwan. Some of
them remain popular hut some ofthem have some caused opposition from the general public

and environmental-protection agencies.

Since 1983, the National Science Council (NSC) has been sponsorina research project

on landslides and slope erosion. Emphasis is partly given to developins methods of fIope

stahility and slope surface protection which are not only effeetive and economical, but abo
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in harmony with the environment.

TRADITIONAL METHODS OF SLOPE PROTECftON

Benet. Cut

Retreating of slope by bench cut has long been a most ase nlethods of slope stability.

Many cut-slope of freeways enjoy the success of this methods. Slope height can more than

40 meters. Slope surface are in general, protectc-d with vegetation.

Pladna Toe Weip'

At station 63k of the cross-island Highway. There was a large scale unstable slope

dipping into the Teh-Chi Reservoir. Toe weight W&li placed to increase counter-balance

force for the slope.

RC Retai.inl Wans

RC retaining wall was once a very popularstructure type ofslope protection. Objedion

are mainly due to its conflicts with the environments. Nevertheless, people are still usin.

this type of retaining wall if its not to high and if the land area for constructing other types
of retaining structure is not available.

Earth Anchor

Earth anchor are very much over-used in Taiwan. They are very often used in

conjunction with RC plates or free-frames for retaining high aoo steep cut slopes. They are

very expansive and not in harmony with the environment although they are effective in slope

stability.

Gabioll Walls

Gabion walls have been used in Taiwan for more than 60 years. They remain popular

in protecting slopes of talus depositli, lateritic soils. weathered roeb, etc. Due to their

flexibility, free-drainage property and simplicity in con.~truction, they are especially suitable

for being used in mountainous and hilly regions.

Crlb ...lls

Since 1950's when crib walls were introduced to Taiwan, they remain one of the most

popular retaining structures of gravity type. Free drainage and flexibility are considered _

their major merits
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DrainaCf Systems

Water is considered as the number one killer for slope stability by geotechnical

engineers in Taiwan. Most pe'lple believe that the trouble with a slope can be reduced to

less than a half if water, surface or subsurface, can be got under control.

There are three approaches to deal with water in slope stability. One is to intercept

the surface water and the suhsurface water before it reaches the unstable slope. To intercept

surface water using ditches is a practice which does not very much from country to country.

To intercept suhsurface water, geotechnical engineers in Taiwan often use the one shown

in Fig. 1. It is called suhsurface drainage french. It i~ good for litabilizing a slope having a

pervious-impervious houndary located at a depth of less than 3 meters.

Fig 2 shows a schematic section of drainage well. With a pump, it has been used, witb

great success. to stahilize colluvium deposits. Drainage wells of larger diameter have been

constructed to lower the water taole within a lateritic slope. Small diameter horizontal

drainage holes are drilled thmugh the vertical RC wall of the well to collect water from the

surrounding ground. The water in the well can then be led, by gravity in general, toa drainage

system of lower elevation through a RC pipe. Drainage tunnels have been used, with great

success. to stahilize slips of very large scale. Fig 3 and Fig 4 show just an example at 62K of

Taiwan Area N-S Freeway (Moh and others, 1977). Together with five large diameter

vertical shafts, the drainage lunnel was ahle to stahilize the moving mass of lateritic terra<:e.

Drainage galleries were also constructed to stahilize a slope moving into Teh-chi Reservoir.

NEW CONCEPTS OF SLOPE PROTECTION

Slope Protection on Forests

Deforestation is now strictly forhidden in Taiwan. It is a general believe in Taiwan that

forest provides hast protection for steep slopes in mountainous area and slopeland regions.

Plantation of trees are encouraged by the government and many privaic

nonprofit-making organiZ<ltions.

Veptation

Ita is a well known fact that the surface of soil slopes can be protected against erosion

by vegetation. Many engineers thought thai soil and water conservation helped nothing in

slope stability but reducing erosion. However, researches an field experiments have proved
that vegetative methods can help not only reducing erosion but also increasin. slope
stability. The following vegetative methods are suitable for various slope conditions:
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a. Spray method,

b. Transplanting method,

c. Vegetative belt method,

d. Fixed frame method,

e. Pile an fen~ method,

f. Soil bag method, and

g. Erosion prevention blankets

Experimental slopes protected by using vegetative methods have been set up in

mudstone area a.~ well a.~ in lateritic terrace.

A recent study (Chen and Liu 1992) pointed out that matrie suction existi.. in

unsaturated soil can raise the shear strength of soil and keep the slope stable, even nearly
steeper than 70", and that in rainy days this matric suction will gradually be destroyed due
to the rainwater infiltrating into the slope and reduce the stability of the slope. This study

provides positive theoretical foundation for the ideal of slope protection usina veptatift

techniques.

Geotextile ReinforM Retaininl Wall

Under lhe sponsol'lihip of NSC, Chang an others (1986, 1987, 1988, 1989, 1992) have
estahlished an instrumented geotextile reinforced retainin, wall at Hipway No.3 (ltation

358 Km + 120 to 358 Km + 1(0). The vertical section of the wall is shown in FiJ.S.lt has

two tiers. The lower tier has a height of 3 m while the upper tier has a heipt of 2 m. Two

kinds of geotextile (Gl, a composite local product and NI, a woven Geotextile) and two

types of fill material (flyash-eement treated weIIthered mudstone and allu.;11 sand) were

used to form 4 sections. Monitorina system and numerical analysis were undertaken to

understand the behaviour and performance of the wall. The wall 11M withstood snet1II
severe attacks by typhoons and heavy. A brand-new full size dell1Ollltration lite .­
estahlished in the mudstone area early this year. It is hoped that this method will be UICd.
one of the majof methods fOf protecting cut slopes in Taiwan.

Surface Treatment

Cut slope of mudstone is protected by liquid asphalt and poaextile sheets on the
surface. The a.~phaltstop water from going into the slopewhile the aeotextile lheetl provicIeI
strength for slope stability.
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Hybrid Methods of Slope Protecti_

A demonstration project has been set up in the mudstone area ofsouthwesternTaiwan

in a hope to develop hybrid methods for slope protection. The methods integrate vegetative

techniques and very light engineering structures.

CONCLUSION

Slope failures 31 e very common in Taiwan due to unfavourable natural factors IS well

as human factors. Traditional methods of slope protection such as bench cut, toe weight, RC

retaining walls, earth anchors, gahion walls, crib walls, and drainage systems, remain popular

in engineering circle. However, some methods using m35Sive concrete structures or spray
concrete have heen criticised as creating visual contamination and environmental change.

New concepts of slope protection and new methods of slope stability are now being

developed. ElCperimental slopes and demonstration proj~cthave shown preliminary success.

It is hope that those methods will be proved effective, economical, and in harmony with the

nature. It is al!'lo hored that those methods will be available for all developing countries in

the coming years.
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FiJ. 3 Site Plan of Drainage Tunnel at 62 Kof N-S Freeway (Moh..utile" 1977)
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Fi&- S Typical Cross Section ofGeotcxtilc-Reinforced retaini..wall with
Instrumantation System (Chana and othen,l992)
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ABSTRACT T~ paper reviews stabilization of rock and aoil Shipes in the United

State. by III8IUlS of innovative earth retention .y.tema. Ne. computerized

approaches are beine used in desilPl of nets, fencea: wan., benches, ettenuatora.

and ditch.. for rockfall control. Placed and in-situ internal reinforcement syatema

are used to stabilize aoil slopes and embankments. New and waste _tertala are

heine uaed .. Ushtweicht backfills in slope-failure repair.

INTRODUCTION

Slope failures cau.. $1-2 billion in economic Ie.... and 25-50 d_tha annually

in the United States CCommittee on Ground Failure Hazards. 1915). However.

effective _napment bu restrained these los... by avoidinC the boards or by

reduc1nc the daIIIap potential by means of physical ......ures tbat prevent or control

slope failures. This paper e:uscusue. innovative earth retention metbod. in UM In

the United Stat.... part of the ovenall scheme of physical control "'UN8. The

u.. of product, trade. proprietary, or company na..... fa for clarity of expreufon.

and does not imply endorsement or superiority of spec1fic prooeclu.... or of tile

equipment used.

The moat widely used physical measures for control of un.table slopes include:

Ca) DI'!ina&! -- Because of itl hiCh .tabilization efticiency in relation to c:x.t.

drainap of poundwater and surface water fa the ..t widely uaed slope­

stabilization ..thod.
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(b) Slope modification -- Increased slope stability can be obtained by removine

alI or part of the landslide mass or of the overlyine earth that loads the slope.

(c) Earth buttresses -- Earth buttress counterforts placed at the toes of

potential slope failures often are successful in preventine failure.

(d) Retention systems (often called retaining or restl'llininl structures) -­

Where methods (a) to (c) will not ensure slope stability by themselves, structural

controls, such as retaining walls, piles, caissons, and rock anchors are used to

prevent slope movement.

All of the above methods of physical stabilization of slopes are used in the

United States. However. in the author's opinion, the &reatest innovations in slope

stabilization in recent years. in terms of technology. economy, and environmental

characteristics, have been in rock/soil retention systems. This paper will

accentuate recent advances in these methods. The discussion will be divided into

use of retention systems on (l) rock slopes and (2) soil .dopes, although there are

obvious overlapping uses in these two categories of ceololic materials. It also will

deal with the use of lightweight backfill materials in control or repair of unstable

slopes.

INNOVATIVE RETENTION SYSTEMS FOR ROCK FACES AND SLOPES

Recent advances have been made in stabilization of slopes that are subject to

rockfall. Increasini traffic volumes on mountain roads in the United States have

increased public awareness of the dani8r of rockfans. resultiq in sipificant

on&Oine research and development of innovative methods of rockfall control. The

.....ures moat often used to prevent rockfall from encroachin& upon a hichway,

railway, or other structure or development are rock net., fences, walls, benches,

attenuator&, and ditches. The most important rockfall input factors in deslen of

these control measures include: (1) trajectory (height of bounce), (2) velocity, (3)

impact enercY. and (4) total volume of accumulation. Statistical analysis of rockfall

behavior for slopes has been developed by computer madeline. One of the neweat

computer prolfl'lUlUl i. the Colorado Rockfall Simulation Procram (CRSP), which

incorporates numerical input values usigned to slope and rockfan characteristic.

(Pfeiff... and oth..... 1990). The propoam providea eatlmates of probable bounce

helCht and velocity at various locationA on a .Iope. The Colorado Department of
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Transportation is usirll CRSP for deslen of rockfall retention walla In l'UaPd
Glenwood Canyon In western Colorado (Barrett and White. 1991).

HIchways and railways in the mounWns of North America commonly have been

protected from rockfall by traditional sincle- twiat mesh fenclncsupported by fixed.

rfaid posts. This basic "chain-link" fence Is relatively Inexpensive and will

effectively contain small rockfalls. A 1985 study by the California Department of

Transportation (Caltrans) (McCauley and others. 1985) concluded that rol1lnl rocks

up to 0.6 m In diameter can be restrained by chain-link fence; however. this type

of restraininc device frequently is damaced when hit by rocks of this size and Is

inadequate to stop Iarcer rocks. Thus. a field testinc prolJ'Ul of heavier

"European-style" rock-restraininc fences (Fip. 1 and 2) baa been conducted by

Caltrans (Smith and Duffy. 1990). Two types were tested by Caltrana: hilh-impact

wire-rope net systems developed by Bruce Cable Products. Inc. t (Switzerland) and

Enterprise Industriele (France). Both systema rely on friction brakea; when

emss $eQjon
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bouncinC rocks hit the fen<:es, defol"lllintc the nets, .nercY-absorblnc friction brak..

are enppel, which significantly inc...... the capacity of the 4eta to train the

rocks. This approach allows the use of lichter, leaa costly, f.nce nts.

A di_dvantaae of systems that use friction enercY-absorblnc brake ayat_

iB that ths brakes require reaettin~after eac:! Bip1ftcant rockfall, a factor In lone­

term maint.nance coata. For thla~n, the CoIonclo Depu1MDt of TNDaportatioD

bas recently developed the Colorado Flextb1e-~t Rockfall Fence (Barrett and

White, 1991) (Fie- 3). By pooutinC bundles of wlre teDdou Into a\Mlcaslnp, ~.ts

are produced that lire flexible, yet are riftld enou«h to aupport the .cah nettin«.

In princlpl•• the fence catches and redirects bcNnc:lnc I'OCka to ene!'D-clIuipatlDa



Pia. 4 SC.....tic cIiapua of

Coloaclo Depal"tlMDt 01

Truapol'tadon roektall

attenuator (courteay of

CoIoNdo Department of

Truapol'tadon) •

collisions with the slope; immectiately after each colUalon, the flexible ~ta

rebound. I_vine the fence reedy for the next encounter without -mteDlUlC8.

Another approach to controWnc rockfall. to partta1Iy at.orb or attenuate the

enerlD of bouncln& or I'OWnc rocka without -etuaIly ltopplac them. The Coloaclo

Department of Transportation baa developed aD attenuadoDIYS~ that u... columna

of waste tirea and rima mounted on vertical 7S-...-diaMter lteal plpea lupended

from a larp-cUameter wire rope mounted acrou the l"OCktall chute (Barrett aDd

WhIte. 1991) (FIe. 4). Jlock anchors are UMcl to MCUN tbe nell 01 the wire rope

to the bedrock wal1I of tbelUlly. To addreu aesthetic conoerDa, a facade of wooden

timbers Ia uaually lu.panded fl"OlD • wire rope lmmedJately clowDaJope of the Mnlln,
tiI'H. The Colorado "rocldall attenuator" .. d-1ped to .~rb..t 01 the JdDetic

ene!"IY and to reduce Nbouncllnc helchta froID lnoomtnll"OCktall. Attar a rock

pauea tbroulb the attenuator. tbe system returna to Ita orJcfaa1 poUtion witbout

..tnteDance.

INNOVATIVE RETENTION SYSTEMS FOJl80IL SLOPES

Fipre 5 sUIDIII8riH. current metbocla 01I0Il NteDUoIl. KxtePDal1y ltabllUed

IY'St... <FIe. 5 a-d) rely on externalltruetuNl walla aplnlt which IGil foroa act.

Prior to the late 1860'1 1 exteroal waIlI, aaIDly pavlty aDd autDenr walla, .... the

predoaalDaDt types of retalntnc structurea. Extel'Da1 waUl .....0 und...toad and

wW not be cUacuaaecl here. Int8rDAUy ltablllsecl8GU NtentioD.ya~ (rte. S e-f)
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EIt'rna'ty 5Mbllzld Svltem,

-

In-Situ
W.II- .....

Pot,ntial Failur.W~

' -C8nlilever : GtaWy
Wall" I ~ elements

: (Interlocking
I Criba)_
I

a) Cantilever b) Gravity element c) Braced d) Tied·Back

Internally Stabiliztd SysJ.ms

Facing
Panels

"
e) Reinforced Soil f) Soil Nailing

Fie. ~ Examples of externally and intel'DAlly reinforced 8011 retention IYlte. (after

O'Rourke and Jones. 1990).

rely on reinforcement that ia inltal1ed within the llope and extenda beyond the

potential failure surfaces into stable pound. This aecUon will note advances in the

u.. of the.. internally .tabllized aoll retention sy...... , which ue kDOWD aanerica1ly

.. "reinforced soil" (pnerat referenee.: Mitchell and VU1et, 1981; Chriatopber aDd

others. 1989. 1990; Mitchell and Chrlatopber. 1990; and o'aourkeand Jo.., 1990).

Reinforced soil (Fie. 5 e). which CaD be dellned .. the incluaion of naiatant

e1elDenta in a Boil mass to improve ita oveNllatrencth, has .....rce4 over the put 25

y_rs .. a technically attractive and cc.t-IftllCrtive techDlque tor .xt.ndiDI the UR

of 80U .. a stable construction uu1 alope-fol'lDlD& _terial. Interaal relnfo~Dt

can be uHd to atablliM DatUN!a~ or the alopes ~ _IwnJrn'dnta, or to Nta1D

excavations. Relnforcecl ao1I atN~ ••• the toUow1DC acIvantaa- over
traditionalexte..Da1 retainluc walla: (1) tIaey are CO_Nnt and flexible. aDd thua aN

toleNPt oIlarp deroraatlona. (2) • wide I'aDp of backfU1_tertala can be .....
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(3) they are easy to construct, (4) they are resistant to seismic l08dinp, (5) the

variety of available facine types makes possible aesthetically pleuinc structurn.

and (6) they are commonly less costly than conventional retaininc structures

(Mitchell and Villet, 1981).

Internally stabilized soil retention systems rely on transfer of shear forces to

mobilize the tensile capacity of closely spaced reinforcing elements, either by

incremental burial to create reinforced embankment soils or by systematic in-situ

installation of reinforcinc elements, such as soil nails, The common types of
h,,:lullluUD DI'U Dt",••1 Dlall.a, n ..,..I .. , 1...1), ...",,1. S,I.I". He".'",,'''''' ohnnfa. all.1 afnal

nails. that are capable of Withstanding tensile loadli, and, in some calieli, lihear and

bendinc stress as well (Mitchell and Christophttr, 1990). Internally stabilized soil

reinforcement can be divided into placed soil reinforcement systems (in the United

States the most commonly used are (I) strip reinforcement, (2) sheet reinforcement,

and (3) &rid, bar, and mesh reinforcement) and in-situ soil reinforcement systems

(in the United States the most commonly used is soil nai:ine).

Placed Soil Reinforcement Systems

In strip reinforcement systems, a coherent strengthened material is formed by

placinC metal or posynthetic strips horizontally between successive backfill layers •

The modern concept of soil reinforcement by galvanized steel strips was introduced

by the French enilneer/architect Henri Vidal in the early 1960's. Vidal named his

development "Terre Armee" or "Reinforced Earth." As of 1991, 16,000 Reinforced

Earth walla with a total face area of 9,600,000 m2 have been constructed worldwide

(D. McKittrick, 1991, personal communication, R.einforced Eal'th Company, McLean,

Virpnia); about 34 percent of this total is in the United States (Schlosser, 1990).

Early Reinforced Earth walls utilized stainless steel and aluminum strips. However,

because of corrosion problems with these materials, all Reinforced Earth walls

currently being constructed employ plvanized strips. However. even plvanized

ateel is subject to corrosion, and is tbus restricted to use as reinforcement in
cobeaioDles., granular, free-draining backfills to reduce the potential for chemical

and water attack (Carroll and Ricluirdson. 1986). In recent years, non-metallic

relnCorcinc materials, such as potextiles, fiberglass, plastics. Bnd composites, have

been used extensively for soil reinforcement. These materials do not corrodp., but

...y underco other forms of chemical and bl010iicaJ deterioration. The effecta on

mAny nf thAg mAtP....AIA of Inng-term burial and p.xposure to the elements are not well



kDDWD (!1Iu. lHO). POl' thia ~Il. reaal'Ch cul'Nntly Ia und.....y on their

watbertna cbaracteriatica.

Sheet. reinforcement oommonly coDatata of potextn.. placed horizontally

between laye... of embankmellt; the mecbaDJam of atreaa tranare.. ia mainly friction.

A v.riety of potexW.. with. wide ranp of mechanical propel'll.. and envirolUll8ntal

reaiatance can be uaed. iDc1udine woven polypropylene and poly..tel' and nonwoven

needle-punched 0 .. h_t-bonded polypropylene and polyeatel' (Chriatopher and

otheN. 1989). Granular aoUa ranetn& fl'Olll allty sand to pavel COIDIDOnly a.. uaecl

u backfiU. F.c1Dc elementa .re formed by wrappine the potexlile .round the aoil

.t the f.ce of the wall and covertnc the Elxpoaecl f.bric with I\lnite. uphalt e.ulaion.

or .hote..te, or with aoll and ve.talion, for lone-term protection fl'Olll ultraviolet

Ucht.

Grid reinforcement ayat... coDatat of polymer or metallic elementa.rranpd

in rectaneular crid., metallic bar mat., or wi... me.h. The two-dimenalonal crid-.ail

interaction involv.. both friction and paulve beariDc ....iatance apiDat the

tran.ve.... me.beN. The .....t..t advance in development of rectant."Ular crid. for

aoil reinforcement baa been in the ..... of polymeric "pocrid•• " Geocrida.re

...latlvely.tiff. netl1ke••ynthetlc aatertala with open iipacea ca11ecl ".pertu...." tbat

uaually .....u 1-10 CID between the rib•. llanufacturiDc pl"OC8Uft bave .volved

to the point whe atroDC and durable ....ynt_tlc aoil-reinforctncel~tacaD be

... produced. The..-t f••Uiar product. iD _I'lh retention .y.t....... hiCh­
deulty poly.thylene and polypropylene crid. (O'Rourke and Jo__ • 1990). A

oommonly uHd example in the United Stat.. Ia T.uar (Fie. 6) •• proprietary plutlc

IP"id ...infol'C8lllltnt dev.loped iD the United Kincdom iD the _rly 1880'••

In-.ltu Soil aeinforeement Sy.tema

Soil DaWne (Ftc. a n fa the ..-t COIIIIIIOnly uaecl iD-aitu aoil reinforcement

ayatem In the United Stat... SoU "Dalla" .... at..l ban. metal roda. or _tal tuba

tbat .... driv.n Into iD-aitu aoll or .aft rock. or .... poouted iDto predrWed

boreho.... Toe-ther with the aoll. they form retnforcecl son .tructu.... capable 01

atabilidq atoPa or of .upport.inc bmporary .xcavationa. [n usual practice, 0_

nail aerv.. _ch 1 to ••2 of cround-.ul'face .....' Stability of the p-ound .urface

between tb. nat.. i. provided by. thin layer (10-15 ca) ol.hoterete reinforced with

wi......h. by Int.l"Ia1ttent rtcId .....nt. a1mUar to Ia.... at_l waabe... or by



~~~~.....;;;C~ompacted
.. Fill

~~ G80grid
Reinforcement

Plan View of Tensar Geogrid Reinforcement

nc.' sa-t1c cUapuI 01 •

....... NiDtol'C*l .oD waD and
pIa .... ol.T r ......d

NlDtorcdDc Dt.

pref.brlcated at..1 pane". The atablUty of ..-.... NbatOl'O••••t..u. upoD:

(1) developaaent of friction or ad...... .-blUud at tbe ICIO-DUIl1lterlace ancl (I)

.....v....latance mobWucl .t the face of the DID. 8011 MfltD.1a ..t effecti". III

d.... paDular aoila and .tiff .Oty clara.

A new method of soD naUine u... potexta.• ..-crJda. or poMta to oover
the poound aurf.ce (Koel"lMlr and RoblDa. 1"'). Tbe pcMIyntbeUe _terIaI Ia

ninforced .t Ita noel.. and anchored to the aIope rcxt. (Ml Mila) drlftli

tIarouP the noel. (Fie. 7). WheD the I'OlIa JIINS sel, faa tMJ pull U.

aul'face DetUDe into the aoO. PIac:lDc tile .- (- 1_ ) III aDd U.
coaatralDlld aollln compreuioD.
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Original __ .-.
UnS1abie
Slope

Fie. 7 Schematic c~. aectiOD

of anchored aeo-ynthetic "apider

nettinc" used with &Oil Daila or

anchon to &tabilize a &oil slope

(after Koerner and Robins, 1986).

A recently patented (by Soil Nailing Limited, United Kingdom) son-nailing

technique inserts reinforcing nails into tbe ground by means of a compressed air

"launcber" that was oriilnally developed in tbe United Kingdom for military use in

shootiDc projectiles into tbe air (Bridle and Myles. 1991). Under favorable

conditions, the launcher can inject 6-m-long, 38-mm-diameter nails into a soU slope

at a rate of one every 2-3 minutes.

USE OF LIGHTWEIGHT BACKFILLS TO FACILITATE SLOPE STABILIZATION

To reduce the pavitational drlvtnc force behind slope-stabWz1D& retAining

structures and to replace slope-failure aoUs, various types of Ucbtwe!&ht backfills

have been employed. Sawdust, burned coal, and fiy ash bave been used where these

waste products are available. In the put few y.ra, two new types of UChtweicht

materials bave been used as backfl1l for slope stabilization in tbe United States:

styrofoam blocks and shredded waste car and truck tires.

The introduction of auperUCbt expanded polystyrene (EPS; styrofoam) blocks

in 1972 allowed the construction of 11&htwetaht tWs for highways, particularly in cold

regions where It also served as road-base insulation. A. super11&ht fW. EPS fa used

in the form of larae blocks with a density of 0.02 t/m3
t a drutic reduction compared

to other lichtweieht materials. The Colorado Department of Transportation bas

expanded the use of IPS to landstide repair. Durine the sprine of 1987, an 8400-.3

slide closed the eastbound lane of h.vUy traveled U. S. HIChway 180 in southern
Colorado. The alide wu atabilized by ....ns of. counterfort berm and by replac1Dc
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the sUde material in the hlchway _bank_nt with EPS (Yeh and Gilmore, in p..... ).

Another recently applied uptwetpt rut for .lope-fallure correction is

shredded waste rubber car and truck tirM. NMrly 300 million ti.... are discarded

annually in the United Statea, cnatinc a _jar eli.prAllI problem. Shredded tires

have a compacted dry uDit weJcbt of .bout 0.64 tIm] (Humphrey .nd Manion, in

press). About 580,000 .bNddeci tim were used as Ucbtweicbt fW in correction of

a landslide that oc~urred in 1811 In a b!Chway embankment on U. S. HiCbw.y 24 in

the State of OrelOn (Read and otben, 1881). The force drivtne the .lide was

considerably reduced by rep-ctne tbe .Ud. material with tbe UChtweicht .hredded

tire•.

FUTURE TRENDS AND NEEDS IN SLOPE STABILIZATION IN THE UNITED STATES

Research in analy.", desip, ..Qd construction of mMBurea for rockf.ll control

and soil retention will continue to provide new approaches to the development and

utilization of these slope-.tabWudon .y.t...... Particularly important Is tbe

continuing development of .tI'ODC, corroaion-....i.tant, economical t and

environmentally acceptable _tertala tbat can be uHd .. elealents in slope­

stabilization systems. In addition, further ......rch and development are needed on

Uchtweicht fill materiala to be UHd in repair of Ilopes or .. retention-Iyetem

backfill.
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ABSTRACT In view of the population explosion In the third world countries

and In the name of dewlopment. the hazard prone areas will continue

to be Inhabited leadlns to a heavy 1011 of life durlftl a dilUter. It appears

appropriate to embark upon a mltlsatlon prolfamme to reduce dama,e

to public utlllties and Ion of human life. The d....t ..r under examination

Is I"ound failure. Various forms of ...ound fanurel are clNllfied and

a link between environment delradatlon and sround failure. I. e.teblilhed.

The Indian scenario on environment de.....tlon, poulble IOlutlon .tratetle.

and hurdles are deacrlbecL A seneral mltlsatlon proafamme asalnat ma..

Found movement II outlined. finally. coet-effectlve .tnactural Iy.tem.

are described to min'mlze env.ronmental amqe and to dllCOW'lIe further

mass around mowment.

INTRODUCTION

The Bround fallure. ma}' be cla..merl a. (I) Settlement of Iroundi

(2) Loss of bearlns capacity; (3) Ma.. mowment of Ifound. Such failure'

occur In all cuuntrles uf the \vorld .nd cauae mammuth lou of life and

property. When such 'allurel occur In any third world country IUCh .s
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India, the loss of human lives is usually heavy. The reason Is that In

view of the population explosion and In the name of development even

the hazard prone areas are Inhabited. For example, In India, the hilly

regions are being utilised for construction of dams and hydroelectric

schemes for harnessing the power generation potential of rlvf'!rs. The

hill slopes are being utilised for ellploitation of forest produce; boosting

up of agricultural production; and construction of tourist complexes, defence

and communication facilities.

The economic exploitation of hills and associated construction

activities involve processes such as deforestation, graZing and may disrupt

the natural dralnagp system. several such man-made factors combine

with other nalural phenomena to cause environment degradation. Several

forms of ground failures Involving mass ground movement occur as 8 result

of this environment degradation. The debris produced by these cause

further environment degradation which In turn promotes further ground

failures.

The environmental degr8dation and maSS ground failures, thus, form

a cause-and-e ffect circular relationship. The goals of environment

rehabilitation and prevention of mass ground movement supplement one

anolher.

INDIAN SCENARIO OF' GROUND F'AlLURE PROBLEM

"Ihls problem Can best be described by concentrating on Himalayan

nlOuntain chain b('cause In addilioll tu several exclusive features the

associated mass ground movement problem there Is also unique.

EKtrenaes of Variation

• The- llimalarnn ,nnUlltnln e1mln Il' til<' tullest 111 tilt· world nmJ its
sweep covers an area of about half a million square kllometf"n.
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• Its geology is young and Immature which Is In a state of continuous
dynamic modification.

• l11e rainfall is of the order of several meters In some parts while
It is less than 10 ems. In some other paru.

• The temperature varies from about 300 C In summer to as low aa
-43°C In wi ntN.

• The ve~etation cover varies from very thick at the lower reaches
to practically none at hllher altitude.

• Earthquakes measuring upto 8.5 on Richter scale have been recorded.

• llte size of population which depends on Himalayas for their survival
and growth is far more than the total population of several countries.

Hu.... factor

lhe lIimalaya Is the birthplace of several mllhty rivera which should

have been source of water supply, Irrllatlon, hydroelectricity and other

natural resources. But unplanned and reckless human activities have turned

them into threats to stability of hills aa well a. to survival of rich and

fertile farmland which may be located thousands of kilometer away. It

Is generally believed that landslides Invariably take place following heavy

and prolonged rains. However, al pointed out by Bhandari (1987), "to

name rainfall as the 'cause' would be as wronl al blamlnl the dynamite

that rocked the building al the cause although the dynamite. the fuse,

the match and the man behind the bl.lt mUit all share the blame

as Copartners".

GeaI......1c factor

A significant and strategically important factor II that Himalayas

are shared by several countries-India, Nepal, Ilhutan, China, Durma and

Bangladesh. It so happens that the cause or a problem lies in one country

whUe Its consequences are faced by another. lye. (1985) hal illustrated

this point beautifully as followa: "Nepal continues to e.cport to India

a'ld U8"11adesh in ever inerea,'", quantity the one commodity (top 1Oil)

which it cannot afford to trade & the one commodity at least In that

m.,tk· (If dcllvl'ry thilt tht· ft.oclp"-n,. ,'unnul urrurd 10 rl.'<:t.'ivc".



NEED FOR ENVIRONMENTAL REGENERATION

("he stability of Himalayan ecosystem Is of great Importance In the

economy of the nation and so Is Its exploitation. These two ollposite

views call for striking a balance which has so far been missing.

Unless the present altitude changes, many hilly regions of the world

shall become graveyard of the environment. Lampe U982) states It as

follows: • wi thout the joint efforts of all responsible groups many mountain

areas of the wClrld will be rememl>eretl in the hIstory of twentieth century

tJecause they became man-made deserts".

•
•
•
•

•
•
•
•
•

The followlna stratelles have been recommended. S1nah (1915):

Identification of geodynamically and environmentally vulnerable areas.

Control of human Intervention through multi-layered checks.

Multiple options with implications and cost Instead of present single
option approach.

Participation of local people In the process of evolVing and evaluation
of these options to ensur~ social acceptability.

f.ducatlon of local people to create awareness. to Infuse confidence,
to establish faith and to replace helplessness with optimism.

Legislation against dumping of debris on hili slopes.

Legislation against mining in sensitive areas.

Inclusion of cost of environment rehabilitation In the cost-benefit
analysis of hili area projects.

Development of a body of professionally competent consultants
Independent of vested Interests as well as bureaucratic pressure to
monitor ~nd provide data for long-term planning without causing
ecological Instability.

HURDLES AND CONSTRAINTS IN INDIAN CONDITIONS

The adoption and implementation of these recommendations are not

as simple and straight forward as It may appear. The followln. constraints

may have to be overcome :



•

•

•

•

•
•
•
•

•
•
•
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Ilullt'Sly of poor peuple can bf' bought at a small price so that any
legislation may never become fully effective.

Most of the things are made to work perfectly only during 8
(lI~nitary's vi~it. It creates a false Impression 85 though the things
are always the same.

The slo~an of environment protection Is used for lalning popularity,
vute catching and for winning elections.

The economic viability of any project is measured on a short term
basis.

As a C<Insequence of the above, the available funds are utilised In
solving 'more important and more Immediate problems'.

In a seniority oriented system the expertise of a person Is judged
by his rank alone.

The technical pxperts are often allured by the prospects uf 8 foreign
visit and salaries In foreiRn currency.
h Is not uncommon to find technical experts who adopt a negative
approach and criticize everything.

In the absence of a strict and honest supervision, the Implel1'l "ntatlon
of various remedial measures are faulty.

The maintenance Is virtually non existent and unreliable.

The instruments deployed for monitoring either malfunction or fall
to function at all. An automatic and remote monllorlng is hampered
due to frequent breakdown in power supply and severe voltage
fluctuations.

A GENERAL MI11<iATION PROGRAMME

It Is se('n that the problems of environment rehabilltataon and ground

failure prevention are complex and throw open 8 challanle to the

engineering profession.

It Is generally believed that the mitigation programrrle against mass

ground movement requires colossal amount of money. Such 8 belief Is

erroneous because the damage to environment can also be evaluated In

monetary terms. This damage has been accumulating over the number

of years and shall cont inue to accumulate further unless It Is stopped.

Coordination, planning, cooperation and strict as well as rigid monltorlnl

of the mltlg&lion schemes are the essential ingradlents for their effective

Imph'mf>nt ot ion.
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Enginccring aSIJCcl~ may l>c subdivided Illto pre-failure mitigation

programme consisting of preventive measures and post-failure programme

consisting of correct Ive measures. Both preventive and corrective measures

are equally Important. However, preventive measures may be adopted

in the future activities only. The el(isting construction can only be

strf>ngthened as a part of corrective measures.

A typical mitigation programme against ground failures may consIst

of the following steps.

• 5t udy of IItt'rature and past records
• Risk calculation
• Determination of geological conditions
• Evaluation of geotechnical parameters
• Symptom analysis and diagnosis
• Evaluation of preventive/corrective measures
• Implementation and monitorIng of mitigation measures
• Documentation for future reference

Through the study of published literature, the following conditions

are found to favour and promote ground failures. These may be used

in the symptom analysis and diagnosis.

• Discontinuities dipping down the slope
• Alternate soft and hard rock formations
• Loss of strength on saturation
• Alternate permeable and impermeable beds
• Blocked drainage and accumulation of water
• High horizontal component of initial stress field.

STRUCTURAL SYSTEM TO CHECK GROUND MOVEMENT

A large number of prcventive!corrective methods are available which

have been tried and found to be successful to various degrees. Quite

a few of these have been modi fled to suit local conditions In India,

particularly the cost. An inventory Is given by Bhandari (987). The

aim of these cust effective measures Is to organize the construction

activities to minimize damage to the environment and to discourage further

mass ground movement. The cost-effectiveness Is ensured by using debris

flf hill lire'" COllst rtll"lIUII LIS IIII' ('(lIlstru<:t1f11l IlHllI·rllll.
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Organised Dumplns of Debris AIOOI Hill Slopes

The debris produced In cutting of hili slopes Is usually allowed to

roll down the slopes. This mode of debris disposal callse~ environmental

degradation. lllis practice may be banned but It will add significantly

to the cost of hill road construction. It may be possible to seek 8

compromise by constructing icelands of debris along the hilI roads 8S shown

in fig. I. The weight of the debris deposited adds to the stability of

slope and the debris Is always available for aggregate production and

recycling.

Improved Construction of Orum I~etalnlng Wan

An Ingenious way of utilizing empty bitumen drums and the debris

to construct a retaining wall was proposed by Bhandari (1988). Some

modifications to make the drum wall more rigid and stable against sliding

are proposed as illustrated in Fig. 2.

The above proposals are In conceptual form as field trials are stili

awaited. In both of these proposals, the debris produced by slope cutting

Is the chief construction material. Its proper utilization ensures that

It Is no longer available to cause environment damage.

REFERENCES
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I.COIID VI-AlIA CQU'D8IfC8 a.
ENGINEERING roa MrI'IGATING NAnJaAL ILUdDS DAMAGE

Yogyebrtli. Indon•••
22·21 June 1112

MECHANICALLY STABILIZED EARTH (MSE) FOR MInOAnON OF
EMBANKMENT FAILURES

D.T. 8erpdo. H.O. Abierl and M.e. AIf.,o
Division of Geotechnical end Tr8ftSPOtt.tion EnginHma

Aliln Inatitute of TechnoIoQv
Bangkok. Thailand

ABSTRACT: Mechanically stabilized earth (MSE) consists of
inserting tensile resistant aaterials in coapacted 80il
aaterials to iaprove its aechanical properti.s. This study
investigated the .echanis.s involved in KSE construction
with both extensible and inextensible reinrorceaents using
laboratory direct shear and pullout tests. It wa. tound that
,rid reintorce.ents aade of 1/2" dia.eter Iteel bare lener­
ated the highest pullout capacity while Tenlar SS2 arid hal
the least. The test results were applied to an e.bank.ent
adjacent to canal excavation. The presence ot tenlion crackl
in the ••bank.ent and the lowering ot water level in the
canal proved to be critical tor the stability ot the e.bank­
.ent. A layer of either 1/4" or 1/2" Ite.l arid r.intorc.­
aenta or 2 layers ot Tenlar SR80 arids or Ba.boo ,rids are
needed tor stability purp~,e. during crltical period••

The .ain r~undatlon proble, tor eabank.ent conatruction
in the Chao Phraya Central Pl.~n or Thailand is the prea.nc.
ot thick and aott clay deposj.ts which vill lead to con.oll­
dation .ettle.ents and slope instability. ThuI, the ••bank­
.entl cannot be constructed very high and the e.bank.enta
are uaually constructed vith very tlat slope. or ber.s (Fi,.
1a). A aore econoaic solution can be achieved by using a
ba.al layer ot geogrid reinfcrce.ents (.ade or ba.boo,
at.el, or poly.er .aterial.). placed over the orilinal
Iround betore placine the eabank.ent fl11 (ril. 1b). It
correctly d.aiened and inatalled. the reintorce.ent will
i.part tenaile atrength to the base of the fill, thereby.
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Fie. 1 Embankm.nts over soft ground
a) witb b.r•• ; b) with eeot.xtil•• r.inforc•••nt

lat.ral spreadine, rotational failure or .xtru.ion or tbe
underlyine soft eround are minimized. In addition, .incI tbe
cost or granular and ideal material i. very bieb, local
.at.rials exc.v.ted n•• r the site .re u.u~lly utilized for
con.truction. Henc., c.nal exc.vations .re usually located
n.ar ••rth emb.nk••nt constructions. For .uch kind or .itu.­
tion, l.teral .pr••dine of embank.ent. towards .xcav.tion•
• nd .ub.equent ••bank••nt stability failure••re tbe bi,ee.t
conc.rn••

U.ually tor e.bank.ent construction, tb. factor or
.arety against slope in.tability is quite low. Mor.ov.r, in
c•••• wberein eabank••nt cracks occurred due to tbe lateral
.pr.adine and .ub••qu.ntly rill.d with rain w.t.r, the
••b.nk••nt will r ••ch critical condition. It i. the al. of
thi•• tudy to inv•• ti,at. and apply tb. u•• or ••chanicallr
.tabilis.d .arth (MSI) ••bankment u.ine er~d reinforc•••nt.
to r ••edy .nd .itieat. the probl••• M.chanical .tabilisation
by reinforce.ent. allows ror steeper .lop•• and con••qu.nt
.avines in volu.e and co.t or e.bank.ent rill .at.rial•• Tb •
• avin,. in the co.t. ot backrill .ay exce.d the co.t. of
reinforcing mat.rial ••

Two .alter'. tb •••• rese.rches have b••n done r.c.ntly
with topics directly r.l.ted to the .olution. or the dike
instability probl•••• One research concerned partlr with the
evaluation or in-.itu prop.rti•• of the .ub.oil at the
Banepa1n eite (Cb.n, 1991) and the otber conc.rned witb tb.
pullout capacit, or ateel, ba.boo, and Ten.ar ,rid. rein­
torc•••nt. us1ne .urrace depo.it. of tbe w.atbered clar a.
backtill •• terial. (Abiera, 1991).

M.C.'IIClLLY 8~lBILIZID Ill~. (M81) "Bl.KKI.~8

Mecbanicall, .tabilized ea~~~ (MSE) i. tor.ed bT In•• rt­
inK reinforce.ent which is strong in tension into co.pacted
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Fig. 2 Illustration shoving the use of reinrorce.ent
on elDbank.ents

earth aass which is strong in co.pression forming a strong
and semi-rigid composite aaterial. The tension in the rein­
rorce.ent is IDobilized by the interaction between the rein­
forcement and the backfill soil in the fora o~ friction and
bearing resistances. MSE e.bankaents can be used in conjunc­
tion with low cost, poor quality backfill aaterials. More­
over, in this construction, locally available and cohesive
backfill .aterials together with light construction equip~

.ents can be used to reduce overall construction costs.

For an e.bankment on sort ground, the reinforce.ant it
the MSE construction is only required to aaintain stability
during construction and during consolidation of tha soft
subsoil until the shearing resistance of the foundation .oil
has increased sufficiently to .aint.in stability without the
additional benefit of the reinforceaent (Fig. 2a,b). Figure
J su••arizes the .echanics of reinforced e.bank.ent on .oft
ground. The reinforce.ent hold the outward thru8t of the
e.bank.ent fill 1n equilibriu. with the ten.ile force.. The
reinforce.ent also restrain the surface or the foundation
80il against lateral displace.ent. Thus, not only lateral
spr.ading is prevented but also the .lope stability and
bearing capacity is increa.ed.

SlMPLIIG. fZSfIIG liD SOIL PROPILZ

The testing and .a.pling site. were located in Bangpain
Industrial Estate. The Bangpain Indu.trial Estate is located
about 15 k. north ot AIT Ca.pus along Highway Ro. 308. The
AIT Ca.pus is located 42 ka north of Bangkok Metropolis. The
"undisturbed" .a.ple. were obtained by thin-walled Shelby
tube .a.plers in conjunction with the wa.h boring drillinl
technique. The .a.pling was done at depth. of 0.50 • to 8.0
•• After .a.pling, the Shelby tube. were .e.led with paraf­
rin wax and stored in th~ .oist roo. at AIT Soil tabor.tor,.
The Iroundwat~r level was round to be at 0.50 • depth
(Dece.ber, 1 qqo) •
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The disturbed weathered clay sa.ple~ tro. Banlpain Site
were al.o collected for tests as backfill .aterial. in
.echanically stabilized earth (MSE) construction. Thia
weathered clay soils at the site were generally reddiab­
brown in color. It was excavated fro. 0.50 • to 1.50 • depth
adjacent to the existing embankments. These weathered clay
soils were used as backfill soils or construction .at.rial.
for the embankments.

Laboratory tests were performed on the "undiaturbed"
samples consisting of consolidation teeta, uncontined co.­
pression and triaxial CIU tests as well as index and classi­
fication tests. The disturbed weathered clay .peci ••na were
subjected to index and classification teats, co.paction
tests, direct shear tests, and pullout t.at.. Detail. or
pullout test using grid reinforce.ents with lov-quality
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backfill aoils have been publiahed ela.where (Bergado et aI,
1992). The epeci.ena of the reinforce.ents consisted ot
ba.boo, tensar, and steel grids were used in the pullout
t.ltS. The in-situ tests consisted of field yane shear
tests, screw plate tests, and pressure.eter tests. Theae
tests were .ade to obtain the comprea.ibility an~ atrength
characteristics of the subsoil at in-situ conditions.

The subsoil profile together with the index soil proper­
ties are shown in Fig. 4. It can be seen that the lubsoil
consists of an uppermost 1.0 m thick weathered clay under­
lain by a 5.0 • thick very soft to soft clay and then under­
lain further by a stiff clarlayer. The undrained shear
strength vith depth obtained fro. the different laboratory
and field tests is also given in Fig. 4. Some typical load­
displacement curves from pullout tests using ba.boo, Tensar,
and steel grids reinforcements is shown in Fig. 5. Subse­
quently, the relationship between the total pullout resist­
ance and effective overburden pressure vere co.puted and
plotted in Fig. 6.
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SLOPI SY'BILItY '.'LYSIS OF UWIKPROYBD "B'IKMBlt

Slope stability analy.e. u.ing .icro-coaputer software.
58-SLOPE. have been done based on the existing geoaetries
(see Fig. 7) or the uniaproved e.bankaent. the conditions or
each case are described below:
1) The depth or canal excavation is J.O. and the water

level in the canal at 1.0 a above the botto. of the
canal. There is high water level behind the dike eabank­
.ent such that the phreatic surface is 1.0 a below the
top of the embank.ent. In this case. the lowest factor or
safety is round to be 1.20.

2) The geo.etries and boundary conditions are the saa. as
case 1. except that the water level in the canal excava­
tion is 2.0 • above the canal botto.. The resulting
rae tor or sarety was higher than case 1 as expected.

J) The depth or canal is 3.0 • and the water level is at 2.0
• above the canal botto•• The phreatic surrace is located
at the natural ground surface. There is tension crack in
the eabank.ent down to 2.0 a depth. The factor of safety
was co.puted as 1.11.

4) The sa.e condition as case 3, except that the water level
in the canal is lowered to 1.0 • above the canal bottom
and the phreatic line is loc.ted 1.0 • below the natural
ground. The factor of sarety decreased a. expected to
failure conditions.

5) The s.ae conditions as case J. except that the canal
dry and the phreatic line is located at 2.0 below
natural ground. This ti.e the factor of safety is
which il failure condition (Ie. Fig. 7).

Thus, both conditions such as the presence or tenlion cracks
in the eabankaent and the lowering or the water level in the
canal excavation can have a" devastating erfect on the sta­
bility of the dike e.bankaents.

SLOPI StABILIty or IKPROYID IMB'IKHBlt

I.proved e.bank.ents in this case aean. aechanically
stabilized earth (MSE) eabank.ents using grid reinforce­
.enta. Two eSlential casel were considered na.ely: one layer
and two layers (Fig. S") reinforce.ents. The reinforce.ents
used in the analyses consilt or steel, ba.boo and Tensar
grids. The results or the slope stability analysis or the
i.proved e.bank.ents are liven in Table 1. As Ihown, the
factor of safety of the uni.proved ••bank.ent is at failure
condition at 1.01. In contrast. the values of the ractor. of
safet7 for the i.proved ••bank.ent bave increased to safe
levels. As expected, the 2 layer reintorce.ent yielded
higher ractor. or sarety. Also a. expected rro. the pullout
capacity. the steel grid. aade of 1/2" welded steel bars
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Fig. 7 Slope Itab11ity analyl11 or un1.proved eabank.ent
(cue 5)

TABLE 1 SUMMARY OF FACTOR OF SAFETY OF IMPROVED EMBANKME.!

Reinforcement . Factor of Salety
1 Layer 2 Layers

St.Ml (1W) 1.• 1,435

Steel (1 J2") 1.334 1,4Q9

B-.nboo (2 em) 1.225 1.•
Banbco (4 em) 1.2"3 1,340

T.".. (SA8O) 1.Zi18 1,3QlJ

T."... (982) 1.218 U8'

FIICtOr of S!!ty wIhout Reirtforwment • '.01
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Flg. 8 Layout of two layers ot grld reinforce.ent.

ylelded the highe8t factor of sarety. The lovest factor or
.arety resulted fro. the use of Tenlar SS2 geogrid as ex­
pected. Thi. reinforce.ent is the v.akest. Rowever, all
reinforce.ent. being analyzed resulted in i.proving the
factors of .afety to oafe levels.

Fro. the results of this study, the folloving conclu­
slon. can be made:
1) The occurrence of tension crackl In the e.bank.ent,

coupled with the lowering or vater In the adjacent canal
1s critical for the stability condition. or the dike
e.bank.ents.

2) The use of .echanically atabilized earth (M5E) e.bank.ent
significantl] increased the stability of e.bank.ents on
loft ground 8specially near excavation••

3) One layer of .teel grid reinforce••nt. conliltlng or 1/4­
or 1/2" diameter and 6"x9" •••h Ii •• 11 lufticient to
atabilize the e.bank.entl. Two lay.rl of either ba.boo
grid. or Tensar SR80 grids are needed tor ••bank.ent
atabili ty.

Abiera, R.O. (1991). Mechanieally Stabill••d Earth
Tens.r, Ba.boo and Steel Grld Reintorc •••nt. vith
ered Bangkok Clay as Backtill, M. Enc. Thelia,
Institute of Technology, Bangkok, Thailand.

aergado, D.T., Lo, It.H., Chai, J.e., Shivalhankar, R.,
Altaro, M.C. and Anderlon, L.R. (1992). Pullout Telt_
Usin, Steel Grids with Low-Quality Backtill, ASCI GID J.,
Vol. 118. No.7, July 1992.

Chen, C.T. (1991). Characteristici ot Weath~red Banckok Clay
Usin, In-Situ te.tl Related to D.11,n ot Sand Co.pact1on
Pile., M. Eng. Th.eil, Allan Inltitute of T.chnoloC1,
Ban,kok. Thailand.
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SECOND US-ASIA CONFERENCE ON
ENGINEERING FOR MITIGATING NATURAL HAZARDS DAPoIi\Gl

Yogyakarta. Indonesia

22·26 June 1992

PREDICTION AND MAPPING OF LANDSLIDE HAZARDS

Tien H. Wu
Dept. of Civil Engineering

Ohio State University
Columbus. Ohio 43210 USA

A8S'I'RAC!" fte paper outlines a ..tbodology for prediction and

_ppinq of landalide beaarcS in ahallow soils on hillaide alopea.

Tbe principal steps are _tl_tion of infiltration and

grounclvaur ~poJWe, _ti_tion of failure probability, _ppinq

and updating with re.ulta of landslide inventory.

III'1'ROOUCTIOII

Landali.. oonatitute one of the _jor natural baa... tbatca.... loa__ in li'Yea and property. Aa a C)eReral principle, tba

choice ImOIMJ diff....t ~nt or aitiCJ8tion optiaa.,
including avoidance, nacuation, repairw or atabiliaation,

stiould be baaed on cost, Which should include the direct or
initial coat, such a. construction or reaoval, and the costs of

loat opportunity and of potential failures. Beeauae future
events cannot be forecaat with certainty, aanage.ent decisions

are _de under conditions of uncertainty and with incoaplete
inforaation. In pobabili.tic decision theory, the optiaua choice

ia the option with ainiaUil expected cost. Expected cost is
defined aa

B [Cl • Co + P,

where Co - initial cost,
consequence or cost of

C, [1)

P, • prObability of failure,
failure, Which can inclUde

and C, •
lc.t of
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opportunity. In aany pUblications, p. is also called hazard and

R .. P, C, [2]

is called risk.

Hazard prediction and .apping is the first step in
aitigation. After the zones of different hazards and risks have
been identified, various processes for .itiCjation can be
considered. This paper focuses on hazard prediction;
technoloqies for aitigation and costs are not covered.

The tenD landslide includes all aass IIOveaents of soil and
rock that occur on slopes. This paper d••cribes .ethodoloqy for
landslide. induced by high parewater pressure in shallow .oils
on hillside slopes. According to the principle of effective
stress, increase 1n porepressure reduce. the effective stress in
the soil and and reduces the shear strength of the soil. Shear
failure occurs when the shear strength is reduced to the
critical value required for liJllitinq equilibriua. Hence, in
huaid reqions with seasons of heavy precipitation, the fir.t
task in landslide hazard predietion is prediction of the
porepre••ure re.ponse to precipation.

PREDICTION OF PORBPRBSSURE

Prediction of porepres.ure includ.. .valu.tinq the
precl~ltatlon and sftOWllelt, por_pressure r"ponae to
infiltration, .nd slope st.bility. SOurc.. of intoraation
inclUCSe .oil survey reports, q801OCJic.1 upa, .nd judcJ nt and
opinions d.rived froa field surveys and in-situ ....ur nts.
Three lavals of hazard prediction are _de. The first i. baaees
only on averaga conditions for a r8CJion and us.s objectiva
intorwation derived fro. aapa and reports. The second lev.l 1.
a .edification to account for spatial variations in properti••
and conditions. ~ervations on ..~erials of aiailar 9801091cal
ori91n and experiences within the reqion under .tudy are u.ed
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to derived the parame~ers. The third level introduces fea~ures

observed in field inspection in specified locationss wi~hin the
region. Predictions at each level is made with inputs, whose

..an reflects the best estimate, without incorporating
conservatisa, and whose variance represents the engineer's

uncertainty.

Average Conditions Several models of infiltration and
groundwater flow are available (Beven,1981.Sloan and

Moore, 1984 ,O'Loughlin,1986, among others). We have used the
kin.aatic storage model with a component for infiltration

through the unsaturated zone (Reddi and WU, 1991) su..arized in
Appendix A. This is used to compute the groundwater response

under average site COnditions, which denote the average values
of slope (a), catchment shape (8), soil thickness (D), and

storage coefficient (e), and permeability (K), that are given in
soil survey reports. These conditions represent the best

infonaation available in the absence of specific site
investigation. This may be considered as the reference state and

serves as an indicator of the groundwater level in a slope.

Because the lumped parameter solution assumes a simplified

qroundwater profile, a better estimate of the gropundwater
profile is obtained by calculating t.he sat:ura~ed flow by the
finite difference SOlution (Lee, 1986). This is used to identify
the zone of high groundwater level within a basin.

Local Variations The second level is an investigation of

the effect of local variations in site conditions on the
groundwater response. Local variations in bedrock slope, soil

thickne.s, and soil properties are introduced into a finite
difference analysis (Lee and Nu, 1987). The spatial variations

or departure fro. the aean trend can be expressed as a varianc.
Var [.] and a correlation distance, 6 (Vanaarck.,19??). The
..asures of local variations are estimated fro. available data
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fro_ other sites plus observations in the reqion under study.
The effects are added to the reference state.

Geological Anoaalies In the third level effects of
geological ano..lies on groundwater response ia investigated by

the finite eleaent aethod. Geological anoulies include all
geolO9ic reatur.s in the region that depart fro. the reference
state. These include presence of weathered zone in bedrock,
joints in bedrock, perviou8 inclusions in 80il layer. This is
derived fro.' Observations of geolO9y, slope, and soil
characteristics aade in the field. The effects are also added to
the reterence state. The three levels represent progressive
refine..nts in the estiaation of groundwater response.

LANDSLIDE HAZARD MAPS

Landslide hazard is expressed as
P, • P [ II" > He ] [ 3 )

where H.,= height of groundwater level, (Fig.A.l), He. critical
groundvarter level required to produce a slope failure. The
value of Ho is deterained by a stability analysis for an infinite
slope. Uncertainties about input and .cdel error are represented
by Ni for the i th source. Then

p,.. P [ H H.. > H. ) [4 ]

where Han Hi. The effect of local variations and of geologic
ano_alies are treated in the sa.. aanner.

A landslide hazard aap shows the region within which P,
falls in a certain range during a stora of given aaqnitude. Fig.
I is an Ixaaple of a landslide hazard aap for Focus Township, in
the Cascades Mountains of Washinqton, constructed froa average
site conditions. The shaded areas repre.ent a failure
probability 0.1 under a 10 year .tora. This aay be considered
a "Cro-aap as it represents site conditions averaCJ8d over a
larCJe are. (10 kill •• PiCJ.2 ahowe the variation of H" within a
catchaent, which aay be a portion of a slope. This is used to
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construct a .icro-..p, that covers an area of (!)o.)a, ancl .erv••
to indicate location. on a slope or within a catehMnt where
failure. are aost likely to occur. Local variations and
CJeolOCJical anoaaUe. can be introduced into either the ..cro or
.lcro ..ps deperidll'l9 on the scale of the variations and
anOlllllles.
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It.. qeoqrapbic inforution systea (GIS) is used to construct

the various _ps. The GIS is used to identify areas where
collbinations of input para..ters (slope, soil depth, etc.) would

result in failure probabilities, p. < 0.01, O.l,etc.

UPDATING

The coaputed hazard (PiC).1) i8 co.pared with the results ot
landslide inventory, in which landslides are identified froa air

photos and aite' inspection. The results of the landslide survey
is used to update the coaputed. bazard by ..ans of Bayes' Theor••

1-' l Z le-a d t l a-a zJ
t [ e liZ J - tP [ Z 16-G.J t [ e.G d [5 )

Where z "" observed outeoae • failure or no failut"e and e ..
paraa.ter used in the prediction aodel. P( zl 8] .. the likelihood

function

Where z, • observation in area j of region 1, where the inventory

is _de. The Updated para..ter e aay be considered to be

calibrated against the obaervations in Pocus TOVJ"ship and _y be

used to extend the hazard ..p to reqions outside of Focus
Township, provided the site conditions are siallar.

SUMMARY AND CONCLUSIONS

The ..tho~oIOCJY for prediction and _ppinq of lands11de

hazard considers uncertainties abOut the input para..ters to the

infiltration and groundwater .adel and the slope stabilit.y

-adele It incorporates data fro. pubished sources and site
investigations. SUbjective opinions can be included and updating

can be asde after landslide inventori.s.
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APParDIX. TID WllPBD PARMETER MODEL .

Th. luaped par._ter .act.l of RedeSi anet Wu (1991) couid.r.
infiltration thl'OQ(Jh t:be unsaturated zon., riq.A.1a, and the
elrain.q. by qravity flaw in th••atur.ted zon., riq.A.2b. Th.

90v.rninq equations for infiltration .r.:
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vj-l, v, - velocity at the top and botto. of the 1 th layer (Fiq.

A.l), q - rainfall Be - equilibriua evapotranspiration, K • a
coefficient , K • p8raeability coefficient, e - volu..tric
aoisture content, ed - drainable voluaetric water content, i ­
infiltration into vhe aaturated zone. The drainaqe rate i.

where K. - saturated peraeability. The qroundwater level at ti..
1 is

2 L 16 t
Led' vza [A e,]

Froll this,

where

~. L. t:l-TT;J fA 7)

For ...11 values of v or i ,

hd-h8 216t (A 81
11 ... DOd

(b)

-
(a)

FiS. A.I. Kineaatic Storase Hodel
•• •
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ABSTRACT A simple and systematic technique for hazard and risk wessment It the pre­

feasibility and feasibility stage of an infrastructural project, such as roads and canals in the

mountain terrain, is a first step towards engineering for mitigation of natural hazards

influencing the road or canal. Roads in the mountainous region of Nepal have indicated thai

traditional engineering in planning and design of roads result in (i) either very expensive

rehabilitations from frequent failures, or (ii) massive enviromenw deterioration from

indiscriminate slide clearance, hill cutting, and spoils disposal due to c:osI and time

constraints. Mountain Risk Engineering concepts and methods developed and applied 10 far

have been presenled with examples in Nepal.

INTRODUCTION

Traditional civil engineering is oriented to plain areas and transported 1Oi1. IIId its

aprIieation to mountainous areas tends to overlook mountain spec:ifities e.l. reaidUII 1Oil',

colluvium, rock types and structures, runoff and infiltration effects on the Sllbility of Ilopa,

uncertainties 0( behaviour of young rivers and streams, landslide daming, debris flow and

mud flow, and land UIC and climate variability. The dynamin nature of mountain morphoIaay

and the spIIia1 variability of the rock and soil propenies render the reliability of enaineerin&
desiln and analysis under static conditions and limited space domain highly questionable. A.

combination of engineerina-geololical, geotechnical, enviromenw, and ec:oaomic

investiplions and analysis is essential for a sound engineerinl \)f infrutruetura in the

mountains.

Mountains in Nepali range frum 4000 Ie.... to 29000 feet in altilude. and hi,hl,

erodible ancI,eoIocically active Siwaliks in the south to snow coveraS musive rock peaks
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in the high Himalaya in the north. Infrastructures necessary for growing human activities

must rely on either the sophisticated technologies and consequently high capital investmenu,

or optimum utilization ot intermontane valleys, river terraces, and slopes with relatively

higher stability. High initial investment is rarely possible for developing countries.

Combination of avoidance and physical mitigations shoul lead to an effective investment

strategies. This is possible only through the assessment of hazards, risks, and life cycle costs

and benefits.

MOUNTAIN RISK ENGINEERING (MRE)

MRE is defined as science and art ol.:ngineering mountain infrastructures ..ith due

regard to natural and human processes, and the tolerable risks to and from infrastructuresl
•

Risk assessment has benn treated di flcrently by different persons or agencies.

Geotechnical Control Office. Hong Kong has expressed hazards and risks in terms of

instability score (potential for failure) andcol1scquential score (risk to life in the event of

failure) respectively based upon formulae dc\dopcd from discussions and calibrations from

trial and error method'. Slope ranking was done using total score which is a sum of

instability score and consequence score. ROl11ana has suggested slope classification by SMR

(slope mass rating) based on empirical relationships] which involve Bieniawski's rock mass

rating and adjustment factors for dip direction and dip amount for slope and joint, and

adjustment rating for method of blasting. Wagner A. has utilized subjective ratings for

various natural factors, Hazard map is produced through overlaying of slope map, gcological

map, and morpho-structural map. Thl.'\l' IlIl'thoJ) or maps provide indication or relati\le

hazards but is silent on prediction of both ph) sical or monetary loss and the time dimension

of the occurrence of the damaging phCIlOIllCn<ll, Ein~tein H. has suggested a systematic and

formalized technique uf r.sk assesSllll:nt utlllZIl1g a'isesments of probabilitie~. Expert sySCCm

for hazard and risk assessment ha) been proposed by Thapa 8. et.aI '. All of these

techniques, however, utilize, at varying degree), cx.perience based subjective jud,crnenU to

arri\le cllplicity and implicity at thl' probabililic~ of occurrl:nce or rating. While it is possible

to treat a liven site within small areas with rigorous engineering-gcological investiptions,

facld and laboratory tests, and deterministic and relative hazard and risks analysis, these are

justified for impcmant and high co)t ,lnll'lIlrc, ;,1 iI SIl\:cilk site and normally at the detailed

desiCn staae (post feasibility stage) of a projl'~t. Linear infrastructures such as roads and
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irrigation canals, however, do not normall y justify rigorous investigations and analysis for

the reason of both costs and time at the prefeasibility stage and often at the feasibility staae

too of project cycle. Investment decisions at prefeasibility and feasibility stage, nevertheless,

require some indication of the likelihood of occurence of the damaging phenomenon and

associated loss of life and property over spccilied time periods. A comprehensive, simple,

and rapid assessments based upon desk study and walkover checks is necessary for the pre­

feasibility dan feasibility studies which would then, identify specific locations requiring

rigorous investigations and analysis for the detailed design stage of the route identified from

the feasibility studies.

HAZARD AND RISK ASSESSMENT

Risk, as defined by Varnes, is a fUllction of hazard, element at risk, and vulnerability.

H. Einstein defines Hazard as N the probability that a particular danger occurs within a given

periode of time • and risk as N hazard times potential worth of loss.·

Risk assessment discussed here utilizes the formal risk assessment procedure followed

by Einstein except for the assessment of probabilities.

The method outlined in this paper is intended for route selection so that risk

mitigation is primarily through avoidance of risks, and the residual risks are minimized by

adoption of physical mitigation measures within the limits of resource availability and

analysis period. For simplicity, only one time occurrence of hazard immediately after the

construction of the structure is considered. Posterior probabilities requires updatin, such u

Bayesian updating which requires m~ny more statistics. Rainfall amd earthquake arc

assumedto be the main triggers of landslides. However, earthquake has not been consideml

in the method outlined here. Prior probabilities are obtained by ratings from 0 to I scale for

various attributes existing and multiplying th~ total rating by rainfall factor. This is based

upon the assumption that no matter what~ver is the existing condition, landslide do not occur

if there is no trigger. The total rating for the state of nature and the existing danger may be

treated u the probabiiity for a threshold value of rainfall.

State of nature is the description of the existing conditions in otherwise stable areas

and danger is the existing landslide or mass movements. Table I presents an example of

subjective ratings for hazard at thrcshulu valm: uf rainfall fur the state of nature. Hazard for
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lower values of rainfall shall be obtained by multiplying this value by lower values (010 1

scale) for rainfall. Type of likely failure has to be judged from information on the state-of­

nature and danger such as depth of soil, rock type and structure, ground water table, and

type of existing failure. Hazard for dangers (existing failures) is treated as one for rainfall

at the threshold value, and is equal to Ps+ (I-lis) x Rainfall factor. Risk is obtained by

multiplying the hazard by the lengllt of road likely to be affected times the damage factor

(percent of mad likely to be fully damaged. should the likely danger occur).

MRE APPLICATIONS IN NEPAL

Route selection based upon relative ha/ard assessment involving preparation of slope

map, geological map, and morpho-structural lIlap started since IQ85 in Nepal. Hazard and

risk assessment at the pre-feasibility alld fCil~lbiltty stlldies based on these informations have

been employed for about ten road projects 111 Nepal. International Center for Integrated

Mountain Development (ICJMOD) has prepared a three volume handbook on Mountain Risk

Engineering covering an awareness book. subject background in the first volume, and

application guide in the second volume. Use of MRE concepts and improvements on

comprehensive hazard and risk assesslIlent tl.'dllllljUCS are continually ongoing in the mountain

road projects. Institutionalization of f\lI~E approaches and practices for enviromenlally

sustainable infrastructures in the HlIll.JlI kll~h HlIllalaya countries is being facilitated by

ICIMOD.

EXAMPLE OF MOUNTAIN ROAD FAILURES IN NEPAL

Amiko Highway :

Glacial lake outburst flood in 1981 in Tibet resulted in complete washout of 26 kilometre of

the 114 kilometre loog Amiko Highway IlIlkmg Kathmandu with Chinese border near Khasa.

Rainfaal and floods in 1987 washed out 10 kilometre and damaged SO kilometre of this road

requiring 8.2 million US dollar for recomtruclions. landslide stabilization, and toe protections

of the river banks: the cost almost being equal to half the cost of new construction of the

road.

ymoMOau-Jjri Road :

Heavy moonsoon rainfall and clOlldbllr~1 \\;1\1\\.',1 out a bridge. lowered the Chemawati River
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bed by more than S metre, and triggered numerous landslide in the 2 kilometer road section

in the vicinity of the Chemawati River. Extensive investigations of landslides, design of

mitigatory measures, stabilization of the river bed. protection of river banks, and stabilization

of landslides affecting the road costed about 5 million US dollar, i.e. about 2S "of the total

cost of this 110 kilometre road in the MahabhOlrat range to Lesser Himalayan range north-~

of Kathmandu. Photos 1 and 2 illustrate th~ failures and the stabilization works.

Dharan-Dhankuta Road:

About 1 kilometre of a SO km double IOIn~ mall in cast~rn mountain region in Nepal was

completely washed out following rainfOlIi OInt! l'OIrthquake in 1987. Photo 3 shows the debris

flow damage in a section of this road.

Pokhara Road :
A 30 metre span plate girder bridge in the Kathmandu-Pokhara road (Prithvi Highway)

collapsed from undercutting by Seti River during 1991 moonsoon. Rehabilitation of this

bridge requires construction of a 150 metre single span new bridge. Besides, this event cast

a panic among the people of Pokhara t~rrtlce due to the likelihood of sink holes, and

subsidences from the caverns and tunnels formcu by subsurface flow, and by the Seti riber

flowing IS to 20 metre below the surfa<:l' through narrow gorges and appearing and

disappcarinj at intervals. Figures 2 to 4 and photos 4 to 7 show the failure mode, area

affected, and gcology. Preliminary engineering-geological investigations have indicated that

mapping of sink holes and caverns is requir~d for the entire Pokhara temce so that risk

based zonation and infrastructmal investment can be done without undue fear and

uncertainities in the people of PokharOl.

It is estimaled that, in Nepal. (i) 400 to 700 cU.m. of landslides occur per km per

year in the mountain roads, (ii) 3000 to 9000 Cli. In. of landslides occur per km every year

durine road constructions, and (iii) 10 to 25 per cent of mountain roads followina river are

completely washed out every 4 to 5 )'Cilrs.
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Fig. I Landslide Stlabiimtion By Counterfort Dn:ains ,TributQry Drains And
Rock Dowell
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Photo 1 River Bed Stabilization by Tetrapods

Photo 2 Stabilized Slope

Photo 3 Car Cought by Debris Flow
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SBCOND US-ASIA CONFlRlMCB ON
ENGINEERING FOR MITIGATING NATURAL HAZARDS DAMAGE

VogyakarU. lndoneN
22·26 June 1992

MONITORING OF BENDOWUlUH LANDSUDE
IN BANJARNEGAAA REGENCY. JAWA TENGAH

u. Sudaraono and S. KartOMmOdjo
Directorate of Enviromerul Geology

Bandung, Indonuil

ABSTRACT Bendowuluh landslide is one of abc landslide prone area in Banjamepn

Rcgcncy, Jawl Tcnph. The landslide COYCI'I an arcalbout ....000 m2
, 800 m long and 600 m

wide. The crown of the landslide i.located It the wCIIem slope of Plwinibaa ML aqd the toe is

situated at Simpar river.

The landslide area is built up by rocks of the Menwu Series which are overlain by

quarternary volcanic rocks. The Merawu Series consiIt of calcareous and marly cla)'llOna and

thc volcaniC rocb are made up of lava. breccia and lahar deposilS.

Since 1989, the Bendowuluh landslide has been monitored usinl eight monitorina poinla

which are measured &om fixed poinlS at Lumbuna ML The resultofmeasurement on 19911bowa

that the landslide bu moved the rocb horizontally a well a vaticlilly. The horizontal

movcmcnl ranae from 0.02 meter to 0.60 meter to IbcsoulWeatem direction aod Ibc va1ic:aI

movemenl varia between - 0.17 meter and -1.41 meters.

In order 10 study the movement of the landslide, in 1991, eight new points wac added
and fixed points at Bondan MtL was atablished.

INTRODUcnON

The Bendowuluh landslide is nnc of the landllidc-prone areas in Banjarilcpra Rcpaq,
Central Java. The landslide is situated near the: Bcndowuluh Villa,c, Banjarm..... District which
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is localed some 10 Un to the northwest of Banjarnegan (Fig 1). Thillancblide covers an area

of about 480,000 m2, 800 melel'llong and 600 meten wide.

The Bendowuluh landslide has caused damage on rice fields, fanollnds, pine forest Ind

cuts the road between Banjarmangu and Kalibenina which makes it nccceuary to repair thil

road every year.

In order to understand the factors that generates the recurring landslides in this Irel,

especially the rate and the direction of movement, the change of the slope, the elcvation and the

depth of the slip surface, in this Irel eight monitoring marks were insaalled in 1989. These

monitoring marks have been measured periodically. The result of the monitoring provides

information about the process of the landslide. so Ibat the input can be evaluated.

GEOLOGICALSE1TING

Bendowuluh area is situated in an area which can be distinguished into two geomorphic

landform : a mountaineous and undulating landforms (Fig 2).

The mountaineous region is characterised by rouah terrains with slopes exceedina30 %.

This region is located at the nonheastem. southwestern and eastern part of the area; in the

northeaSlfrD part there is 20 metres west facing high steep scarp.

The undulatmg region is characterised by slopes vlrying between 15 % to 30 % Ind it

lies in between mountaincoul region where the landslide area has taken place in this region.

The rock formations in Bendowuluh Irea belong to the Miocene Merawu Series (fmJ)

which consisLs of Indesitic breccia and tuffaceous sandstone (fpmv); and the Pliocene to

Quarternary Ligung ScriCii (Qtv); lava nUWl!', now brc:"ia. pyr\,K;ID&i~br~cia !lnd h,IUlr (Qjm

and Ojo); and intrusive rock (fpmi) (Condon and others, 1975) (Fial).

The Merawu Series (fms) is mostly made up of calcareou5 and marlv clav51Me. The

residual snil vari~s helween I.UU tn 2.00 mete", thick and it .·nrms highly rlastic clay (ell)

which has unit weight (g) 14.S kN/m3
, cohesion (c) 4.4 kPa; Ind internll friction angle (0) 2"f.

The andesilic breccia and tuffaceous sandstone (Tpmv) cropout in the area between the

Simpar River and the KaIiLiondong village.

The Launs Series in this area consists of younaer anLiesitic volcanic breccias (Otv)

which are exposed found in the mounlaincous range to the west of the Simpar River.

The western slope of Mt 'awinihan is formed by volcanic rocks which consist of IIVI

flows, flow breccias, pyroclastic breccias and lahar deposits. The residual soil is mlinly made

upoflow plastic mud (ML) with unit weight (g) 17.8 kN/m3• cohesion (c) 3.9 kPa and internal

friction anale (0) 45°.

The intNsive rocks which built up Mt Lumhung consist of dioritic rocks.
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Structural geology in the Bendowuluh area is expressed by a low angle thrust fault.

Evidence of this fault may be relocated when thc regional features of the landslide has been

analysed.

THE LANDSUDE

The Bendowuluh landslide lies in the landslidc pronc arca in Banjamegara regcncy. This

landslide area measurcs about 1,500 to 2,000 meters long and 20 to 50 mclers in width with

slopes varrying between 10% and 70% (Fig 4).

Van 8cmmclen (1937), suggested that the slide in this arca is caused by the ovcrload of

the Pawinihan volcanoes, resulting in a huge landslidc of which the crown is locatcd in the

western part of Mt Pawinihan and the toe at the Simpar River generating a low angle ·upthrust".

This "upthrust" is the result of the breaking off and sliding down of a portion of thc

Pawinihan volcano along a cycloidical plane (Fig 5). Thcrefore this up thrust is C8lfsed by

gravitational movement.

The landslide has always been active, is provcd by the fact that thc road between

Banjamcgara and Kalibening has to be rcpaired and the farmland is destroyed cvcry year.

In order to recognize thc behaviour of the landslide, in 1989 cight monitoring marks were

installed. The monitoring marks were arranged in a grid system in thc direction of thc apparent

movemenL The purpose of this system is to periodically measurc the horizontal and vcrtical

movements and thc change in elevation during certain intervals of time. These monitoring marks

are referenced to geodetic bench fr..uks which are situated on stable areas i.c. in Mt. Lumbung.

In ordcr to measure the movement in the area to the south of 8cndowuluh additional

eight monitoring points and a reference bench mark in Mt. Bondan wcre establishcd in 1991.

The monitoring marks were fixed to a depth of about 0,60 meter therefore primarily

surface movemcnts are observed, whilst dceper movcmcnts dccper based monitoring marks will

be constructed.

The results ofmonitoring in January 1991 showed that the general direction of movement

of the landslide is to thc southwest whilst horizontal displacements rangc from 0.20 mctcr to

0.64 mcter (Fig 6) and vcrtical displacement - 0.07 metcr to 0.44 mCler (Fig 6).

CONCLUSION

Thc results of the monitoring programmc indicatc that the Bcndowuluh landslide is still

active, movinl in the southwe5C direction with 8 rate of horizontal movement fur I year period

ranaing from 0.02 meter to 0.64 meter and vertical movements - 0.07 meter and· 0.44 meter.
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The general movement is similar to the movement of Simpar upthrust, tbII is to~

southt"st dlrt'ctlon.

In ord("r to minimize the landslide hazard in this area landuse Ibould be planned

appropnatrlv Iwc<lu!>e the land seems to move forever and the following steps arc rec:ommended:

1. Prevl'nt infiltration of surface water in to the soil using proper drainage system.

2. Mlnlmi'Jne r1lnwash and avoid gullying by reforestation.

3. This art"a ~hould not be used for housing and 'Nct farming purposes.
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SECOND US-ASIA CONFIRENCI ON
ENGINEERING FOa MITIGATING NATIJRAL HAZAJIDS DAMAGE

YogyakafU, Indonesie

22·28 June 1992

THE SUSCEPTIBILITY TO LANDSLIDING IN
THE ENREKANG AREA, SOUTH SULAWESI. INDONESIA

Sugihano NitiNrdjo
Directorate of Enviromental Geology

Bandung, Indonesia

ABSTRACT In order to mitia.te the impact of landslide hazards it is important to determine

its potential for slidina and to present the results into a map of the area.

A method for recopizing the potential of IUSCeptibility have been introduced by the

erA-I08 in Banduna. Thisscbeme is based on facton and panmeten ofaeoiOlY and especially

litbolo8Y. slope inclinationn and landslide evidences. and other fac:ton. such u rainf.lI. landuse
and seismicity.

Based on the parameten and the safety fac:tor of the lOiI. the Enrebna area can be

devided into four landslide susceptibility zonc=i: vCC)' low landslide IUlCCptible~ low

landslide susceptible zone. moderate landslide susceptible zone. and hiah l....ide susceptible

zone.

The critical anales of the soil of various rocks are : l~ for shale, 3-i0 for conatomente.

35° for sandstone. 420 for metamorphk; rock and 44° for brea:ia.

INTRODUcnON

Enn:kana area is one of &he lancblidc prone rqiona in Sul.wai. CumlDOOly. landaUdc
is influenced by IIIIn-made activily, such u road CUll and settlemenll on 1Jope. abo clean...
up the vqetatinn resultinl in hare land.
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The study area is located around Enrekanl in longitude UcJ»4S' - 12(foo' east, and

latitude 3~' - 3°45' 5Outh. covering_bout 800 square kilometres.

Enrekang area occupies I hilly landform with steep slopes. This area wu seleded for

landslide study since it is located in the route between Ujuna Pandan. and the tourist centre of

Tana Toraja.
One method for mitigating landslide hazard is to produce a landslide susceptibility map.

The map can be used to predict the possibility for sliding, so that prevention mearures can be

done.

MAJOR FACTORS CONTROLLING LANDSUDES

Landforms susceptible to landslides area generally effected by the following factors:

morphology, rock and soil, rainfall, landuse and earthquake.

1. Mplpbology

The study area comprises flat to mountaineous regions ranging in altitude between 100

m and 1900 m above sea level. This area can be divided to six units of slope steepness (see

fig. I): Flat or almost flat 0%-5% (00-3~ Gently sloping 5%-15% (3°-t»); Moderately steep

15%·30% (SO-I~; Steep 30%-50% (1t'-2~; Very steep 50%-10% (2t'-~ Extremely

steep 70% ( 36~.

2. Rocks Ind Soils

According of the geological map Majene and Palopo quadrangle (Djuri and Kastowo,

1974) the study area can be divided into 10 rocks uniti (see fig. 2):

Alluvial, consisting of : clay, silt, sand and gravels. These materials are typically loose.
uncompacted soils.Conglomerate, medium to hard rock. The soil derived from &he rock Ire silty

sands of medium density, 0.5 to 1 m thick, unit weight ( ) z 1.67 ton/ml. cohesion (c) .0.80

tonlm2 and angle of internal friction (0) =26.55°.

LimeSlone, ~ard to very hard. The soil derived from the rock. of clays to silts. soft. hip

plastisity, .1.0.75 m thick. =1.69 ton/m3
, c =1.10 tonJm2

, 0 .29.73°.

Lava, hard to very hanl. The: lliOil derived from this rock: clay, lIif. medium plastic; 0.5

to 1 m thick, • 1.66 ton/m3
, c • O.SO ton/m2, O. 2IUl6.

Sandstone, hard. The soil derived from Ibis rock: silty sands, sands and aravel. loose to

uncompacted. 1 to 1.5 m thick, • 1.68lonlm3, c. 0.85 toD/m2, O. 24.~.

Marl, medium hard. The lIiOil derived (rom mi. rock :clay, ..,cry liOn to10ft. hilhly plastic;

0.5 to 1 m thick. • 1.65 IOn/m3
, c • 1.00 ton/m2

•• 26.SSO.
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Breccia, hard to very bard. The soil derived from this rock : lilty dlys, soft, medium

plastic, ± 1 m thick. .. 1.6.5 ton/m3, c .. O.SO tooIm2, 0 • ].t.5S«».

Shale, hardness: low to medium hard, wilb joinlllDd c:ncb. The soil derived from this

rock: c1ly, 10ft. medium to hiply plastic, 0.50 - 1.50 m thick, • 1.58 tDn/m3• c • 0.30 too/m2•

0.26.33°.

Limestone, hlrd. The soil derived this rock : clays, 10ft to stiff, medium plutic, ± 0.50

to 1 m thick. .. 1.57 tonlm3
, c =0.70 ton/m2

• 0.35.32-

Metamorphic rock. hard to very hard. The lOiI derived from this rock: silty clays, stiff.

medium plastic. ± 1 m thick, .. 1.79 tonlm3, c. 1.15 ton/m2, • 21.2S0.

3. Rajnfall

According to Indonesian rainfall map vol II (LMO, 1973). the study lrea lies in the

rainfall zone between 2000 and 2500 mm/year. The monthly rainfall during 10 years

(~978.1988) at Enrekang Sta. amounted between 60 mm and 275 mm.

4. l.apdu$C

Based on the landuse map (Badan Pertanahan Nasional, Enrekang). the study area can

be divided in to eight landuses: villages (0.62%), paddy field (1.83%), vegetables fields (6.10%).

forests (72.68%). mixed gardens (8.20%), scrub (11.00%), coffee estate (0.43%). and bare land

(0.06%).

5. Earthquake

According to the elrthquake map, the study area is included in the zone 4, which has I

maximum acceleration with a return period of 20 years. between 0.13 and 0.20 g equivalent VII
• VIII at the MMI scale. Epicentres Ire located on land, 0-65 kin deep to the north of the study

area (Seca Cuter. Holling &t Ferner, 1975).Evidently earthquakes hive not had any influence

such &5 trigering effects during landslide events.

LANDSLIDE SUSCEPTIBLE ZONES

To analyse the Slfety factor of the slope, soil properties are obtained from the laboratory:

Unit weight ( ); Cohesion (c); Angle of internal friction (0).

The Slfety factor for translational and rational slide are analyzedusing the FelleniUl and

Bioshop methods respectively. The results of the lnalyses are compared with the field

obllCrvation (table. I ).
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Ward (1976) compared the ufety factor (Fs> and the depee of auaceptibility of the IIope

(ICC table 2) :

Fa < 1.2 = High Susceptibility

1.2 < Fa < 1.7 z Moderale Susceptibility

1.7 < Fs < 2 =Low Susceptibility

Fs > 2 = Very low Susceplibility

Based on the critical slope observed in Ihe field and the safety factor (Fs). with the ranae
of the degree of susceptibilily to landslide (Ward, 1976), four landslide susceptible zones may

be dislinauished (sec fig. 3):

VERY WW LANDSI IDE SUSCEPTIBLE ZONE

The degree of susceptibility 10 landslide is very low. The zone rarely or have never

been subjected 10 landslides. Old and new landslides are uncommon, however. alona river cliffs

small landslides could be found.

This area is mostly nat or genlly undulatillJ with natunl slopes less than IS" (S). and

the slope wu evidently not formed by landslide depoIita, fillillJ material or pIutic: and IWcllillJ

clay.This zone is mainly covered by alluvial deposits (0.) or c:onalomcrate ait (Tmc).

LOW LANDSUQE SUSCEmBLE ZONE

The zone has a low susceptibility to Iandllida. Lanclalides mely occur unless die lIope
is disturbecl, and old landslides have been llabilizcd dunna the put period. SmalilaDdalideamay
oc:aar, apecially on the river aide or aully.

The natural slopes are sende (S.tS") to steep (SO-1O"). dcpcndina 011 the pbJlic:al and

eaJinccrinl propertica of &be rock and lOil fomina Ibe slope. Generally, 0II1&CCp 10 very Meep

IIopea a thin soil of weathered rock may be formed ccwered by veptatioa such • forauy or

plantation.

The aIopc .ea illIIOIIly c:ompoled of the wcatberina product ofCOftIIomenIa (l'me).

lava (TmIW). undsIones (l'm.-), bnccia (T0I).1i11l (Tet). or .... (T1IIb). nc..atcadI

in MaliDOt Bali, Mal... and Enrekanl'



G13-S

MODERATE LANDSI mE SUSCEPTIBLE ZONE

The Zone has a moderate susceptibility to landslides. Landslides may occur in this zone

especially along river sides. road cuts and slopes which have been disturbed.

Old landslides may be activated. especially when induced by hip rain fall and stronl

erosion processes.

The slope inclination ranges fmm slight (S-1S%) to very steep (S0-70'J') and they depend

on the engineering properties of the soil/rock. This zone is usually quite absent of veaetation.

The slopes are built up by the weathering product of conglomerate (Tmc) IIndstone

(Tmpss). marls (Tmh). silts (Tet). and Latimojong formation (11c1). The zone is spread over Kp.

Karang. Riso. G. Batopali. Nating a~ti ~ther steep area.

mOH LANDSI lQE SUSCEPTIBLE ZONE

The zone demonstrates a high degree of susceptibility to landslides. In this zone

landslides have occured very frequently. Old and new landslides are induced by hi&h rainfall or

strong erosion processes.

The natural slopes are moderate (15.30%) 10 very steep (more than 70%). depending

on the physical and engineering properties of the rocks and soil forming the slope. 'The slopes

usually are sparsely vegelated.

The slopes are composed of weathered silts (Tet), IInds~~es (Tmpu), marls (Tmb) and

conglomerats (Tmc). The zone occurs in Kp. Kulinjang, Kp. Kar.os, Kp. Bullo, Kp. Talang

Ridau. Kp. Paladang and Kp. Buliranl.

CONCLUSION

1. The mapped area is divided into four susceptibility zones: very low susceptibility to landslides,

covering about 26.3%, zone of low susceptibility to landslides, approximately covcrina 40.2",

zone of moderate susceptibility to landslides, approximately coverina 31.6", and zone ofhip

IUlCCptibility to lan<blidcs, approximately coverina2".

2. The critical slope anale of conglomerate (Tmt) • 41°, limestone (Tmpl) • 7cr, lava (TmpY)

.41°, marl (Tmb). 4S'. breccia (Tol). 3'/', lilt (Tel) .18 °and 3SO,sandstone ('I'm.-) • ..a,
undatone (Tell) • 7So and metamorphic: rock. (1l.1) .. .51°.
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3. In order to prevent sliding. it is suggested that man· made slope anaIes should DOt aceed the

critical slope anale.

4. The present road through Kulinjang runs acroa a landslide area wbich is likely a landaIide

on prone area. It is proposed 10 undertake a detailed investiption on the eoliaeerina polop:aJ

properties of the materials involved including the sx-ibility of cbangina the road.
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Table I : Conparllion Between Computed and ACNII Critical Slope Anale
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(f-1) .,-,.

,. llwi.. (0.) . .
Z. "t~ l(ontl_rot (flit) 4tr )4. 12",. Sot~ "t~i .. (f.!) 7ft' 51" .
4. "t~ Low CfIlPl) ". II" -
5. ...~ 10tl4lMtr (f"'.) 4tr )5• Sf"
6. ...~ _..I (T.)

~ .... 4'··4"7. "t~ Irekal ('01)
5l" 44· 55·

I. "I~ "rpi~ ('0.) ,r ".5· tS"/wee9. ...~ "t~t.. (Tetl»
'0. set.." utt_io,. (lkl) n· I#' s..". 4l"

• Thickness of soil 1.50 meters
•• Thickness of soil O.SO meters

Table 2. Degree of Susceptibility to Landslides of Each Weathering Rock Within
The Slope Classes

110. IfIIDUAl lOll 0-'51 5-15' tS·_ JO-,. 50·701 -111&

0-"" '·1.5· 1.5·'7" "·Z7" 17·16- -16·,. Alwl.. (0.) I . - . . .
z. CGrIIl_oto ('tIC) I I 1/11 .. 111111 IIi/lY,. l_ (l1lPl) · . 1/11 II III III/1Y
4. ~t_ 0 .... ' · I II II/III III III/IY
5. ..... , (Te) I I II II II/IIIIIV III/IY,. ,reccto (Tol) I I II II 11111 III/IY
7. .0'0 (tot) I II 111111· 1I/lll/1we III IIwe III/IY
I. Li..t_ (totl) · I II II II III1IY

•• ..tIIonIIltc rock 011') · - II II 11/11I III/IV

Explanation: I. Very low susceptibility
II. Low susceptibility to landslide
III. Moderate susceptibility to landslide
IV. High susceptibility to landslide
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Fig. ~. Map of susceptlbllil}' to landslld~. Enrekang area l SoulhSulawesi
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SSCOIfD US-ASIA cc*nUMCI: 011

ENGINEERING FOIl MITIGATING NATUIlAL JLU.AaDS DAMAGE
y OOY-.U, lndoneM

22·28 June 1982

LANDSUDE POTENnAL OF THE HALANO FORMAnON IN
THE WALAD AREA. CIREBON REGENCY, WEST JAVA, INDONESIA

1.8. Sudjarwo. Suranta, and V.O.P ~gian

Directorate of Enviromental GeoaooY
Bandung. Indonuial

ABSTRACf The conatieuent rocb of the Halana Formation (Tmb) pacnlly CUIIiIt of

turbiditic: depoIila with deu lCdimentuy ItructureL The upper part COIIIisaa of day80De aDd

mut, die middle part is built up by QJII'IC limy NDdIIona, IDd the lower pan c:oDIisaa of

c:oaaJomcntic limeatoncs.
1.aadIIideI inthe Hal..., Fonnation inc:ludc debris lIide and cn:ep of 2S m to 45 meteD

width in 1ft investipted area Ibout 50 aquuc kilometen. 1beIc laadIIideI occur apeeially

lloqlhe boundary wi'" yoIcanic: roc:b, frequently form.. IIICI eIonpted ......ide ICIrp

racbin& I scarp br.i&bt of 2S 10 75 m.

LaDdIIideI frequently oa:urr in clayey IUiIi wbicb ori&iD* froID die walbainl of
cia,... . 1'hac IOiIi b8Ye c:bancIeriItic propenia IUCb • awelliD&. Ilicty aad crumbly is
wet CODdiIioa.

The tal on dry _pia in the Soil Mccbania 1.Ibontory yielded the .vcnp effective

c:oheIion (c'. 0.50) tlXI/m2, deality (wet-1.58) DJJm3, effective of anaae of intcmal fridion

(0- 2138'43-). 'The ..lety Udor (SF -1.2). pvc the .... Yllue of slope ill Ihi& area. 'ld' in

the 1Dedi... 1IbInIed c:oadition (Rh-o.5).

'I1Ie HaIana Foraaadoa is widel, diIuibuIed ill die Soudl pill of Waled Sub
DiIIrict. 10 dial .... area is~idend 10 be hipl, poIeIItial ill ideL
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INTRODUCTION

Failure of earth materials under stress may disrupt the equilibrium and cau.~ movement

of the earth material. The disruption of the equilibrium ma), be reviewed according to the facton

that change the shear stress conditions, which may be due to the natural phenomena as well

human activities (Varnes. 1976).

The Waled area, southwards from Cirebon is an interesting area for study as slope of

various susceptibility to landslide can be recognized in soil formed by the weathering of the

Halang Formation, when landslide have occured in the part.

The invo:stigation of Halang Formation is aimed of recognition of the composition and

engineering properties of substructure. This will be used as a basis of building up engineering

geological information needed in the environ- mental develC'pment planning of this area.

Methods and techniques for assesing the potential landslide areas in the Halang

Formation are based on quality and quantity approach. The quality approach involves

observations of c1imaticf.1 condition (rainfall) and earthquakes. In the quantity approach we

identify the geometric dimension, the physical indices and the engineering properties such as

water content (Wn), unit weight (g), porosity (n), degree of saturation (Sw), effective cohesion

(c'), angle of internal friction (0'), either of lithologies or of the k.nown sliding planes.

GEOWGICAL SE'ITlNG

Landforms in the Halang Formations are evidently in part the effect of the geological

structure. According to the tenain analysis (Young, 1976), landforms in this area may be

classified as moderate and high relief. The landform of moderate relief is charaterized by

moderately steep to steep slopes (~- 1-,0 or 15% - 30%) with heights varying in between 145

and 200 meters. The landform of high relid have steep sbpes with angles varyina in between

1-,0 and 2-,0 (30% • 50%) having elevation rangina from 7S to 195 above sea level.

The Halana Formation which is distributed in the southern part of the Waled area is

mostly represented by its weathering products. It is spread for about 200 km2 extending from

the northwest to the southeast direction, 50 km2 of which occupies hilly landforms where in

landslides have occured.

The Halana Formation is charatcrized by turbiditic sediments, indicated by evident

sedimentary structures, such as paraUel lamination, .aded beddina. flute and load cast5.

Lithologically it i& built up of three parts. The upper part consist of claystones and marla. the

middle part is dominated by sandstones, whereas the lower part i. formed mainly by

conalomeratic sandstones, In the hilly f.rea near Waled, the Halang Formation i. represented by
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its weathering products, which consist of yellowish grey, soft to stiff (in dry condition), clay

soils, which have low permeability, high plastirity and a highly expansive ratio (Merwe, 1975).

The thickness of the soils vary between 1.50 to 2.00 meters.

The Geological map of the Cirebon Quadrangale (1:100.000) by Silitonga and Masria

(1978), the studied area is charaterized by folding and faulting. Folding is represented by

synclines and anticlines, whereas faulting conSisl'i of lateral, thrust and normal faults. The thrust

fault that intersects clays and marls, this structure is known as the thrust system of Seuseupan

which is located at the nonheastern part of the studied area. In this hilly area model ate slopes

are typically built up of clays. Failure in these clays are quite common as indicated by frequent

landslides.

lANDSUDE CIIARATERISTIC

Landslides are caused by instability of the slope when the forces of movement exceed

the restraining forces. Result of the field investigation and laboratory analysis indicate that

landslides in the Halang Formation are influenced by 4 (four) factor, as follow:

•. Geometric dimension such as angle and height of slope.

b. Geological setting including attitude of sublayer, geological structure and seismicity.

c. Physical properties of soil materials, which are made up of CH-soil; i.e. inorganic clays of

high plasticity (according to USGS classification), showing very different on strengths during

wet and dry seasons.

d. Climatic conditions, especially rainfall when water soaks the soil material, it would be

decreased soil strength and increased the groundwater pressure (the lower pan of sublayer is

more permeable than the upper one~

Eighteen landslide scars have been observed, evidently according on slope greater than

Iif' (34%). It has been shown that the slope are covered by clayey soils which have been derived

from the weathered Halang Formation, it has also been noted that landslides have taken place

during the raining season. Fonunately the landslidea are located far from any village. Therefore

destruction was restricted to rice fields and eucalyptus plantations.

SLOPE TYPE AND DIMENSION

Considering the depth of slip, scarp shape, materials of layered slope and the slippage

mechanism on weak plane (Varnes, 1976), the landslides in the Halang formalion are repRled

15 translational slides, with thicknes... aboul 2.00 • 2.50 m.
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A10 a comparison landslides occurring in the claystone of Cijulang Formation, expoled

10 the north of Halang Formation, demonstrate 6 (six) slope failure within limited m:a of about

23 km2, near the Scuseupan village, the slides vary in width between 10 and 2S meters and IS

and 3S meters in length with slopes ranging from 2ff to 23°. These slides are evidently controlled

by the angle of slope, joints/joint sets and various pbysical propenies. Since the materials

involved in the slide composed of rock fragments embedded in clays, the landslides of Cijulang

Fonnation are better classified as debris slides, I.S0· 2.00 meters in thickness.

Based on size dimension, landslides in the Halang Formation may be classified inlo small

and medium landslides. Measurement on the smalllandsJidca varying in 10 to 40 meters and S

to 30 meters in lengths and widths respectively. The medium landslide wu observed at Cilceusilc

(near to Halang Fonnalion boundary), showing a scarp of about 40 meters in height and 700

meters in length.

STABIUTY ANALYSIS

Analysis of slopes evaluates stability failure of the surface u compared with the

movement of the pu~hing forces due to the weight of materials and pore pressure with the

resisting forces provided by the shear strength of the slope.

The ratio of the maximum resisting forces which can be developed alonS a potential slip

surface to the amount actually required for slope stability gives the Factor of Safety (FS) asaints

slope failure along the surface. Several potential slip surfaces should be calculated uatil the slip

surface fields the minimum Factor of Safety obtained.

Where most of the slip surfaces are classified into translational s1idiDlo the .alysis is

derived from the (modified) Fellenius method (1936), wbicb i.appropriate for the analysis of

the slope stability of the Halang Formation.

c' + (Wt COl - Ww.h) tan 0

FI-
Wtsin

Where:

Fa- Safety factor

c'. Effective cobeuion

WI • ToIIl unit weight

• Slope IDIle
Ww- Weilill of water

h • Heiaht of water 0'. Effective of internal friction anale
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According to a limited data, panicularly lhe ground water condition (i.l. hydrostatic

pressure! pore water pressure) is still unidentified, we should assume a ratio of water level due

to the linear plane (Rh), namely Rh= 0.0 for dry, Rh= O.S for medium saturated and Rh= 0.9 for

saturated conditions.

The factor of safety is calculated from analysed models on the basis of slope angle

ranging from 0° to 80°, involving either or not of the eanhquake acceleration (seismicity), as

shown at the table as listed below:

Table 1. C...itical slope angle of clay soil of Halang Formation, South of Cirebon, West Java.

- -~ - -- -_. --

Critical Slope Angle

Fs = 1.2 Fs = 1.2 (influenced by earthquake)

Rh = 0.0 Rh =0.5 Rh = 0.9 Rh = 0.0 Rh = 0.5 Rh = 0.9

22° 20° 17.5° 11° 9° 6°

Note: The acceleration of the seismicity factor give 0.20 g, i.e. whithin the
range between 0.13 to 0.23 g.

SUMMARY AND CONCLUSION

•. The slope of the hilly area are located in South Cirebon are buill up weathering product of

upper part ofHalang Formation. The materials are composed of inorganic clays ofhigh plasticity,

soft to stiff in dry condition, homogenous layer which baving low permeability.

b. The morphology of the hilly area is characterized by moderate to high relief, having slope

angles of ff to 1'fl and 1..,0 to 2'fl, and elevations varying between 145 to 200 meters and 75 to

195 metres respectively.

t. Landslides occur on slopes upon moist clayey sliding planes which occur approximately 2.00

to 2.50 m below the surface. These slides arc regarded as translational slides of small to medium

size.

d. A planned reforestation is necessary, trees should be channeled in rows parallel to the toe of

the slope so that groundwater may flow freely to the surface through the parous media 'of the

root:;.
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t. Spriap aDd IeCpIpa alona the toe of the IIope Ibould be cbaDDeled into • surface dninap
Iy.tem thereby lowerina the BJUUIldWI&er table U lDueIl U JM*ible. reduc:in& me pore water

pressure.

r. The analysis on slip on the clayey sliding plane with is related to slope failure with strength

parameters of c 0.5 tonslm3 and •= 21.SO gave the factor of safety SF • 1.2. The angle of slope

is regarded to be stable at about 2if in a medium saturated condition (RSO.S).

I. The slopes are unsuited for rice fields which would need a great quantity of rain water. It is

recommende1 to afforest with broadleaf trees. Which consume a limited quantity of water but

lower the water content of the soil.
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ABSTRACT The capability to monitor volcanoes and to warn of
impending eruptions has improved over the years. This paper
presents a critical appraisal of the state-of-the-art. The most
useful monitoring tool is seismic monitoring, the determination
of earthquakes per unit time, their energy release, and source
characteristics. Deformation monitoring has pro~en useful at

some volcanoes, and gas monitoring has been conducted with
variable success. Field observations must not be omitted. From
these data, predictions are traditionally developed by pattern
recognition, augmented by interpretation of evolving processes.
Where data values accp.lerate prior to eruptions, the "materials
science method" may be helpful. However, volcanoes are such
extremely complex systems that with ·all techniques, warning of

impending eruptions is difficult and not necessarily reliable,
even under optimal circumstances.



INTRODUCTION

This paper is dedicated to the memory of Professor R.
Mugiono of the Gadjah Mada University in Yogyakarta, a remarkable

scientist and leader whose unfortunate death in 1991 leaves a

tremendous void in ASlan volcanological research. May his life

inspire others to hlgh achievement!

About 50 of the earth's 600 active volcanoes erupt each

year, threatening the lives and property of millions of people.

In a typical year, unrest (anomalous activity) occurs at about 18

large calderas worldwide, and eruptions occur within or near five

of them (Newhall and Dzurisin, ~990). Disasters since 1700 A.D.

have killed more than 260,000 people, a number that would be very

much greater If t~day's population applied over the period

examined. In the :980'5 volcanoes killed more than 28,500 people

and seriously disrupted local economies and social life in a

number of inst.ances (:':.~Iing, :989; 'leight, I9901.

The mitigation or ~educticn of volcanic hazards involve the

follOWing issues and ccntext:

1. Political and ~inancial mandates for mitigation.

• Regrett~bly, disasters are sometimes necessary
to provlde the impetus for mandates.

2. Development cf mitigation or alleviation programs that

can be sustained.

• Considerations include the relative merits of self­
sufficiency vs. foreign and/o~ regional support

assistance.

3. Long-range hazards assessments for greatest-threat

volcanoes. For effective mitigation -- ~ p~'

• Hazard maps, ~isk maps: hazard ~raYel times:

quantificatlon of magnitudes and frequency of

prior events: probability and uncertainty issues:

use of Geographic information Systems (GIS).

• Literat~re search and study fo~ analogues and lessons

about anticipated unrest.

4. Monitoring.

• 10 detect aa~~ -- a significant change from
"backgrcund" ~alues (or noise).
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• For short-term prediction/warning.
5. Action by scientific team.

• Internal decision-making issues on conclusions for
presentation to civil officials.

• Team dynamics: consensus, diversity of opinions.
• Interactions with civil officials, and media.
• Maintaining "credibility" -- coping with intermittent

unrest, false alarms.

6. Action by civil officials

• Public education, zoning, development and testing
warning systems and emergency response plans:
influences of culture: media issues.

• Socioeconomic consequences of action vs. non-action.

• Chain-of-command ~~ decision making: tbe will ~o

act: the implicatio~s of evacuation decisions:
coping with intermittent unrest and false alarms.

7. Post-crisis ~nvestigations.

• Lessons learned.
The remainder of this paper concentrates on monitoring, and

its use for short-term prediction of hazardous events.

MONITORING AND SURVEILLANCE STRATEG~ES

The folloWing issues are involved:

1. "Baseline" measurements of background activity are
desirable in advance of crisis, in order to enable the

detection of a change from the background state.
2. Monitoring is normally carried out at volcanoes already

recognized as high-risk. One problem is that some

"highly-dangerous" 'lolcanoes may not be recognized.

3. The tools:
• Visual and sensory observations by trained observers

(typically daily ~o monthly), supplemented by local
resident information. Includes reports of eKplosive

noise, felt earthquakes. ruleS ob_EYat.ioea .beNleS

Dot be 1IDCIe2ea~~.

• Seismic. Continuous operation of at least one



seismometer within 5 km of vent, preferably
telemetered, or if not. smoked drum with ob••~ver in

radio contact. Three seismometers the miminum for
earthquake location.

• Deformation. Electronic Distance Heasu~ement lEDK)
of lines and networks, using infrared, laser, or 2­

color laser systems: tilt. spirit level vs.
electronic; exten.ometers: levelin;; Global Positioning
Systems lGPS).

• Gases and thermal activity. Fumarole sampling: ground
~r aircr~ft-based COSPEC; temperature: water or
condensate chemistry: ash leachate analysis.

• Other. Magnetic surveys. gravity surveys: the~mal

surveys: barometers for explosion detection; wind
profiles: hydrologic changes .

•. Data interpretation.

• Attempting to understand the processes.
• Comparisons with historical data base involving past

eruptions. including those at other volcanoes.

• Sea~ch for analogues.
5. Prediction/detection methodology and limitations.

I Understanding the limitations -- lessons in humility.
I Predictive capability does not guarantee successful

mitigation.
I Uncertainty does not preclude wise decision making.

MONITORING TECHNIQUES

Development of tools and interpretational/predictive
methodologies have improved substantially over the year•.
Achievements have been substantial. but important failure. have
also occurred -- with the most notable example Ruiz in Colombia
lVoiqht, 1990). M au....U ....'Y ....~ ... aGIIpl.ed ..

..til .'on tbe lien tee 1"5 entU- ~lJ poUIted too amuo

.. beiaI upeci.a11J 9a.laacU1e too ...aa_. 110......" Ell. or
cu to__ befon - diuUW t.IIe ..,.,u.- wen
I," e ~o -on~ 23,000 , ••1e 11111_ dae
_dO nc* toM rill.... fte enpti.oa _ .. - 0RJAl
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..~ hawe __ -- pEMicted; bo~ _.0$1.00 w.. f ...i!al., ADd,

becau.. of the diRac. f~a- the .i11~ to the c~a~.~, the leN

t~ ~cl ha.,. bee.. ..ftiei.at to enable 1i".. to ha.,. been

••Yed -- with appropriate haaard ~a~..t practice•.

There 1S no l~sti!ication for vol~anologists to be

comp~acent about the current state-cf-the-art: a sat:sfactory

level of predictivp rel1ability has not been achIeved with

existing monItoring technology.

Relative me!its/de~erits of tools are summarized as follows:

1. SeIsmic Mon1toring. The most successful monitor1ng tool,

providing telemetered r~al-time information on the state of the

volcano. An increase 1n earthquake activity generally (but not

always) precedes the eruption (Figure 11.

~he simplest but most fundamental data set involves a~r

of da11y (or weekly) eart~quakes (but this depends on location,

detection th~esho:dl. Gther Issues :n seism~city include

subdivisIon of observed earth~~akes into particular categories,

some more usef~~ f~r predictIon than others: calculation of

seism1C energy release (manual vs. computer-based methods with

near re'!l-time capability); definiticn r;f earthquake :"ocations

and ~I:acking of systemat~c ~ocatlon changes (Figure 11: volcanic­

tremor characteris~lcs; Real-time Seismic Amplitude Measurement,

RSAM (Endo and Murray, 1991), see Figure 2: reduced displacement

and source characteristics. Computer-based data manIpulation

procedures are Increasingly used to provide near-real time

results. High-frequency seismic technology may also be used for

lahax (mudflowl or water flood detection (R.J. Janda, personal

communication; Brantley, ed., 1990).

Despite these ldvances, ~ncrease in earthquake activity can

culminate 1n swarms with no eruption. Such seismic crises may
indeed indicate actual pulses of magma movement underground

(intrusions), but are "false alarms" for emergency management.

2. Deformation (~eodeticl Monltoring. Volcanoes typically

~xpand before ~hey erupt. Current techniques to measure this

~xpansion e~phasize EDM and tiltmeter technologies. EDM and

"s1ngle set up" (dry tilt) leveling are useful but typically not

Reproduced from
best available copy
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frequency events, present earlier in December, returned on
Decenber 29. Two powerful explosions on January 2 lent tephra to
height. >12,000 m and destroyed most of the dome.
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real-tlme met~cas. 7e~emetered electron:c :l~t provldes real­

tlme data, but appare~t ti:t may also OCCUI with electronic

malfunction cr lnstrument lnstabllity. issues of precislon and

background noise may arise. depending on instrument locations and

technlques, ~nd the style and magnit~de of ~efcrmations involved.

In occasional ~se today, wlthin a few years GPS will be widely

used for monitorlng.

Deformational mcr.itorlng has met with nixed success, being

very useful at some volcanoes, but not at others. Lack of

success in some ~ases may ref lest volcano type and eruption style

and process (e.g., small deformatlons difficult to recognize

above background ncise}, and other cases, poor technique.

Deformational methods shou:d generally be ~sed in combination

wlth other methods, part:cularlj selsmics. Calderas may present

unusual problems (detorroptlcn :J}m in decades).

3. Gas Monitoring. Rea~-t:me mQnit~ring ot gas composition

and emisslon ~ate is conducted at a few volcanoes. Results are

mlxed but ~e:h~iqaes are 1~pr0v:~q. At ?i~atubo between May 14
and 28, 1991, a lD-f01d rise in S0 was measured, complementing

evidence from seismology ana 1eformati0n that magma was in fact

~~sing into the volcano (PVOT, ~991).

4. Jther :1ethods. A 'Jar iety of methods, inclUding thermal

:R monitorlng, and perlodic or continuous gravity-field

measurements, are used in an experimental basis at a few

volcanoes but do no~ necessarily provide a basis for reliable

warning. Wind profiles are useful for ashfall forecasts.

Besides the modern emphasis cn expensive and increasingly

sophisticated instrumentation. there remains the need for simple,

low-cost tools. For example, ~r.e measurement of fault movements

was carried out using nails and a steel tape in the crater at

Mount St. Helens, and these data were useful for eruption

predictio~ (Swanson, 1992). Making ....U~D~• .oEe

.oplU."ic.~ecI O¥ "¥e p¥eci•• thaD ~i¥eCI doe. D~ iIIp¥OYlI

t....b ora1ue.

Yet not all mon:toring schemes attempted are suc=essful,

however promising they initiall , appear. Because manpower and

resources are finite, ~xcessive eff~rt in unfruitful directions

Reproduced from
best available copy



(usually confirmed only by hindsight) can damage the chances for

success of a monitoring operation.

PREDICTION TECHNIQUES

The traditional way to predict the date and type of an

eruptiOn is to qualitatively compare its precursors to known

precursors of previous eruptions. This is paCCeEa zeoOgDl~~OD

recognition of a particular pattern of unrest and its relation to

an ensuing eruption ~Tillinq, 1989; Ishihara, 1990). Recurrence

of the pattern suggests that another, similar eruption will

occur. The principle is simple, but application is not

necessarily straightforward.

The .-t.~1ala ac1eace ~bod for eruption prediction is an

attempt to systematize analysis of accelerating precursory data

by application of a general law governing the failure of

materials (Voight, 1988). This law can be applied using several

procedures, of which the 'inverse rate' plot and 'linearized
rate' plots seem most us~ful (Figures 2 and 3). The method can

be combined with seismic or deformation monitoring, to provide a

tool for (potentially) real-time eruption prediction. Advantages

are claimed with Real-time Seismic Amplitude Monitoring (RSAMI,

and cumulative coda relations in near real-time prediction

applications (Cornelius, and Voight, 1991).

However, success in obtaining reliable monitoring

information on the state of the volcano does DOt necessarily mean

that it is also possible to reliably predict the approximate date

of eruption, or the type and size of the eruption. The balance

is delicate between episodes of volcanic unrest and quiet, and

betw~en unrest and eruption. Applications discussed include

volcanoes Mount St. Helens (USA) in 1980-1986, Ruiz in 1985,

Redoubt (Alaska) in 1989-90, Merapi (Java) in 1990-1992, and

Pinatubo (Philippines) in 1991.

LIMITATIONS

Existing predictive methods can provide valuable parameter,

for decision-making, but cannot guarante_ success in every
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Fig. 2 r.......... from two stations for the May 1985 eruption
at Haunt St. Helens (after Voight and Cornelius, 1991). Data are
averaged over 3h. Time is GMT, Julian date.. Solid line. are
linear fits to data: dashed lines are numerical fits for
material. science constant a (1< a < 21. Time of failure is
esttmAted by extrapolation of inverse-rate versus. time curve to a
pre-determined intercept near the abscissa. A delay interval of
about one day may separate "time of failure" from the "time of
eruption" as indicated by the vertical line.
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:iq. 3 Example of application of "materials science method- .t
~erapi volcano, 1990. Individual earthquake. were cla.sified,
and energy was estimated from coda length and amplitude. Enerqy
~ele.sed from volcanic e.rthquakes is repre.ented by • c~l.tive

energy curve (solid line) and by an inverse-energy rate eurve
(dotted line). Ttme of event occurrence i. forec.st by
extrapolation of the inverse rate curve to a position "ne.r- the
ab.ci.... Application of the method enabled anticip.tion of a
seismic crisis, accompanied by a ga. burst, which occurred on 26­
9-90. A second seismic crisis occurred on 19-10-90. In neithe~

case did an eruption of magma products take place. (Unpubli.hed
data, Merapi Volcano Observatory, courtesy Pak Purbo 12-90).
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applicat ion. TM re.u1t. of precl1ct1.'" aD&ly... w1.th l.Dd.i...1.aal

data .et••houlcl not:. .tucl alODe, bot. .hCN1.cl be iDCoz:porat.~

wit.h1.n a ~nben.i'" analy.i. of the given aituat.ion t.hat.

con.ider. all pertinent. evidence and int.eqrat.e. the r••ult.a of

otber forecaatioq _t.bodolQCJi... O.e ot t.b. _t..rial. .cienee

.-tbad, for e..-pl., i. not. appropriat.e for certain .it.uat.ion•

•. q. for dat.a t.yPe. or il\.t.~nt. locat.ion. t.hat ar. not:.

conaiet.ent. with an acceleratinq pncu.r.ory trend, Or where tz:eftda

are biqbly bnqular.

The po••1bility of fal.e alar.. are not. el~nat.cl by any

exiat.ug _t.bad. Included in this category is the "arrested

eruption", in WhlCh the volcana displays the precursory symptoms
typical of an eruption but culminates with an Intrusive event.

The 1983-1985 (rl~lS d~ Rabaul ,"dlderd, ~2PUd New GUinea,

provldes on~ such exareple: ~he 1990 selsmlC crlsis at Merapi

provides another (F,?ure 1)" F,:rer:ast:ng the outCGme of unrest

for caldera systems is more difficult thdn for small volcanic

centers (Newhdl: and 2ZIJrlSln, ,990).

Predictlon probiems ale almost ~nevi~able, as tre monitoring

data may be C'Jnsisrent with several possible oCltC::Jmes. If thes~

outcomes oCCur with a known probal:1iiity, and the probabilities

3re known to the f~re~aster, the forecast can be formalized

mathematically. However, where tr.e prcbab~lities of these

outcomes are unknown, less well known, 0r are not mean~ngful, the

condition ~s one o[ uncertainty. Solutions in this case are less

formaliLed.

Th~se predictive problems of course carryover to civil

officials, who are then forced to make optimal decisions under

frequently non-0ptimal scientific, economic, and political

circumstances.

Thus, at the same time that efforts are made to improve

event predicti0n, event detection, and communications technology

for early warning, efforts should also be made to improve

education in facing ~ncertai~ty and false alarms, and to achieve

improved understandlog cf policy science, so that the

expectations of crlsis manaqement might be reduced to a tolerable

level.
Reproduced from
best available copy
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CONCLUSIONS

Because volcanoes are extremely complex systems, warning of
impending eruptions is diffi~\lit under the best of circumstances

(Swanson, 1991). Under the wors~, as in areas for which

monitoring is limited, ~neffectual, or absent, warning is

generally impossible. Hazard ~anagement must cope with these

limitations in a broader cor.text. Thus at Ruiz, author~ties were

unwilling to bear the economic or political costs of early

evacuation or a false a:arm: action was delayed to ~he last

possible minute, with catastrophic consequences.

Pred~ctive capability is best achieved by using a

combination of data sets and methods, rather than by the reliance

on any single procedure. Likewise we should not think in terms

of field observations versus electronic measurements, but instead
should attempt to provide a monitoring effort that uses the

avai:able manpower and expertise wisely, and incorporates the
best of all observations into a consistent, unified

interpretative approach. We should acknowledge that success"is
~ot inevitable despite technological advances. While ground

aeformation begins days to weeks before eruptive dcti~'ity at some

~olcanoes, suc~ as Ki:auea, Mount St. He:er.s, and White Island,

senslble deformation occurs only a few minutes before eruption at

other volcanoes, such as Sakurajima (!shihara, 1990).

Jeformation rates for some instrument placements accelerate

before some eruptive perlods at some vol~anoes, but not at others

(Mount St. Helens before May 18, 1980).

Other predictive problems include (1) recognizing the type

and magnitude of an eruptive event; '2) timing the climax (rather

~han the initiation) of an event; (3) recognizing the end of the

period of hazard; (4) optimizing monitoring approaches when

f~nding or ~xpertise is li~ited: (5) quantifying the degree of

predictive uncertainty: (6) ~andlinq false alarms.

Laymen, :~e media, and public o~fic~als often have the
unrealistic expectation of invincibility for modern science in

vol~anologic 3pplicat~ons. It is well to keep in mind that a

predictive capability ~s only one component of tr.e mere
romprphpnslvP ~rtivity nf ~i~~nt~r prpvpntj~n, ~nrt th~t rlespite
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important successes, volcanology has not reached the point

wherehy the ttming, style and consequences of each eruption
episode can be reliably foretold.
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VOLCANOES AND THEIR VOLCANIC HAZARD MAP PREPARATIONS
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Indonelia

ABSTRACT Indonesia is well known by havine a lot of volcanoes which have been active

since 1.8 million years ago (Quaternary in agc). At lint, only 128 volcanoes were considered

active at present time. The total number of active volcanoes has become 129 after Anak

Ranabh Volcano erupted in 1987. The younlest rock of pre 1987 eruption wu dated in

14,570320 yean BP. In Philippines, Pinatubo volcano erupted in 1991 after over 600 yean

dormancy. The two volcanoes arc not listed in the available cawoeue of active Volcanoes

in the World. In addition, other destructive crupcionJ such u Mt. St. Hdcns (1980) and

Unzen Volcano (1990-1991) have occurred after very 1on& IepoIe time (more Ihan 200

years). These SUUest to take inventory not only volcanoes havine recorded eruption. and

volcanic manifestations but all Quaternary vok:anocs.

Volcanic eruptions vary from small (C.I. SWnet. scmeru and GamaJama VoIcInoes)

through moderate (Mt. SI. Helens, Pinatubo VoIcIno) 10 tarac ICa1es (Tambora in 1815 and

Krakatau in 1883). So far we c:annot predict whether a vokanic activity will produce small,

moderate or bie cnaptions. In the mean time, available volcanic hazard maps in Indonesia are

only for ovcrooming small ICa1c volcanic crupcionJ, in which the danpt zone cover an ala

with less Ihan 20 kin in diameter. In cue of the 1991 Pinatubo eruptions, affected II'eU are

about 50 kin in diameter; and damaced alai c:aUJed by the 1883 Krabtau aupIion rached

over 100 kin in diameter. The5e wuest that volcanic hazard maps for IIIOder* Met Iarp

scale eruptions must be provided besides small oaeI.

Damaacs c:aUJed by volcanic eruptions are not only in tile pound but 1110 in abe air.

Aircraft accidents occurred ICYaII times in tile ... drade. 0aI1J1111U111 erupIionI in 1982
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forced Boeing 747 Jumbo Jets of British Airways (BA09) and Singapore Airlines (SQ21A)

to make an emergency landing on 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 repairs with very high costs were

required. Recently. Pinatubo eruptions affected 14 big aircraft and caused the Manila

International Airport closed. These also suggest that preparations of volcanic hazard maps

regarding to aviation safety are nece!>sary.

In addition. submarine volcanic eruptions might threaten sea tnnsportation. Further

detailed studies are needed in order to prepare hazard map of volcanoes.

INTRODUCTION

In Indonesia, there is likely no time gap of volcanic activities from active volcanoes

at present time through Holocene (0,01 million years) to Pleistocene (1.8 million yean) (as

Quaternary volcanoes) and even with Pliocene volcanic activities (3 milJion years; Soeria

Atmaja et al, 1991). In a general view, it is well known that the longer period of dormancy

the more explosively some time at present or in the future. In the mean time population and

land-use to increase and to move closer to the hazard source. People livin, in the

surrounding area tend to forget past volcanic disasters.

Volcanic eruptions vary from non violence to very destructive events. These thmaten

not only people living in the surrounding area but also aviation and sea transportation passinl

nearby. Nearly all area surrounding Indonesian active volcanoes are denldy populated and

have very high economic values. So, in order to minimize loss of life and property dama&e,

besides continuous monitoring systems are carried out, volcanic hazard maps must be

prepared properly.

VOLCANO INVENTORY

Formerly, in Indonesia only 128 volcanoes were considered active. 1'be3e have

become 129 since Anak Ranakah erupted in 1987. Before the 1987 eruption ADak Ranakah
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was not listed as an active volcano because there was no indication of active volcano and the

youngest rock was dated in 14,570 some 320 yean BP (Abdurrachman et aI., 1989) in

Philippines, Mount Pinatubo that was also not listed as an active volcano erupted in 1991

after 635 years dormancy (Wolfe &. Self, 1983). In addition, very destructive eruptions such

as Krakatau in 1883, Mount St. Helens (1980) and Unzen Volcano (l990-1991) occurRd

after over 200 years repose time. These imply that long dormant volcanoes can erupt

explosively at present time or in the future. In order to anticipate the volcanic disasters firstly

it is suggested to take inventory not only volcanoes having recorded historic eruptions and

volcanic manifestations but all Quaternary volcanoes. Thus volcanoes such as Telomoyo,

Ungaran and Nuna in Central Java; Willis, Penanggungan and Baluran in East Java; Cikurai,

Karacak and Mandalawangi in West Java must be registered. Furthermore, some basic

studies on those volcanoes should be started.

VOLCANIC HAZARD MAP ON THE GROUND

Volcanic hazard maps are required for each volcano in order to minimize loss of life

and property damage surrounding the volcano. So far, available volcanic hazard maps in

Indonesia are only for overcoming smaIl scale volcanic eruptions, in which the danger zone

covers an area with less than 20 km in diameter. Table 1. shows zonation of volcanic hazard

map in Indonesia (Kusumadinata, 1979). The validity of those maps is based on the followinc

assumptions:

a. Eruptions occur in the main crater from which volcano has erupted in the past, and nor

from other unexpected points such as flank eruptions.

b. The eruption column will be vertical

c. Eruption will not form a caldera

d. Topography of the volcano does not change considerably

In other countries such as USA (Crandell, 1980), and Ecuador (Miller et ai, 1978)

each volcano also has only a volcanic hazard map.

In facts, volcanic eruptions vary from small (recently e.c. Slamet, semeru and

Gamalama volcanoes) through moderate (Mt. St. Helens, 1980; Mt. Pinatubo, 1991) to Iarae
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scales (fambora. 1815 and Krakatau 1883). Volcanologists are expected to estimate whether

an eruption will yield large, moderate or small explosions. If the available volcanic hazard

map is only one type and it does not match with an eruption that is in progress,

v!'llcanologists may lose their credibility in the eyes of the public.

In order to anticipate this problem, it is suggested that volcanic hazard maps for

moderate and large scales must be provided besides the small ones. To estimate the hazard

degree which match with one of the volcanic hazard maps in the future, monitoring systems

and estimations of explosion energy panicularly the paroxysmal event are the most important

factors.

Figures I and 2 show aViulablc volcanic hazard maps of Galunggung, whereas figures

3,4 and S are proposed volcanic hazard maps to the volcano for second, third and fourth

degree hazards (Bmnto. 19~9). The first degree hazard is caldera forming event, thus the

most explosive and destructive eruption. To prepare a volcanic hazard map for the first

degree haz.ard. further rl'scarch is needed.

VOLCANIC HAZARD MAP FOR AVIATION

Indonesia has very busy air traffics connection nearly all parts of the world. When

a volcanic eruption occurs ..ircraft can be affected by highrising ash clouds. Explosive

eruptions at some volcanoe~ may generate a column that will rise in minutes to the cruisinl

heights of inlematiomu .ircraft. yet in the past some aviation authorities have been unaware

that an eruption has taken place until hours after the event. Pilots may not be able to see the

volcanic cloud ahead of them if it is concealed by normal weather clouds or if flights are at

night. Pilots are unaware of the cloud until they enler it, engines begin to surge, and St.

Elmo's fire is seen on leading surfaces.

Aircraft damages caused by volcanic explosions have occurred in many countries. In

Indonesia, Galunggung eruptions in 1982 forced Boeing 747 Jumbo Jets of British Airways

(BAOlJ) and Singapore Airlines (SQ2IA) to make an emergency landing on Jakarta

International Airport. Both aircraft were flying at night and encountered ash at a height of

37,000 feet (footell, 1985; Johnson, 1991). Although the aircraft landed successfully,
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extensive repairs with very high costs were required. Other Indonesian volcanoes have also

been hazardous to aircraft. A British Airways 747 aircraft on a diversionary route around

Galunggung Volcano ran into an ash cloud from Colo Volcano in July 1985, and. Qantu

Airways 747 aircraft on a night-time flight between Hong Kong and Melbourne ran into the

drifting ash (Johnson, 1991).

In Japan, Kagoshi ma International Airport is only 24 km north of the repeatedly active

volcano Sakurajima, and there were eight reponed incidents from 1975 :0 1986 of damage

to aircraft that new into ash clouds from the volcano (Japan Meteorological Agency, 1986).

Alaskan Volcanoes have also interfered with military and civil aviation movements

since at least 1955 when an eruption from Mount Spurr damaged US Air Force Aircraft, and

eruptions al Augustine Volcano affected aircrafl in both 1976 and 1986 (e.g. Kienlyet.al.,

1986). In 1989 a Boeing 747 (KLM 747-400 aircraft) also entered a cloud of volcanic ash

from Redoubt Volcano. The 1980 Mount St. Helens eruption in the United States also caused

substantial disruplion to airports and military bases downwind from the volcano, including

engine failure on Lockheed transport aircraft (O'ione, 1982).

In 1991, Pinatubo eruptions in Philippines affected 14 big aircraft and caused the

Manila Internalional airport closed.

All the incidents require to provide volcanic hazard map for aviation besides volcanic

ash warning system. In Indonesia there are three volcanic areas i.e., 1. Volcanoes located

along island of Sumatra, Java, Bali, Nusa Tenggara &rat, Nusa Tenggara Timur and Ambon.
in Banda Sea, 2. Volcanoes in North Sulawesi, and 3. Volcanoes in Halmahera Islands.

Based on their geographic position, these volcanoes are divided into several groups which

are plotted on volcanic hazards maps for aviation. The volcanic: hazard maps may be

prepared at firs by studying degree of e,.plosive eruption of each volcano which occurred in

the past and a general understanding that a big explosion will produce high and widespread

ash clouds.

VOLCA.NIC HAZARD MAP FOR SUBMARINE VOLCANO

Besides volcanoes appearing on the ground and island volcanoes there are many

volcanoes which are under sea water. Examples of these volcanoes are Barren Island in



V03-6

Andaman Islands, north of Sumatra island, Nieuwerherk and Emperor of China in Banda

Sea, Banua Wuhu and 1922 submarine volcano in Sangihe Islands, north of Sulawesi, IJMI

unnamed Seamount in Solomon Islands.

The areas where Barren Island is located has a very high value in term of lea

transportation. During eruption submarine volcanoes not only eject materials but also cause

high sea wave or tsunami. Those kinds of danger threaten ships, people living in islands

nearby, and aviation.

Unfortunately, there is very little data about submarine volcanoes. So further studies

are required before preparing volcanic hazard maps.

CONCLUSION

In order to minimize volcanic risk efforts on volcano inventory and volcanic hazard

mapping required. Volcanoes which are taken inventory are not limited for rtJCeI1t activities

but all Quaternary volcanoes. Volcanological studies and hazard maps are prepared for

mitigating volcanic hazards on the ground, in the air and lea.
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Table I. Zonation of volcanic hazard map in Indonesia (Kusumadinata, 1919)

I. Established hazard maps:

I. Forbidden zone closed zone is an area closets to the danger source, that is cuily

affected by pyroclastic flows and ballistic blcx:b and bombs, and therefore should be

permanently abandoned.

2. First danger zone is an area which was in danger during previous eruptions althou...

it may not be affected by pyroclastic flows. During paroxysm, however, it may be

destroyed by ballistic blcx:b and bombs.

3. Second danger area comprises the areas situated in or close to valleys originating

from the summit, and which may be invaded by rain lahar. This zone may be

eventually divided into· alert zone and • abandoned zone •. The alert zone is an area

situated near topographically high, e.g., a hill which can provi~ an eviICualion area

in case of lahars.

II. Preliminary hazard map :

1. Danger Zone is an area that has to be absolutely abandoned in case of sign. of

increased activity. The situation may be afterwards investigated by • ccinpetent

volcanologist.

2. Alert Zone is an inhabited area where people have to be on their alert, and evacuation

from this wnc may also be neccswy, depending on the development of Ihc volcano's

activity.
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••COIID US-UIA COIfnUIK3 c.
ENGINEERING FOR MITIGATING NATURAL HAZARDS DAMAGE

y OOVIIQrt8, lndoneIie
22-28 June 1992

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

Muziel Alzwar
Voicanologic.. Survey of Indonesia

Directorate Genet''' of Geology Mel Miner.. Resources
Indonesia

ABSTRACT In Indonesia there are 21 fumarolic and solphaiarK: fields related to the

geothermal systems of active volcano. 'The disturbance of such hydrothennallystem, e.g. by

triggering tectonic activity, may result in phreatic eruptions or pi emiuionl. OCcurrmces

of disastrous phreatic or cas emission events in historic time e.g. Mt. Paplndayan (West

Java, ITI2), Suoh Antatai (Lampung 1933), and Dicog Plateau (centnl Java, 1928, 1939,

1944, 1964, and 1979) and Mt. Gamalama (North Maluku; I77S). Hazard re1ated to such

events include primary lahars, phreatic surges, tephra fall and release or poiJOllOUl JUeI.

Some fumarolic f.clds have been developed for hydrothermal power e.l. KaWlll

Kamojang and Mt. SaJaJc (West Java), Lahendonl (North Sulawesi) and Diena Plateau

(Central Java). However, these areas are still dan&erous. Inlqrated investiption, e.l. hazard

mapping and zonation, monitoring, and risk assessment are needed to reduce risk. Such

investigation include geologic, gcothennal and volcano1o&ical mapping, pochemical and

geophysical (including microseismic method), and kletonic analysis, with the aim 10 identify

hazard-prone area caused by increasing hydrothermal activity.

INTRODUCTION

Based on the ~nilion of the volcanic ldivity lilies visibility in Indonesia there

are three typea of volcanic sta&es ICtivity rdated 10 the ..... of IICtive ¥OIcano, MmeIy

(Van Bemmelen, 1941; see table I)
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• A-Type (stage of activity)

Volcano still erupting of magmatic since 1600, 19 voIc:anoes.

• B-Type (stages of activity)

Volcano not erupting of maamtic since 1600, the ICtivity illimited to their emiJIioIl

of solphataric/fumarolic; 29 volcanoes.

- C-Type (stages of activity)

Fumarolic emission field; 21 field.

These active volcanoes are located on the active volcanic belts, namely, Sunda Zone,

Banda Zone, Halmahera zone, where these zones~ strongly related to tectonics which lie

showing the active subduction zones between Australia, Indian Ocean and between PKifac

Oca.n 10 Eurasia plates, and between Pacific Ocean to Eunsia plates (Fie. I).

Mechanically, based on the role of diRlCt and indirect rnaama there lie two types of

external volcanic activity ; magmatic eruption and temi-maamaticllellli-vok:lInic eruption.

Maamatic eruption produces new volcanic reeks u silicate melt in the form lava ftowI,

pyroclastic or hot glowing cloud, (or nuecs ardante), fracmellta or tephra fall of various sizes

(from ash 10 bomb).

Primary lahar flow rushina down the earth'. IUI'fIlce in Ul aupdon i•• primary

disaster 10 human life and the environment.

Limited semi-magmatic activity (in normal aaae> shown by juvenile pi emiaIion

activity il strongly affected by the formation of water vapor, UlUmin& the form of fulDllOle

or IOlphatara. This increasing activity can develop into 1ft eruption which does not produce

new magmatic or volcanic rocb. It only reIeueI~pi or ......, or IlCCOCDpIAied by

hot volcanic mud flows.

Semi-volcanic eruptions particularly hydrolheinlAl erupdon which hal cauted vioIcnI

disaster in Indonesia, in the years of:

1m Mt. Papandayan Crater eruption, West Java; 2951 people killed ..

destructed arable land and vii.....

I11S Mt. Gamalama, Temue 1JIUld, North Maluku; 141 People 1dUed.

1780, 1902, 1903, 1919 btu Crater, tAt. SIIak (Welt Jaa); deIII\ICIed anble land.

1933 PematUlC Bata eruption, SuoIa Aulldai depaliaa. 1.IInpunc, SOuda of

Sumatra; no rcconIiftl of victim.
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1928, 193811939, 1979 Timbang Dimg Mts, Central Java, destructed Timbang Villa&a

(1928, 1938/1939) and 149 people killed (1979).

1944 Sileri, Dimg Mts, Central Java.

The above type of eruption, commonly occurs in the fumarolic field known as C-Type

of activity.

MECHANISM OF SEMI-VOLCANIC ERUPTION

By the different mechanism there are two types of semi-volcanic eruplion, namely

-phreatic eruption- and -hydrothermal eruption-.

a. Phreatic eruption, releases juvenile gas or water vapor mixed with volcani<: ps. This

steam is formed as a result of ground/rain water ht'ated 1iirectly by the ....._

moving to earth surface. The vapor containing volcani<: or juvenile gu is immediately

released to the earth surface. This eruption is an early indication of increasinglCtivity

from the volcanoes of A-type activity stage. Phreatic eruption at this condition IhowI

low energy. Volcanic gases and steam carrying chul\ks of rocks are IC&ttered around

the site of central eruption, but ashes carried by the wind can spread further.

b. Hydrothermal eruption of semi-volcanic activity type, which is the focus ofdilCUSSion

in this paper, because of its mechanism, eruption intensity and the potential disuten

factor causes. Eruption mechanism is associated with the balancing disturbances of

internal process (physical and chemical development) or external factor particularly

by tectonic which affected to hydrothermal system.

The hydrothermal system is formed by controlling parameters (see Fig. 2) :

the presence of a source of heat, in the form of the active maama or young intrusion

body and hoi rocks produced by heated (active-) maema.

adequate ground water, usually as regional flows.

the subsurface geological condition, puticularly with the pracnce of IOUR:C rocb,

capping layen of impermeable rocks. and structure control (fndure. fiaure or fault

systems).
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The volcanic body, or plutonic intrusion intruding ledimentary rock layen consistin,

mostly of marine sediment. Various types of marine ledimentary rocb would be source rock

for the hydrothermal system, which is composed of hot-fluid consisting of saliferous solution

in the marine sedimentary rocks.

The development of thermodynamic condition in the hydrothermal system can

transform physical quality from water/liquid to sIeam, or saturated gas with high P and T

(superheated steam).

The transformation to steam domination system (with gasic elements) can occur in

shallow layers of rocks bed. Balancing disturbances, in the hydrothermal system, as a result

of internal process or external control, would be able to cause -hydrothermal eruption-, with

blowing upon the steam (and gas) or hot water.

Hot fluid leak from hydrothermal system will reach the earth surface in the form of

fumaro!~ or solphatara activity or hot spring carrying a number of gasic elements.

h. Indonesia there are 21 fumarolic fields occupying active volcano belts where

intruded marine sedimentary/meta-sedimentary rock layers; e.g. geothermal areas ofPrabakti

(Mt. Salak, West Java), Manuk-Darajat (Mt. Papandayan, West Java), Karaha (West Java),

Dieng Mountains (Sikidang, Sileri, Tumbang Condrodimuko, Central Java), Suoh Antalai

(Lampung), Gayo-Lesten (North Sumatra), etc.

A number of active volcanoes of A and B types of volcanic activity stage grow on and

intruding sedimentary rock layers will produce solution or fluid containing gasic elements.

This type of volcano includes Mt. Sibayak (North Sumatra), Mt. Talang (West Sumatra), Mt.

Sekincau Belirang (Lampung), Mt. Salak, Mt. Tangkuban Perahu, Mt. Papandayan (West

Java), Mt. Pakuwojo and Mt. Bulak (Dieng Mts. Central Java), Mt. Tarnpusu-Lahendong

(Minahasa, North Sulawesi), etc.

THE HYDROTHERMAL ERUmON HAZARD

Based on the physical and chemical condition, hot fluids which are coming from

eruption will be able hazardous threat. This hazardous threat is characterized u :
a. Primary Hazard, or -direct haurd- , cauled directly by an eruption blowina upon the

steam and hot gas, hot cloud, eruption lahar and poilOnOUS pses.
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b. Secondary Hazard, in the form of a landslide caUJed by the formation of

hydrothermal alteration triggered by saturated hot water Rowina or IIeIm emillion

(fumuolellOlphatara).

Hydrothermal eruption produces high pressured hot fluid flowin. in ,real mass

through the ear1h surface, as a result of the hot fluid emission, explosion holes or 'maar' are

formed. In IOII'Ie active volcanoes in Indonesia are found a number of 'maaR', they are

formed and ICaltered in the lower mountain side, interatina example are Mt. Lamongan

(East Java), Dieng Mountains (Central Java), Suoh Antatai depression (Mt. sekincau

Beliranl, LamPUnl), Unau Lake (Me. Tampusu, Minahasa, North Sulawesi), Pnbakti crater

(Mt. Salak, West Java) (Fig. 3, .. and S).

Areas located around the active geothermal arras with the 'mar' visibility tends to

be wlnerable to the danger threat. A tremendous hydrolhermal eruption causin. disaster

occurred at Mt. Papandayan (West Java) in the year of 1m, claiminl3,OOO human livt:S and

destroying thousand of acres of farmland and settlements. ne landsIidin, of the products of

the hydrothermal activity process can also occur to active volcano with ,real intensity

visibility. Bued on the visibility and the event cuncntly happenina at praent, a number of

volcanoes containing fumarolic and solphataric faelds in Indonesia had ever occured bil

landslide. Bi.landslides causing disaster occurred at Nt. semeru (East Java) and Nt. Talanl

(West Sumatra), darnaginl farmland, physical construction, lettlement areas, and allO a peat

number of human lives.

MmGATING EFFORTS

Methods of active mitigating in an effort to reduce the hazardous threat of 1eIIli­

volcanic activity associated with hydrothermal eruptions are very limited. Usina .asmic

method is not 10 easy as to monitor normal volcanic activity, becaUIC the eneru reIeaIed

from the hydrothermal system activity is too low. Monitorinl hydrotha nll1 Iystcm in depth

of 2,000-3,000 meters muld be applied by the microleismic method althouah it lUes alona

period; it should be done as in the exploration of .eothennaI potential. The activity of

hydrothermal system in the form of up Rowinl of hot-fluid or out fIowin& of hot-fluid

towards shallow depth may cause I weak surface explosion or ps-emiaion explosion.
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Geoelectric method, a discipline using resistivily, suppon exploration of the

geothermal potential, is applied to detecl Ihe background depth, the horizontal and vertical

development spread and the hydrothermal system character. Geophysical method, a

discipline using gravity, will confirm Ihe status of hydrolhermaJ system controlled by

geological and lithological structure beneath the surface. Geochemical method, done by

chemical analysis of steam/gas emission (fumarolelsolfatara) and hot spring, is used to gain

information concerning the origin of the water, the kind of rock layers passed by the ground

water, hoi fluid and rock beds and also gives informalion on the type of the hydl'Olhermai

system and the geothermic potential source.

Another mitigating activity is by geological mapping of Ihe geothermal areas. This

is done by observing the distribution of the geothermal/heat flow zone with genetic analysis

related to volcanic activity active tectonic structure control. Tectonic slructure fractures,

fissures or faults which can control the development of volcanic structure is a weak area ideal

for the formation and development of hydrothermal system or hot fluid migrating. (Fig. 6)

Based on the geothermal geology mapping inclUding fraclures, fissures or faults

struclure distribution, supported by the information from geophysical and geochemical

methods, it may be applied to make the wning map.

This map designate areas vulnerable to the dangers of :

Spreading leakage of steam/gas emission containing poisonous gas which occur along

the fractures fissures or fault.

Primary-lahar distribution (if Ihere is an eruption) Ihrough river valley.

Wet landslide, particularly through valleys cutting down the mountain side.

Civil construction in the effort to mitigate the hazardous threat of hydrothermal

activity and eruption may not be as ideal as mitigating for normal volcanic eruption. It is

caused by the type of hazardous threat, natural condition and location of the geothermal zone

in relatively flat area or "plateau" (Dieng Plateau, Suoh Antatai, Sibangor-Tenya etc.). Starn

spread containing poisonous gases cannot be mitigated. by physical construction. Wet

landslides and lahar flow through through the river valleys on the volcanic slope, can still

be mitigated by physical construction in the downstream area.

Passive mitigating efforts can be done by drawing up local government regulation to

close the hazard-prone areas and by informing the people livinl near the active geothermal
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areas (Fig. 1). Some ~eothermal areas in Indonesia have been treated as tourist spots. 1be

tourists should be informed of any location that are off limit or need extra caution because

of possible hot mud blowing and steam with poisonous gas content.

CONCLUS!ON

1. The number of 21 fumarolic/solphataric fields characterized as the C-type of volcanic

activity stage in Indonesia, and a number visibility location which form the active

geothermal areas.

2. Solphataric/fumarolic fields and geothermal generated from hydrothermal system is

directly and indirectly related to volcanic activity which magma intruding marine

sedimentary or meta-sedimentary rock layer. Hydrothermal system formed in marine

sedimentary rock layers will be able to consist and develop poisonous gases.

3. The balancing disturbances in the hydrothermal system as a result of internal and

external process (tectonics) may trigger hydrothermal eruption (steam and gas, or

primary lahar). This is a primary hazard threat to the environment and human life.

Fluid leak (steam gas and hot spring), and hot fluid from the hydrothermal system can

assist the hydrothermal alteration process to the rocks. The hydrothermal alteration

activity changes the physical quality of rocks, it triggered by the hot springs or

ground/rain water, a wet landslide were occurred. This indicates the secondary danger

threat.

4. The ..ctive mitigating efforts semi-volcanic activities associated with hydrothermal

activity are limited and tend to be done as in the exploration of the geothermal

potential geophysical, geochemical and geological mapping. Geothermal mappina

shows the structure associated with the formation of hydrothennalsystem beneath the

surface and the hot fluid leakage distribution in the form of stcamIgas emission

activity or hot spring sources on the surface. These methods can be used to compose

a hazard zoning map, showing prone areas to the primary and secondary hazard. 1be

closing of location considered vulnerable by drawing up rqulation is a preventive

measure. Passing on information to the people nearby, or to the tourists, is stronaIY
advised.
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Table I Zones of Active Volcanoes in Indonesia, With the Number of Volcanoes and Type
of Volcanic Activity Stage

z_ of Ktlft lsi" 'ype of VOlcanic Actt.lty It... 'et.l
.ole... A • C

IundIa S-tr. 11 12 , 29
IundIa Str.tt 1 · · ,

J_ ZO 10 5 55
Ia'i.... '....r. ZZ ] 5 ]I... Yotunle. .et" In • 1 · •tile ......

..t..... IIortllern • WHtern , 1 - 7
pwt of ...,.....

..I....... IIortllern pwt of
SU'_I , Z 5 1)

...tlle ,.tlUd 11'1 5 · · 5

1'9 29 2' '29

Table 2. Poisonous ,ases at Sinila Crater and Surroundinls durinllhe hydrotha lila! eruption
in 1979, and gas leakage at BakaI village in 1992

...... Conclfttr.t Ion In.... Ilydro"'--t ICUvl ty 1ft '''' .,.......1
Slnlle lI.t___ u.. ,.l.t-'" ' ........td activity In tt9I

aJ 1.0 5.0 Z., · 0.05
00, zoo,000 25,000 10,000 5ZO,GOO 5,GOO -II,S 125 50 ,... · 10.0 -ZOO
IICII ZO 41.5 6.5 4.5 10.0 --II,A. 10 20 t... 9.5 0.05
MO, J.5 10 10 · 5.'- . '25 - ,..
ct, . - . · I.'to,

VleU. '" Per"" kllted , ,....ltllt...
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Tlble 3. Some ...mben of voI<*KJeI or ¥OIc.ic: -=tivitJ .......i. widell ..__... 1M...
volcanic ae:tivitiel or wel a.daIidina rellIed 10 ~,cInJIIIenuI acdviIieI.

10. ... of Vole_.,. '''' ef v.t_lc activity It... ,-- ef Act. t=:tVoleMic activity A • C ... I~I.. Landlil I_

1- "'lsl'" •
2. lieyIO L_t.. •
J. II.. •
4. II""'" •
5. lel.t. 'WUlYli •
6. 11a.-1-a.-1 •
7. It.... ' ..... _Ill •

"'r.1
I. 1Ier.1 • ,.,. T.l.. • ,..
1O. '.r. "'llM (11_» •

L.......
11. ,,*It D~ •
12. IIOr.. 1eYM •
13. ..Inc., "llr... •
14. ,_t.....t. (.... • '9DAnt.t.l)
15. Ilulubolu •
16. ••j .... •
17. 'r""-Iol. •
11. 101. • '.. ttOIIU. "" •19. __-T"~ Per., •
20. lC_j.. •
21 . D....j •• •
22. ........- • ,m
ZJ. lC.r" •
24. Gut I (l1_U • •25. "lItIenI. ItnH. • • ,...".,,.,,

Condradl..o ""26. 'oeorIl.... 11.1.... • "".ItlM...Illorl elUorn
27. CondrClCU"O n..,) •
21. s-rv • ".29. ...,..1 •
JO. 'ocoll LeGt Col_ •
J1. ~ •
32. Lor.mull.
U. Inl. L•• •
34. III L_t.I. • 1M
35. .....t... • eft_
36. Inl••1. • t9PZ
J7. t.,...IOWlI •
31. DuIl_ • __ .ctl"tty
39. L....... •
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ENGINEERING FOR MrI1C.\TlNG N.\nmAL 1LU4ItDS D.uL\C&

YogyekWta. IndonIIla
22·21 June 1882

THE POTENTIAL HAZARD OF SECTOR COLLAPSE OF
ALTERATION FROM MT. IU LEWOTOLO, NTT
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voIcanoIogc.a Survey of Indonesia

Dnctorate Genet" of Geology and Miner" Reaourcea
Indonesia

.
ABSTRAcr Some facti show that. sector coll.pse of volcanic flank is a potential build for

Ibo people who live in auroundina of • volcano. It can be caUlCd by lact of f1_ "ilily of

1IC&ml1l,........I.ltention. The .ltention is now clearly shows by eutem peak and tllllk of

IIi LcwotoIo and u • weakncaa area. TIle volume of .lteration ma1eria1a (blocky laYM MIl

pirodutic rocb) in a Lcwotolo aater is .bout 400.000 cubic meaen. 1"heIe wHI bec:ome I

potcatir. buard if a coll.pse ICCtor occurs in the future. The conapIC caa be triaened by •

......uate, • crypto dome activity or • m'amatic eruption.

INTRODUcnON

Nt. Di Lewotolo is • quartenuy active volcano of Sunda Zme. located to the DOI'tb of

I.-.blca lllaad, eutern Flores (Pia- 1). It bu erupted an extremaly wide ..... of .... aad

pinIdaItic .....ia.. which could be u • directed buard 10 the people who live dmecllO the

volcano.
PoeeaIial baZIrd from volcanic activity diffen in 101M respects m- _ 10 .edler, II

will drivedm.direct hazard (pyrocIatic flow, tepbra and Ina flow)" iadinld ......(w.
-'...avalMd¥). By StudYina put biltm'y, preIClIl behaviour IIId the likely impIlcMiaD for
ill futuIe bebaviour, an hazardous of volcanic phenomena could probIlbly be pIedided.
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Sector collapse does not always together with magmatic activity or intrusion (crypto

dome). but it can be related to extensive hidrothermal alteration inside or on the Oank of crater

wall. It is characterized by no magmatic rocks in the deposits (mostly lithic &lgment).

Consecquently, th«" sector collapse of hydrothermal alteration probably due to by .avitatloa of

weakness rocks by alteration processes (Macleod, 1989).

Large slope failures may also occur indenpendeDtly of this trigering mechanism, where

stability is gradually lost through hydrothermal alteration and change pore water conditiou

(Hyde and Crandell, 1978).

The 1979 disastrous of Waiteba (southern part of Lembata Island) represented an

alteration rocks as a caused lack of slope stability, produced massive avalanche to to the aea.lta

effect yield tsunamy and killed more than 500 people (Sudradjat, 1979).

Based on the volume and altered rocks in the crater, distribution of the villages in the

da:1gerous zone, the writer is trying to estimate the posible hazard of iii Lewotolo volcano in the

future.

TIlE GEOLOGICAL SETIING

Landsat and spot image interpretation of the Lembata Island represent the island

geological view consist <)f Tertiary volcanics and sedimentary rocks, then covered by younl

volcanic products of lavas and piroclastic rocks of basaltic to dasitic composition. Two youDI

active volcanoes are situated in the south island (Mt. iii Werung) and in the north of Lembata

Peninsula (Mt. iii Lewotolo).

The Population

The factor which may lead to the disastrous or hazardous consequeh.:'c in the future

eruption or a tectonic effect is the increase of population and settlement location on the volcanic

flank closed to the IIi Lewotolo eruption centre. They increase in a radius of8 kin from tbe crater

(Fig.2). The people wholives in the hazard zone sorounding the volcano increases with the time.

More than 7000 people settled, with their activities are agriculture and fishery.

Risk Assessment

Dangerous phenomena may rise from rock mechanical instability reached duriDJ the

eruptive process. ego the acumulation of large amount of deposits beyond their normalllll1e of

rest under natural condition, such condition state which is quite easily revealed by external

instabilities and which may cause lahar and! or debris Ivalanches.
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IULEWOTOLO

iii uwotolo is an active volcano (1450 m above sea level) located on the nortb peninsula

of Lomblen Island. It bas two cra:ers with 800 m and 75 m in diameters respectively. The big

crater opens to tbe east, then the small one is located on the eastern part of big crater (Fi..3).

The flanle of IIi Lewotolo is steep, especially on the nortb and eastern slope which have

the angle ranges from 45-55° (FigA) and extensive fumarole on eastern slope, while the western

flank is relatively gentle. The upper part of the slope and the peak of lli Lewotolo CO\'~edby

pyroclastic fall.

The young lavas deposited in the big craterand spread out to the east flank ofIli Lewotl~1')

then to the sea (fokojaen and Lamawolo).They covered about 3/4 of the main crater, with 2-20

m thick and have the volume about 400.000 cu-meters. They also represent the dome like struClur

that situated on the eastern crater.

The Fumarole And SQlpbatar Activity

iii Lcwotolo emits a large permanent plume Qf gas from the summit area. Extensive

IiOlphatar and fumarole fields are present on the western flank of the cone structur inside the

main crater and also along radially running fissures on the eastern-southern outer flank near the

summiL Temperature measurement showed the maximum gas temperature on the hot vents

closed to 49(f (Van Bergen et al., 1989). Strong hissing sound sometimes accompany the

escaping of gas and a bluish light was visible from the venL

The distribution of altered rocks from fumarole and solphatare activity spread out 011 the

large areas. 1be rocks in summit area, inside the crater and the eastern steep crater wall are

heavily altered, therefQre the uppc-r flank Qften eroded by gravitation and heavy nin water.

On the east flank down slope, the fumarole and hot water spread out in an area 300 x

SOO sq. meters. The small hot spring has a temperature 4O-43°C, flow rate 0.3-O.41/sec: with the

sulphate deposit, silicification, pyritization and oxydation.

The Past Volcanic Actiyities

Past activities of iii Lewotolo had been recorded by Neuman Van Padang (1951) and

have periodically been monitored by Volcanological Survey of Indonesia. They have IIar1ed

since:

1660: Centnl eruption

1819: Central eruption

1849: Central eruption
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1852 :October 5 and 6. een....1eruption destroyed IOrOUIIdina area, thea the lIDall COIle 1ftlW.

followed by IOlphatare activity 011 the eastern flint.

1864 ; Central eruption

1889: Central eruption

1920: Small explosion of the centnl vent

1939: Increased activity

1951 : Increased fumarole activities to the eastern crater.

DISCUSSION

Two catastrophic events: ML Rainir (USA) duri... HoIoccae time (OaDdell et II. 1979)

and the 1172 Mt. Papandayan eruption (West Java, Indonaia) were ...-ive avalaDChe of

hydnMhermalaltered rock debris that produced mud flow or debris flow aDd 1ab8r.1'beIematerial
could be a disastrous, if they extended into densely populated areu, ea- the 1m Mt.,...,.
debria flow k.iIIed more than 3000 people (Van Padan& 1951).

The 1980 active aypto dome of Mt. Saint Hellen caUled a aedor coIlapIe, procluciaa
debris avalanche volume 3 tm3, c:overina an area of60 tm2 aDd movina about 25 kID from the

volcano (Voight et al., 1981; Cnndell, 1984).

The collapse can be trisaed by the c:hanaina ofhydrodlermall)'llem,.. thebis tecUIic
earthquake. Some faets show that debris avalanche depoIit of altered rocb do DOIIbow a DeW

maamatic materials, u shown by the 1m debris avalaDc:be of Mt. rap.aday-., poMblJ

triaered by a hydrothermal uploliOll or an earthquate.

The eutern cracb of Jauna dome of Di Lewotolo it ODe of the adift tile

thick sulphur come out. The ... red ailemtiOll II'OUDd the dome aDd 8aat proIIIbIJ
indicates one of the weaknea and Iteep area. It could be a poIeDtial haanI for future lCIhia,.

if the intensity of the explOlioa or earthquake aaivity quite bia ......

The other faetor that will affect rock wrakDa_ of Nt. IU UwoIoIo II pmMbl, ...

where hydrothermal proccIIltroft&Iy attacked the old rocb or libel. COIIIeq1ICIIdy .., 1IIiI,
c:hange 10 clay minerals. Therefore 011 aateep slope land slide will pmbablJ occur..... Iact

of slope stability.

The volume of materials inside the enter is bia eaouab (400.000 cubic ......~ II wil

he • heavy deposita to praa and affect alla'ed .... 1be)' will weaba aIIIIr wall_ .....

liability. Therefore IUCh m... could provide a IOUICe of IMp debris anI__ or mud..

if the eastern sector of the flank were disrupted bJ a crypIO dome, a .....adc enpdoD...

earthquake. u shown 011 u example model (Fia-S)'
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If bil debris .valancbea were slide to &be lea, &bey would cause • bil wave or IluDlmJ

wbicb would be dan,emus 10 ldtIementl on abe Bay of Lomblen Island.

HAZARD PREPARFDNESS EFFOKI'S

The posibilities to reduce victims from future buard of ML Di Lewotolo eruptPoa; to

evacuate the aettlemenllRll inside abe radius of 10 tiIometeri from the eruption poiDt, &0 aive

information to abe people who live in lIOrOUIIdinaofvolcano about volcanic ICIivilies 1Dd....

of the volcanic eruption .nd .110 to evacuate if an eruption is loma to occur.

By studyinl the serious eruption of I volcano occured whitin rec::eDt time, pre-billoric:

activities. ,eological m.ppina need to be done in order to find I fiame kind of rocb IDd ill

distribution.

CDNO.USION

The IJC*ibIeMIaIdofML Di Lewotolo is debris .valanches or land slidea, ifan eruptioa

or a big eanhqualte will occur in the fulure, bued on &be leoJosical data, &be altered lOeb IDd

f1aaIt liability. The direction of flow could probably to the eutem part.

&peciaUy abe ecentric location of the main cea.ln ofldivily cIoIe to the rim oflbe enter,

.. the ........... of IVCb may pole tbreata durina future e¥ellil biper (expIoIive)

activity. Ilia feuible lhat the _...me- of the altered put of the Itructure may lad to IDIDe kiDd

of • ICCtor coll.pee durin, more violent eruption.

Becauae lbere are many villales arouod the voIcaao, a further ltudy is I'eCOIIIaICIed to

ev.luate the need of a more permanent obtervation (includinl seismicity) Dell' &be volcano.

REFERENCES
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THE 1991 MT. PINATUBO ERUPTIONS: VOLCANIC HAZARDS AND IMPACTS

Raymundo S. Punoqbayan
Philippine InatilUte ofVolc:anoloaY mel Seismology

Deputmcnt ofScience and Technolol)'
6th Floor, Hizon Buildina

29 QuezonAv~ I
Quezon Oty, PhilipPInea

ABSTRACT

The June 1991 Mt. Pinatubo enaptions is considered as one of the biUest eruptions this
century by world class standards. Ita paroxymaal phase on IS June 1991 produced an
approximate volume of7-11 cu. kma. ofpyroclastic: flow deposita and extensive air fall tephra,
the thickest portion! averaaina SO ana at 2-9 klns from the summit caldera. This caldera,
fonned during the IS June 1991 eruption, measures about 1.5 kms and 300 m. deep. It is the
site of numerous post-elllption ash ejections, the last on 02 September 1992. After almost a
year from its June 1991 eruptions, volcanic activity have been mostly characterized by lectonic
adjustments probably due 10 rocb adjustina within and around the vacuum auaed by the
ranoval ofa big volume of mqma beneath the volcano. However. equally thRalenilll hazards
are praent and are still expected:

a. Lahars. Dudna the 1991 rainy season, about 10-15% of pyroclastic flow
deposita and most of the thiek tephra fall depolita were washed down as
lahars. Drainage syatema where these flows occurred were: O'Donnell­
Tarlac, Sacobia-Bamban, Abacan, Puig-Potrero, Porae, Gumain,
Marella-Slo. Toma, Maloma, and the highly complex Bucau·Maraunot­
Balin-Baquero river systems. Flows may have a highly erosive to
channel-filling character while in the distal ends, may silt up or flood low
lyins areas. Our estimate is that the threat from lahars will continue until
about 40% of the pyroclutic flow deposits have been wuhed out by
annual precipitations. Worst-aue scenario maps were prepared and
distributed which delineated pyroclutic flow sources, areas already
affected ancVor buried and areal which will continue to be affected or at
risk. within the next sevenl )an.

b. Secondary Explosions. Temperatures of the very thick (maximum of 220
tuns) pyroclastic flow deposits are expected to cool down within four to
five years time. Thesc: deposita, when rained upon, caused ICcondary
explosions whOle heights could be as high as 10 kms and could cause
light to heavy ashfall in nearby BR:aS.

c. Volcano-tectonic Quakes. Tectonic adjustments are still occurring.
Epicentral locations are alonllCveral areas around the volcano with
maximum depths of 1.5 kms. Mqnitudes vary from leu than I t04. The
biuer and shallow onu arc uaually felt over a limited area.

d. Secondary Pyroclastic Flows. At leul three sianificant secondary
pyroclastic flows have been documented. These are when previously
deposited pyrodatic flow dcpoUts are remobilized by rainwater ICCPiIII
into and generating the slidi... block, occurrence of local and modente
rnasnitude earthquakes, or a combll.tion of the two.
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VOLCANIC HAZARD MITIGATION
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Adjat Sudradjat
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Department of Mines and Energy
Republic of Indonesia

ABSTRAcr Volcanic hazard mitigation program in Indonesia constitutes volcanic

monitoring, hazard map preparation, public education, eI1gineerin& construction and public

awareness. In the last 200 years, 175 thousand people were killed by volcanic eruption. The

number has significantly decreased due to intensive implementation of the program. Six

eruptions that occurred in the last 10 years claimed 381ives in comparison with ~870 persons

kined in the previous eruptions at the same volcanoes.

The advances in volcano monitoring teehnolOCY have also been important contributors

to the success of the volcanic hazard mitigation program.

INfRODUcnON

Indonesia harbours 129 active volcanoes that erupted in historical time or since around

400 yaus ago. The volcanoes distribute along the v~lcanic belt of Indonesia, 7000 km Ion&
and 100 kin wide. In the average, one major eruption occurs every 3 yean and mild eruption

almost continuously.

In the last 200 years approximately 11~,OOO people were killed and hundml of

thousand acres of arable land were destroyed by the volcanic eruption. The most recent

catastrophic eruptions of plinian type occurred in 181S in Tambora volcano, Sumbawa and

in 1883 in Krakatau volcano, Sunda strait. The first eruption killed 80,000 penons and the

latter claimed 36,000 lives.
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MmGATION PROORAM

Volcanic hazard mitigation program in Indonesia consists of:

a. Volcano observation and monitoring of the activity, therefrom early warning might

be issued. Several methods are applied in volcano monitoring which include seismic,

tilting, deformation, temperature measurement, gravity, magneticity, self potential,

S02 and C~ measurement, radioactive gases etc. Volcano monitoring by means of

satellites was also introduced in Kelut and several others volcanoes using ARGOS

platform.

b. Geologic mapping of the volcano in order to understand the past and present character

of the volcano.

c. Preparation of hazard zoning map based on the past and present character of the

volcano, topographic condition, prevailing wind direction etc. The hazard zoning map

includes also the inventarization of land use and vegetation coverage as well as

villages and population.

d. Public education through ,nformation dissemination, in particular to the people living

in hazardous area. The activity is carried out under the cooperation with related

agencies such as Ministry of Home Affairs, Ministry of Information etc. Exerc:ises

are regularly implemented.

e. Engineering construction to mitigate the secondary volcanic hazard, consists among

others of the construction of saba dam, dyke and check dam and the construction of

tunnel. Saba dams were built in Galunuung, Merapi, Scmeru and Kelut volcanoes

to mitigate the secondary hazard caused by lahar. A tunne1 wu drilled in 1920 in

Kclut volcano to drain crater 1akc water which generales hot lahar.

f. Civil Defence for Natunl Hazard Mitigation encompasses related acencies such as

Ministries of Social Affairs, Health, Education, Mines and Ener&y, Public Worb,

Agriculture, Transmigration. Home Affairs, Defence, Red Cross etc.

The organization is chaired by Minister Coordinator for People's Welfare in national

level, and at the lower levels is headed by Regent or Mayor coordinated by the related

Governor as • member of the National Coordination Board for Disaster Manaaement.
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CASE STUDIES

In the last 10 years, 6 malor eruptions have occurred in Indonesia. The intensive

volcanic hazard mitigation program has proven to be effective. The following figures show

the decreasing number of victims caused by volcanic eruptions.

Table J Number ofcasU/lllies caused by volcanic eruption

Name of volcano Year Number Number of Year of
of victims at previous

victims prevo erup. eruption

1. Galunggung 1982 5 4011 1827
2. Colo 1983 None Many 1898
3. Merapi 1984 None 1369 1930
4. Kie Besi 1987 None 300 1861
S. Banda Api 1988 I Many 1890
6. Kelut 1990 32 210 1966

Total 38 S890

a. Galunggung (1982)

Galunggung volcano is located in West Java, in a densely populated area. The volcano

has been prepared with a volcanic hazard map. When the eruption occurred in 1982, the

evacuation took place applying the zoning map. Approximately 35,000 people have been

saved before the bigger eruption that generato~ glowing cloud occurred. The intensive

monitoring was able to predict the individual eruptions that came later during eleven months

of crises.

b. Colo volcano (1983)

Colo volcano is located in a volcano island. The volcano had been jolted by strong

earthquakes almost continuously for 2 weeks before the eruption. The earthquake intensity

increased as time progressed and culminated approximately 40 houn before eruption. A short

quiescent period was recorded 4 hours before the paroxysm occurred. Nucc ardente of St.

Vincent type swept over the entire island. Thousand of coconut palms and clove trees
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perished. The last evacuation group was moved out of the island approximately 10 boon

before the paroxysm, whilst the volcanologist and observers left the island 6 houn later when

the quiescent period was recorded at the seismograph. In total, 7,000 persons were saved.

c. Merapi (1984)

Merapi volcano located in Central Java, is the most active volcano in Indonesia. The

lava dome development takes place almost continuously. At present 6,5 million cubic meters

of lava dome is estimated. The dome frequently slides down causing avalanche which usually

accompanied by nuee ardente d'avalanche (of Merapi type). The materials deposited by the

avalanche generates lahar when mixed with rain water.

The intensive monitoring has revealed several phases of the eruption characteristized

by different types of seismic records. The deep tectonic quake usually is followed by the

shallower volcanic and multiphase quakes related to the lava dome development. The

multiphasc quake in general may lead to the prediction of an eruption. The 1984 eruption was

preceded by sharp increase of multiphase quakes several hours before the eruption.

d. Kie Besi (1987)

Kie Scsi volcano is located in an isolated island in eastern pan of Indonesia. The

volcanic eruption was predicted based on the seismicity that increased significantly before

the eruption. Some 5,000 people were evacuated.

e. Banda Api (1988)

The observer of Banda Api volcano was warned by the increasing seismic activity 3

days before the eruption. When the intensity reached 200 counts a day. the local government

was contacted to evacuate the inhabitants. Lava flows destroyed the villages and the arable

land located at the foot of the volcano.

f. Kelut volcano (1990)

The most recent volcanic eruption occurred in Kclut volcano. This volcano wu

known to be very dangerous because of the eruption lahar generated by the crater lake water.

A tunnel was drilled in the crater in 1920 to drain the water. The water volume decreued
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from 40 million cubic meters to around 2.5 million cubic meters.

Six months before the recent eruption water lake temperature had increased

progressively from normal temperature of 32"C. The highest temperature 41CC was recorded

a week before the eruption. The temperature remained at this level until eruption took place.

The increasing temperature was accompanied by seismic crises 4 months and several days

before the eruption. The high acidity of the water lake 'was also recorded.

Kelut volcano was monitored continuously by means of telemetric device and satellite

platform. The latest warning was issued 5 houn before the eruption, while alert was tirst

annol.lnced 4 months before the eruption. Intensive public education and exercises were held

during the alert period.

CONCLUSIONS

Volcanic hazard mitigation program including volcano monitoring, volcanic hazard

mapping and public education has proven to be very important in minimizing the volcanic

danger. The positive interaction between scientist and administrators is the key element

toward the success of the program. In the Decade for Reduction of Natural Hazard, it is

called upon to give more priority to the program for the sake of saving human lives.
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ABSTIlACI' This study i. Intended to develop probabi II t)'-baud delian .ind

loeds ....II.. reli_lIity-baaed LRFD crlt.rla for tr....i •• ion towen baaed

on the InveaUpUon of the ..f.ty lev.l. of varioua typu of to••r. de.lped by

the current dellan practice In Ko..... In the .tudy. the AFOSM reU_II It)' ..thod

and .... I~rtMCI Supll"l Tedvllque are UHd for the .I....t and .)'.t..

rei i_i I i ty evaluation of actual tr......i..ion towerl .ubJected to weather-rel.ted

Ioedi ftII. Bued on the ..Iected tar..t reli_1I it I... a ut of load and

re.i.tance f8Ctora for the LRFD cri teria are calibrated uall,. the AF06'M and the

code optl.ization technique.

1NTROIlICTI'"

In Ko...., there has bean .....r of reported inch.nt. on the coil.. of

tr.....l..lon tower. due to Ito~ .Inda, which ta.d cauaed url_ -.K:lo-ec~ical

probl_ .t the affected ...... Thea _y be attributed to the fact that th~

current deeian .ind loeda for tr...... is.lon line structurn are not relevant. A•

• lICh. the cur.....t _ian .ind lo.da and .ind-....i.t....t ..Iety provi.iona lor

tr...... I•• lon line Itructur•••re not reliabllit)'-baaed and thua. in ..,.ral. do

not provide raUonal balanced dealan.

IfJC8I'Itly. the author devel~ probIIbtl i.Uc clellan-wind ..... Mel rlak

-bued .Ind.., baKd on .i..lated typhoona and ahort-te~ rec:orda(Qa. 1917 ;
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Cho and Balk, 1991). In the last decade, the develo.-ents in reliability-based

desian codes and _thodologies for reI iabi Ii ty analysis of various structures

have been well establ ished. last year, ASCE [1991] pub1ished a report on

"Guidel ines for Electrical Transaission Line Structural LoadinaN, in which a

rational approach for the desian of transaission line structures is reco-.ended

in the fora of reliability-based LRfD procedure for a systeaatic

reliability-consistent desian of local transaission line coaponents, subsysteas

and systeas. However, the ASCE approach aay not be appropriate in saall countries

like Korea and those where the reliability concepts are not filtered through to

desian practice. This study is intended to show a rational but practical approach

for probabi listie assessaent of desian wind and ice loads, and to sU&&est a

pract ical reI i abi I i ty analys is of trans.i ssion towers and a s iaple cal ibrat ion

approach for reliability-based LRrD criteria for wind-resistant design of

trans.ission towers,

PROBABILISTIC DESIGN MODEL

~fQE!>raaLand 1Jai t, St_ate ~1.
~RFO Foraat In the paper, the followina siaple LRFD foraat for two

representative weather-related loading co~inations is proposed as a wind

-resistent desian cri terion for transaission I ine structures. This forut is

well suited for the calibration of LRFO criterion based on the ~FOSM reliability

analysis and the Turkstra's load co~ination rule.

• Rn ~ 714 (70 On + 75 7 w I.) (I )

.Rn ~ 714 [70 On + 7s( 7w. I •• + 7. I.)l (2)

where • = strength reduction factor: 70 = dead load factor applied to On :

7W, rw" r I = load factors appl ied to I., I •. I. : rN, rs = iaportance

factors of llellber, structure or line R. = no.inal resistance On = OOIIinal

dead load effect : In = noainal wind load effect : In = noainal ice load effect

: 'I. = noainal wind-on-ice load effect.

Llal~ State Model for the develoPHnt of the reliability-based LRFO criteria

for transaission towers, a I inear strength I iai t state function in teras of

rando. variables of resistance R and load effects 1:S, (a(') = R - 1:S,) uy be

used for yield and elastic/inelastic buckling failure BOdes of axially loaded

aeabers. And the resistance randoa VAriate R uy be IIOdelled liS the product of

the noainal resistance R. and the correction factor N. which i. the randoa



W02-3

variate to adjust any bi•• and to incorporate the unc.rtainties involved in the

a.s•••..,t of R.. The randoa variate of the i th load effect 51 in each load

co~ination ..y al.o be expr•••ed as the prodoAct of the m.inal load effect, Snl,

and the corr••pondina correction factor N.I which is the randoa variate siai lar

to N•.

Probabi II.Ue Deal... Loed

lind load The wind load .00.1 for the probabi listie Oeficription of the design

wind i. based on the current Korean standard [KEPCO, 1~87J. The basic veloci ty

pre••ure qo(q/aZ ) :JI1d d.si.,.. wind pressure '(q/aZ ) actina on a coaponent or

structur...y be written as,

_ I 2
qo - T P ( G V10 )

, = C qo a fJ KI k2

where p = air ..ss density (klsl /a4 ) ; G = aust factor; VIO=

ainute wind speed aea.ured at 10 a above around level (a/sec )

coefficient ; a = heiaht coefficient: fJ = span factor k. =
...terial iaportance factor : k2 = shieldina coeffici.nt,

(3)

(4)

basic 10­

e = force

structural

In this study, the extr... wind speeds with the Type- I distribution are

based on the previous study on the probabilistic assessaent of desian wind in

korea[Cho and Baik, 1991 J. but for the assessaent of the statistics "f aaxiaU8

wind load. the 18 aajor si tes which hold records of acre than 20-yr 10"l-tera

wind speed are .elected, For the practical probabilistic approach, only VIO, C,

a and G are treated as randoa variabl.s. Based on the above aodel, the

distribution of wind load is deterained by a Monte Carlo Siaulation in the s.­

aanner u.ed by [llinawood and othera (1980).

Ice load The icilll on tran.ais.ion lines is a randoa event, and the nature

of the ice forae<! and it. aaount and shape deposited on the lines ar. controlled

by the physics of the stora and the topo.raphical features of the location. The

wide variations in the size, densi ty. and shape of the ice fo.-tion cause an

equally wide scatterness in the ice load effect iaposed on the transaission line

structures, The assessaent of precise ice loadina on transaission I ines are

extreaely difficult or even iape.sible due to the lack of the data available and

because of the extreae difficulty and coaplexity in the data ..ses...nt. Thus, in

this study the 5-ye8r short-tera data which iii ubtainvd frca a recent rep(u't

[kEPCO. 1988) on the ice load on transaission I ines in a heavy icina reaion in
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Korea are used as the representative stathtic. 01 the ice load lor cold­

weathered reaions in Korea. It has been lound that the probability distribution.

of the ice load as well as those 01 the wind-on- ice load ci8.cri bed below, which

are al.o obtained by Nonte Carlo SI8Ulation., can be Ii tted very ..II b)' the

Type- I dl.tributlon.

• ind-OI'::I_~~ l)Ild In the absence 01 the Itatistical data on wind loada actine

on Iced conductor., it i. .uge.ted that the basic wind-on-Ice ...... are

approxluted by 5()liI 01 the basic desian wind ....., which is the traditional

practice in Korea, wher... the ASCE Manual [1991] proposed to us. only 40- 01

thea. The extre.. data 01 wind-an-ice are extracted Iroa the wind .peed records

of the sites located in heavy icing regions during the winter season.

REU AB ILl TV ASSEX94F.tll'

Reliability Analysi.

At eleeent level, the reliability 01 ~ran.ai8sion tower. i. evaluated by

using tt-e AFOSM allori the. But at s)'st_ level, an ISTOaportance Saapline

Technique I sieulation allorithe developed by the author as well a. a 2nd-order

bound eethod is used for systea reliability analy.is of tran.ai •• ion towers. The

systea reliabilit)' &Ode I adopted lor the reliability analy.i. 01 transal.slon

tower8 is ba.ed on a FMA(~ lure Mode Approach) fOr8Ulation with a .erie. aodel

[Thoft-Christensen and Nurotsu, 1986].

Rei iabi I i ty of ExiatilYl frenuiasion Towers

In Korea, .aneal ateel tran.ai •• lon towers except special kinds are

usual I)' desisned as the standard t)'pe& in ~st cue.. Tanaent(A), anale(8),

strain(C) and dead-end tower(D) are four basic distinct types 01 the standard

transais.ion towers. In this study, at fi rat, rei labll I ty levels of various

current code. such as the Korean standard-ISD[l987L the NESC-LFD[IEEE, 1990] and

the ASCE-LRFD[ASCE, 1991) are inve.tiaated to aake a c~rativ••tudy for code

calibration. It can be found that the rei iablt ity level. of the Korean standard

and the NESt are hiahly fluctuated over various load ratio. and show. IJ :>0 I. 5

in the extre.. wind case which is 8Uch lower coapared to other buildine or bridle

desian code.. In contrast, tho.e 01 the ASCE-LRFD vary to a areat dear.. ranalRi

Iroe IJ = 2 to 4 in accordance with the line reliability factor, LRF and the

coaponent reliability factor, CRF.
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For the investiaation of the structural safety of existing towers, at

first . the ele8ent rei iabi I i tieli of each type of tower are calculated and

liu.-rized in Table l. Considering the delii red hierarchy of the reI iabi I i ty

levels of each coaponent and each type of transaission towers. it lI&y be stated

that the reliabilities of existing tangent towers desianed by the current

practice are IlUch lower than desirable. as it can be seen that the lowest /3. is

I. 63. And it can be also observed that the rei iabL it ies of arg ...bers are too

high such that II&xiaUII /3. is 9. This .id~ ranae of /3. 's in tangent towers

indicates that SOft 8emers are overly conservative whi Ie SOft other .abers

are too .uch under-desianed, which 8eans in Korea the safety of existing towers

in teras of balanced desian is totally not relavant.

Table 1. Ele8ent and syste. reliability of trans.ission towers

Ele..nt Rei iabi Ii ty. /3. 5Y5tea Rei iabi I i ty, /3s
Type - ,- On - Tech.~.tler On 'I - In Dn-'n On-'I -'n

MP 1. 85 "- 2.73 3.53 ~ 4.86 2nd O. BOWld 0.62 3.01
A IJ4 1.63 ...... 8.98 3.97 ~ 9.08

AM 5. 76 "- 8.96 5.35 '"'- 8.93 1ST 0.78 3.37

MP 2.99 ~ 4.50 4.04 ~ 7.03 2nd O. Bound 2.24 3.74
B IJ4 2.63 ~ 6.64 4.05 -- 9.09

AM 5.52 ~ 6.66 4.91 ~ 8.90 1ST 2.50 3.90

MP 4.41 -- 5.44 4.96 ...... 7.83 2nd O. BoWld 3.60 4.73
C IJ4 3.71 ~ 9.00 5.32 ...... 9.09

AM 5. 90 ~ 8.87 5.56 '"'- 8.91 1ST 3.65 4.88

MP 4.27 ~ 6.96 4.53 ...... 7.41 2nd O. Bound 3.35 3.87
D IJ4 3.49 '"'- 7.69 3.92 ...... 9.07

AM 5.92 "- 8.91 5.64 "- 9.07 1ST 3.40 3.88

Considering that II&jor parts of towers. in lenersl. have relatively low {j.

and are fraeed in statically detereinate way. series systea IIOdeII ing for each

tower type II&Y be used in practice. [still&ted results are s~rized in Table I.

Note that the syste. reliability of tanaent tower is IlUch lower than those of any

other types. It is lI&inly because in the case of tangent towers the current

practice yields under-desian of lI&in ...bers and thus the co.ponent reliability

results in .uch lower than that those of any other types when subjected to the

probabilistic desian wind load proposed in this study. It lI&y be argued that the

target rei iabi Ii ty of lanaent tOWCl' IOhould ~ adjulOted to higher one considering

the fact that the rei iabi I i ties of tanaent towers desianed by the current

practice are unreasonably low.

RELIABILITY-BASED LRFD CRITERIA
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Cal it>!"atLOI't ~Tllr&et 1l~1 i~i I ~t~

Cal !bration The LRFD cd teria described in the paper is cal ibrated

practical ~thod so that the reliability are nearly unifor. for .11

by a

load

situations. In order to achieve a consistent safety level near the taraet

reliability index using the Level- I LRFO code, the resistance factor, fa and the

load factors, 71. reapectively, are calibrated by the well known code

opti.i~ation procedure[EI I inawood and others, 1980].

T1l!,&etReIi~HUy No established procedure for the rational selection of

target reI iabi I i ty indices, however, is avai lable so far, al though a nlmber of

different approaches have been reported in the LSD or LRFD code develo~nt for

vari ous kinds of s t ruLtur"s. The pract i cal approach suggested in th is study is,

therefore. based on the concept of the desi red hierarchy of safety level along

with the engineering judge.ent and experiences AS well as foreign practices

together with the trade-off between theory and practice. The selected target

rei iabi I i ties based on the resul ts of the investiaation of the safety level of

the current code and the rei iabi I i ties of existing trans.ission towers are

su.-arized in Table 2.

Table 2. Target
reliability

tote.ber

Type MP

Dol
AM

A 2.0 2.5

B 2.5 3.0

C,D 3.0 3.5

Table 3. Proposed LRFO criteria for trans.ission
towers

LRFP-.J;q.

Type:~8ber
• O. 85Rn= 7,..(On+1. 27Sln)
• O. 85R.= 7,..[0..+ 75(11 +0,61.)]

7N 7S
A : MP, OM 1.00 1.00
A : A~

B MP, OM
1. 05 1.15:

B : A~

C, D MP, OM
1. 10 1. 35

:

C, D : A~ 1. 15 1.60

Resu!!!._and Di&C~I!!on!!l

Cal~bra.!ion r_e,.~Hs Table 3 shows the results of the optiaU8 ., 7 i

corresponding to various target reliabilities for different types of ~abers and

towers. It has to be n:>ted that the basic resistance fill:tor 11»"=0.85) for

co.pression ~aber fixed as the representative value is selel:ted by considering

the resul ts of the AFOSM calculations and that of the AISC-LRFD .peei flc.tlon,

but the dead load factor 7D(= 1.0) iii selel:t.ed as t.he truncated valLie based on
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the resul ts of the cal ibration by considerina the fact that there wi 11 be

virtually no chanae in the dead load of trans.ission towers durlna the service

Ii fe. And then. based on the selected .1. rd. the correspondina

calibrated load factors rw. rw l • r I as shown in Table 3 are deter.ined frOB

the code optl.ization technique.

Oisc~sion In order to check the consistency of reliability of the proposed

LRFO cri teria in Table 3, the rei iabi I I ty indices are plotted for each taraet

reliabi Ii ty. as shown in Fia. 1. As expected. It uy be noted that the

rei iabi 1i ties are alaost cllnstant to the variation of load ratio except in the

range where the load ratio is less than one. Therefore. the proposed LRFD desi&"

cri teria can be successfully used for the balanced wind-resistant design of

trans.lsslon towers in practice.

--
, .

1.0
~ )'.= 1.00. )',= 1.00
............. )1.= 1.05. )'.= I. Hi
~ ....=1.10. )',=1.35
-- )'11= 1.15. Ys= 1.60

0'00~------:1~~2~~3~~~"""'~'-""':!'6
WI/D. 4 ..,

(b) 0. + II + I.

!'l.ll

4.0
;.0:
IW
Q
ii!:,..;:1.0

@:!.O
«C
If)

+- -----4.... ---..-.

... _- ....... --

;--
1 .. --....

1.0
YII= 1.00. Ys= 1.00

~ h.=1.05, Ys=I.15
YlI=1.10. Ys=1.35
)'11= 1.15, Ys~ 1.60

0.0 0~----'~~2~;~A~4-~5"' .~6

(a) 0. + I.

Fla.l Reliability variation of the proposed LRFD criteria for trans.isaion towera

: /l vs. load ratio

CONCUJS IONS

In the paper. practical probability-based desi&" loads and reliability

-based LRFO cri teria for wind-resistant design of trans.lssion towers In Korea

are developed on the basis of the probabilistic assesssent of statistical load

data tOgether with the reliability assesssent of existina towers usina the AFOSM

and an IST/FMA syste. rei iabi I i ty _IY5i.,

It 88y be concluded that the proposed reliability-baaed LRFD criteria

can achieve rei labi I ty-consistant and wind-resistant balanced desian of all
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standard types of trans.ission towers in korea. In addition, it has to be pointed

out that the reliability of tanaent towers desianed and er~~ted by the current

Korean atandard are too low and diverse co.pared to other types. and thus the

safilty factors for tanaent towers should be uParaded to have consistent taraet

reliability for the wind-resistant desian of future trans.ission lines.

This reFParch was supported b) the Korea Science and Engineering Foundation.

The wri ten &I'catefully acknowledge this support,

REFERENCES

ASCE. 1991, • liuidel int's fllf' E1eclr';c,,1 Tnms.ibsiun Line Sl,'uclunil Luading,·

Task Co..itt~e on Structural Loadings of the (o..ittee on Ele~trical

Transaission Structures. _SCE Manuals and Repo~ts on Eng. Practice No. 74.

Cho, H,N., 1987.• lyproon risks and typhoon resistant design of nuclear power

plants in Korea.• Proe. of the l'S-_sia Conr. on Eng. for Mi tigating Natural

Hazards Daaage. Bangkok, pp. _9-1 ~ _9-1~.

Cho, H,N. and Baik. H.S.. 1991.• Probabilisti~ _ssesssent of Basi~ Desian lind

Speed in Korea, • The 3rd East _,da·Pad fie Conf. on Str'uctural Eng.'

Construction. Shanghai. 23-26 ~pr., pp.1525 - 1530.

Ellingwood. B., Galaabos. T, V,. MacGregor, J.G. and Cornell. C.A.. 1980."

Develo~nt of a Probability-Based Load Criterion for A_rican National

Standard A58, " NBS Special Publication 577. National Bureau of Standards.

Dept. of Co_rce, June.

IEEE. 1990. "National Electrical 5afety Code," ANSI Standard C2 - 1990.

Institute of Electrial and Electronics Enaineers, ~ew York. N.Y.

KEPCO. 1988, "A Study on Loading Condition of Trans.ission Line Due to Snow

and Ice Accretion in Youna-Dona District", Report No, KRC-84S-SOB. Korea

Electric Power Cooperation, Dec.

KEPCO. 1987, - Design Standards on Steel Trans.ission Towers. "Korea Electric

Power Cooperation, June.

Thoft-Christensen, P. and Murotsu. Y.. 1986, " Application of Structural Syste.s

Reliability Theory." Springer-VerlaA Berlin, Heidelberg.



W03-1

SECOND US-asIA COIIRU11C8 ..
ENGINEERING I'OR Mn'IGATING NATUIlAL ILUAIIDS DAMAGE

Vogy..... 1nd0M8ia

22·28 June 1••2
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AaSTRAl-T AI~ghour basic undeBWlding or me nature or wind IDd ks dlec:u 011 ..

lU'UCtures ba... improved chmllically during the past three deaIdeI. the nnslalioa of .. kaowIedp ...

codes of pr.K:lice continues to present • formidable task. TIle aflennalh's folJowinl &be paille 01 ....

burricanes in the llniled StaleS have servtd as reminden thaI we are DO( doinl e80UJb 10 addraIme ....
IbreaL Wind damage in die U.S. 011. mnuaJ basis now Clm:d51ba1 induced by au 0CMr .......

FoUowing each m.,;ar wind C1I5I. Ibe following SIalemeDl is frequenlly lard:

"The wind clbMte _ pndkbble and ..... ., 11M ..........., ••' hI."

WbaI tbcn, are we doinl wrrJIIl? The answer is DO( • IiIIIpIc ODe. but is ...... lie ( 1.n

aaaancr ill whicb buildina wdcI _ prumulpled. adop4ed and enforced. 1be issue olllbdnbilily WI. ....

is always eenler stagc and lbe poIilicalleconomic sySlelllS in place in .-cjuri~do .. ....,.

penDillbe adopUon of proper lInIIeaies for miualLinl cIamqe.

The objective 0{ Ibis pnper is 10:

review CUI'mIt pI'ICIkles in lbe lIniled Swes willi repnt-. die wiacI .....

discuss die adequacy d wind load provisions currcady in pIKe to mid ..

suggcst wbat IleW mcuures should be adopIed 10 reduce wind damqe 10 IlXqIIabIc~

wbile aalbe &amc lime safqllMlina the economy.
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INTRODU<...ION

Many areas in me United StateS are vulnerat.le 10 clI.lleme weather, with hurricanes. tornadoes.

severe tbUDdersWnns, and downslope winds exacting bigh lOlls in human lives and property daInaIe.

Wind-relaled losses currently accounl for over $2 billion annually. An average of 96 lives are lost each

year due 10 tornadoes alone. The insurance industry spent over $22.5 billion in wind-related losses during

Ibe period 1980-1989. Hurricane Hugo, which made landfall near Charleston, SC in 1989, produced S4

billion in insurance losses. approximately $10 billion in lotallosscs. accounted for over- 100 deaths. and

disnapWd the lives of millions. Hurricane Frederic (1979), Alicia (191m, and Elena (1985) exacted lesser.

yet unacceptable levels of losses of lives and propcny damage (Sparks 1992). Of interest bere is the fact

dW eadI of these events involved surface-level wind speeds at or below, the design levels prescribed by

the governing codes. This begs the question: •Are our building codes al fault or is it a question of

adoption and enforcement by the responsible jurisdictions"" Cenainly there exists no shortage of

IeCbnical information regarding wind loads and the wind resistance of the vast majority of structural

sy5lellls and cladding employed in high wind regions -- or is new knowledge needed to mitigate damage?

The answer 10 reducing wind-related damage is to be found by addressing the follOWing inler­

re1aIed factors:

The increasing wind vulnerability <!-the populace

Building code issues

legitimacy 01 proc:ess

leCbnical conlexl

economic and IOCial flClOrs

Public awareness

AdopUoo and enfon:c:ment of wdc:s

AIIcmalives to code adoption

Eac!J or lbese issues is brieOy discussed below and recommendations are made 10 affect a

cIeaaIe ill wind clamage.
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WIND VULNERABILITY

Vulnerability to &be wind bazard in the United States continues to increue. Cbanlinl

*-oJlllPbia. increuing capital outlays for buildings and lifelines. and deteriorating infrastnlCture

sysIiCIDI~ &be primary facton.

1be east coast, lulf of Mexia> .00 die islands of Hawaii 1ft experiencin, substantial incruses in

population density as more and more people move 10 the burricane·prone areas and are potftItially in

banDs way. To die just a few examples .. the coastal county population of Texas has increased from

190.000 in 1900 10 over 4.300.000 in 1990. less dian 44 thousand lived in Galveston wben &be 1900

Great Galveston Hurric:ane lOOk over 6000 lives. 1be Galveston population currently exettds 220

1bouuDd. 1be populalion or Worcesaer County, Maryland (contains Ocean City. a major resort area) bas

experien(ed a ten fold increase in !be same lime frame. Similar increases 1ft excumn, at many otber

IoaltioDI indudinl Padre Island. Texas: Gulf Shores. Alabama: Panama City. Florida: the outer

boundaries of North Carolina and nonhland wougb New England (Sheets. 1992). Barrier islands are

~y II risk durin,lhe tourist season wilen !be population increases by a (actor of 10 10 100 fold.

AnoIber important factor c:oacems die aging 0( our population. The Bureau or CeaIus estiu.ates

Ibal by !be year 2030. 22 peroeDl of &be populalion will be 6S or older. this repaems a two-fold increase

tMlI' 1987 (CND report, 1992), Milliou of these pecpIe will retire in !be c:ou&aI areas of die ...belt

_ ......y wW Uve in maauIactured bousin.1bat bas provea 10 be eXllaDely vulnerable 10 &be wDi

bazIInI. Additionally. SbcctI (1992) estimalellhal8()tf,-~ 0( die 44 million pcopJe now Uvinl in Ibe

CIOlISCaI __ "ve Dever experieac:cd a major wind eveat. 1bc result is ...DL.....y sban: a ralle iIIIpreuion

of !be ... 10 life and damacc potential of Ibesc storms.

AddiDa 10 Ibc wiDd-blzard poeenlill is tbe iaaeasin. detcriorIlioa of !be bi.bways, Ilridaa .00

OVCIJ*ICI dial are euaaliallO CIftt,IJeIIC)' evlCUation cha'inaM elllmDe wind eVCDl. NaIioDaIly. COUDt)'

~ project tbeir infratnICtUR: needs to be over SI8 billion INIUIlly (CND. 1992). However.

KIUII fuadiD. for infl'UllUClUl'e maintenance and improvement continues 10 decliDe acrou die United

S....
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IUD..DING CODE ISSUES

BuildiD. codca Ind I&aDdanIs exilllO provide for &be bc:aJth.....ety IDd welf.-e or &be dlizaWy.

In developinl these SUIDdards. bowever. c:oncem mull also be ,iven 10 &be neccllO ....eauard &be~y.

OdIawise major cbanaes in &be laws. roles and re,ulalioni ,ovemin. !be amuuction process may ,ive

rise 10 sigDirlCaDt lOCi<H:coaomic problems within ,ivea communities or &be councry as • wbole. In.

perfect world. arcbilectS. eD,iDeers. constructors and Olber IeCbnical disciplines would eojoy complete

freedom 10 apply &beir laIenlS and jud.menlS without &be (OIISlrainli ollbe myNd or buildin, codca.

refercaccd standanh and other re.ulaliOll5 imposed by federal. Slate. county. and city qeacies. Tbc

presumption would be !hal responsible professionals. actin, coIJc:ajvely. poueu lbe required lCCbDicaI

kDowledge .00 responsibility 10 ldequalely safeguard !be populace. UnfOf1Unllely. Ibis pauntplion fails

for a IlUDIbet or reasons _ alluded 10 bdow.

Colwell and Kau (1982) suggest lbaIlhe syllem lhal produces buildin, codes .00 scandards in Ihe

U.S. is so slrUCtured tbaI "it does more mischief Iban ,oad." They ....ue that lbere is no body or

ellperieace 10 indicace buildin, codes Idd to health and safety in Illy way and tba Ihe aJIt 01enf'orc:emem

and compliance are powin. more rapidly Iban the 101.II aJIt or IOvernment. Ss-b (199Oa). in reviewil'l,

Ibe adequacy or ODe or Ihe model buildin, codcI ill aailipbn' wind ...... claims tbIllhe code proc:eu

suffen from .... ow:rdose or cIeInocnlcy" Perry (1991) bas IUgested tbIt lbe buiktia, code procell ill

!be Uaited Swa caD best be cbIncIerized as quasi-cleaaoallic in wbidl all or abe players eallitJillOlDe

form or proprietary iDIemt. Newly adopted code provisions frcqueaaly demonsInIe only lbal lbe f~

eacerpriIe s)'IfaD is alive mid well. but lbey do not a1wa)'l reI1ect proper COIlIl:Ien for &be ....ety ...

weU'.-e or 1OCicty.

A pIltIn lias IIIlfIICd wbeteift Ibere IflPC*IIO be • ever iDaaIiD& disl-ity helwca ·wIIII we

bIow·.·wbIt we do.- Fiaure I depicIs Ihe barricaDe 1eSi.-ce 0I11n1d111a ifbuilt i118CCOrCI-=e wid!

perfOf'lDlllCe IIId prescriptive requilelDeDts set fortb iD buiIcIiD, codes as com... willa IbIt 01-. blIiIl­

• a fUDClioD 01 time pmod. More will be said Ibout lbillalcr. CoIweU .... Kau (1912) to IIIIICIa rurtber

iD statiDa: ·dIe 1)'I1an or buildill, codes and sIandIrds bas bceD subIIaDtiaIly divened rn. abe ... 01

protectiD. die public Ileal.... safety 10 serve lbe purpoIeS of spcdaI iDIaal • 11Ie WiDd Plllel

of Ibe Comaaiaec on NatioDaI Disasccn (CND. 1992). ma Ihe~ recopiIa buiIdiaa codes
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II bas been eSlimaled (Perry 191D) lhal lIJlPIOlimatcly 5000 building codes an: in use in lhe

lJniled Sr.ates at !be present lime, Thi~ figure is somewbat misleading. however. as Todd (1992) stales

tbat lbere may be up 10 40,000 slalC. COUnly. dly and local jurisdictions !hal adopIlI1dIor enforte codes,

The wind load provisions adopted and enlK:ted inlo law by lbc appropriale regulatory bodies are

innuenced by lhe provisions developed by nearly 500 cqanizalions in !he United SlaleS woo write and

maintain national Slandards a.\ dcpil'ted in Fi~urc 2.

~DING SOURCESI
fed< Hoi State Industry

~ ~ ~
rL:s~W

Research Post-Wind Build Engineers.
Investlgohons 0t11C~ Architects

~.
~ ~

. I
!., ,

Figure 1. LInkages Bel OrpDizaaM. and
Doc:ummb tbat Compriw a Code CaalnNalt1
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1be documenlS relative to providing proper wind resistana: can be broadly dllS$iflCd. follows:

• The National Slandard

ASCE 7-88 (formerly ANSI AS8.1), Minimum Dcsi,n Loads for Bui1din,1 Md 0Cber

SlIUCIUreS (1988), the only Il'Uly -consensus document.-

Model Building Codes

Standard Building Code (199 I) promul,aled by !he Soulhem Buildin, Code Caa.reu

lnaemaLional (SBCCI).

Uniform 8uilding Code (1991) prornulgaled by Ihc International Confamce or Buildinl

Officials (lCBO).

National Building Code (1990) promulgated by the Building OffICials and Code

AdministnllOOi Inlemabona1. Inc. (BOCA).

Umbrella Cocks

CADO One and Two Family Owclling Code (1«)92) rmmulgalcd by the Council of

American Buildin, Officials.

CADO Manufaclured Home Construction and Saf~..y SW1dards (1987) pmmullllCd by

!be Council of American Building Officials.

DepaRmc:n1 of Defense Tcd1niolJ Manuals

Design Manual NAVFAC QM-2 (1970) developed by tile DepatUneDl or !be Navy.

Naval Facilities Engineering Command.

IAJIId AslumpUons for Buildings. Tecbaical Manual TMS·809-JlAFM 88-3.~ 1

(1986) deve10ped by !be DepnneDlS or !be Army and tile Air Force.

• lDdusuiaJ SIIndWs

Low Rise BUilding System Manual developed by tile metal buildiDa iaduIUy CMBMA.

19"06).

AAMA PublicaliOllS.

• MaIaiaI Speciralions

AlSC.AlSI

ACl. PCl

NFoPA

ASlld.ASHRAE

• Tes&ing 1.Ibonlories

Underwritm Labol'aIories,lnc. (UL)

FIlCfOf)' MulUal Engineering CorporaIioa (fM)
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Additionally. mauy of the largest cities (e.g., Cbicago, New York. BO$IOn, San Franci5CO. Ck.)

and some stales (Nonh Carolina. Soutb Aorida. and New York) pmmulgale and enforce their own codes.

Disney World (EJlC01) also falls into tbis category although its wind load provisions an: based 011 the

1973 version of the SlaJIdard Building Code (wilh 1974 revisions). Another nOlBble exception is

C..a.Iifomia Stale Ti!Je 24 govcming the design of school buildings and hospitals.

Fortunately, tJlC pil'lWC is nOlljuite as disorganil.cd as it mighI appear. A sludy condUClCd by an

umbrella organi7.:11ion, Ill(.' Coun<:il of American Building Officials «'ADO), indieales tbat approximately

8S percent of all Sl;lIC :ukllofaJ govemmenl\ have cithc..... directly adoplcd OIlC of the tbree model codes or

paltemcd Weir regulallolls based Oil !JIC proviSions 01 Ihesc do<:ur;lcnb. 'Ille Ley worll here is "patterned."

Additionally. eal'h of llle modd l'()<JCS dcsiglldle Ihe ASCI: 7-88 Nalional SUUld:trd a.\ an acceptahle

allemalC procedure for assessing wind d,,:;lgn loads. The geographic regions of influence of each of the

model codes are dl'piclcd ill Figure 3. Note !hal !JlCrc arc many overlaps. a few sLlle mixlures and many

pocket.s of "loc:t1 (()<Jcs.·

APPROXIMATE AREAS ot CODE INFLUENCE

Flpre J. Geo&raphkal lanlle8Clt or Model Codes
(After PUI),I986)
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II is imponaJ1tlO note that the wind provisions sel fOM in the model building rodes. 'he ASCE 7­

8M document, and the CAD() housing codes are only representations of possible re~ula1ions and do DOl

bocome law until enacted by the authority baving jurisdiction (state. county. cily. etc.). Thus. these

documents are usually modified (sometimes substantially) to satisfy local laws and ordinances and to

renect local buildil:g practices and political climates. As an example of the above. Manning (1987) notes:

in the eleven 008\La1 states and two territories that enforce state or lerritory-wide codes. seven different

codes have been adopted and four of lhese slates have elected to adopt different design wind speeds than

those set forth in the codes they adopted. Add to this the number of local governments in the twelve

coastal states that do not mandate a st:lle-widc code. and local jurisdictions who do not adopt a code at all,

and one can readily appreciate lhe variations in building requirements along the United States coastline...

It is also worthy of note that some Junsdicllons tend to be ·slow· in adopting new revisions. Thus. the

codes of practire tend to lag far behind the state-of-art, by 15 to 20 years 00 an average

Issues In CodelStllodani PrOCfSsn

Prior to entering into a discussion of the actual building code pocesses currently in place. it will

be useful to focus on the specilic issues iuvolved. These may be broadly grouped into the following

categmes:

• Legitimacy of Process

degree of consensus

means for updating

influence of special interest groups

Technical Content

adequacy/accuracy

perfonnance vs. prescriptive (deemed-tlKomply) criteria

material specifications/standards

product compliance (evaluatioo) reports

Enforcem~t and Compliance

number and competency of inspectors

costs of enforcement

rost1benefil analyses

Economic and Social Effects

affordabililY vs. risk

costs ofoode development and enforcement
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In whal follows, a discussion of how welllhe eslablished processes followed by the lhree model

code groups (SBCCI. leBO, BOCA) 8l1d CABO lend tbcmselves to addressing these issues. As noted

earlier, \be codes promulgaled by these OIganizatior.s accounl for the large majority of regulatioos adopted

nauoowide. Il will be seen that the consensus process followed in developing the national standard

(ASCE 7·88) cannot be slrictly adhered 10 by the model codes for a variely of reasons, both political and

economic. There are, however, distinct advanlllgcs to having !he promulgation of rode provisions in the

bands of the model code organizations, perbaps the ml)St notable being thaI code changes are possible ()Il a

yearly cycle.

Modcl Codc Process

II will be seen eJ((lCdienl 10 fint discuss the nature of the provisions and types of documents

produced by the model codes. and second. to discuss the cast of players involved as the laller slrollgly

innuences the legitimacy and lechnical Conlelll of !he documenl~ produced.

In general. the publications of the model code organizalions can be grouped into three categories:

BUilding CodeslStandards

perfonnance crileria

pescripUve (deemed-to-<:omply) requirements

Material SpecifICations

inc<Jrl'OI'llled by reference. or

reprinted by pcnnissioo

Product Compliance (evaluation) ReportS

A PERFORMANCE CODE specifics the loads. malerial strengths and desip ,.-ocesses.

Matfl'ia) specifications are either referenced or included as part of !be document. Regis~e~llineers

and an:bileCts then apply those provisions using teebnical judgment and experience to develop a design

\bat can safely resist the prescribed loadings without collapse and excessive damage under CJltreme

conditions. Tile design must 31$0 meet appropriate serviceability requirements (e.g.• acceptable

displacements) under lesser loads. Buildings and structwes designed in acrordance with a performance

rode normally receive a grealdeal or engineering auentioo and have been termed by Minor. cIIi (1979) u

"fully engineered" as COPuasaed with "marginaUy engineered: "pre-engineered" and "noo-engincered."
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A. PRESCRIPTIVE (or d••med.to-comply) CODE specifies the actual sizes and spacing of

members. types of connectC'rs and olber sllUctural delails for achieving a specific level of performance

(e.g.• roof uplift resisl.ance for 100 mph design wind speed). If the requirements are followed to !be letter.

a structure built in accordance wilh this code is DEEMED-TO-COMPLY (0-T-C) wilh the perfonnancc

criteria. No furtber engineering attention is needed. ; Prescriptive provisions are based 01\ empirical

procedures which have evoilled over a large number of years based on intuition and experience. lCmpered

by economic factors. 1be methods and techniques are embodied in trade practices passed 01\ from one

generation of builders to the neltt. Induslly alld manufacturers are normally the "heavy hitters· in

developing these provisions; and. as such. proprietary interests tend to dominate activity. Building

officials prefer prescriptive requirements over performance aiteria as they believe they minimize liability,

invoille little in the way of professional jUdgment, and requue liuJe in the way of professional uaining. Of

lau:, both SBCCI and ICBO have funded their own committees to develop D·T-C provisioos in all attempt

to encourage the various industries to work together and produce more legitimate documents by

minimizmg special interest influences.

PRODUCT COMPLIANCE (EVALUATION) REPORTS are issued by each of the model

building rodes for the purpose of evalualing new productS. The iRlent is to certify Ihat a material, building

oomponent or perhaps a complete building system meets specific perfor....nce criteria. Examples

include the flexural resistance of a particular type of melal door, the strength of fasteners, or the ability of

some type of generic building system to meet the wind load provisions. As will be aboWD 5Ubsequc:ratly,

mucb of the wind-related damage is due to the poor resistance of the components enclosing the building.

Too often, roofmg systems and ocber vunerable "non-structural" components are selected 011 the basis of

oolor, texwre, ftre resistance, length of manufacturer's wamlRly, or COSl. lillie analysis is given to the

products' ability LO resist the wind and water loads which can be reasonably expec~ to be experienced

during an extreme wind event Sparks (1992) commClllS: ·Wby is illben Ibal a country lhal could put a

man 011 tile moon in 1969, can'l keep the roof 011 a bouse nearly a qUll'1er of a century Iater?- The model

code SIafI in attempting to evaluate a particular product is faced with the problem of baving to translate

the test results provided by testing laboratories into satisfaction or specifIC performance criteria. Adding

10 the complexities is the fact that the testing procedure frequently in no way replicates the time biSlOl'y of

loading produced by a naIUral ellent such as the wind.
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Cui 01 Pinta

1be ca...t of players involved in the code process have been grouped imo three caaegor1es (Perry.

1991):

F..nd Users

building code offICials

engineers. archilCcts. COIlSIruCIOrs

Shaken; and Movers

IIadc ~O;(K:iations and manufacturers

pro(es...IOllai societies

federal agencies

rIfC scrviu:s

mood code slafTs

Passive Pankipanl."

academic community

insurant'c interests

builders/developers

John Doc public

Perry (1991) noled Ihallbe actual ilwolvement of lhe players varies widely for~ of the model

codes, and for some panicipanlS. depends almost entirely on the issues addressed during a given code

cycle. His perceptions of the positive and negative innuences of each in furthering the safel)' and welCue

of society arc given. Space does not pennit a detailed discussion here. bul reference is made 10 Table 1 in

which it is DOCed thai building orflcials accOullt for 67'1> of lhe participation in model rode activities. II

b» been suggesled that less than~ of the building officials possess university degrees in II'IJI'OIIriate
tedlnic:ll disciplines. mucb less. professional registration. Dis ronstitueDC)' comprises lhe only volin,
membeIs in abe code PI'{)Q:SS.

Table 1: MODEL CODES PARTICIPATION
AT ANNUAL PUBLIC HEARINGS.

(approximalle average)
C)e'eRory

Building ofrlCials
Trade associations and manufacturers
Fire services
Engineen. arcbi\e(ts, and code consultants
Federal agencies
Miscellaneous

• After Barris (1982)

PanidP"jgn

67..
17
5

•1
--L
1()()lJ,
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Thus. \he model rode groups an: basically BUILDING OFFICIAL ASSOCIATIONS. Public

testimony on new advances in the stal.e-of·\he·an. adve~ experiences regarding building performance

lM)(J Olber forms of substantiation 10 support proposed code changes an: given on a voluntary basis. In tbe

rlDal analysis. bowever. !he building officials collectively serve as bolh jurors lM)(J judges in adjudicaling

proposed cbanges. Although it is argued thaI this process does have some "consensus-orientalion." It can

more aplly be described as quasi·democratic: quasi. as lhc privileges or the participants have been divided

between those acwrdcd voting rights and those relegated 10 advisory roles. This factor alone calls inlo

question Ihc: legitimacy of the proce~\.

Perry (1991) suggested the principal strenglhs and weaknc~\Cs of the model code process an: 1.\

follows:

Primary SC~lIRth5

Anyone can attend lhe public bearings and presenl evidence

There exists a mechanism for making amendments on an annual basis wilh a new

edition produced every three Yean.
Members in lhe conslrUCtion induSlt)' have an organization to direct and have answered

promplly.lheir questions regarding specific code provisions.

Small manufacturers have the opponunity to have !heir products evaluated througb

product compliance (evaluatim) reports
• PrJm.ry We__

The mechanism for adVancing new mde cbanges is not a consensus process

Althougb anyone can play, there are 110 monies to support the participation of

individuals woo do IlOl align lhemsel~ with special interest ,roups

Voting members are restricted to building code orrlCials.lhe majority or wbom do not

have the ICCbnical competency to critically evaluate all proposed ct.aICS.

DiffICulties involved with enforcement may innuence dec:isions by building offICials IS

lO~chan8es

Changes in code provisions which may signincanlly innuena: the economic health of •

given community are feared and frequently rejected.
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AdcgMCJ ttl Cod, Proyisions

To address the ~uac)' of the various documenu produced by the model codes in mili.atin,

wind-n:1aIed damage. il is convenient 10 classify buildings into !he following categories (Minor eI aI

1979):

• Fully Englrwcnd

Buildings lbal receive specific. individualized design alienI ion from professional

arcbiteets and engineers. Usually \he design is site specific. Examples include bigb-rise

office and hOle I buildings. hospitals. alld public buildings. MOM SlrUClUres in this

category are designed in accordance with performance criteria. wbile the building

envelope lei.. lling. rooling malerials. gluing. doors. elc.) selected on !he basis of

prescriptive mJuirelllcnts or product evaluation rcport~.

Pre-engineered

Buildings thai ~eive engineering allention in advance of a cOlrUl1iunenl to conSllUCtion

and arc subsequently marketed in similar units. Examples include me\a\ buildings and

manufaclured housing units such as mObile homes. Pre-engineered metal buildings are.

for tile most pan. currenlly designed on lhe basis of performance criteria. but each

building may not receive site-specific attention. lbe major weakness of this class of

buildings is thai certain critical components relative to wind resistance (doors. windows.

foundations. etc.) may not be specified by the original manufacturer as the indIIsIty

operates in a design-build mode (Perry. 1989). Pre-engineered manufactured bousing

(mobile homes) are designed in accordance wilb CABO's ManufaclUrer Housing

Slandafd (1987). The loads specified are mucb luwer than those set by most buildina

codes.

MaralnaUy Engineered

Buildings built with some combination of masonry. liahl steel framing. opeD-web lied

joists. wood framin,. Uld wood nfters in wbicb portions of the buildiq rec:eive

CIlgineering lIltention wbiJe others do not. Eumples may include molds. commercial.

IIId liabt industrial buildings. Design is based primarily on prescripCive requimnenll.

Non-Eattncered

Buildings that receive no specifIC engineering atlentioo. Examples include 1DOII1in11e

and multi-family residences, most one- or two-story apattmenl units, IDd some smaU

coounercial buildin.s. ~gineeredIlIUCIUres are designed. for the IIIOIl pM. 011 die

basis of pmcriptive requilanents contained ia model codes .uor CABO'. One-"
Two-Family Dwelling Code (1992).
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Numerous (laJlCrs have been published calling inlo question the adequacy of building

rodcsISlandards in addressing the wind threat Colwell and Kau (1982), e.g., argue lhallhere is no body of

ell.perience to indicate building codes add lu the health and safely. Fortunately, beginning with HWTicanc:

CamiUe 09(9), post-disa.<;ler learns have condut1cd ell.len~ive investil:lllions follOWing major burricanes.

RepofU containing wind Spccd-d<un.1gC correlations and a\scsSlnenlll of lhc adequacy of the governing

codes of record may be found for lIum~..anes Camille (Marshall et al 1970), Fredt:ric (Mcllta el aJ 1983),

Iwa (Chiu <:1 aI Igln), Elena (Sparks et aJ 11J91a) and Hugo (Sparks CI aI 1lJ<)lb) Numerous ()(ber POSl­

disa.\ter reporlll of d::unage caused by tomaducs and slraight winds arc also available. A review of the

documenL, rrovidcs a dear indication uf thc slrcni!ths and wealmcsscs of the various code docurncnLo; as

they ell.i!'>lt'(j at \lIC limt' of thc event

PElU'ORMANCE CRITERIA SCi forth in the reccll! editions of the model codes (SOCCI,

leBO, B(X'A) and the natiomll standard ASCE 7-11!! have been shown IU proVide adequale levels of safety

insofar a\ main wind-fou:e resisting systcms arc conct:mcd. Most of the damage to fully engineered

buildings has been sustained by the cladding. The CUITCIlI cladding loads sct for1b in the performance

criteria appear reasonablc, but unfortunately. mUt'h 01 the cladding comprising the building envelope is

designed on the basis of empirical or prescriptive requirements. Ellperience suggests cladding

requirements are, for the most part. inadequate and need revisioo.

PRESCRIPTIVE REQUIREMENTS of the model codes used for the design of marginally

engineered buildings have been shown in mallY cases to be grossly inadequate (Sparks 1989, Spads

J99Oa, Sparks 199Ob, Spatks et aI 1991 l. The masonry and wood induslly must bear mucb Df tbe

responsibility for yielding 10 pressures from !he market place and not providing proper requirm\e.nlS for

the high wind regions of the country. The nalional standard 5JO/ASCE 5.u, BuUdID. Code

Re.._lrements for Masonry Structures, bas been shown to be deficient for high wind speeds but is

referenced by all model codes (Sparks 1989, Sparks 1990). On the positive side, the SOlITH FLORIDA

BUlWING CODE (1957) and the NORTIf CAROLINA RESIDENTIAL BUILDING CODE (1984)

provide examples of adequate prescriptive requirements for non-engineered structures of wood and

masonry. 100 use of the regulations set forth in these documents has been seen 10 signiflC8llt:ly reduce l.be

risk of wind damage (Sparks 1989).
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HOUSING IICcounlS for the billlest percenl.ale of wind-related property damaze and loss of

IiVC5. lbis fact leIMh to support the stalemenl made by Walker and Eaton (1983):

"B.slc.lly MClety ••• considered tk.t lIoulnl does not __nnt enalaeeri..

lID"y••nd desiKn."

Nonetheless. communities along the hurricanc:-prone coastlines have lenerally believed dw die

adoption of a code (any rode) would protect them from the damaging effects of hurricanes. Unlil

recently. insufl'fS fclt it unnecessary to impose further restrictions or even make inspcetioos. llousinl WU

OOIIsidcred to he an ac~'C (ltable ri sk.

Must conventional wood-framed houses. with the exception of those sited in SoulJl Florida and

North Carolina, arc built in accordance with lhe CABO Olle and Two Family Dwelling Code (CABO.

1992). The prescriptive requirements of this code bave evolved over dCC"cldes based 00 experience and

<JbsenIed performance under gravity loads (erection, snow). Experience bas sbQwn. however. Ibat bouses

RbuiU to code" sustained maximum damage when subjected 10 bigh winds (Sparks 1989). The weak links

have ~ii i!1enlified as inadequate lie-down of die roof. inadequale coonections securin, Ibe wall .-.els

10 Ibe foundation and lack of racking resistance 10 lateral loading. Threshold damage 10 bomes belins 10

occur at suslained speeds of SO-!JO mpb (rooling malCriaJs) and low pilChed roofs may lose abeir entire

suucturaI inlegrity at gust speeds as low as 70 mpb. It is imponant to note that <me I'C8SOIl bousinl does

not experience a bigbcr damage level is WI most homes today are sited in higb density subdivisions and

Ibus Ibe bulk of Ibe residences R sbc:ltered and do not receive the bigb wind loads to wbicb those 00 abe

perimeter are exposed.

MOBILE HOMES (manufactured housing) c:urrently acaJIInt for S()CI, of Ibe new .,Ie-r..iIy

bomcs purcbased eacb year. First·bomc buyers and retirees satisfy !be "Anaicaa Dream" in dais...-er.

Altboulb certilication of compliance with the Manufactured Home Construction and Safety SIaDdards

(CABO 1987) bas been required by HUD since 1976. the wind loads specified are mucb Iowa'dIaD thole

set by most building codes {or conventional housing in the same.ea. Requirements rqMIiDa properly

desilfted ancboring systems are a local responsibility aad may not be enforced. The damaF tbresboId {or

mobile bomes is less Iban a susWned wind of 10 mpb (Minimum basic design wind speed set fonll iD

ASCE 1-88 for abe contiguous U.S.). Additionally. flying debris produced by mobile bomes duria, wind

storms may coapromise otbcr buildinp and s&ruc:tlRs down stream.
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The National Severe Stonos Forecast Center provides statisties to indicate 37'1> of aU lomado

fatalities involve persons who 1ft either in or f1eeinl from a mobile borne residmce. A policy enforcin,

evacuation of all mobile bome dwellers under a major burricane wamina advisory appears advisable.

MandIlory wind resiscant &belters sited in mobile home parks sbould also be coosidered.

PUBLIC AWARENESS

Historically. the development of building codes bas closely paralleled public oulery to

unsatisfactory building performance attributed to unregulated construction. Unfonunacely, however, !be

general public has vinuaJly IKl knowledge or the building code process. Only in !be aftermath of major

disasters do they voice concerns and call (or improvements in the codes of praclice. Even then. their

conoems arc quickJy forgotten outside of the immediate region affected.

TIle recurrence period of severe storms in any region is so long lhaI economic considerations are

more powenullhan the bilter lessons--tbus. disasters are repeated. lIomes damaged by exlmIIe winds are

generally rebuilt 10 the same standards. One would tbink Withe residents of Dauphin Island, Alabama .

for example. would have learned the lessons of severe winds (Camille 1969, Frederic 1983. Elena 1985)·

but reronslrUClioo following Elena was not substanlially more wind resistant !ban that following Camille

(SpIRs etlll99la). F1esner (1992) raises the question: Wif politicaJ and economic: considetations permit

code ciraamvention after a burricane. bow big a cballenge do we have witb code compliaJK'e in areas not

expcl'iencing a burricane in recent years?W

Part of the problem may have to do witb the misrepresentation of wind speeds by tbe news

media. TIle public bas come to believe dial damage induced by burricanes and IOmadoes bas been due 10

winds of iDcredibie magnitude and as such. faU into the category of •Acts of God" Tbc)' do DOt know &bal

lbe vast majority of burrianes and reported tornadoes (Mebca et aI 1979) involve wind speeds .. or less

lban. desiaD wind speeds specified by local codes. A notable example or disp8ril)' between repoI1ed

speeds and those measured at around level is found in a series of anicles contained in Nalioltal

G«J,rapllic (1980). Wind speeds for Hurricane Allen (1980) are liven as 215 mpb, Clmille (1969) at ISS

mpb, David (1975) .. 175 mpb and the Labor Day Stonn oll935 at 200 mpb. To tbe aulbon' acdil, some

IUempCs were made to dassify tbcse speeds, where possible, as wpeak IUsts-. wsustainedw• orw~

from rccoaoaissanc:e aircrafL w Unfortunately, tbese idenliraers are allm frequently Io5l iD IraDsiatioo,

Petbaps die most flqranl example or recent bislOry is tbe reportina of wind 1fJ'-~ for Hurrialne Gloria

wbidllbreataIcd tbe east coast for four days in 1985. As can be seen from fiB. <4 (afIcr" Powell and BIIICk
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1985), che displuity between wind Ipeeds reponed by Ibe media and probabIc IMdrail surface speeds .,.

_ muda _ IOO-lso... . The probable Jand(aIIsurr-=e Ipceds Ibown are based on the-~ rule- (surface

level wind ifJCCds life rougbly 8()'l, of Ibe vllues reponed by reconnaissance airaaft penetnlina !he IIOrIII

• e1evalionl of 5·10 lbousancHCCl, Bales 1917, GeorJiou 1985).

HURRICANE GLORIA, SEPTEMBER 24-27, 1985
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• Misplaced CODfldeace in desip -.ad~ prIlCtiCeI (ror Ibe IltUCtUI'eI wbida suffered DO

dIIIIqe).

ID.deqUlle buildin. code provisioas left in place. .ad

• Dc..is let ror rueure disufen
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In 1986. the Aorida legislature passed a law increa.~ing the Coa<iW design wind speed from 100

mpb to 140 mph. Noce that this would have almost double the wind speeds. It was subsequently

rescinded. InlCreM.ingly. this same legislative body in 1989 passed a bill (CSIHB 1057) mandating thai

one and two family dwelling need not be designed for wind. Other allcmpts to require higber wind speeds

bave been introduced from time to time. but have heen beaten back by the wind engineerin. oommunity.

1bc problan is thai a bigher wind speed is not required to mitigalc damage but improvements in the

codes arc: needed coupled with increa.~d enforcement. If conscicntious engineers were to heed the call for

higher design wind speeds. the end result would he grms ovcrdcsign and nct:dlcss waste of pnvate and

public resources.

P\:rbaps the current state of public apathy can be sununed up by a statement made in a report by

the Commit," on Natural Disa.~lers (CND-11J92);

"The Vnllee! States lacks the political will to duelop long-term Koals and

objectives to dol ell'ectively with wind-haurd issues. The threat from extreme

winds Is real and dramatic for all Atlantic and Gulf coast states. for Hawaii,

Puerto Rico, and Virgin Islands, and for inland states as well. The nation's

apparent indifference to this threat Is astonlshil'K and perplexing••.••••

Adyocates must arise from within the all'ected communities. and the)' mUit be

aupnented by a slroraK voice from the professional community that addresses

wind haard issun."

At present. the federal government provides less than SI million annually for research 10 mitiple the wind

thleat. StaleS and industry have historically provided only paili)' sums of monies (Figure 2).

ADOPTION AND ENFORCEMENT

In a previous section it was noced that wind load provisions set forth in a liven code or standIW

do not become law until enacted by the authority have jurisdiction (national. state, county, city, etc.).

Tbcrein lies one of the basic weaknesses in tbe mitigalion strategy. ll1e Federal Governmenl sets

oonstnIction standards only when it bas a financial interest in the propeny, or when construction is pan of

intenWe oommercc. Some individual states mandate state-wide codes, others leave the adoption and

enforcement entirely to local jurisdictions. Many jurisdictions, even along the hurricane-pront" coasdines.

do DOt lDIDdate ..y requirements (Sparks 1990).



W03-20

Additionally. slImc political entities may cilcumvenl c<Xk compliance to meet economic

considerations. As an example. in many n:gions thc construction of school buildings fall under tbe

jurisdil'tion of State l>epartmenLs of Education. Apart from compliance with appropriate fare regulalions.

the eonstnJctioo is ~uired to meet only very minimal requirements (Sparb 1990). Noce thai these same

buildings arc frequcntly used 8.\ evacuation centers. Hurricanes Elena (Sparks et al 1991a) and Hugo

(Sparb 1991b) and the Ea.st Coldcnham Schuol Building tragedy in Newburgh. New Yort in 1989 point

out the ~ousnl:ss of exempting sl'hool buildlllgs from meeting acceptable building standards.

Ideally. building l"lldl: enfom:ment should involve two stcps:

I) Itlans arc suhmitted tn a huilding department and approved, or approval delayed unlil

modilkalions arc made. and

2) On-site inspections an' conducted during llJ1lslruclilln to ensure l'umpliaJlce wilJlthe approved

plans.

lbe quallly of enforn:ment vanes widely aooss the liS, dcJll'ndiJlg 011 the l'OlIIlIIilmenl nf the clecled

omcials. pulitical consi<k.-rations, the salary level offered 10 personnel, and the number and qualifications

of autboriz.ed peP.\Onncl. A recelll study cmlducted by sncCl umk.'r the auspit-cs of Stale Farm Insurance

(Manning 1991 I. sug~eslcd thai only 2 of the 12 jurisdictions surveyed along die Allanlic and Uulf Coasts

were in compliance with the wind load provisions of the codes. More alarming is IJIe fact that only 30%

0( Ibe individuals taking the building ill\pector and plan review examinations received passing scores,

AI.Tt:RNATIV..:S TO CODE ADOPTION AND ENt'ORCEMENT

Colwell and Kau (1982) suggest thai all importanl step to improving health and safety would be

for !be insurance industry to establish a set o( SWIdan1s of its own. 1be owner of a building could Iben

selecc. standard to which his or her building would be buill and pay IJIe apfIfO(Iri3le premium. Given the

oomplexilies of developing and promulgating building codes and standards. this approach may appear••

fant. overly simplistic. Ncvenheless, we may be heading in this direction.

1be insurance industry has begun 10 recognize Ibe adverse potential of the wind threal on Ibeir

industry (AIRAC 1986. 1989). The National Conunittee on Property Insurance (NmPI) is cUrm1dy

moving mto a more active role in code and standard development. Insurance underwriters Ire supporting

research in this area. Resner (1992) suggests thai history bears OUI the (act thai if insurance coverage is

DOC available in the voluntary market. evenlually political JlI'CMIIre or regulatory pressure will lUndale IbIl
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coverage be provided. That is wby Coastal Wind Pools have came into cllistencc. The Tcus

Catastrophic Property Insurance Association ITCPIA) and New York Property Insurance Underwriters

Association (NYPIA) are noteworthy examples. One of the questions to be asked is wbetber the entire

state (or abe rounUy as a whole) should subsidize coastal ~sidences who are at bi.b rist Wt bas

happened in Tnas where legislation mandates coastal and inland residents pay the sune insurance

premium.

The National Aood Insurance Program (NFIP), established by the Feder.aJ GovemlJlent in the

early 1970's, bas been very successful in mitigating the risk of d:unage due to stonn surlle, wave action

and floodinll. The country may well necd to consider a similar approach if the wind hazard is to be

properly addressed.

CONCLUSIONS

Perhaps the most powerful and dire!:t method available to mitigate wind-related damage is the

adoplion and enforcement of buildinll codes and related standards. The performance codes currently in

place have been found to provide an adequate level of safety when the provisions are properly applied by

design professionals. Prescriptive requirements. on the other hand, require major allention. The

performance or un-reinforced masonry and wood-framed buildings during eUreme wind events bas

proven 10 fie inadequale. Housing. bodl conventional and manufactured (mobile homes). should be the

focus of • national agenda to improve performance while looking after the question or arfordability.

Cladding systems and materials have not received proper engineering analysis and account for mucb of

abe wind-induced damage.

RECOMMENDATIONS

Model Codc Oa._tlona

If the model codes are going to continue in the way they do business, abe code: development

PfOCC$S will aJlllinue to be overly inOueoced by special inlC...:6l groups. The foUowing rccommendalions

_ offered to improve tbc end product:

Appoint outside professionals (arcbitects, engineers) to the Code Revision Commiuee and

provide them with VOlinIl privile,es.
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Encourage Ihe participation ofoutside professional groups to monitor !be code process. The put

activities of SEAOC and the otber Weslem Slates Structural Engineers Association wortting willi

ICBO staff arc panicularly noccwonhy in this regard.

Encourage the development and continual updaling of D-T.c documents similar 10 lbose recently

advanced by SOCCI and ICBO. Purge the flUblication lists of inadequate Slandards.

Adoption and EnroH~nwDt

A strong. national political base i~ needed to address the issues of code implementation and

enfoCl·cmenl. This re~ponsihilily must he shared hy federal. slalc, and local govemmenL~ with private

industry, professional societies. the insurance industry. and the gencrdl public. It is suggested that:

Research is needed to address the socio-economic issues relalive to code adoption and

enforcement. As political will musl be developed to deal effectively with wind-hazard issues.

Extensive Ctlst-bc:nefit analyses must he properly structured and ~-onductcd to dcmonslnte the

henelil~ of coJe impkmenl:llion and enforcement.

The national standards and model code a.~sodations should conlinue to encoural!e the insurance

industry to become important participants in the code process.

Eduqtlon

A coordinated errort is urgently needed to transfer wind engineering technology to design

p:'Ofessionals, crade associations and manufacturers. building officials. Ihe insurance industry. and lbe

general public. Pcrbaps!he most irnportanlwget should be the participants of !he IIIOdeI rode processes

llfId the appropriate individuals at the fcdc:rdl. state. and city levels who arc responsible for legislation 10

provide for !be IaIth. safety and welfare of the populace.
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ABSTRACT The natunl disasters in India are mainly caused by eanhquakes, flooda and

leYete winds. In India the damap caused by tropical storms is very high u compued to

tornadoes, local stroms and thunder storms. Herein an integrated approach is directed apints

the hazards caused by cyclonic: winds. The cyclones on the caslCm coast of India occur in

the months of April and May. and between October and December. The cyclones originated

in the Bay of Benpl affect the coastal belts of Tamil Nadu, Andhra Pradesh, Orissa and

West Benpl, whereas, those oriainatinc in Arabian sea affect Konbn and Saurashtra couto

The Cyclones on cast& cout an: amanast the most destructive of all the natural disasta'l.

These cause destruction to man made structures meant for housinC and shcIters. It is not

feasible to economically all' the housinC and community structures that are fully resistant

to cyclones and therefore afe lpinst 1011 of life and damage to rnaIeriaI assets. There an:

tIwe cate&oricro of st&nJdures, <a) Stora&e IItrUCtuIa for safe ltOnIe of household IOOds,
(b) Community struetureI and shc1ten for livestock II1d local pcpulation and <c) l.ar&e IIIID

IhoppinJ and distribution complexes away from the cyclone affected lIaS. The ItrUctUIa

bclcJn&inc to e:ateeories (b) and (c) may be dcsipcd to afely rcsiJt the cyc1oncl. Such I

system with I proper wamin& system may result in practically fully safe apinst 1011 of life

and daJna&e to material auets. It is therefore equally important, if not more, to mobili2e

lSIiutanee from voluntary ..cncica alonasidc the affected population and the JOYCfIImeM

la..-ncics for miliptine the hazards. ·11.e ot!-cr measures may include (a) dyka &ad _ walls

and (b) Shelter belts and Land IIIe zoninl. Hereia, .. in...... Ilppn*h far cydoM

di.... is dilCUllCd.
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INTRODUCTION

Thc natural disasters are mainly caused by earthquakes, floods and severe winds. In

India frequency and intensity of tropical stroms is vcry high as compared to tornadoes, local

storms and thunderstorms. Hcrein, an integrated approach is directed against the hazardI

caused by thc cyclonic winds.

Tropical cyclones originate between S and 30 degree latitudes on cither side of the

equator and affect islands and coastal regions in India occur in the months of April and May,

and between October and December. Coastal belts of Tamil Nadu and West Bengal are

affected by cyclones originated in the Bay of Bengal, whereas, those originating in Arabian

sea affect Konkan and Saurashtra coast. The cyclones on cast coast are amongst the most

destructive of all thc natural disasters like earhquakes and floods.

In India. tropical cyclones on cast coast are frequent and cause destruction to man

made structures menat for housing and shelter. The loss of lives and livestock. damage to

material assets and crops are heavy. It is not feasible and economical to design the housina

and community structures that are fully resistant and therefore afc aginst loss of Iifc and

dama&e to material assets. It is equally important, if not more, to mobilize assistance from

voluntary agencies alongside the effected the effected people and the government agencies

for mitigatina the hazards. The role of the voluntary agencies is an integral component of the

total strategy. Herein, an integrated approach for cyclone disaster is discussed.

TROPICAL CYCLONES

The diameters of the cyclones are usually of the order of several hundred kilometen.

The depth of the atmosphere involved is about ten kilometers. In India, the averaae radius

of ·cycW is about 20 to 30 kilometers, but it can reach 40 to SO kilometen in larae mature

storms. The temperature is the highest, whereas pressure is the lowest in this region with

either clear or partly cloudy sky. Based on the measurements in the Indian subcontinent (I)

the ·cyc· is sunoundcd by strong winds extending up to 30 to 50 kilometers beyond the

centre. Beyond th~ 'wall cloud' region winds spiral in counter-eloc1cwise dim=tion in the

northern hemisphere and extend outwards to a largc distance with decreasina speed. In

northern hemipherc the roIation of wind in vertical direction up to 7-8 kilometers is counter­

clockwise, whereas beyond that it is clockwise up to 12-14 kilometers (I). A schematic
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diagram is shown in Fig. 1. (2).

The wind speed of 1977 cyclone that struck Andhra Pradesh were estimated to be IS

high IS 269 kmph and most of the damaae caused wu due to inadequacies of the wamina
system and lack of mobilization of voluntary aaen<:ia and lack of awareness of the

consequences on the pan of people. The cyclone of 1990 wu not any less leVeR but timely

warnings to the affected people and mobilization of various agencies reduced signifICantly

the human loss.

Tropical cyclones arc accompanied by strom surge which could be quite high. Baled

on the previous data available, 'Probable Maximum Storm Surge' pertaining to India and

Bangladesh heve been computed by mathetmatica1 modelling Gosh (1983). The computed

values arc shown in Fig. 2 (I). For India, maximum computed value is 12.5 at CantU,

Orissa. The rise of sea level due to tide can be up to 4.S meters above mean sea level. Storm

surge and tide also create havoc with human life, cattle and other material assets. Most

destructive cyclones during the last 100 years which hit east coast of India arc listed in Table

1 (3).

TABLE 1

No Place

1. Contai (Orissa)
2. Masulipatnarn (AP)
3. Midnapur (WB)
4. Chirala (AP)

Year

1864
1864
1942
1977

No. of People Dead

100,000
40,000
7S,OOO
10,000

Most of the lost is caused by c:oassta1 inundadtion by storm JUlie which penetrIIed

about 20 kilometers inland from the c:oast. Death and destruction purely due to winds are

relatively small except in the zones over which eye of the cyclone moves. Heavy nins and

floods combined with high wiodl close 10 the eye of cyclone result in dama&a due to

structural collapse of buildin,s, fallinl of trees, electrocution etc. Disease from the

contaminated water and flood constitute poll c~lone disaster raultin. in further as 01

human lives.
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MEASURES FOR DISASTER MmGAnON

It is not economical to design the structures to be fully resistant against this natural

disaster specially in the path of 'eye' of cyclone. However, by taking Ion. term Itructunl

and non structural measures the fury of the disaster can be reduced to a considerable extent.

Structural measures like construction ofcyclone shelter, embankments, dykes, reservoirs, and

coastal afforestation are some of the long term mitigation measures against cyclonic disuten.

Persuading people not to inhabit in major cyclone disaster prone areas, establishmmt of

development projects away from cyclone prone areas, insurance cover, and proper education

about the cycione warning sysrems and disaster mitigation measures, are amongst the non­

structural measures. Short term preparedness measures constitute timely waminlS, effective

rescue, relief and rehabilitation, at the time of disaster.

I. Stnadunl Measures

Low Rise Residential BuUdinls

Assessment of pressure distribution due to wind on low rise buildinls is important as

it helps in arriving at wind resistant design and construction. Fig. 3 shows pressure

distribution on low rise buildings due to wind (5). With the knowledge of exact behaviour

of a structure subjected to wind, it can be made safe by proper design detailiAa and

construction techniques. Proper roof to wall connection; wall to wall joints; adequate

fastening betWeen covering and roof frames; stability of partition walls; sound foundatiod and

its proper connection to walls contribute significantly towards reducing the dama&e. Typical

recommendation are (2) :

i. Height to width mio should preferably be one and lenght ratio not to exceed 1.5

ii. For isolated dwellinls circular plans should be preferred.

iii. Cement/lime mOrtar should be used in brick construction instead of mud mortar, and

walls should be plastered on both sides.

w. The linkages between foundations and walls/columns, wall and wall, walls and roof

should be perfect.

v. Fastening between coverina and roof frames shoul be adequate.

vi. Doors and window openin,1 should be dcsi.ned in such. way that they don't become

free entrane:es for surplflood water.
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Some rec:omended details of connections of various components in a structure are

shown in Fia. S.

l..arJe Span ShelteD for Pwelliois

An economical desian system for membrane type large span shelters 10 provide

community housina for the weaker section in cyclone prone areas can be evolved. 1'heIe

lar&e span shelten can also be used u storace u well u shoppin&lmarket areal. For a

relatively more permanent type of systems roofing consisting of shell modules restina OIl

space frames may be preferred ovencnsion membrane systems. The basic purpote of thae

shelters is to provide a large membrane covering, capable of resisting cyclonic force with

minimum cost, Fia. (S). The interior can be wed effectively by weaker IClCtion for

community dwellinls using indiaeneous materials, which otherwise in the absence of shelten

fail to withstand nature's fury.

On receivinl cyclone waminas people generally leave their beIonainls in their

dwellings and rush to cyclone shelten for protection. The belonlings are likely to act
dama&es and lost. It is difficult to recover their belonainal and resume the normal work

immediately on return to their dwellings. Ferrocement attic units, Fia. 6, developed by

S.E.R.C. Madras, can be used for storina the belonainas'i the time of cyclone. TheIe CCR

units can be locked and anchored to the floor of the proposed shelten. This amnaement will

prevent damqeJIoss of the beIonlinas and people can imlDCldiatdy resume their professional

work on return to the dwelling after passina off of the cyclone.

EXPERIMENTAL OBSERVATIONS AND RESULTS

Mean Winds

Thre cup &cneraIion anemometer ·PRICOL- model ,,&tG 100 fitted

at the top of the mast on the roof of a three storey buildina at a hei&ht of 19.2

m abobe ground level is wed for velocity measurements. The responJe time

of the anemometer bein& I~ sec., output can be taken U 1~1eC. mean wind

speed. The wind speed was recorded on the mast erected on the root 01 •

three storey buildina at • hei.ht of 19.2 m abo¥c around level. The wind

speed was recorded atdi~ houn. The obIervation. recorded in time
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domain were converted into frequency domain by using (a) Graphical Method

and (b) Discrete Fourier Transform Method (9). The result obtained from the

two methods have been found to be in agreement. The mean wind spectra has

been obtained for different periods. One such spectra is shown in Fig. 7. The

trend observed in all the cases is similiar. The highest peak of the spectra is

noticed corresponding to a period of one day. The second highest peak

corresponds to a time period of twelve boon. The other spectral peaks are of

Jesser magnitude.

The presentation of mean wind velocity in the form of spectra provides

important information in respect of energy at different frequencies at which

the spectral values are the highest. This form of presentation involving parent

population is more direcllhan the existing mathematical models for extreme

mean winds. The spectra obtainccl for low frequencies, therefore, results in

a morel rational static analysis than the one based on extreme mean winds.

The design mean wind speed to obtained can be used for computing basic

wind pressure required in Gust Factor Method of analysis. The design mean

wind speed is to be computed for a standard height of 10 m.

Gust measurements were carried out with KANOMAX Anamomaster

ModeJ 66J I. It is a constant temperature type thermal anemometer with large

size liquid crystal display IIld printer facilities. It has a response time of 0.2

sec. and the moving average value is displayed after eight cycles of sampling

in a second (0.125 sec. sample cycle). There is a provision for Jinearised

analog output also. By selectin& suitable data interval and data number the

signals are obtained in a desire format. For different sets of such

measurements maximum, minimum, avcrap: IIld standar deviation values

were obtained. BuccI on these values turbulence intensity, peak to mean wind

ratio and peak factor~ computed and these were found to be 41 percent,

2.0 and 2.7 respectively (10).



wm-7

The analOC ou put wu recorded on TEAC cweue Dala Recorder

Model R-61 0, for varyina time qments. A. typical time history record iI

shown in Fia. 8. The recorded sianal was fed to •AND' FfT A.naIylel' Model

3S22. Based on the spectral ordinata obIained in hiah frequency nnae and

hqucncy ranae of Civil f.n&ineerina Struetwa 10 Hz. nnae (20 lee. sample

len&ht) was selected. For this ranae instantaneoul spectra u well u averqed

spectra for varyina duration ot time on varioua da)'l at different houn were

obtained. The spectral hujp has been consiSlCnlly noticed in the frequency

ranae of 0.16 Hz top O.S Hz (9). A lypicaIavenaed spectra is shown in Fia.

9 for a flexible structure, Fig. 10. The observations on the rotatina tower, Fia

10 (b) arc yet to be taken.

The gust spectra has a relatively broad hump u compared to the one

for slowly varyina velocities. The response spectra is obtained by multiplyina

free wind spectra with -aerodynamic admittanCe function- which is dependent

on the structural properties. The effect of mcchanic:aladmittanCe iI to create

a new peak in the response spcc:tra It the natural frequency of the structure.

For Civil Eneincerina Struetures it ocx:un to the riaht of the broad hump of

free wind spectra.

The response ofa structure to aust iI taken u sum of two components:

<a) area under the broad hump repraentina non reIOIIIIlt rapoue due to

back-around turbulence, RBI /2, and (b) area under the raonance peak

representing~ responx around nalUral frequency of structure, R

(SFJjJ)I/2. The backround excitation fICIOr, B, is a function of ItrUctUra1

dimensions, turbulence lenaht 1c:a1e, lonaitudinal and 1aIcral ClOI'I'dation

constants. The size reduction factor, S, ii, function of structural dimensions,

its natural frequency, mean wind speed, loncitudinal and Iataa1 condalion

constants. Gust eneqy fKtor, E. is a function of natural frequency of

structure, mean wind speed, turbulence len&ht ICaIe and lust 1peClnUn. The

surface rouahness factor, R, depends on tanin eatepry. The peak factor,lP,

iI the ration of maximum dynunic rapcJIIIC II) rma ¥&lue. Tbe lUll fIctor. G.

II obClined from the expralion (I + IP R (B + SFJB)In),1nd uted in GUll
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Factor Method for obtaining desip fortes OIl stnIttUra (19,1).

Communily Sheltca

During cyclones communit)· shelters should be available in each viUlae. 1bc IiJ& of

the shelter would be &ovemed by population. 11Iac Ihe1ters can be UaIe storey or double

storey R.C. framed structures desi.ped to withstand storm without dama&e. The pIaeat

Indian Code for Wind Loads, IS 87S (Part3) 1987, recommends basic wind IpCICldI for ~

years return period with 63 percent risk.

These shelters are to be dcsi&necl u speci.~ structures with reduced depcc of risk.

The speeds considered are based on peak .winda (or specified return period and life of

structure. The data pertainin& to hilh winds close to die eye require I very cJOIe monitorial
of the movement of strom and instrumentation within the core of the spiral movement of the

winds. No data is available based on a systematic monilorin& and~u of ....

within the 'wall cloud'. Tbou&h the suuctureI desi&ned with reduced decree of risk wauId

be uneconomical ,yet this pcna1ity has to be paid for savina human lives concentrated in such

safety pockets as mellen. TheIe shelters should be It e1evatcd pIKe with IUfficialt opal

space to acoomodate cattle and property. The sheltal besides beinalocated at elevated liea

should be as far as possible be away from hiah risk zones. This aspect is further bi&hliIhIaI
elsewhere in the context of developmenl zones. It is propoeed IhIt such buiIdinp may DOt

be erected specifically for sbeltas only. TheIe buildinaslhould be \lied u ICbool and ave

OCher community purposes 10 that round the year cbcIe are uti.....

Dykes and Sea Walls

The coastal areas frcqucady in"undaled by IUOm IUrp and fIoodI can be avell by

construetina dykes and sea walls. 1biJ kind of tninin& work will not oaly laW the CCJMIII

population from onslaught of storm IUtJe and fIoodI but allO aYe the Ip'icu1tural ... fIOIII

beina spoiled by saline lei water.

2. N.. StndaraI Me_...

Shelter Belt and Land PIG 7pgin&
The cyclones and auociated ItrOrn IUIJC Iftd ftood JeIU1t in a wide ICa1e CCUII
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erosion. This can be checked by planting high growth varety trees along the coast as shelter

belts. The belt of the trees act as cyclone breaker and enhances the dec:ceJeration process of

the cyclone intensity. Experimental studies carried out in China reveal that plantation of the

three rows of trees along the coast line are adequate. Highly risk prone areas need to be

identified for an effective land use. 1be development projects are expected to be in areas not

lying in the high risk rones.

Cyclone Warnjng System

Efficient warning system consists of (a) forecasts of movements of cyclones and their

intensity in advance from the stage of fomlation over the sea (about a week) (b) rapid and

reliable system of warning to the affected people (more than 24 hours), (c) prompt action of

warnings by Government Agencies, Voluntary Agencies as well as the affected people.

Accurate prediction of severe storm requires adequate and reliable data and a

sophisticated mathematical modelling. In the present lie of the advancement in

instrumentation, availibiEty of high speed computers, the complex mathematical models can

be handled with ease. With the access to these facilitieslndian Meteorological Department has

been successful in forecasting the event twenty four houn in advance with suffK:ient degree

of reliability. Cydone warnings are provided through different • Ala Cyclone Warninl

Centres • I • Cyclone Warning Centres • I • Coordination Centres • established in different

parts of the country. Radio and television network in the country is UJed for broadcasting

warnings to the affected people.

Rescue Operations

Immediately after occurrence ofcalamity there is an urgent need of larae ICa1e rescue

operation for evacuating people to safer places and relief camps. In the event of coIlapae

buildings, tehreis also a need of trained manpower to recover dead bodies and taking

survivors for treatment. People should be trained for such works, Army penonnd may be

called only in exceptional circumstances.

Relief Operalions

The supply of essential commodities to the affected peop:e well in time is very
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essential. Voluntary agencies and other institutions can play major role for collection of the

essential items (food items, clothes, medicines ect.) and distribution of the same amona the

affected people.

High priority should be given to restore cut off routes (roads, water transpon) from

other unaffected areas for brinaing speedy normalcy.

Another important aspect of management is prevention of spread of disease in the

affected area after disaster. All the necessary step should be taken to check brakout of any

kind of epidemics by restoring cleanliness, putting sewerage system in order, supplyinl

uncontaminated drinking water in cans till clean water supply is restored in the affected

areas.

i. It is not feasible and economical to design structures which are fully resistant against

the cyclonic winds. The designs of shelters with usual risk factor are not adequate

against cyclonic winds.

ii. A systematic monitoring of the movements of the cyclones and measurement of the

highly spiralling winds is needed to arrive at appropriate peak winds for design

purposes.

iii. Design of low rise dwellings for recomended peak winds should lay emphasis on .

detailings of the joints of various structural components.

iv. Umbrella structures in the form of large span membranes as shelters for individual

dwellings may protect the life and property. The ferroc:ement attic units and c:ore units

are recomended which help in fully rcc:overinI the valuable items of the UIdJ.

v. The community buildincs like schools are required to be designed for low risk values

instead of the simply basing on codal provisions for normal structures, 10 that thae

could be used as shelters during cyclones. Buildings constructed exclusively to ave

as shelters during cyclones can not be economical.

vi. The warning with reliability should give enough time for mobilizinc voluntary and

other lovemment aaenciea. With sophisticated weather modelling bued on IItdite

data it should be possible to give proper reliability to (a) forecastina and (b) waminp

with sufficient time (more than 24 boon) before. cyclone 1Irika.
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J=/G:,. CROSS ~ECTION OF A CYCLONE. .
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~ Dr. A.K. Ahuj.2

1. Prof.•nor of Civil Engineering
2. Lecturer in Civil Engineering
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ABSTRACT Coastal ,zones of many countries namely Australia,
Bangladesh, China, 'Hongkong, India, Philippines and U.S.A. frequently

experience severe cyclones apart from high velocity inland storms.
Cycl~s are generally followed by heavy rain and storm surge resulting
in loss of lives, crops, animals and severe damage to structures

specially dwellings leaving thousands haneless. In most of the wind
storms, the damage to non-engineered or marginally engineered buildings
is considerably larger compared to engineered buildings. This is
partly because scant attention is paid to details In case of the
non-engineered buildings and partly due to the lack of c~rehension

and application of Infomat1on available regarding wind effects on
structures. Today there Is great awareness for the need to mitigate
disasters due to hazards including wind storms. The prime need is
to coordinate the efforts being made to study the influence of storms
on structures in wind tunnels as well as through post-disaster surveys
in the field, imovat1ons In design ideas and the technology being
followed at the 'grass roots' level. The relief and rehabilitation

work needed will reduce sharply, I r disaster preventive measures

are taken up in earnest. The present paper puts together some ideas
on the developmental and trainIng needs required for reducing wind
disasters.
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INTRODUCTION

Occurance of natural hazards is 8S old as the earth. Wind storms,

earthquakes, floods, volcanic erruptions, landslides etc. have battered

mankind since times inmemorial. These may be considered as the wrath

of God which cannot be prevented, except floods which can be controlled

with varying degrees of success, disasters are indicative of the

failure of mankind to mitigate them, being a result of system or

structure failures. The disasterous effects of these hazards have

pone on increasing with time because of more intense landuse.

While hazards are fairly disbursed over the entire parth, the

disasters are greatly concentrated upon the developing countries.

AIoongst the di fferent disasters, wind storms, earthquakes and floods

account for the greater proportion of destruction. Table 1 gives

an idea of the devastation caused by different natural hazards, in

terms of loss of tunan lives, !Jeople rendered homeless and monetary

losses.

Two factors that can influence the strategies for disaster

mitigation and management are (1) type of hazard, (11) whether

the hazard is predictable. land slides, earthquakes and volcanic

erruptions often inflict loss by damage to structures, by burying

populations and by causing fires. None of these are predictable

to any degree of accuracy. In the event post disaster relief and

rehabilitation is the only way lJ'\less disaster preventive measures

are taken up. Wind stoI'1llS in general cause destruction of building:.

and structures, except in the case of cyclonic storms which are accom­

panied by heavy rain and a killer surge causing flooding and destruction

thereby. Cyclones can, however, be predicted to a fair degree of

accuracy in order that populations likely to be affected can be warned.

Floods, perhaps the only hazard which is preventable, though perhaps

at large expense, fs also predictable.

Countries in the south-East Asian region and

region arc affected by severe cyclones. coastal
COlntries, whirh are heavily populated and also

the Bay of Bengal

regions of these
categorised as
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·developing nations, are hit by cyclones almost every year -- sometimes
more than once a year. Although inland storms also occur in these
regions, the problem is more acute in coastal regions which suffer
~ormous losses in terms of human lives, livestock, agricultural
prOduction, buildings and structures, and, industrial production.

The organisation and infrastructure in these countries for issuing
timely warning during cyclonic storms and acting upon them to evacuate
people, for provision of shelter and relief to those affected by
the disaster, and, for rehabilitation is improving steadily. As
a result, whereas, there is yet considerable loss and misery created
by cyclones, loss of human life is now comparatively smaller. However,
the same is not true for mitigation measures. In fact if mitigation
activity is pursued in earnest, the extent of the disaster will reduce
sharply and the relief and rehabilitation needed will reduce likewise.

DISASTER MITIGATION

Essentially the steps needed in disaster mitigation, which is
a multi-faceted activity, are those which have to be taken (1) on

a continuing basis to minimize or prevent the occurance of a disaster,
(li) just prior to and during the period the hazard strikes, and
(iii) during the post-disaster stage. In this paper the pre-disaster
building activity and the post-disaster reconstruction related to
the dwellings of the poor are only being considered. This is not
to suggest that engineered structures of different descripUons als!'
need considerably greater effort in order to prevent their failures.

Disaster Preventive Measures
The main thrust of these measures would be to ensure

that the structures do not get damaged when the storm

strikes. Various reasons in general for the failures
of structures during wind storms could be (i) wind speeds
and loading phenomenon not being correctly known, (11) a

lack of comprehension of the design information as it
exists, leading in one way or the other to a poor design,
(iii) use of poor material, (iv) badly implemented
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construction, (v) 1n the context of the present paper, total (or

virtually so) lack of engineering input. Whereas (1) is a sUbject

of extensive attention separately, a majority of failures that occur

can be avoided, if the situation vis-a-vis (ii) to (v) is improved

through appropriate measures.

Non-engineered and partially engineered structures, examples

of which are most of the buildings and houses of rural poor in the

developing world, are near definite casualties every time a storm

of even moderate strength strikes a rural establistvnent. These are

rebuilt, II10re or less as they were, often with some subsidy being

provided. The cycle of destruction and reconstruction goes on repeating.

While efforts need to be made to shift rural habitats away from severely

affected regions, there are in many instances, difficulties created

by the pressure on space as well as socio-economic c~ulsions. There

is nevertheless little doubt that with some effort this repetitive

failure of dwellings is largely avoidable.

The relief and rehabilitation

post-disaster actions, will reduce

measures are taken l.4> in earnest.

this goal, specially with regard

engineered buildings, the authors

of developmental effort is required

level engineers and artisans.

work needed which are part of

sharply if disaster preventive

Therefore, in order to achieve

to non-engineered and partially

believe that substantial degree

in addition to training of junior

Dellelq-=ntal -.orl< It w11l include development of strengthening

measures for existing hOuses, and, development of inexpensive housing

modules which can be adopted for construction by the local artisans

and the people themselves with little supervision.

If the measures suggested for strengthenil'lQ as well as the new

modules give due congnlzance to existing practices and keep them simple,

the chances of adoption will improve. This is so because,

(i) design of such houses have evolved over a length of time to

cater for local needs, climate and material,
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(ii) modifications designed, if simple, can be implemented by the

affected communities themselves.

The manner in which this e)(prcise can be done is to demarcate

regions where there is commonality in the e)(isting designs and materials.
Typical modified designs be then prepared and a pilot project be

undertaken to demonstrate this design by building a few prototypes

in a nunt>er of different villages with the local public works engin­

eering organisations and tradesmen being involved. The e)(pectation

Is that these models will then be adopoted. It can be made more
effective by preparing simply-written manuals in local language.

further, the National Governments may consider encouraging the adoption

of the modi fled designs by undertaking to provide loans/subsidy and

to cover them with insurance.

Observations made by various researchers regarding failure of

partially engineered and non-engineered buildings in wind storm disas­

ters and reconmendations for construction of wind resistant buildings

are worth mentioning at this juncture.

safety of partially engineered and non-engineered buildings

generally depends upon plan of building, material and type of cons­
truction. These buildings fail during wind storms, showing foundation

failure, part structural failure or complete ,structural failure.

Such buildings can be made wind resistant by following simple, ine)(pen­
sive strengthening measures.

1. Incase of thatch roof buildings, roof should be tied with straw

ropes in different directions which will serve as wind bracings.

2. In case of tiled roof, continuous coat of mortar should be laid

over tiles.

J. U-bolts should be used in place of J-bolts for connecting sheeting

to purlins.

IJ. M.S. flat ties should be used in the eaves region along with

sheetings.

5. Rafters and ridge poles Solwld be propedy tied/lashed.
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6. Steep slopes should be prefcred on roofs.

7. Overhangs should be minimised or provided with openings.

8. Proper footings should be provided for timber posts.

9. Ropes or coconut netting should be used as tie-back for weak

dwellings.

10. Side openable windows should be avoided and tqJ hinged windows

should be prefered.

11. Trees should be grown surrounding the t1wellings to reduce wind

speeds.

12. Buildings should be provided with raised floor in order to check

the entry of sea and rain water.

Figure 1 illustrates some of the recommended strengthening measures.

These are picked up from existing literature and are only indicative

of the possibilities. Details indeed will require to be evolved

vis-a-vis identified building practices.

Rehabilitation of typhoon vistims in the Philippines' is Ln eX8lll>le

of an excellent piece of developmental work. Government of Philippines,

with the co-operation of Asian Disaster Preparedness Centre (AOPC),

AIT, Bangkok has built cyclone resistant houses on a "self-help"

basis, pooling labour resources of the beneficiaries and utilising

indigenous materials \Slder the s\..f)ervision of trained foreman ensuring

that standards are' maintained. The lIlits constrl:-:t.ed have sinple

design, but stOJCturally strong, and material used tire tinoer, C.1.

sheet, cement-hollow block and split baaboo. Thousands of such dwe­

111ngs have been buUt and are boU'1d to cause a marked change in

the socia-economic stitus of the users.

Another ex~le of the developmental work for rehabilitation

is that of Tonga. Though the level of technical inputs and speci­

fications used is several notches higher as c~red to the ex~le

from the Philippines. The islands of the Kingdom of Tonga in tt-e

South Paci fie were hit by a tropical cyc.l.ore during March 1982 in which

8bout 2(0) houses -ere dalnaged. Main reason of failure was noted
to be lack of engineering input. Building Research Establistwent,
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U.K. developed new design on modular basis using timer and G.!.

sheeting with special emphasis on connections. Both model and prototype

of cyclone resistant house were tested at cyclone testing station,

Queensland, Australia. 2000 new houses couln he constructed within

two years period. lhis project was an excellent exampll;' u J L1,e

application of research work to alleviate the suffering

caused by the disaster. rurthermore it demonstrated the uenefit

of carrying out a collaborative programme at more than one institute,

and proved that a con:bined input from several countr les could,

literally, pick up the pieces after such a storm and put people back

in houses.

Training progr-.e As mentioned earlier, a majority of failures

of buildings occur due to lack of cO"lJrehenslon of the design infor­

mation as it exists, leading in one way or the other to a poor design;

use of poor material; and badly implemented construction. Situation

in this regard can be Improved by giving proper training to junior

level engineers and artisans who are responsible for building cons­

truction. Whereas, rural buildings and houses, which are typical

examples of partially or non-engineered buildings, are generally

constructed by the rural poor in the developing countries by themselves,

properly trained engineers and artisans can take responsibility of

passing knowhow to them.

Training courses need be organised in affected countries for

junior level engineers and tradesmen involved in supervising/executing

construction (in the coastal regiOf'ls or the cOlJ'ltry in case of larger

countries like India). A resource team consisting of experts drawn

from within and outside the region should conduct courses which need

to be repeated at short intervals over certain nlllber of years to

have a lasting impact. The leading/co-ordinating role could be under­

taken by an inst!tution with the necessary expertise for the purpose,

however local institutions/organisations must join hands with the
co-ordinating institution. The purpose of the training courses should

be to barely introduce the design aspects but mainly to bring forth

the construction and maintenance aspects. It is an earnest hope
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"that failures that occur on account of ignorance can be reduced through

the training envisaged above.

CONCLUSIONS

It is being recognised increasingly in the area of Disaster
Preparedness, Management and Mi tigation that "prevention is better
than cure". Therefore, measures for reducing the disaster need intensi­
fication, without detracting from the efforts in relief and rehabili­
tation. Although all types of structures need careful attention,
non-engineered and partially engineered buildings require special
attention with regard to windstorms.

REFERENCES

1. "World Map of Natural Hazards" - Publisher : ~chener Ruckver­
sicherungs - Gesellschaft, KoniginstraBe, 107, 0-8000 Munchen 60,
Federal Republic of Germany.

2. "Cyclone Resistant Rural Primary School Construction - a Design
Guide", Educational Buildir19 Report No.7, U'£SCO Regional Office
for Education in Asia, Bangkok, Thailand, 1977.

3. "Economic Aspects", Disaster Prevention and Mitigation - A Compen­
dium of Current Knowledge - U.N., New York, vol. 7, 1979.

II. Gl.4lta, S.P., "Rehabilitation of Typhoon Victims in the Philippines",
Workshop on Disaster Mitigation, Dhaka, Jan. 1992.

Table 1

cIsaster
DEATH AND DESTRUCTION DUE TO NATURAL DISASTERS

Deaths Homele~s Losses <In MIllIons
( 1900-1976) ( 1900-1976) of US $)

landslides 3,006 1111,673
Avalanches 3,059 150
Volcanic-Erruptions 1,28,058 3,37,931

TOTAL 1,)lI , 123 3,82,75/J

Cyclones 6,3tJ ,89t1 1,76,68,1163
Hurricanes 18,513 11,97,535
Typhoons 3",103 5tI ,37,05/J
Storms 7,110 )lI ,32,66 1
Tornadoes 1,175 ) ,112,11 59

TOTAL 11,95,795 2,80,58,152
floods 12,87,665 17,52,20,220
Earthquakes 26,62,165 2,88,9tI ,657

GROSS 45,79,728 23.25,55.783

II 7,800

~ ,100
119,300

1,31.200
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ABSTRACT Every year a large number of buildings, industrial

structures, and houses ranging from non-engineered type to

well-engineered type, are severely d.maged by tropical

cyclones in many parts of the world. Mitigation of the

ettects ot cyclone disaster is a problem of international

importance. Assessment of wind loads due to cyclones and

prediction of structural response of different structures

subjected to such wind forces are highly coaplex to be dealt

wi th using theuretical mod.:!ls alone. The present levttl of

understanding of characteristics of cyclonic winds and

caU5es of d••age to houses, buildings, towers, and other

wind-sensitive structures is tar from satisfactory. Post­

disaster field surveys on structural da~~gc provide

invaluable information that will help in understanding the

aodes of fctilure of structures and in developing cyclon.­

resistant designs. Th~ paper deals with the details of thu

post-disaster survl:Iys ..ud olssessm",nt of structure.l dca.",,_

caused by the two rt:cent seven: cyclunt:s which hit lC.lV<11i
and Cuntur regions of Andhra P~~dush in India. 8~.ud on thu
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.iti~ation ot damage to ~trurtures 3r~ inadequat~. Furth~r,

it may be noted that there .ll"<.: L'UIII'-' 1,-:: 1 t i~s involved in

assessing (i) ~Iobability of 0ccurl~nce of extreme wind

speeds during .. evere cyclon,,"s. (i i) wind pressur~/load

distribution on different types of structures (iii) dynamic

response/stren~th of structures and (iv) types of

failures/damage to struct'll-t.!:..i <.lnd mitlgdtion of dctrn<lIJC:.

Hence studies based on theoretical models alone will not be

adequate to understand the realistic nature of wind and to

predict the behaviour of structures in cyclonic storms.

Post-disaster field surveys on structural damage caused by

cyclones will provide invaluable informdtion in

developing/validating analyti~al methods for determining

structural response. DOL'umentat ion. of cyclonic wind data,

t y pic a 1 fa i 1 u res of s t r u c t \l r ~~ 5 ~ t c .. en a b 1 e sin

identification of various factors influencing the damage to

.tructures by cyclonic falces. This paper deals with the

post-disaster surveys conducted by SERe, Madras, on damag~

to buildings and other industrial structures caused by the

two severe cyclones which hit Andhra Pradesh during November

1989 and May 1990. Based on the survey and analys~s of data

and also based on previous expe~ience in this rea

guidelines for desi~n of buildings and structures to resist

cycl~nic forces are outlin~d. Empndsis is also laid on

training to be imparted to design and field engineers so

that the results of R&D are translated to mitigate the

damage to structures.

2. POST-DISASTE~ Sl~VEYS - CASE STUDIES

A post-disaster field survey on damage suffered by

various buildings and structures during th~ severe cyclon~

which hit Kavali in Anohra Pradesh on 9th November 1989 was

carried out by SERe. Madras. The above cyclone has caused

colossal loss of life and property. An area of about 8 kill

raclius in and arour.d Kavali was severely battered. According

to official sources, the cyclone caused 48 deaths and OYer

500,000 people in 545 vi 11 ages were af feeted and over
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100.000 people w.r. r.ndered ho••l •••• Th. oal. wind .p••d.,

when the cyclon~s cross~d the land. as ustimated by the

India Met.orology Depart.ent wa. 187 kmph (52 MIs).

Direct lIeasurement of .aximum wind speeds during the

occurrence of a cyclone. using the present day instruments,

poses difficulty due to th.ir limitation•. On the other hand

by analysing the nature' and extent of damage SUffered by

typical structures. it is po•• ible to reasonably asse•• the

extreme wind sp~.ds during the cyclone. that could have

caused thd failure. The failure of a R.C. pole in bending

caused by the cyclone which hit Kavali in 1989, was analysed

by the authors. tak1ng into account the available lIoaunt"

carrying capacity of the failure section and the effects of

along-wind forces due to'the cyclone. The lower bound of the

cyclonic wind speed that could have caused the failure was

estiaated to be 207 kaph (57.5 m/s) and this cOllpares well

with the cyclonic wind speed of 187 kmph (52 m/s) esti.ated

by India Meterology Departaent, based on satellite/radar

photographs, as .entioned earlier.

A siailar field survey was carried out by this C.ntr.

on structural da.age caused by the severe cyclone which hit

the coa.tal areas of Guntur and Krishna districts in Andhra

Prad.sh, on 9th Kay 1990. The cyclone wa. also acco.panied

by high tidal waves and inundation by sea water. which led

to colo••al loss of agricultural crops and other livestock.

It wa. reported that the cyclone crossed the coast near

Machilipatna. with a wind speed of about 220 to 250 kaph

(61 to 69 a/s).

2.1 D...oe to Building. aDd Structures due to Cyclone.

It wa. observed fro. the above survey. that the

cyclones caused auch havoc to a large nuaber of buildings

and .tructures, ranging fro. non-engineered type such a.

huts. tiled houses and boundary .all. to well-engineered

structures .uch as elevated water tank., and aicrow.v.

towers. Typical da••ge observed during such cyclon.s
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include:

(i) blowing off of roof sheets due to poor connections
between claddings and structural elements ill pitche:d

roof buildings

(ii) failures of tiled and A.C. sheet roofs du~ to

uplift forces owing to the:ir light-weight compared to

R.C.C. root system

(iii) collapse of boundary

inadequate strength in

forces

and gabled walls due to

resisting lateral high wind

(iv) collapse of low-rise industrial structures. due to

lack of roof and wall bracing system. and

(v) failures of a few well-engineered structures due to

design inadequacies

A few examples of the complete destruction of the well­

engineered/semi-engineered industrial structures are given

below:

a) collapse of a 91 m high microwave tower (Fig.1)

b) failure of • 12.6 m high overhead service reservoir

<40,000 litres capacity) (Fig.2)

c) collapse of a 62 • long godown at the Port Trust in

Machilipatnam (Fig.)

3. DKSIGM IIIPLICA'I'IOliS

Based on the survey observations. it .ay be noted that

by adopting simple. improved design and construction

techniques, the above mentioned types of failures can be

minimised and the resistance of structure. against cyclones

can be increased a. de.cribed below.

It was observed that failure of roof sheet claddings in
.any of the low-ri•• buildings was pri.arily due to .. ~gh

uplift suction forces and low dead weight of clad1ing
.aterials' (185 N/.2 ). On the nther hand buildings with

R.C.C. roof. due to heavy dead load (2400 "'m2 ) performed
well during the cyclones.
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Fig.l Collap.e of a 91 • high microwave tower

Pig. 2 Failure of a CO cu .•• capacity overhead
.ervice re.ervoir
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..', .~

Fig. 3 Collapse of a 62 m long godown at the port trust

in Machilipatnam

tILED ROOF

Fig. 4 Ti~1ng down of tile roof cladding to the .ain ra~ter

In pitched root r~liidtmtial and industriill .tructur~..

'J' bolts are conventionally used to tie down the roof

cladding to the purli"s. Due to dynamic action of cyclonic

fore•• , the hook of the 'J' bolt i. flattened, weakening the

connection without effectively holding down the cladding
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sheets to the purlins. By providing 'U' bolts in place of

'J' bolts at closer intervals, failure of oJ' bolts due to

stretching can be avoided and damage due to blowing off of

cladding sheets can be considerably reduced.

It may be of interest to note that in some of the

godowns and industrial sheds at Guntur where I U I bolts in

place of IJ' bolts were used for the connection between the

roof cladding and the purl ins offered adequate resistance to

A.C. sheet roofs against uplifting cyclonic forces.

In the case of tiled houses, their resistance to

cyclonic uplift forces can be improved by providing a

continuous mortar bands over the cladding or by providing

closely spaced concrete restraining strips in the critical

regions of ridges, eaves, corners and by tying-down the roof

tiles to the main rafter using G.l. straps as shown in

Fig.4.

It was noticed that in most of the industrial

structures, the failure was typically due to the failure of

the gable walls due to poor lateral strength followed by

progressive collapse of the roof sys tell. Based on the

observations, it is suggested that by providing a continuous

RCC bea. over the walls, the lateral resistance of the brick

walls can be highly improved. Alternatively, the trusses can

be supported on R.C.C. pillars ",ith infilled brick walls.

The above system ensures stability of the truss systea, even

when the infilled wall fails. Besides, trusses should be

adequately strengthened with diagonal bracing in order to

prevent progressive collapse ..

Failure of compound walls during cyclones is very

cOllUl'lon. lowever. their resistance against cyclones can be

incr••••d by QQchoring tham to the concr.t. toun4.tlons

through the use of 12 DUll diameter tie-down bolts/rods.

50llle of the well-engineered structures, such a., tall

coamunicatiun towers, chimneys, also collap.ed due to .ever.

cyclones. It was noted that th~se failurc5 weru duu to



WIo-9

i~ad~quate design considerations and construction practices.

In view of the heavy direct and indirect losses in the event
of failure of such structures, it is stressed that for such

structures a detailed analysis taking into account the

dynamic response of the structure and the effects of height,

terrain dnd topography on wind speed has to be c:1rrif?d out.

Besides buffeting, torsional effects should also be

consid'}ro:d ill the design, wherever appl icable.

A~ ~tdted earlier, the maximum wind speeds experienced

durin~ t~lse severe cyclones were between 52 mls and 69 mls

and th~~~ values are higher than the design wind speed

recolt,r'-nded in the Inaian Standards on wind load cri teria

(Indian Sldndards IS- 875lPart )-1987].

II, ()rder to estimate maximum wind speeds, cyclonic wind

speed d:ita were collected from the India Meteorology

Deparr .llt:nt. Using Monte Carlo simulation technique, a larg(.·

numb~r ot data were generated and a statistical analysis was

carri,'d nut uSlng the extreme value distributions of Gumbel

and F [. f: chte t t type and log-normal distribution. Based on the

!Colm()<]or ov Smirnov goodness-of-fit t e s tot the Gumbel

dis tl' i DU t1 on was selected to fit the test data well and the

63% dl<tr.tcteristic wind speeds wert! computed for diff~rt!nt

coastdl r~gions of India ["Venkateswarlu and others,

1989b" ]. Thus, a regional mul tiplying factor for di fferent

coasted n:gions is recommended as shown in Table 1, to

aCCOUfJ 1. t or the increased intensity of cyclonic winds, for

design of structures of considerable importance.

C. NEED FOR TRAINING COURSES ON CYCLONE DISASTER MITIGATION

Th~ problem of cyclone disaster mitigation of damagt! to

buildings and other structures, is only at the research

level, due to the complexities involved in prediction and

(! s tint .1 t i u II 0 ( will d 1 v d d s . (0' U 1 l he 1 , u n 1 y 1 i 1\ i ted

organisdlions in our country have carried out post-disaster

field damage surveys on buildings and structures. Hence, it

is necessary that the expertise acquired and th~
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'l"ULK 1. ascc.lDll)so aBGIOIIAL IIUL,.IPLYIIIG FAC'J"OIl poa

CYCLOIIIC _XIIO.

Sl.
No.

1

Coastal
Region

2

Basic wind
speed a. per
IS:'~'~t)-1987

J

63% charac­
teristic wind

,~:~gl (il/sl
4

Regional
Multiplying
Fa-.:tor

5=(4/3)

1. Tamil Nadu

2. Andhra Pradesh

3. Orissa

t. West Bengal

5. !tonkan

6. Saurashtra

50

50

50

SO
....
50

254.85

262.79

259.00

215.48

223.51

223.51

70.8

73.0

10.3

59.9

62.1

62.1

1. .. 2

1.46

1.41
1.20

1.41

1.2"

results/information obtained/oencrated bas~d on thu

work/research done at various org.ni~dtions have to be

transferred to the building indu.t~¥. civil construction

co.panies in public and private sectors, to realize

construction of cyclone-resistant structures. Such

4issemination of inforaation and transfer of techniques .ay

be carried out by conducting training courses and workshops

in which a large nuaber of design, and field practising

engineers can part icipate. Wi th the above object1ves, the

Centre has organised two international workshops and two in­

house courses during 1985 and 1992, to practising de.ign and

construction engineers.

Pailures of buildings and other structures due to

cyclones result in heavy los. of life and property. At

present, our state-ot-knowledge on Characteristics of s.vere

cy~lones, their interaction effects on buildings dnd

structures etc., i. far froa satisfactory. Detail. of the

post-disaster surveys carried out by SERC, Madras. 011 dca.",,"

to different structure. caused by the two severe cyclone.
which hit Andhra Pradesh during November 1989 and May 1990

are briefly described. Based on the survey observations,
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possible causes for failures of several buildings and

structures were discussed and simple design and construction

techniques have been suggested to improve the cyclonic

resistance of various structures. Use ot regional

aultiplication factor for different coastal reaions of India

is also recommended to account tor increased intensity of

cyclon.·s for design of .important str'lctures. The need for

conduct ..i.ng training course-s on cyclone disaster mitigation

for fi~ld and practising engineers is also emphasised.
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ABSTRACT This paper discusses the risk of damage to housing throughout the

Paolfl0 area, from the passage of Cyclones and Typhoons. Construction

teohnlques throughout the area are considered and the experience ot
difterent communities are highlighted. The appearance of changes to the

traditional paths of cyclones has severe implications for regions not

traditionally associated with Cyclone activity. Interestingly the

o~ltles .ost at risk appear to be located in richer countries.

INTRODUCTION

The Pacific Ocean affords th~ greatest opportunity for the seneration

ot Typhoons (Cyclones) on the surface of the Earth. Further, these cyclones,

once developed, have greater opportunities for developing to the aaxlau.

potential. and for affecting populations in the area. There are two types ot
coaaunity that is affected in the Pacific area. These can be ess.ntially

divided into developed and partially developed countries, ranging frca the

type or coemunity found in Japan or the USA, to those existing on isolated

islands Within the main body of the Ocean. The types of housing or dwellinc

are alao divided according to the type of community. However, the ability ut

dlaa~ter.. The communities carrying the greatest risk are those which have
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displaced, or who live at the extremity of an area of natural hazard, such

that the rate of occurrence of that hazard is low enough for the community

to forget a previous traumatic occurrence, and produce a new type of

structure that does not take account of the lessons of history.

Another hazard is identified where regions previously in an area of

frequent recurrence of cyclones are subjected to an altered climate which

reduc"s their occurrence, and the preparedness of the community.

THE CLIMATE OF THE PACIFIC A~EA

There are three major areas of cyclone activity in the Pacific region.

These occur off the coast of Mexico, and in the western Pacific both north

and south of the equat~r. Figure 1 shows these areas.

Figure 1 Zones of OCCurTence of Cyclone8 in the Pacific area
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Since landmasses have a profound effect on the ability of • cyclone to

..intain ita momentum, the appearance of large landmasses can in some are..

provide aome shelter from the full effect of fully developed cyclone•• Two

auch regiona are the Northern Territories of Australia, and the Malaysian

peninaula.

In general terms all Cyclones in the western PaCific move weaterl,.

a~ with a curvature towards the pole, whilst in the central southern

Pa_irlc Cyclones move south easterly. Asia and Australia, block the natural

Cyclone aovement, resulting in areas of high risk close to these landmasses.

CONSTRUCTION IN THE PACIFIC AREA

There are two distinct types of construction throughout this area

on Whether the community i8 a rich or a poor one. The ability to

the ravages of ~ind forces, however, appears to be independent or

of the community.

In the poorer regions naturally occurring wooda are often used for

construction. Coconut wood is particularly useful since it ia quite hard

and coarae. It is particularly commonly used for roof be.... However.

beoau.. of the coarse nature of the wood, it does not lend itself to

carvlns. Woodcarvings from hardwoods can. be quite ornate Whilst coconut

woodcarvings tend to be of a more impressionistic nature.

~is observation is significant, for the si_ple tieing of the roof to

coluans used for the structure of a building ib a "Jor factor in the

ability of a building to withstand typhoon winds. In areas Which put hiah

value on the ability to carve well, such carvings are often incorporated

into the structure of a dwelling, and in particular there are cc..unitles In

the Pacific area Which traditionally use carvings to prOVide the link

between colUllll and roof. How much this tradition ha. grown up because or

neo••stty i8 unknown. but the rmrv1 VII 1 of "1J~h ",t:rn~tllr"", vh~n ,,"hj~t.fId t.n
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large wind forces may well have had a significant effect in establishina

such a tradition.

housing to withstand cyclones is the

preparation of the materials. Photos 1

and 2 show two extremes. In the former

the wood and the walling are prepared

factors which

of low cost

roof. Other

the ability

of positive connection between

influence

columns and

types

Interestingly, si~ilar types of construction exist in richer countries. In

Japan, in response to a large earthquake problem a detail of sueh •

connection in a pagoda is shown. n.e success of this detail for the response

to earthquakes is already detailed, and

a similar benefit for wind may also

apply. Additionally, the Australian

experience with Cyclone Tracy in 197~,

convinced that country to adopt similar

figure 2 Detail of Pagoda in Japan

with lacquer for protection, Whilst 1n photo 2, this type of dwelling

typifies a philosophy that an extreme event will destroy the dwelling and

reconstruction will take place. In such areas it is common to expect that

Photo 1 Well treated wood

in low-cost housing

Photo 2 Basic tropieal

low-cost housing
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PREPAREDNESS FOR TYPHOON HAZARDS

A recurring theme with damage occurrence is that the lessons of history

are not learned. What is at issue is whether it is worthwhile for

communities to put in the required effort to effect this design. There are,

then four types of community, depend ins on their type of risk exposure.

These are Short return period - High risk, Short return period - Low risk,

Lans return period High risk, &nd Lor~ return period - Low risk. In the

following only the first three categories are considered.

The major communities of the Pacific region are divided into the thr..

regions shown in Figure 1 which correspond to areas which are separated br
lines of equal probability of occurrence of Cyclones (Typhoons). The

dividing Ilnes have been chosen as annual probabilities of occurrence of 0.'

and 0.04. More common terminology would insiat that these represent averea­

return periods of 10 and 25 years. These probabilities have been chosen

because of ,he significance to the construction process.

For a twenty five y.ar average return period under quite ordinary

stationary random conditions, it should be expected that in any ..quence or

2,500 years there would be 37 pa...... of 25 year period. in which none or

these events occurred. It i. alao po••ible that there would be periods of 50

or 75 years without such events and this would not i.ply any chanle t~ the

basic underlying stati.tic.

It is clear that a de.igner, notins the absence of such a probabilit,

p.Oll event for a period which .pans his entire workins 11fe, and preceded br
an period in which no such eventa were noted by his father, would be t.pted

to conclude that the risk had changed for the better. This would be an error

since the basic underlying .tati.tic would be unchanged. Periods of thirt,

and seventy five yeara are significant in that they repre.ent approxi..telJ

one and two working life-3pana re.pectively. The occurrence or

non-occurrence of a "de.ign" Wind durlns such period. profoundly .ffec'ts the

cultural view of the risk of d....e cau••d by cyclone., and 1. accordinsl,

r.d into the style of construction.
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For the Pacific region the following table cat.gorl••• "Jor

communities in terms of these three risk areas:-

Zone 1 (Probability of occurrence> 0.1)

Vanuatu, Western Australia (North), Taiwan, Phillipinea (North), Hong

Kong, Hainan Island, Vietnam and South East China.

Zone 2 (Probability of occurrence between 0.1 and 0.04)

Japan (South), Korea (South), Phillipines (South), Queensland (North), New

Caledonia, Fiji, Solomon Islands (South), Vietnam (South), and North East

China.

Zone 3 (Probability of occurrence < 0.04)

Hawaii, Western Samoa, Tonga, Cook Islands, Tahiti, New Zealand (North),

Northern Territory of Australia, Borneo (North), Irian Jaya (South), Papua

Hew Guinea (South), Bali, Japan (North), Mexico (North), California (South),

Guam, Korea (North), Java.

In general terms the communities listed above appreciate the cyclone

risk well in zone 1, and somewhat in zone 2. However, it is in zone 3 that

the major risks lie, since communities may have become unprepared through a

loss of community memory. There are important exceptions to this general

statement, both in zone 1 and in zone 3, which are discussed further below.

The response of a community, to the cyclone risk, by altering its'

construction techniques is profoundly important to the actual risk incurred.

This response can be manifested either by the use of traditional .ethad.

which have stood the test of time over longer than the living popUlation' •

...ory, or by the acceptance of standards fro. areas in which the actual

risk is greater and Which has altered its construction style.

Long Return Period - High Risk

Here we are principally considering those area. aarked as zone 3. It 1.

in this are. that the risk of construction techniques not responding to the

exigencies of the environment become extreme. However, the type of r••pon..
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In rich and in poor communities may well be quite different. This difference

Ie caused by the weight put on tradition. The cases of Darwin in the

Northern Territory of Australia and of Tonga are interesting to compare.

(1) Darwin, Northern Territories of ~ustralia - zone 3

Darwin is situated on the northern coast of Australia. on the 25th

Deceaber 1974 it was struck by Cyclonp. Tracy. A community of 46,000 people

had established themselves in Darwin, and the local domestic dwellings

largely reflected the desire for ventilation and cooling. Accordingly much

of the housing was supported by wooden pilp.s up to 2 or 3 metres long,

allowing the passage of air underneath. Over 90~ of domestic dwellings in

Darwin were rendered uninhabitable by the passing of Cyclone Tracy.

Darwin had been previously struck by Cyclones in 1937 and 1897, and the

local community which developed lacked any direct experience of the Cyclone

risk. Undoubtedly, the Tracy event was traumatic for Darwinians, but the

.xperience has been utilised to the full throughout Australia, and local

construction practice has changed considerably through the efforts of many

proponents. In particular the building regulations in Australia now fUlly

reflect the experience of Cyclone Tracy, with Queensland being notable for

the efficient enforcement of these new regulations.

(11) The Kingdom of Tonga - zone 3

The Kingdom of Tonga spans a vast area from 15 to 23 degrees eouth of

the equator in the region of the International Date Line. The north.rn part.

or the Kingdom are more prone to the effects of Cyclone activity.

Tonga, although in zone 3, is close to the 25 year return period limit.

The islands were hit by a cyclone in the late 1970's which caused extensive

da.age. However, in this case, the UK's Building Research Establishment

bee..e involved in the problem through the auspices of the Over••••

Development Agency, and a system of low-co.t cyclon, resist.nt housing was

introduced. In fact this style of housing had been developed for a ai~1lar

proble. in the Caribbean. A prefabricated housing system va. design~d and

within one year all the houses destroyed had been replaced.
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The housing in Tonga remains to this day. What has actu~liy occurred in

Tonga is a transfer of technology ultimately generated by one of the world's

rich countries. This appears to have been a successful transplant, rather

than that which took place in Darwin, which also involved a transplant of

technology, although only ~eo~raphic one.

(iii) The Solomon Islands

The Solomon Islands lie in the region of 5 to 12 degrees south of the

equator in zone 3, although the southernmost islands extend well into zone 2

Which is quite narrow in this area. Housing is traditional for the area with

roofs composed of leaves, and the use of coconut wood is common.

On 18th Hay 1986 Cyclone Ramu struck Honiara, the capital, causing

damage estimated to be in the region of US$lOO million. About 100 people

were killed and over 90,000 were left homeless. Since that time numerous

small cyclones have affected the islands. During 1992, two cyclones have

struck the islands with one event on 2nd January causing extensive d~,age.

Disruption to food supplies (grown locally) was also & considerable strain

to the local population.

To take the case of the Solomon islands altogether can be a little

misleading since the Solomons straddle all thre~ zones. However, in such a

circumstance it should be likely that the experienee of the part of the

community MOst affected would be likely to be transported to the other

regions. The Solomon islands are clearly still undergoing a learning

process. The fact that such a major disaster as Cyclone Namu, has not

resulted in the vast reduction of damag~ when cyclones affect the islands,

signifies a lost opportunity to learn from a previous experience.

Long Return Period - Low Risk

Identification ,of the extent of zone 3 is problematical. Firstly, the

amount of information gathered on a world-wide basis is insuffiCient to sive

an accurate picture of the likelihood associated With very long return

period areas. secondly, the cliaate of the Earth is changing (Jeary), and

these areas repr'esent a potential for disaster.
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In this category come those areas which are subject to cyclones v~ry

rarely, and which are at the extremity of the regions in which cyclones

normally travel. It is probable then that the cyclones will have weakened

considerably before reaching these locations. The movement of the ensuing

cyclone, and its' possible intensifying, are not well understood. However,

tentative conclusions about the movements of typhoons in the eastern Asia

region suggest the following:

Deviations from a straight line of the track of a typhoon are caused

by movements of the 500 hPa wind (Chan), the influence of nearby land, the

influence of neal'by weather systems or other cyclones, and differential sea

surface temperatures in the area of the typhoon.

Additionally, typhoons reduce in intensity when they encounter a sea

surface tem~~r~ture less than Z~ degrees Celsius or when they make landfall.

The implication is that if sea sur'face temperatures are likely to rise then

typhoons and cyclones will travel further than they have done previously,

and areas that wher'e previously outside zone 3 would be included inside.

There

assessed, where

rather severe.

are

the

The

some regions on the edges of zone 3, as it is currently

consequences of the appearance of a typhoon could be

following list gives an indication of where these

occurrences could be

Australia - Sydney and Perth - New Zealand- Auckland, Wellington and

Christchurch United States Los Angeles and san Francisco - Marquesas

Islands - Harshall Islands.

All of these locations are in areas in which the possibll~ty of the

appearance of tropical cyclones is largely discounted. This perception

involves the occurrence of a risk that could be diminished greatly by some

relatively simple measures. It is interesting to observe that these areas

also largely occur in rich countries.

Direct evidence of a changing climate is difficult to establish,

although some effec.ts have been shown to be statistically significant, usins
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the western north Pacific as the area for analysis, however, circumstantial

evidence comes from a number of sources. Not least amongst these is the

experience of Tahiti.

i) Tahiti - zone 3

French Polynesia consists of five archipelagos spread across 4.5

million square kilometers of ocean. The largest of these archipelagos is

Tahiti, which covers an area of 1042 square kilometers. Tahiti lies in zone

3 near to the extremity of the zone (as currently listed). Experience of

cyclones was non existent within the community memory until the end of 1982.

Then between December 1982 and April of 1983 six cyclones devastated the

area. Two years later, during 1985, 30~ of all expenditure in Tahiti was for

reconstruction.

Short Return Period - High Risk

Host of the areas with Cyclone wind return periods of less than ten

year. in the Pacific region are not heavily populated. The exception to thit

rule is the western pacific area which includes Hong Kong, the northern

PA,Ulipinea (including Manila), and Taiwan.

Given that a stationary set of data exist then the occurrence of

Typhoons should be sufficiently frequent that preventive meaaures such as

design alterations will quite normally occur. Unfortunately, the changing

climate noted previously seems to have a particularly aevere effect in this

zone. The effect manifests itself as a reduction of the probability of

occurrence of typhoons in some areas (e.g. Hong Kong) and an increase in

others (such as Japan and Korea). This effect is caused by thefaot that

many typhoons which previously would have craned the ~tt-<Of"(~

ChIna, are now recurving back into the Pacific and running up the coast to

affect Japan, northern China and Korea. The significance of these movements

has been shown to be statistically significant. Further, clrcuastantial

evidence seems to show that the effect is deepening, since durlna the 1')91

typhoon season Japan was arrected by the passage of eisht typhoons whilst

the average number for one season is 2.6 for the period 1968 to 1988.
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Unfortunately, the experience 1n Hong Kong suggests that there is an

equally dangerous process which occurs, when the number of typhoons

reduces. Observation of· building sites in Hong Kong quickly leads to the

conclusion that many potential projectiles are left in the open even when

typhoons are very close and the population has been sent home as a

precaution. Photo 3 shows a typical view of a construction site in Hong

Kong, whilst Photo 4 shows the vulnerability of housing in San Francisco,

although the damage shown was the result of the Lorna Prieta earthquake, the

same mechanism would undoubtedly be resent for wind actions.

Photo 3 A construction site

in Hong Kong

Photo 4 Damage to housi"g

in San Francisco

WALKER's PAN PACIFIC CODE

Walker's suggestion that a universal simrlified code of practice for

the Pacific region could be adopted is basically a good one in that it may

help to plan engineered buildings in the region better. However, as has been

shown above, on closer examination, the potential for disaster appears to

lie mainly in developed countries which do not consider the cyclone hazard

to be particularly threatening. The introduction, in these regions of the

new regulations introduced in northern Australia could avoid such probl....

Walker's approach is far more appropriate to this region than that adopted,

for example by the nations of the European Community. That experience
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suggests that all that results is an "averase" code which is difficult for

practitioners to use. If that is the experience of one multi-cultural

environment then the suggestion is that the problems would be at least as

difficult in the Pacific region.

In other areas of the Pacific region, low cost construction teChniques

can be very effective. However, the lessons of tradition and history must be

combined, and in particUlar, positive connections between columns and roofs

must be sufficiently durable, no matter what materials are used, to

withstand the imposed wind forces or whether the country is rich or poor.

CONCLUSIONS

For the assessment of Cyclone activity areas of high risk in the Pacific

area have bp,en identified. These areas are generally unprepared for wind

events that may become more common on a warming planet. The lessons of

history and of tradition, derived from higher risk areas, have been

suggested as suitable vehicles for the avoidance of disproportional damase.
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ABSTRACT In order to provida a batter method of aatimating extr... winda at

an ungagad aita, computational method. of e.timating 50-yaar or lOO-year

extreme winda from .hort·term data collected at varioua weather atation. in a

large region ara baing developed. In tha currant .tate-of-the·art. thara are

four approach.a for aatimating axtr... wi~ .peed. from ahort-tarm record••

Tha firat approach i. ba.ed on the analyai. of the laroe.t monthly wind .pee4a

of at laa.t thr•• yaar.' data. The .econd approach i. the determination of

extreme wind apead. from a parant di.tribution. The third and fourtb

approach•• ar••imulation modela ba.ed on .hort-term eontinuoua hourly wind

apeed record.. Applica~ion of the method. will b. pre.ented.

l. ANALYSIS

In a region, extr"eme wind data obtained frolll location. with ai.ila..

phy.iographic or meteorologic factor. do exhibit .a.e COMmOn characteriatica.

Por eX8lllPle, if Typ. I distribution. ar. a••umed for the obtained extre..

wind•••illlilar .lop•• may ba ob••rved from the Gumbel line.. If the extr'"

wind .peed. at the•• location. ar. reduced to dimen.ionle•• Gumbel linea, then

the.e line. may be expected to ba nearly coincident. Thi. c~.ite au.bel

line i. then applicable throughout the entire region or in a .ubregion. The

ba.ic atrategy of regional zoning for extreme winda in an area ia to obtain a

cQMPo.ite di..n.ionl••••xtr... wind-frequency curve frca win4 atationa ift

that area. With this dimen.ionle•• regional frequency curve. the extr... wind
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.peed for a .pecific return psriod can then be obtained fro. multiplying the

value from thia curve by a meen annual extreme wind apeed at a proi~ct site.

1.1 B"ie prgbability functipn.

In th~ currant .tate-o(-the-art, there ara four approacha. for e.timatin;

extreme wind speeda from ahort-term recorda. The firat approach i. ba.ed on

the an.lysi. of the largest monthly wind speed. of at least three Vear.' data

<Simiu. et al., 19821.

station. situated in various locations in the United State., and It ha. proven

to be practical and adequate. The ••cond approach is the determination of

extreme wind .peed. from a parent diatribution (Davenport, 1971). Uain; this

method, extreme wind speeds can be estimated .ven from records shorter than

three year •. The third approach (Grigorig. 191'2) and the (ogrtn approach

(Cneng and Chiu, 1985) are simulation models based on short·term continuous

hourly wind apeed records. The sel.ction of a proper arproach is dependent

upon the available data.

1.2 Homogeneity Te.t

The grouping of weather atation. into region. or subregion. wa. guided bY

a sequence of hOlllOgenei ty teat•. lor each homogeneity test, penni.sible

~ange. of variation were determined by .eleeting ! 1.0 .tandard deviation of

an appropriate probability di.tribution. In thia paper, Type I distribution.

were a••\&mAd for r~pre.enting the annual extrema wind speed. s.riea. The Type

1 cumulative di.tribution function (CDF) of extram. winda ..y be expre.sed in

reduced variate aa:
·w

, • e'e (1)

with location and acale parametera equal to zero and unity, re.pectively.

Further, v • In In __1__ • -In In TT'
ll(v)

(2)

and the standard deviation of the reduced variate w i.

e
V _~ e

V "l'FeV
)Sw • -{;. 'YT' 1 ~ -(;. , ev' (3)

where w

F(w)

• reduc~ variate of Type I dietribution of e.tr... winde;

• ~D' of w; aw • .tandard deviation of WI

n number of y.ar. of record; and T. recurrence interval.
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1.3 Composite Frequency Function

A composite frequency function is constructed by taking -.dian value.

from site Ipeciflc extreme wind-frequency function. in a h~eneou. region or

subregion for the same return period. To make the compo.ite frequency curve

dimensionless. the median values are actually ratios of extr... wind .peed. at

variou8 weather stations to the mean annual extreme winds at tho.e .tation•.

2. APPLICATION

Th. proposed procedur& has been applied to wind data collected on the

Island of Hawaii _ Long·term annual extreme wind records e.i.t at the Hilo

Airport. Honokaa. and Mauna Loa Ob5erv~ory on Hawaii (Figura 1). For the.e

.tations. the annual series were constructed. and Gumbel distribution. war.

fitted to th.se annual extreme d.ata. respectively. However. lIIO.t of the

records collected at other locations at various times are of short period. or

fragmented. Table 1 summarizes the wind data u.ed in this paper. Due to the

nature of the available data. the first and .econd approaches de.cribed in

Section 1.1 ..·.r. used for estimating extreme wind speeds fro••hort - terlll

records at various stations on the Island of Hawaii.

2.1 Assumption, and validations

Type I distributions were assumed for repre.enting botb the annual and

monthly maximum wind speed .erie.. The validation of the fir.t approach i.

measured by a standard deviation of the inherent sampling error of the

historical records (Gumbel. 1958; and Simiu and Scanlan. 19.').

Predicted ext reme winds of 25 'year and 50 'year return period. were

compared with those obtained from the annual .erie. in Table 1, col~. (4),

(5) and (7). Assuming the extreme wind. fro. the annual .erie. a. the

standard for comparison. column (7) shows that the deviation. of the predicted

25'year or 50'year wind speeds are not more tha~ 12 percent. Thi. shows that

good estimates of extreme winds can be confidently obtained fra. .hort record.

of monthly maxima.

In the .econd approach. we con.idered the parent di.tribution of the

Rayleigh type.•uch as indlcated in Figure 2. Thi. rather crucial a ••uaption

wa. substantiated by an evaluation of the .hape par...ter of the .ayleigh
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distribution for long· term record station.. Thus. the extre.. wind. derived

from the .econd approach are, of course. Type I in nature (Davenport, 1978).

In the .econd approach, a Rayleigh parent di.tribution ha. to be

transformed to a Type I distribution of it. extreme valu... To accompli.h

thi.. fir.t consider an extreme di.tribution derived from a parent Weibull

di.tribution (Rayleigh distribution i. a special :ase of Weibull di.tribution)

CDF: F(VI .. Exp [mT(V/b*)C-l Exp [.. (V/b'")c] ]

where m

= Waibull scale parameter

T

c

.. returr. period

.. Weibull shape parameter

For annual extreme. T .. 1 year. Eq. (.) become.

F(V) : Exp [m(V/b·)C-l Exp [ . (V/b'")c] ] (5)

If Eq. (51 i. approximated by Gumbel di.tribution, then Gumbel'.

parameters, Q and u, can be obtained by solVing:

and a : d~ [·m (Y/b*)C-l Exp [- (V/b'")c] ]

(6)

(7)

If Rayleigh di.tribution (I .pecial ca.e of Weibull diatribut ion) is

e••wned. then b* .. Vi band c .. 2. Eq•. (6) and (7) become:

(m/Vi) (u/b) Exp [ ·i (u/b) z ] : 1 (8)

d [ . (m/Vi) (V/b) Exp [-~ (V/bl l ] ] (9)Q :
dV

SOlution. of sq•. (8) and (9) were obtained by numerical ..thod•.

The validation of the second approach va. al.o ta.ted on the Hilo Airport

and Mauna Loa Ob.ervatory data. (Tab~. 1. column. (6) and (I». Again,

a•• uming the axtrama wind. froa the annual ••ria. a. the .tandard for

compari.on. column (8) in Tabl. 1 .how. that the deviation. of predicted 25­

year or SO-year extreme wind. obtained frca the .econd approach ara within
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eight percent of those obtained form the annual series. The.e result••haw

that the second approach gives very good e.timates.

2.2 Rtlylts

All 14 stations were subjected to the initial homoveneity te.t. Four of

these 14 stations (Upolu Point, Kahua Ranch, Waimea Airport and South Point)

fell outside the ranve of one standard deviation of the reduced v.ri.t. of the

Type I distribution. Bas.d on .ucc~•• iv. homogen.ity te.t, thr.. ho.ag.neous

subregions were formed for the Island of H.w.ii (Tabl. 2) .

As shown in Table 2, the n.arly overlapping feature of the Gumbel lin.s

for the .ubr.gions of the I.land of Hawaii indicate. that a singl. r.gion for

the i.land may b. considered. Excluding those station. which f.ll out.ide the

p.rmissible range of variation, the Gumbel lines for the I.land of Hawaii a. a

whole confirmed this rea.oning (Figur. J).

J. CONCLUSION

Th. preliminary re.ult. obtained from the application of this regional

analy.i. procadure to long·t.rm period••hort-term period and fragmentary wind

data collected on the Island of Hawaii are very .ncouraging. The

dimensionle.s regional extreme wind' frequency curv•••rve. a••n .ff.ctive

mean. of estimating extr.me winds for pre.cribed return p.riods at an'ung.ugad

project .ite.
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Estimated extreme w1nds at various stations on the Island of Ha",aii

using the annual .~ri.s. the first approach and the second ~pproach

(speeds in miles per hour and adjusted to JJ ft Above ground) .

••CIIP'II I , .,
'I·'•Dltl

I
I •

Stltloll '-"1M-
,...tOll 'I '. '. T T("1") (I) (I)

(l) (2) lJ) (4) (51 (I) (7) (')

Mtlo ll1SO- n 4J · 42 · 2
Atr,orC 1t14 50 41 · 45 · 2

1/57· 25 · 41 · 5 ·12110 50 · 4] · 7 ·
1/R· n · • · ·7 ·12115 50 · 4' · ·7 -
1/72· 25 · H · , ·12175 50 · 41 · 11 ·

_UN LOI 1t5i- l5 67 · 12 · 7
CIIK.rvo

I_
50 7Z · M · 1

1/77. ZS · · · · ·10/14 I 50 · · · · ·1/10- ZS · 62 · 7 ·10/11 50 · 16 · • ·1/71· ZS · 51 · 12 ·
12113 50 · IJ · 12 ·

Iredshew lIM- n - - 4J · ·A". Atr 12111 50 - · .7 - ·FIIIII

1M I.. 10177- 25 · 56 - · ·till 50 · 51 · · ·
....1. 3/79- n - 51 · · ·

10111 50 · 55 · · -
1/74- Z5 - · .. · ·12171 50 · · 52 - ·

HolIoUI l1Z~- ZS 3t - · - ·IM5 50 44 · · · ·
Kallul 10177-

I
Z5 · 10 - · -

IIIlC1l 10/11 50 · .. · · ·
UIlOlli 1/7J- Z5 · - 10 · ·
Potst 12/13 50 · - IJ · ·
IIItltol.. 1/77. zs - - .. - -MI-. 3/7' 50 · - " · ·
KapollO 1177· 25 I · I · 5J · ·
IHdl U/77 50 I · - 57 · ·
Itolilt.. U7D- U · - 51 · -

lU70 50 · - 54 · ·
se..Ul 5/77- 25 - - 71 · -
Pot lit IV7t 50 · · 7' · ·
se..1II 1/71- Z5 · - 44 · -
IaIII 12/7_ 50 · · 47 · -
KaHUI- 11M· 25 · · • · -
IaIII 12'16 50 · · 41 · ·
-Detl ,.,.tOll, ..til wtlll tile ft"' *1 of till ."",t....ell I.....INI.. wltiI
tile leu .., of till _I........
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Dimensionless regional frequency curve for the I~land of Hawaii
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Figure 1 Location of Wind Stations on The Island of Hawaii. State of Hawaii
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STRONG WIND DAMAGE TO HOUSES IN YANAGAWA CITY
BY TYPHOON ."9

H. Ilhizlki1
, J. KItIur.a, Y. T....• end T. MINYaml4

1. Profuaor emeritiua, Kyoto Univeraity
2. Profuaor, 3.A.~ profeuor, 4.......c:tt uaoc:iate

Diulter Prewn1ian Ae•••rch Institute
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ABSTRACf Typhoon 9119 struck the northwest area of Kyushu Island. Japan.

during the afternoon of September 27. 1991. Significant damage occurred throughout the

city of Yanagawa due to strong wind. Time-varialions of damIge 10 roofs were inveslipred

using video camera records. The primuy weakness of tile or sheet-metal roofing designs

was clarified. It is estima&ed that the velocity of the meximum peak gust was at least 40mIs
at 6m above ground level at the height of the eave of houses.

I. IN11tODUcrJON

Typhoon 9119 was first detected

on Sepfember 16. 1991 ne.-1he Marshall

Islands. During the afternoon of Sep­

tember 27. it came onshore at the north­

west coast of Kyushu. the southern

island of Japan taking its course as

shown in Figure I, and passed over to

thc Sea Cli J'.Jan "I .. slll'cd ul al'lJlUll.1

m:dcly I(101m"'.. Dcspile the mudcrale

nUnfllll. the typhoon WII8 dcstnM.:tive due
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to the very strong wind that inflicted extensive damage throughout the country. Weather

stations located at western and nol1heastern coastlines renewed their records of maximum

wind speed and peak. gust. 1be nonhwest pan of Kyushu Island and Touhoku (nonheast

district of mainland Japan) were the two areas that suffered the most severe damage to

houses and agricultural products.

Nowadays. many events are personally recorded on videotapes by the popularization

of portable video cameras. In this particular incident. a three-hour video record taken from

the top of a building in Yanagawa city located in the most severely attacked area of Kyushu

provided a precious source ofdocumentation of the progression of damage and its correlation

with the time-variation or wind characteristics during the typhoon passage. This paper

documents the analysis of damage caused to houses in Yanagawa city based on this video

record together with field survey.

2. OVERVIEW OF DAMAGE

Y&nagawa city is located on the west coast

d Tsukushi-heiya in Kyushu, Japan. According

to the repon of damage by Typhoon 9119 pub­

lished by the city office, 11.271 households

comprising of 40.853 people received damage

to their houses. 1be population of Yanagawa

city was 44.480. meaning that 92% of its resi­

dents suffered. A total of 7,799 buildin~s were

damaged. including 13 houses that were com­

p1erely destroyed. 196 that were badly damaged.

7,546 that were partially damaged. as well as
44 non-residential buildings that were damaged

to varying degrees. 1be damage was entirely

d~ to strong wind and .he cost of damage
amounled to ¥().66~.119,OOO ($~1.272.()OO).

Here, the word '\~Otl1pletely destroyed" desig­

nates destruction of more than 70% of the Inial

floor area or a de!ltruction that emts greater

Fig.2. Oisuibutioo uf~huu~s in
Yanaaawa city•• shows a cumpletely
de5lroyed or a badly dafnaaed hou!'ie.
( cou~y of Yanag_a cilyo~ )
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than half of the initial construction cost; "badly

damaged" if more than 20% of the total floor

area is destroyed. and "partially damaged" if

the damage is less than the aforementioned.

1be completely destroyed and badly damaged

houses were spread over the city as shown in

Fig.2. The data also includes an earlier damage

caused by Typhoon 91 17 which struck Yana­

gawa city on September 14. Typical damage

to a house is shown in Photo I.

Photo. I A 4;ompletely destroyed house
( counesy of Yanagawa city office)

3. METEOROLOGICAL ENVIRONMENT

•• , • S

l

FiaJ. Records of wind direction. wind
speed Ind pea lUll- YlftlllWa fire­
brigade scation. (The nnge of wind speed
we chlnged in () at 15:44.)

The records of wind direction. wind

speed and peak gust are shown in Fig.3. The

eye of the typhoon was nearest to the city at

around 17:00. Japan Standard Time (JST).

The wind speed increased as the eye of the

typhoon approached. The mean wind speed

exceeded 20m1s at 16:20 JST. TIle strongest

wind was recorded at 17:04 JST with a maxi·

mum wind speed of 27m/s and a peak gust

of 491n1s. The wind direction was initially

east and changed to south with the approach

of the typhoon. At the time of the strongest

wind, the wind direction was south-southeast

Itdum8ed to west-southwest after the typhoon

left the city.

The peak gust and the wind direction were measured by a propeller type anemometer

set up at a 16m-high tower of Yanagawa fire-brigade station. The tower stands in the center

of the city as shown in Fig.l. in the area surrounded by one- or two-storied houses and

rice fields spread beyond.
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4. MECHANISM OF DAMAGE TO ROOFlNO SYSTEM

In this section. the time-v.-iatiOlll of the cIIJnaae 10 roofs are eumined bued on the

IeCCId by portable video camera. The video record WBS shot from the top ofa 1hincen-1IOricd

buildins located in the eenler of the city .. shown in FiS I. As this building was the

hi.... slrUclW'e. it was possible 10 record 8 bird's-eye view of the entire clay duri... the

line houn of the passage of the I)ophoon. Damaae 10 a tile roofed house lOCI a sheeI-mew
roofed house located allhe fOOl of this buildina are analyzed.

4.1 Damase 10 The TIle Roofina

The two-storied wooden house with tile roofinS was 10caIed at point A in FiS.I.

Between this house and die buildins where the video WII rec:ordecl,~ was a streeIlOCI

• canal lO8ether about 24m wide running nonh to south. The roof of the house was
~ by Typhoon 9117 two weeki eBltier lOCI it had just been renewed. The gable wall

WII about 4m wide. facins south lOCI perpendicular 10 the canal. The height of the eaves
covering the second floor was about 6m from JI'OUnd level lOCI overtllnaina O.7m from die

wall. The pitch of the roof was about 0.6. lbis boule stood 800m nonheast from the

fire-bripde slation. As the anemometer was set al a heilht of 16m. i.e. about twice the

aVeDF heighl of the surrounding houIes. the record of wind II the IIIIion were aniclered

10 represent the wind speed of the approach flow. The sueet IDd the canal were localed

windward of the house. The wind speed at the hei.... of the eaves was caIcuIaIed II 0.9 of

die recorded value II the fire-bripde station. assumins dill the JI'OlRl surface WII smooth

Ind the exponent of Ihe power law WII In. All of the wind data depended 011 the record II

Ihe fiR-hripde station lithe respective time poinIIlhown 0II1he video recordI.

The sequence of damqe 10 the tile roof is described in Photo.2a-d. Al IS: I S. abe

windward window was broken by a tile blown from elsewhere but the roof WII still inlllet

(PhoIO.2a). At 16:29. two or line tiles on the east-side roof (Photo.2b. lower left oflhe

roof) were moved. At this time. the wind speed was aboul 21 mls. the peak JUlI about

:l4m/A. and tilt' wind wa~ hIowing I't'f'l'M'dk"lIlar 10 lilt' ("avf'~ from tMl-QI'hrut. Aftf'r

this. Ihe lila un Ihe e.a-Iide roof near the windwN'd eave and verae • well • some on

'he center portion were moved or blown off ( Photo.2c at 16:37). Finally. Ibout one

quner of the tiles at the windw..... region of the CUI-side roof w. blown off Mel the
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a. time I ~ I ~ h. IlIlle 1(,.2(1

wind speed 10m,', v.llld 'J"l'c'd 21 rn/"
peak gust Dim, pt'ak j.!u" '-lilli,
wind direl'lI"n lla"l "u\d dlnollH HI ea'I·" lUI hc'a,1

I.'. lime 10 n d, tlllle I tl~~
wmdspeed 2~Ill/, wUld 'Jll't'd 20m/s
peak gust ~2m!, peal. gu,t ~tlm/,

wind direrlllHl ".ulh,'a,1 v. md direction 'lIU th -'outhea.,(

I't1l1(" 2 Time vaflatlOn 01 lIama!!l' hI tlic' lilt- ["ofin!? III " v.OlH.len hou,,' Thc' "alul" of "md 'peed and
lIm',II,'n are ot the data at the flfc·llrIj.!ad,' '1;lllon. The kit gat-Ie v.all 01 It1l' pholoj.!raph lan', south
it"ul1l"'\ of \1r M. KOl!a I

(c'lllll!! underneath wa, hroken (Phllto.2d at 16:-l:" J. At tim pOInt the wind speed was

ahout 20m/,. the peak gust ahoul -loll\j". and the Wind wa" blowing vertl(al to the gable

.... all, Irllm ,outh-southea'l. Fe .... dam..!!1.' occurred heyond thi" pOlIn and the roof nn the

we,( "dc' remained intac\.

I'he ,equentialnents leadin!! to fail lire of the till' roofing could he anaJ)'I.l'd a, follows.

Prrol 10 thl' allad of Typhoon IJI 19. the ti les had het'n fastcnl'd to the rouf hoard at the

ease"~ \crgl'S and ridgelinc to prnent "1I11ilar damage received hy the l'arlier typhonn 9117.

FiNly. the unfastened ttles ncar the wllldward eave and verge hegan til move as it received
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a lifting load created by the increase in separated flow speed at the roof edges characterized

by negative pressure. The damage spread out towards the center portion of the roof. As a

consequence of the increase in the internal pressure caused by the broken windward window

combined with the negative load on the tiles. the total lifting force on the roof increased

and the roof board was blown off together with the ceiling. To prevent this kind of

damage. the tiles should have been fastened not only at the edges of the roof but also every

two or three rows at the center. 1be window shutter should be closed to prevent damage by

objects carried by the wind.

TIle reason why the roof on the west

side receive very few damage owes to the

design of tiles and the way they were

placed. As shown in Fig. 4. the typical

design of a tile used in Japan is not sym-

metrical and the roofing is done by over- -~

laying the left and bottom edges on the "-
neighboring tiles. Because of this s1JUCture. Fig.4 A typiCal tile roofing system in Japan.

( Tiles are we. with !he blows from !he
the tiles are easily blown over by strong directiOl15 shown by the IITOWS.)

upward winds and/or winds from the left. 1berefore. when the wind blows perpendicular

to the gable wall. the roof on the right side is generally weak. This structural weakness

should be alleviated by increasing the number of tiles that are fastened to the roof board or
by filling the gaps between the tiles with plaster.

A wind tunnel simulation of a similar failure was conducted by "Okada, 1988". The

results of experiments usina a gable roof with tiles fastened to the roof board at the eaves.

verges and ridgeline indicaled that this cksign is not tolerant against wind forces greater

than 40mIs average wind speed. The record at the fire-brigade slalion indicates that there
actually was a peak gust stronger than 40mIs at the time the roof was blown off.

4.2 Damage to The Sheet-Metal Roofing

A twu-storied wooden house with a shc~t-mclal muf (Phulu.3) slood al point B

shown in fig. I. This house had a shed roof. The western cave was about S.Sm wide and

ahout 7m hi~h. filcin~ the mad and the canal. 11K' flitch of the mof was ahoul 0.2. 1be

southern gahle wall wa~ ~.~m wide. The overhang of the verge was ahout 40cm from the
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'~"~'-.-(.~'i"·· .
. '. . ...,. .

d. after 11130~

b•• 17: 07

c. der6lJO___ f•• 17: 12

PhcMo.3 Time vlrillioll ol,-,IO the 1heet-metlilOOfina of. IW~1IOriedwooden boule. The wind
blows hom the down left ..01 ... fIhoIaIraph 10 die upper ri,N. <couneay of Mr. M. Kop )

gable will u shown in PhoIo.3a.

The wind ripped lway I pan or abe sheet·metaI roofat II'OUnd 17:07.1laI1inI from the

SOUIhem windward _ of die YaJe. IniUIIly. the sheet·metaI be... 10 form conuplionl

and wu slightly lifted .. II abe windward edJe (PhoIo.3b). Tbe rat moment.1bout

two-thirds of Ihe roof bepn 10 rip off (Photo.x-e). The entire incident IaIed for IbouI

one second u recorded (II1be video ...
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As 'he wi"'~ velocity increased above the verge. it exerted a negative load on tbe

windward surface and lifted up the verge. creating a gap between lhe sheet-melal and lhe

roof board. The failure was triggered by the wind entering this windward opening. This

kind of failure can be prevented by fastening the sheet-metal roof finnly to lhe edges of lhe

eaves and verges.

5. CONCLUSION

The damage 10 houses in Yanagawa city caused by the Typhoon 9119 was surveyed.

The damage to houses was spread out all over the city and was mainly caused by the strong

wind. Time-variations of damage to roof were investigated using video camera records.

1bc sequential events leading to failure of !he tile and sheet-mew roofing system was

clarified. The damage was estimated to be caused by a maximum peak gust greater than

4Om/s. For the prevention of the damage to the tile roofing. it should be effective to

illCRlSe the number of tiles thai are fastened to the roof board or to fill the gaps between lhe

tiles with plaster. The window shutler should also be helpful in protecting against breakage

by objects carried by lhe wind. Sheet-metal roofs should also be fastened finnly onto lhe

edges of the eaves and veraes for prevention offailure.

ACKNOWLEDGMENTS

The authors are very grateful to Mr. M. Koga. president of Yanagawa High School.

for his offer of the video tape recording. and Mr. T. Sinkai. manager of administration of

Yanapwa city office. for his kind arrangement for our field survey. The information of

Mr. T. KOla. senior director of NHK . Fukuoka Bureau. are also greatly acknowledged.

Special credit is due to lhe individuals of Yanagawa city office. the fiR-brigade station and

other organizations for their contribution in gathering field daIa.

This study was supported in pan by a Grant-in-Aid for Fundamental Scientific Research

from the Ministry of Educalion. Science and Culture of Japan of which delepae was Prof.

Y. MitsUia of Di~. Prev. Rell. Inllt .. Kyoto University.

I<LHJWNCJ:
I) Hisashi Okada. 19In~. Wind tunnel lest on behavior of roor.ngs under strong wind.

Journal of Wind Engineering. No.35. pp. 1-15. (in Japanese)



WI4-1

I&COIfD UI-AiIA COIfnURa 011
ENGINEEIlING FOR MITIGATING NA1lJIlAL HAZARDS DAMAGE

YogVek8rU, Indonale
22·20 June 1982

NEW TECHNOLOGY APPliCATIONS rOR IMPROVED
SEVERE STROM WARNINGS

J.H. Golden
NAA/Ocanic' Atmospheric ReHarch

SilYfi Spring, Md. USA 20910

ABSTRACT We shall treat some of the cum:nt and future tcehnoloaies in weather

forecastinl, especially as related to extreme winds and floods. The importance (;~. IlCCUI'ate

forecastina and the wamina issued for mitiaating damqe and fatalities from theIe two natural

hazards have often been underestimated. In the United Stales, flash floods account for mare

deaths and dama&e on average yearly basis than any other natural hazard, includina tornadoes

and hurricanes. The National Weather service durina the deacade of the 1990', has IJe&un
an ambitious Modernization and Associated Resttucturina Proaram. The c:omentone of this

proaram is the field deployment, new underway, of lOme advancea tIJChnoIoaicaI tools that

will permit increased staff'productivity and more ICCUrate and timely forecutl and warninp.

Thae new tcehnolOJies include the Next Generation Radar (NEXRAD, WSR-88D Doppler).

wind Profilen, Automated Surface Observina Systems (ASOS), and an intalCtiw proceaina

and display system. AWJPS·90. The capabilities and limitations of e.cII theIe sysIemI are

auessed, mona with examples of actual data sets from recent windstorms and flood events.

Planned future enhancements to these observina ,ystems will be desaibed. Some specific

potential applications to the improved traekin, and wamincs of typhoons and flash floods will

be described. The importance of establishinC ·,round truth· networks ofautomated 1eIlJOI1,

especiaIlyanernometen and rain pUles, alona with trained storm spotters win be hiPliptal

from recent experiences in the U.S. and elsewhere.

INTRODUCTION

As of early 1992, the Weather Saneillance Radar-I988 DoppB (WSR-88D)

c:ontrlCtOr, UNISYS Corp., has installed 10 radars, mainly in the SE and Ceftlnl U.S. Tho

arne contractor has nearly completed installation of the 3O-site Winds Profilei' demonIttaIioa
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network which is also clustered primarily over the Central U.S. (additional sites are at

Maynard, MA and Homer, AK). Finally, ASOS surface installations are proceeding rapidly,

such that by the time of this Confrence, there should be about 80 systems installed (most of

these at non-towered airports).

NEXT GENERA~ ffiAmER RADAR (NEXRAD)

NEXRAD is a replacement", system for the current reflectivity-only weather

radars, including the aging NWS network WSR-S7's. The planned NEXRAD network over

the continental U.S. will have 113 units; in addition, another 46 systems will be installed,

some of these in Alaska, Hawaii, the Carribean and at the U.S. military bases in Asia and

the western Pacific. Some of the limitations of the initially-deployed WSR-88D system were

summarized by Golden and others (1990).

Some- of the new operational and research applications of the NEXRAD system are

illustrated in Figs. la, b and 2. (The original data is in color and similiar examples will be

shown at the Confrence). Figure I shows an intense mesoscale winter cyclone that developed

off the mid-Atlantic coast and moved slowly nonhwestward up the Chesapeake Bay on

January 4, 1992. Figure la, b is a time-sequence of WSR-88D reflectivity and velocity,

respectively, from d1e Sterling, VA, WSR-88D. The data are at I kin resolution and the first

pair shows the intense convective banding and even the suggestion of an -eye- near the

circulation center which later moved directly over the Washington, DC metropolitan area

(arrows). At the same time, Fig. Ib pair shows that peak radial velocities <at low levels) in

the winter cyclone exceeded hurricane force; surface measurements earlier in the storm's

lifetime indicated peak gusts of up to 80 mph over the Eastern Shore of Maryland. Flash

flood, high wind and high surf warnings were issued by NWS for specific areas in Fig. I and

most verified. Figure 2 (a,b) illustrates excellent ewnples of the WSR-88D hydrology

product from the Norman, Oklahoma site durin. the 1992 severe thundentorm season. The

Precipitation Processing System softwar.: automatically sums rainfall estimates derived from

reflectivity for one-hr, 3-hr, and storm-total accumulations. This is illustrated in Fig. 21.

which shows the state and county boundaries with the contoured estimated rainfall totals over

an 8-1/2 hr period ending at OISO GMT, April 18, 1991. Actual rainpuge total rainfall
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amounts corresponding to the time-period sampled by the WSR-88D are plotted on the map

u well and in general there is good agreement. Fig. 2b shows another case with Storm-Total

estimates of nearly 10 inches over 12 hours.

The WSR-88D system appears at this juncture to be one of the most advanced weather

radar systems currently being deployed in the world. The built-in fault isolation and

diagnostics software and advanced modular hardware are designed to ensure ease of

maintenance alld high operational availability of the system. The primary limitations of the

system appear to be the maturity of some of the metf';orological algorithms, the need to

develop others, and residual clutter from certain types of non-precipitation echoes. Ilf".search

and development will be conducted to overcome these limitations. Potential future upgrades

include the addition of polarization diversity for improved hail detection and rain/snow

discrimination. Among the algorithms being considered for addition to the WSR-88D system·

include the Flash-Flood Potential (see Kelsch, 1989), tropical cyclone, improved wind

analysis techniques to derived the total wind vector, improved hail and mesocyclone detection

techniques, and snow estimation, and others.

WIND PROFILER DEMONSTRAnON NE1WORk (wpDN)

The wind Profiler is a ground-based remote sensing system designed to produce near

all-weather, continuous measurments of wind. It is essentially a UHF clear-air radar with

sufficient sensitivity to detect the backscatter from radio refractive-index irregularities caused

by turbulance. The feasibility of using wind Profilers at various wavelenghts for a wide

variety of meteorological applications has been pioneered by NOAA's Aeronomy and Wave

Propagation Laboratories, and reviewed by Golden and others (1986). The vertical profile

of the horiwntal wind can be determined from Doppler frequency measurements on the

backscattcred signal. NOAA has just finished deployment of a demonstration network of 31

wind Profilers, concentrated in the central U.S. The primary performance specifications, u

defines by NOAA, are given by Chadwick and Hassel, 1987. In addition to horizontal winds

measured from O.S-16 km heights, these 404 MHz Profilers also take measurements of the

vertical wind component and reflectivity overhead. An excellent example of the hourly

proftJes of wind observed by the Profiler is liven in Fig. 3. The data are plotted ini the form
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ofa time-height section, derived from hourly averages on January 7, 1992 at Platteville, CO.

These data were talcen during a developing intense winter cyclo:le over Southern Rockies.

An operational and research evaluation of the Profiler data from the WPDN is

underway. Early results are impressive for tornado and severe thunderstorm forecasting, as

well as for optimum routing of aircraft. One of the few limitations of the present WPDN

wind Profilen, partly due to the 404 MHz frequency, is that wind profiles cannot be obtained

below O.S km.

AUTOMATED SURFACE OBSERVING SYSTEMS (ASOS)

The third major new technology being deployed to support the NWS Modernization

is ASOS. The ASOS development to automa~e most surface weather observing functions was

made possible by the advent of new reliable and sophisticated sensors and computer

technology. Moreover, the three participating agencies, National Weather Service/NOAA,

Federal Aviation Agency and Department of Defense are Ijeploying from 900 to as many as

1,700 ASOS systems at airports across the U.S. during the 1990's. Every ASOS unit will

contain the following basic set of sensors (in addition, other sensors, for example hail and

snow-depth, are under development and may be added later) : (1) Ceilometer Sensor, one

or possibly two, (2) Visibility Sensor, one or possibly two, (3) Precipitation Identification

Sensor, (4) Freezing Rain Sensor, (5) Pressure Sensors (two or three, depending on airport

size), (6) Ambient TemperaturelDewpoint Temperature Sensor, (7) Anemometer (F42D-typc

rotating cup and vane for windspeed and direction), and (8) Precipitation Accumulation

Sensor (Heated Tipping Bucket Gauge). The wind sensor wiIl be mounted on 10 m towen

in most cases. The ASOS wind algorithm uses a 2-minute period to obtain average wind

direction and speed. The ASOS system measures these wind parameters once every second.

ASOS will use ~;,rec runnjng averues to compute gust speeds and direction. Current

technology cannot replace all of the human observations which make up present Surface

Aviation Observations (SAOs). Therefore, some of these may be provided by local manual

aUemeDtation or by using complementary technologies, such as WSR-88D and geostationary

satellite data, with the ASOS observation.
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CONCLUSION

When fully imp\fmcnte~jheJ\SQ£~{lre than double the number of full-time

surface aviation weather obscrvin~ locallons across the U.S. Moreover, many of the smaller

airport sites wilh human observers now cease taking surface observations after dark, and

ASOS m.1l operate continuously. The ASOS network, coupled with olher Federal and State

surface sensor networks (such as the Ilo-site array being deployed across Oldahoma), will

provide an unprecedented opportunity to perform mesoscale analyses for monitoring and

-nowcasting N fast-evolving severe weather episodes. The combination ofWSR-880 and wind

Profiler data will provide continuous vertical wind profiles in nearly all weather regimes,

ranging from clear to stratiform rain conditions (the WSR-88Ds obtain wind prome estimates

every 5-6 min, see Golden and others, 1989). Taken together, these new technologies will

as greater lead-times. Whereas most tornado warnings in the U.S. using current radar

technology only have a few minutes lead-time, operational tests have shown that the WSR­

880s will increase the lead-time to 20-30 minutes for larger tornadoes. Similarly, the detailed

WSR-88D precipitation estimates and Storm Total estimate maps with ~ctailed

riverlstreambasin map backgrounds on the NEXRAO displays will allow more timely and

precise flash flood/flood warnings.
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DETERMINATION Of WIND effECTS ON AND AROUND TALL BUILDINGS
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ABSTRACT In this paper, an aeroelastic .adel which si.ulates the shear

flexure llOde using di.tributed .... and sUffness is described. In

order to obtain the distribution of loads along the height of the

building. ,an experi_ntal technique i. pre.ented herein where the

fluctuat1~ pressures CrOll the aeroelastie llOdel are s-.pled

.i.ultaneo~.lyCrOll two tappings at a ti... The ~asured data are later

converted i~to the frequency dOll&in in the for. of auto and cross power

spectral densities for the coaputation of .adal forces. Fra. which, the

acceleration at any height and hence the variation of shear and .a_nte

along the height of the building are deter.ioed.

IM'I1lODUCTICli

For low rise bUlldings or other .tlff structures, the wind Induced

.tructural loads uy be deter.ined by pneuutlc averaging technique

(Surry and Stathopoulos, 1971). However this ..thad requires

si.ultaneous sallpl1ng CrOll several pressure transducers at a .uitable

scannilll rate. It. slilpler ..thad which requires _asureMnt fra. only

two pressure transducers at a U .. i. the covariance lntegration Mthad

(HolMs and Be.t, 1981). which URS the Masured covariance ..trhc

containina the InforuUon on the stat18t1cal cOTrelatlon between the
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fluctuating panel loads over the building. As both .ethods neglect any

resonant dynaaic effects, they are not .uitable for tall and slender

buildings which are sensitive for dynaaic action of wind. For such

buildings an experiaental technique is presented herein where the

fluctuating. pressures fro. an 6eroelastlc aodel are saapled

siaultaneously froa two tappings at a tiae. The Measured data are later

converted into the frequency doaain In the for. of auto and cross power

spectral densities for the co.putatlon of aodal forces. Froa which, tbe

acceleration at any height and hence the variation of shear and ltOaents

along the height of the building are deterained.

AEROELASTIC IIODEL VIlli SHEAR-FLEXURE MODE

Tall buildings generally coaprise of valls and frallt's. Under

lateral load, the walls deflect in a flexural aode whlle the fra.es

deflect In a shear lIode. When both fraaes and walls are tied together

by rigid floor slabs, the bUilding deflects in a shear-flexure aode. In

thIs study an aeroelastic aodel wIth distributed ..ss and stIffness wa.

constructed to siaulate the shear-flexure ltOde of the prototype. As

shown in FIgure I, the outer shell, ..de of perspex ..terlal, vas

supported by two steel bars through horizontal diaphraas. For the steel

bars to deflect freely without any constraint fro. the outer shell, the

latter was aade of several segaents instead of being a single unit. The

gaps between the segaents were covered by flexIble viscoelastic tape

which prOVided the daaping to the aodel. The scale of the lIodei to the

prototype Is 1 400. The aode .hape and .... of the lIOdel along the

height are given in Table 1.

In order to _asure the fluctuating pressure. on the lIOdel during

along wind ItOtion , pressure taps were provided at seven levels both on

windward and leeward sides, a. indicated in Figure 1. The positions of

the pressure taps were judiciously selected to captur~ the

representative pressure. alona the. height of the lIOdel. To deter.ine

the frequency and daaping of the lIOdel, an accelero.eter va. aounted

inside the ltOdel.
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FllUre 1 AeroelaaUc lIOdel

Table 1. Mass and Mode8hape or the AeroelasUe Model

llellht Maa. (It&/a)
Mode shape llellht Ma•• (qta)

Mode shape(-) per \Uli t hellht (-) per \mit hellht

0 5.25 0.0 300 2.06 0.506
50 5.25 0.02 350 2.06 0.642

100 2.81 0.075 400 2.06 0.712
150 2.81 0.157 450 2.06 0.921
200 2.31 0.259 475 2.06 1.0
250 2.31 0.377
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SHEAR AND IDIDn' IN THE IDJI1

As shown in Figure 2, let H
t

(x t ' z.) and Ha lXz' zz) be two points

on the .adel with tributary area dx. dZ
t

and dxa dzz respectively. For

along wind -ation In Y direction, using only the first .ade

l

M

~::---+-----ll----Y

X
Fisure 2 Position of two points on the -adel for the ca.putatlon

of the cross power ~pectral densities

_(z), the .adal force pover spect~al density is liven by

in which H and B are the height and width of the lIOCIel, and

Splx., z,' xa' z2' n) i. the cross power spectral den.ity of pre.sure.

between points "t and "a' which -y be expressed as

Sp(".' "z' n) • S~(MtW, Ma~ n) + S,(",L, "a~ nJ + 2Sp(M,V, MIL, n)

(2)

where the superscript w and L denote windward and leeward sid..

respectively. As the cross correlation between windward and IHWard

pressures are expectecl to be ..11, the last ten in eq. (2) can be

nealectecl. The bacqroW¥l dlsplacellent v. and dynaalc dlsplaee.ent v
D

are obtained fra.
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(Ja)

(lb)

where n 1. the fund..ntal frequency of the 1KXIe1. E the dallplDi ratio• •
In the fundUlental lIOde of the llOdel and a· the aenerallzed _ss.

The r. a. s. shear and IIOIIent at any height z of the lIOCIel 18
•

obtained by Intelrati.. the inerUa forces. Usi.. an appropriate peak

factor. the IIOSt probable aaxlaua base shear end base IIOIIent can be

detenined.

EXPERIIIDITAL RESULTS

The aeroelastlc aodel was ~unted on a wind tunnel which has a test

.ection of 1 • height. 2. width and 16 a leoath. The ataospberlc

boundary layer was .laulated to aatch the velocity prof He. turbulence

Intensity and the power spectral "density of the 10DiItudinai coaponent

of the turbulence of the natural wind (Balendrs and Nathan. 1988). The

experlaental setup with surroundlDi bulldlnc Is shown In Fleure 3.

Fro. the free vibration response of the aeroelasUc lIOCIel. the

fund...ntal frequency and duplDi are found to be 26 Hz and 2.5"

re.pectlvely.

scale 1. 142.

scale 18 2.82.

500 a height 18

As the frequency of the prototype Is .183 Hz. the tlae

Thus. for the chosen lenath acal. of 400. the velocity

The de.lan hourly ..an wind speed for the prototype at

taken to be 34 als with s power law coefficient of .3.

As the c~tstion of eros. power spectra of pres.ure signals

requires slwltaneou8 supllDi. suple and hold hardware deVice was used

to saaple two pressure tapplnes at a tl... at a supllne speed of 200 Hz

for a duration of 26 sec. which corresponded to approxlaately 1 hour In

the prototype. Because of ~try. the pressum were supled frOll ODe

half of the structure. Al together 13 auto and 78 cross eoablnatlOftS of

pre.sure tapplnas froa the windward .1de and .... nuaber CrOll the
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leeward side were scanned. The measured signals were corrected in the

frequency domain for the distortion caused by the tubing syste•.

~..

••
- r-.

- --_.'" .d
J f'~ -~. ;~_

figure J The aeroelastic model and surrounding buildings
in the wind tunnel

The Modal fOrce spectra from one half of windward side and one half

of the leeward side are depleted In Flgure 4. The total ~al force

spectnm is also depicted in the sa.e figure. It is found that the

varIance of the leeward force 15 about 60X of the windward force. By

.ul tlplylng the .odal force spectrUil by the transfer function of the

.adel. the dIsplacement spectrUM is obtained.

The variance of the measured .odal force spectrum is found to be
-2 24.06 x 10 N. Using the generallzed mass of the ~el computed fro.

the ...5 and Modeshape given In Table I, the background displacement of

the Model at the ti.'1 15 found to be .042 _ which corresponds to

16.89 .. In the prototype.

The measured power spectral density of Modal force at 26 Hz 1•

. 912 x 10-· N2/Hz. frOM eq. (Jb). for 2.5" daMping, the dynaMIc Up

displacement of the Model Is found to be .051 .. whIch corresponds to

6
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ZZ.8 _ 'in th~ prototype.
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Using the peak factor corresponding to a narrow band excHatlon.

the peak dynaaic tip displaceaent and tip acceleration for the prototype

are .086 a and .113 a/s2
• Froa the peak acceleration of the aodel and

the data siven in Table I, the variation of aoaent and shear along the

heiSht of the aodel are obtained. The corresponding values for the

prototype are presented In Figure 5. where the dynaalc base aoaent and

dynaa1e base shear are 393,012 kNa and 2,935 kN respectively. Froa the

aean pressures at various pressure tappings, the aean base aoaent is

found to be 596,842 kNa. According to the Canadian Code of Practice,

the gust facto~ of the prototype at 2.5X damping Is 1.85, which yields a

dynaaie base aoaent of 507,316 kN.. Thus the aeasured base aoaent froa

the aeroelastic aodel is 22.5X. less than the code value, this is within

the expected range reported by other investigators.

CONCLUSIONS

The experiaental technique proposed herein to deter.ine the

distribution of wind load along the height of a tall and slender

building is found to give reasonable results. As the coaputation is

done in the frequency do..1n, si.ultaneous aeasureaent of pressures is

required only froa two tappings at a ti.e. Thus, this technique can be

easily iapleaented in any wind tunnel laboralory.

T. Balendra and G.'::. Nathan (1988), "Dynaaic response of a triangUlar

building lIOdel in an ataospherlc boundary layer", J. Ind. Aerodyn.,

31, 29-39.

J.D. Holaes and R.J. Best (98», "An approach to the deterainatlon of

wind load effects on low-rise bul1dings~, J. Ind. Aerodyn., 7,

273-287.

D. Surry and T Stathopoulos (1977), ~An eKperiaental approach to the

econoaical ...sureaent of spatially-averaged wind loads~, J. Ind.

Aerodyn., 2, 385-397.
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