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heftce

Io the last tlo decades, many cowrtries throwhout the
world have declar€d thelr owl b<cl usive Econqbic Zones (EEZ), of
r*dch there are now tlno hundred. lbi€ve!', ln t,lrc cae of nei8tF
bol!"lrg col.ntries, nany of th@l have not yet reached agre€ment on
the extent of their territorial !€ters. Or the other hand, on a
more general leveI, the gitlration with regard t! fishirg gear ard
fishing technology has imrroved considerably. lbvertheless, thia
bodernlzatlon iBs, ln tw!, brolght about a rapid declirE in
narine resou'ces, dtE to boti the increase and tbe Sreater
efflciercy in fishlr8 activitiea. As a result, the dsnard for
nore advanced technology in order to €nhance marine resources hag
grohn rapidly in those rqions where the EBZ sitl.atlon is stLll
r.IlreaoLved.

Aa a contribution to this resou"ce enhancqlent. there-
fore, SEAFDEC is issuirg a technical manual which is corcerned
with arlificial reefs, in Farticular, 

'Ihe author, rlho has beeo
horkir€ $ith SEAFDEC for tr.|c years, feels tbat lhere is stilL a
lack of loorledSe of tropical nari.ne ecology. For instance,
major additions to the marine forest in ttE $utheast Aslan
region are recorlrneoded, as part of the new technology. At first,
i.t lBs considered whether it rouLd be better to reconstruct cora.L
reefs, instead of introdEing more marine forest; and, 81ven tlte
imporLance of the vegetable kingdcn in th€ ervlrorment, it r€9
decided tiat tbe latter grould be recormerded. bth artitictaL
reefs ard additiong to the narine forest arc, ther€fore,
recomrendations made in the nanual.

It is hoped, first of all, that this nanEl will be nade
avai-lable to the many officers, wllc ar€ j.n chatEe of artiflclar
.eef projects in the SAFI}r msnber-c\cwtries, and ttrat it rdLl
reinforce the work which is beir€ caffied out.
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l. (Djecttves

(i) Ihe main objectlvee of thia manlEl are to establlstl
bhe requtsnents that should help to ensule ttE
stEcess of existi.S and f\rtu'e h&u"ce Exbancqeot
Proj ects .

(ii) lbre corE.etely, (in order to eosl!.e) tie pirpoe
of the nanual is to assist in ttE snooth ard
efficient operalion of Artificial Reef hojects,
with regard to tbe settirg up ard ortsani zation of
s[Eh frojects, rbich are a ndor lart of Earlne
reource enharc€ment in ttE Southeast Asian regicar.

2. hclgroltrd Litenatrre

lhe manual ia based on I'StrEtural DsiSir oidelines for
ooastal Fishing-&ourd improvqlent ard Dareloloent Proj€ctsrr ard
t'PLanning Grj.dellnes for trnti ficial neef tbrk for ooastaL
Fiehing-Grourd trnprovslent ard D€ relotrnent FoJectsrr, ard it 18
specifically concerned with the situation in the $utheast Agian
reglon. ( ItEse guidelines uere publlshed by ttE Flsherles Agercy
of &pan) .

3. bfturitior|s

the trrrn rrartificial reeflr tas been widely used in the
fleld of fisheries technolcgy, without beir8 clearly deflned. In
bhe manuaL, it is used to mean a rnlgh a8gregate devlcet riLch
nay be easily constrEted. Ihere are trc types of artiflcial
neef, naely, the eabed device and the floatlng device, the
Latter beirg mostly constructed out of eitber coconut-palm leaves
(Unjan) or banboo (Pafao). lhls manrEl, hor€ver, is corcerned
rdth seabed de,/lces on1y.

'Ihe device or module is placed on the eabd, and lt is
interded to be no btger thar 10 clblc metr€s.

Devices larger than 10 M3 are discrlssed in the chapter on
new technology (chapter 8).

ln addition, the target areas (rtrere the devlces are
placed) are at a depth of less than 40 H at each site.
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q, Plor,-cha.t

FiA. 1. Flor.r chart of tbe planning, site selection, data
collection a,rd analysls, and installation of an
arti f i .ciat reef ( f irst phase).

General Planning

Site Selection

Planninq for Selected Site

Ceneral hta oollection

Fe-anal-ysis Division

(1 )
UDdefl€ ter
Tcpography,
geology

(2)

Marine Li fe

(3)
fteanographica-l ,
Chflical &
lhysica.I hta

(4 )
Soc io- econcro ic s ,
Fishing Villages
Fishing Cear

\5 )
Fu"ther Collection ard Division of hta (bltherto, elther

insufficient or tuissiog)

(6 )
Data AnalFls

Flnal Decision on Suitability of Site

Plan of Action

fnstaflation of Artificial Reef

Invest igat ioo into
Q )

Ef fectiveness of InstaLLation
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Ttp flot.l chart (Fjg. 1) sbws the procedure fof the
installation of an artiflcial reef. the details of each block
fi"cn (1) to (7) are as fo1lor€:

(l) UnderEter Topogradry and eograFhy

ltE site should be selected deperdirg on tlE fea-
tlres of the uderr€ter topography, irhlch are sbom by the
contour llnes, as jn Fig. 2 (chapter 4). lbre speci fica.Ily, the
suitability of each site should depend on the seabed gradlent, as
deplcted by the contplr lines-ln othe!' rords, an aitlficl8.l reef
can be lnslalled rfiere the sabed flattens out, (rcfer to tll8s.
2 & 3 1n chapter 4).

Ilth reaad to rEtural r€efs, their position and
sfBpe should be accwately chart€d, afts" rhich the sale of e4h
reef should be oea$..!'ed using an ectD-srrd€!'. the bottce
qualj.ty should be analyzed after sa[plirg.

(2) tbrlne l ife

the target spec ies should be chosen fhqn those
specles chich are cqDercially nor€ hi8hly-priced. IlE tarBet
species glrould be obse.ved tnrcWlrcut their dtasic developnent.
(ttEe featu"es ar€ rbted ard ararged in Table '1, chapter 5).
Iten, thelr fe€d ing tabits and Fedator-lrey interaction should
be dserved. Afte" that, the ecologlcal characteristics of the
target specj.es strould also be stdied, (by means of divir8
obselTations and/or thrcu8h the use of blo-telqdeters). FlnaLly,
a resources eatlnation $ould be mde to evafEte the possible
si ze of catch-lo other fiords, by statistica.l analysis, tagglrg
and naldng a sampLe catch.



-q -

In order to clarify the sitrEtion at the site, data
on the following itsns should be collected:

(3) 0ceanography

oceanographica.l data, especially relating t! cur-
rents ard !,Eves, should be collected for txo reasons, na[e1y, in
order to calcuLate the external pressure o(erted on modules and
secondly, to assess the ervirormental corditions at the site.

O.ment velocity and direction should be measured
throqgtDut the yed, ard tlt-. perlod of each measur@lent should
last for at least fifbeen days, hhich should be the fixed period
for an @eanologicaf measurerent. Data on waves, on the other
hand, should be collected over a longer period, and this can also
be pred lcled frdn data gather€d on Hlrd. ( Ca.Icu-Iations on wird
data will be discussed in Appendix IV), Tddperature and salinity
levels stpuld be measured at the aane tine as the current. rneasure
ments are beinS made. With regard to the chsnical data required,
nutrlent salts (e.9.; phosphate-P, amnonium-N, nitrite-N ard
nitrite-N) in seahaler and the chLorphyll-a contents of suapended
particles sbould also be analyzed. Additionaly, nutrient salta
are an inportant chdnical tuctor for maintainln8 pnlmary produc-
tloo at the site. The cooNents of chlorophyll-a are als an
indicator of phyboplankLon bionass and of potentlal priJdary
prodwtlq|. Ihis data is directly relevant to marine forest
constrlEtion- ( refer to chapter 8).

(q ) s@ieeconodics

r the nwber of fisheroen using the site

r the cost of the fishlr!8 operation

r the kinds of fishing gear used

the quantity and vafue of the fish whlch ls
processeo
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the different types of fistrlng gear nsed at the
ll sbing-grourd

the nwber of fishlng villaSes near the slte and
the e(lstence (or rpt) of fishirg cooperatives

. iUeSal fishlng that is carried out

In o!de. t! ensule tlE s|'Ecess of each operaticar,
fishing gncurd nanaS€nent *ould be considered at the plannlng
arage ,

(5) further collection ad division of data

If any of the abovemention€d data r€quted either
pr\oves i[posaible to collect or is insufficlent-for inatance,
the data on cu.renta-fr,n"ther surveyirg slFuld be carried o|.t,.
the data *rlch 18 avallable $ould be collated dd aral],zed.
Fishennen uslrg ttF site should be intervieued ard tt€ infonna-
blon collated so as to trdq"stand better t]te effectlvoess and
validity of the nethodol€y.

(6) Data anall,sis

All the data collected relatlog to iters (1) to (5)
stpuld be analyz€d section by section, aftq" which the character-
istics of the site strculd be more comlrehensible. lhis, in tu"n,
should enable decisioos to be oade as to xhether to proceed rdth
the project, or rpt. Depending on this, the level of investment
r€quired can be projected.

(7) Fbllowr:P

At least .one Jear after the inaballation of the
artiflcial reef, the surveys stpuld be repeat€d for itsrs ('l) to
(4). DependinS on these results, a re.e\ralLation $ould be made
to see *hether the operation can be inprord upoi ard, if $,
rlhere and bor{.



Anymy, lrom the planning stage onwards, the local
fishermen should be consulted in that their experience and k|or.l-
ledge of the proposed site should be a valuable contribuLion
tolErds the developrcnt of the project, Mosl fishermen in a
particular area should be auare of the topograpby and oarine life

In addition, the effectiveness of the project

shoul.d be cross-checked with similar sites in the region, uhich
ought to increase the overall effectivenege of each individual
proJec!.

5. Site selectioo

5-1 Site selection

Site selection criLeria for the instal lat ion of an art i-
f icial reef are as fol lors:

(1) There should be a satisfaclory concentration of

fish at the site, and the fishennen living near the site should
be able to use t.he reef effecLively.

(2) Fnom lhe point. of view of Lhe marine life, the area
should be a suitable bneeding ground and habitat for t.he LarSeL
species and, furthermore, the area should be on the route along
which lbe species oigrate.

Fish change their environnenL according to the
various sta8es of tbeir development. For instance, at the fry
stage, especially ilrnnediately after hatching, they float on the
surface of the sea. AL the juvenile stage, when their mouths
remain open and until they slart feeding, lhey are mosLly concen-

trated along shallow, coastaf nursery areas lrhich are sometimes
areas of marine fores!. Fron the beginning of the juvenife stage
unlif they become adults, fish conlinue to mlSrate unill they
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retum to their originaL startlrg pofut. Tlris mjgratlon ls
control.led by the envirornent, the most inFDrtant fbctors being
tsnperaLur€, sallnity and depth.

Based on the relationship betheen the envirorment
ard phasic develotrnent, tl|e taBet specles may be choso ard
their llfe history ana-lyzed, An e-ranple of this relationship 1s
sbcm in Table 'l ard Apperdix I.

(3) !Lqn an envirormental point of vle!., the physj.qaL

ard cbfllcal condLti.ons arourd ttle site have to be suitable,

'Ihe physica.I corditions that ehould be consldered
are tenperatw€, sa-Iin1ty, current directlqt, cuffent veloclty,
!]rldermter topography and the type and quality of the seabed.
(Details of tsDperature ard salinity are not described herr, as
they are laid out in the life history in lbbLe 1).

Current direction and velocity shoul.d be rrcrked out
by oapping colmter-currents, eddj.es and upe€lLings. 'lhe lype and
qualiby of the seabed deperd on the current velocity. If a
current exists, the seab€d will consist of gand andlop gravel.
I?p urdq'r€ter topography neels to be worke't out by napplrg as
well - in this case, varlations in the seabed, stlch as banks,
caldrons ard depressions. l'l}]se sites '"/hlch fulf the above-
mentioned conditions should be very simiiar, topographlcally, to
those i.ndicated by the contlur tines in Fi8. 2.

I&ere there are extensive, sandy areas (Fig. 2.2),
the llaL area bebween a steep slope ard the colltlnqltal. shelf
shoufd be sefected for the site, as shoKl in a nodified cross-
section j.n Figs. 3,1-2. Tb--. trD sltes, which are stpr,yl in Figs.
2 & 3, are suitabfe frdD both a horizontal and a vertical. vlew-
po rnt .



In order t sefect a suitable site, data of aII
kirds (as mentioned above) sbould be collecbed and a slte chosen
after close analysis of the data, 'Ihis kind of survey is very
tine-consnnirg ard requires considerable finarcial irwesbnent
In order to save time and money, intervielE with local lishermen
have provql to be beneficial, as they are falilar with loca1
condil ions.
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Fig. 2. 1 lhde!.rBter topogr-alFr
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In this case, a suitable site stlouLd b€ selected as a

resu.tt of tbe informatlon received ft'o[ ].ocal fishermen

and./or a naturaf reef survey should be carried out.

Flg. 3-2 cross-section of Fig ' 2.2
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5-2 Case stdy

the flow-chait nakes cl.ear that very varled data is
need€d to prcceed wltb a project efficiently, lbre corcretdly,
lr3lng data on the ulderr€ter topography, biology, tarperatu"e and
cu.rent, sefection of a site can be nade.

(1) Underi€ter topography

Isobaths are pre€nted as in Fig. 5 fl"@ charts
whlch have been scaled dowr 1/250,000. Fh@ FlA. 5., the
foLlol,ring may be rmderstood.

Bettreen osaka and Ar{aJi Island ( ftsom Ehst to
lbst), even @nes e)(i.st at depths of 15{5 o ard
35-50 m.

Betr.eeo Kobe and the Tomogashjfia Qtannel ( fhq!
Nrrth to South), there are tlree even zones at
depths of @-70 n, 35-50 m and 60-70 n.

Ihere ar€ tlD cal.drrcns, one of whlch ls in the
Akashl Strait, the otber being in the It{tro-
gashina Channel at the mouth of osal€ by, For
refe.ence prrposes, with regard to the si ze of
each cafdron, the fornei" is 12 ldl fhcrn east to
r€st, 2.5 Im ftcm rDnth to euth, and 1{8 ra at
its deepest. The laLter cbnslats of five snall
cafdrons, of *rich the biggest is 2 kn fhcn east
to rcst, l0 k[ fron north to south, and 1ql n at
i ls deepest.

'Ihe reasons i*ry these even Dnes and caldrons exist
may be easily e(plaj.ned by stldyirr8 the geograFhy.
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Durlng the gLacial perlod, frco about 17,000 to
18,000 years a8o, much of ttE lbrthem Hsnisphere v{as cover€d
with great sheets of ice (tie llirm ta Alnz Qacial briod) and
ttE se&level dropped by aboLt 130 - 1q0 m (DaIy: 1934, Mj.nato:
1980). hring the following inter-g1acia]. period, the ea-level
rce to nearly its pesent level. (lhis phen(llerlqr, the risir8
and eall.ing of the Fa-Ievel, has occl! r€d *veral tires since
the glacial pericd up to the present day). In parLicula., 1n the
period rtlen the sea-level dnrpped, nost of lbrthern lb[lsphere
becane lard ard r€s erod€d by river currents. Dltrlrg the
following period r&en the sea-1evel rose agaln, the eroded areas
were cover€d again by the sea. It has been egtjnated tbat the
cal.dr'cns l€re formed dring the period l$en the sea-level
dropped. In that pei"icd, betr€en t,|hat are rpw called osal€ Bay
( forin€rl.y Gaka Tide Ford) and the Ki Channel ( foru€r1y Kii
Charnel Bay), ther€ r€s a tida.I crrrent which result€d in the
formation of these cafdrons.

(2) Biol€Y

In thia case,
target gpecies, ?F phaeic
the area ls shom in bble
distribution in the areas is

red sea bream r€re chosen as the
deveLopDent of bhe red sea breal ir

2 aDd, based oo this data, their
stlcm in Fig. 6.

(3) TsnFerature

Ihe variations in the swface tqtFeraLure, when the
red sea brean were at the fhy stage, is stum in Fig. 7.

(4 ) current

the average current velocity and direction du"ing
s[rirgtides are stuw in Figs. 8 & 9.
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(5) AnaLysls/eite sel€ctlon

the actual site for the !|wk/pFoJect bad to be
choaen in accordance nLth Fi$, t9. InttlaUy, d y Figs. 5 &
6 lrere used; these lxo rere copled onto transparent f1l$
lndlviduaUy and superltrposed, aa shoxn ln Fig. 10, to study the
r€latLo.tship between rcd sea br€a! and the unden€ter topog?phy,
As a result, lt r€s possible t nake the deductions required.

Fr@ the fry to the Jwenlle stage, the naln
concentratlon of red sea brean ms along lhe shallqr coa.atal ar€a
*tere the depth is less than 30 u. Ttten, the proposed slte for
lhe resorrae enhancsrent work or prcject had to be carrled out 1n
the southeaitern area of Osaka Bay along the coast, at depthe of
less than 30 n. Addttionauy, a nursery around had to be
constructed in order to carry out the proJect.

SecondLy, Pigs. 7-9, had to be copled onto
tranaparent fth, a.s nentioned above, in order to obtaln
conflrlration.
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6. IDplogttation

6-1 Shape of the modufe

lhen surveying natural reefs, their size and shape
should be measured by using an echo,sourd*, afthol€h it is
difficuft to det€rmine the exact stlape of natura.l reefs by
relyirg on only lo!,r-range beaN. fbweva", lf high-range beats
are rEed, the leve1 of distortion is redLped and it is possible
to cbtajn the outline of a reef close to its actual shaFe,
Generally, only the height, width and/or length of a natural r€ef
can be pecorded by usi€ an echo-sourdq. The choice of the
overall shape of the module, therefore, ouSht to be based on a
modified or arrarged sbape-that is, a sphere, cLibe, cy1irde",
prisn, cone or pyranid.

Based on this data and selection, the next consideration
sbou-Id be how to constrrrct the module as sjmply ard as econqnl-
cally as possible. At thls stage, not only the nethod of corF
strlrtion but also the installation procedure should be corF
sidered, bearing ir mind the equitrnent available at the site. fn
particufar, since the placing of a module ls very difflcult wlth
regard to the cinrent, its shape and position are very i.r0portant
factors. In this nanual, the recqmerded shape is a trlargular
pyranid i&ich offers leasl resistance to the cuffent and i&ose
orientation, therefore, is lar8ely uninportant.

Finafly, when afl the above fbctors have beeo talen jnto

account, it is usualfy preferable to make tbe fjnal declsions in
conjmction with the architects and civif engineers to avoid any
misurd erstand incs ,



6-2 thtertats for the constrLntion of the nodule

the materlafs used in the constructlon of nodules need
to be du'ab1e ard cheap; ard, lprld-wide, relnforced corEr€te,
used tyres, r€od, baboo, atorE and steel ar"e generally used.
Ibre\tq", the q{tensive JaparEse e(perience ln marine coostruc-
tton, lnclldtng artlflclal r€efs, has reveaLed that steel and,
particuLarLy, relnforced concrete a!€ the nost sultable natenlelg
crrr€nLly available, wlth a llfe-span of thtrty Jears. (At the
n(meot, thee lr.oJects arc fund€d by ttE ,bpanee Coverrnent).

Ih the case of ateel lElnforced corrrete, in or{e!' to
avold r,{eakenir€ of the module aa a result of ttF steel rustlrg 1n
the €ar€ter, the regulation in the &pan is that the corprete
surrourdlrg the steel sttould be at lea* 5 or th1ck.

SLeel tEs been introdEed
modules ln lhe laEt ten year,s,
clrnoslon, it is stiprlat€d lhal
should be greatq", deperdirg on the

oorrssion rate of steel (m,/J€ar)

(1) Above hlgh-rEter lsvel (H.W.L.)
(2) H.t{.L, to tbe €abed
(3) Urter the seabed

aa a sritable materlaL for
Ald agaln, to avoid rapld
the tblcknees of the steel

annual rate of corrbsLq! .

0.3
0. '1
0.03

teoperatureorrrosion rate depending on depth and

lhter depLh lbter toperature

50 m or less
50 m or less
50 n or more
50 m or more

10o C or more
1@ C or less
tu' u or more
ru' u or _Less

Rate (mD)

3.6
2.7
2.7



Uaed tyres have b€en widely put into use, but .ubber is
not a suitable or reconmended naterial, becallse of the many kindg
of chqnical substances used when the tyres are lEnufactured - for

exanple, vulcanization accelerators, stabilizers, and age
resistors, These substancee are pollutants, and until juat a fec
years ago, they included DPT (a nixture of N, N-Diaryl

tr-Phenylene diarnine, phenyl-Napht hy- Lanine (D) and Acetone
condensation product (DA)), AW ( 6-Ethyoxy-2:2:4-Trirethyl 1-1 '
2-D: hydroquinoline) , H;P;D; P (N, Nr-Diphenyl-pPhenylenedlanine) ,
and 3C; 8'1o-Na (N-Phenyl-N'-Isopropyl-p-Phenylene) . Nouadays '
most of thqn are prohibited, due to conservation efforts, both in
the USA and Japan. Hotever, similar substances are stlll used.
Ihese subsLances are physically, and not chenically, corDbined
with rubber, and lhey dissolve easily in sea-water, (Al9o, lhe
ratio of the substances used ls a1lrays an industrial secret).

From the envirorulental viewpoint, therefore r tyres
should be used as littLe as possible and, because of the above-
mentioned risks, should only be disposed of on land, (lnciden-

talty, since the first oil crisis in 1973, uaed tyres have been
used in Japan as auxiliary tuel in the drying process in the

manufacturing of canent).

llood, banboo and stone are not only nabural materials
but also cheap and, therefore, should be used more widely.

Clear1y, wood and banboo are not as durable as concreie butr in

the CenLral Visaya Regional Project (CVRP) carried out in the

Philippines, the local fishennen themselves constructed banboo

rnodules which rdnained in position for four years after installa-
tion, !,rithout. being danaged by typhoons. And' durinS that
period, the Local f ishefl len benef ed considerably.

In conclusion, reinforced concrete is the most suitable

naterial for lhe construction of modules, Holrever, lf barnboo or

wood is readity available, it nay also be used quite satisfac-

tori lv.
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6.3 ltte stability of the modu.fe

lbdules require sufficient strenglh to r€sist externa-I
preaswes (mostLy rJaves, ard currents) ard have to be able to
withstand the straln of belng 1orcred. And, 1n order to uder-
stard better the required strergth at each stage, a multtdisciplj-
nary stldy is required. For instance, a loowledge of strEtural
mechanics ls r€quired at the constrrrction stage; ard a krDtrledge
of hydrodynanics and soil mechanics is required lor the lnstalla-
ti"on ard for" ttre peri.od foUo{ing the installaticn, respectively.

To assisL in this, basic infonnation, corrcernlnS the
lnstallatlon of a mcdu.Ie, is presented in the Apperdix ard r€s
cotrpiled by I't. Akira lhgano, the bputy Orlef of the bnstrlE-
tlon Divisioo, Flshlng Port Deparbnent, Goverrment of 'bpanrs
Fisheries 4gency. Iften usinS this infornation as refererrce
material, it is recdrnerded that e,(perts in each field should be
consulted ,

'Ihe modules shou.Id be stable after installation, by
which it is meant lhat thg lnstalled nodules sbould be able to
maj.ntain their original position, without sl iding or overturning
as a result of *ave fibtion ari the dynanic pressure cauged by
cuffents, A prototype is, therefore, required in order to check
the sLability of the ncdule aSainst such hydrodynalic forceg.
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Fig, 11. Prototype corcrete mcdule



TtF pregsu'e caused by i{aves ard clsrenta

'Ihe

calculated as

preaaure
follorB:

lrtere cD

tb

tb

( e(ternal force) on a nodule can be

F - c - . A . u o . ( U o + U n ) z
D 2 a

,, . "" "."t, {r

"r.rt r$

.)

a
.)

a

drag co-efflcient (1.0, refer to Appendlx 3)

total shadow ar"ea of vertical slrfaces perpendl-
cular t! the dinection of laves (rP)

tr| i!.of volrme rcight of sea-later (1.03 t/n3)

gravltatiooa.t acceleratlon (9.8 n/sec2 )

cu"rent velocity (m/sec)
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U! : veloclty of lBt€r partlcl.es dtE to $ave notlon

H : r€ve fEigtrt (o)

L

r,ane fY€quercy (cycle/sec)

lBve length (o)

depth ftsctrl the surftsqe of the ea to the tlp of
the module (m)

h : depth fhco m€an sa-rater level to €abed (n)

bsistance to sltding (sl) ad o\te!'t|nning (Sz) can be
calculated, as follorB: 

l,t--sr - 1.2 < --!+--r

sr'r'z'u$ril
where 51 : optinlo sllde realstance co-efficient ' and the

figwe 1.2 is based on tt€ Flsheriea l8ercyrs
guidef lneg

llw : subm€!'ged t€lght of module (ftu = W{o)
(Fo: bDyarcy' ll: helght of ttrodule)

u : co-efficlent of fhiotlon betl€en nodule md eabd
(0. 6, supposttld| nr.uber)

32 : opti.nu o/eturn realstance co-efficient ' and tlle
figu€ 1.2 ls ttt sare as fot" 51

LG : dietance f!q| Eabed to centre of gra\tty

lA : distarce fhdn the sldes of the nodule to 1ts
cen!re

trrc results of the calculatlons are dlom in Table 3:
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ln Table 3, a !,ave heiSht of 3 I'i is predicted as the
ma)<imrm !€ve height in the north-east part of the Otlf of
Thail,ard, over a fifty-year return period. Based on this figure,
tro other bejahts, 4 [l. and 5 n., are shoBl in 'Ibble 

3 to
represent nore severe corditions. With regard to currents, the
maxjnuu velocity in the same part of the fuIf of 'Ihailand, du"ing
sprlngtides, !€s measured at approxinately 50 CWsec. (one

loot) .

In the other two cases, 1.0 and 1.5 M./ec. have been
predicted. At any rate, the required cordltions for ensu"irg the
stability of a oodule can be uder-stood ft'cm this table. With
reSard to wave height, long-term collection of data is
recqtmeoded. lbvertheless, this is often difficult to obtain.
Srch data can be obtalned f!'dn any hydrographtc ofFice in any
country (e.9. ln lhailand, the wdrographlc tbpartr0ent of the
byal T?tai Navy).

thble 3 shoi€ that, if the nodul.ee al'e installed at a
depth of more than haLf a r,,avets length, the modules are alnost
Btable. trn marine l€rk, the gfeatest I€ve tEight recorded over a
period of many l€ars 13 ttE standard. In countries wher€ there
is linited or no data, this figr!"e has to be predicted. As far
as the du"abllity of a nodule 1s concern€d, lt might be possible
to install the nodule in an area that is *laIIoEr than lEll a
l,,aver s ler€th, Ftn"thennore, 1f ttF safety factor is reduced by
20 percent, from 1.2 to 1.0, i t  is possible to scale doi{| the
Bi ze of the modu.Ie. Ihe redwtion in ttE safety factor can be
decided on, depending on the data gathered lldtr &trEl lrojects,
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6.q Transportatlon ard instaflation of modules

Based on ex!€ri lnents and caLculations, !his sectjon
deals rJith the transportabion ard installation of the module. To
carry out effective artificlal r€ef $crk, some suitable equip-
ment should be designed ari, on that score, there is scope for
general inprovsnent.

l,lith reSard to transportation, if the module is heavy, a
barge w111 be required. Then, there ar€ tr{D [Dsaible methods of
installing the modul e at the target poirt: loi€ring it by crane
o" allowir8 the module to drop freely frqn the barge. With
rega.d to the Latter, it is possible either to drop it cdnpletely
fr.eely or to use sqne auxiliary equitrnent to reduce the speed of
descenL. Ooncerning the latter, there bave been nany theories,
but only oDe has becqne popu.lar (refer to Fi8, 12).

In .-hpan, 'tlich has nost experience ln this fj.eld, the
lorJering method usir8 a crane is favoured, up mti] the point
r*)en the module touctEs the seabed. In this case, a barge with a
crane for ttF transportation ard inatallation work la used.
lbr€ver, cranes can only be used sultably in caln and shallow sea
areag, such as port canstruction sites, but not at off-shore
sites because, rnten installing modul es at greater depths (usually
over approxjrnately 20 n), the lergth of the wlre requir€d is too
great. Ihis is because the wire then has to be coiled arolnd an
addit lonal drun.

Any€y, in this nanl61, the deptb rnder consideration is
linited to less than q0 l.'l (refer to page t), ard so Lt|e process
of installing a module using a barge with a crane is described
here. Generally, the barge, as sbown in Fia. 2, is suitable fo.
the !ork; hor€ver, in 'Ihailand, the actual equignent r$ich has
been used (Fig. 14) is often second-hand ard, in additim,
requi.es a tug-boat. I'Jith reSard to conatruction costs and
sultabil i ty, therefor€, the gantry crane (Flg. 14) is cheaper
than the rotary crane (F\g. 13). H)l€ver, Hhen operatin8 at sea,
the latte. is much safe. - ard, incidentally, it is motorized -

and, therefore, it is recqnnended in this manual.



nnylEy, this
tion and installation
should be cocsiderd.

equigDent is requiJ'd t'or th€ transporta-
of .nodu1es. Iir€ver, econqlic efficiency

1o-cylinder FRp unit being placed with a reus€rble
airbag systsn ( el iminatirg the need for a barge
and crane) off the coast of Florida. thits are
anchored on site ard slnl)k by degassing air b€s,

Fig. 'i2. Auxiliary equipnent to redrEe the speed of descent
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FrC. 13. 4n exanple of instaflat ion equipnent

Fig. 14, ActrEl equiFnent Llsed in hno0q Thailand
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7. Fbll@r-{p and lhintenarrce

(1) the survey procedlre, shom in the flow-cbart, should be
repeat€d at every stage over a pericd of one year after the
installation ol a nodule, in order to assess the effectiveness of
the operation; tuweve", anphaals slrcu.Id be placed on tf€
soc io-economic s, r,,hich means that an analysis of the data
gathered frqd the locaL fishennen should be carefully carried
out. thls is because, by c@fari$n with the data ft'co the field
suvey, the data provided by ttF fishenn€n is morc useful ard
more reveafing with regard t! overa.11 site corditions.

h particular, fron their first-hard e(perienc€, the
Iocaf flshermen have a Sood mderstandinS of ll]at kinds of fistl
congrqate at the sit€, r,,hen this happns, ard wheng. therefone,
to malie rse of their lnodedge, j.ntervier€ of experlenced 1oca1
fishennen should be widely carri€d out. trn addition, a fishirg
diary should be kept to record the types and volune of fish
car€ht ard where they rere cal€ht.

(2) the local fishermen sbou.ld be involved ln the FroJect
fro! the plannir)8 stage onrards ard, als, it o€ht to be
imFessed rpon thdn that their contribution wiu benefit thqu in
tbe erd. As a result, if they have falth jn tbe operatloo, this
should lead to a redwtion in the level of il1€ga.I fishing 1.e.
catchirg fish by usirg dynanite or polson. (An exanple of hher.e
this has happned is the oentra.l Visaya Begion hoject (CVRP) in
the Philippines). At any rate, the proj€ct-planners should
attsrs,, frqn the outset, to win the trlst of the loca1 lisherm€n
as quicldy as possible, ard this trust shou.ld not deperd on the
size of the pnoject. ture1y for reference prrposes, the ,bp6nes
e(perience, irdicates that 4OO M3 proJects are regarded as the
most suitable by local fisberBen.



-37 -

(3) In order to gain the trust of the l@al fllshernqr, the
rerk should be carried ou! clearly naklng use of thelr advj.ce and
opinlons. tbDsva", confllct over the use of the flshing-grourd
lircre modules have been tnstaUed is predictable, given tllat
other sites l{ill have been rejected. thls confllct otght to be
nesolved by establiehing fishing rights and, wlth thls in mlnd,
artificia.I reef work should InvoLve not orily the inetaUatlon of
modules but also conslderatlon of tbe overall sitlEtion,
lndldi.ng we of the fishlng-grourd.

8. lbt. techplogy ( t ecc@e.dattons)

In thls chapter, the following three recqmendatlone are
oaab .

(1) the size of the nodule

It t€s suggested earlier that the ldea1 sLze lor a
nodute is Less than 10 M3. Ib{eve", there are a lar8e nurber ol
big natu"al reefs r$ich are over 10 M3, in depths of less lhan
40 M. Al$, it is kDm that the larler Lhe nodule ls the belten
the llahlng, aacofding to the local. flgheroen.

Thls fact 1e borne out by the r€y ln whlch warshrpe ald
transport ships suDk in World tbr II have becc.ne focal polnts fo.
lLsh to congregate; ard, to illust.ate tbls fu!'the, lt has been
reported that scuttled shlps (made of steel or rcod) ard disused
ol.l rigs aLso nake eff€ctlve artiflcial reefs. It€ forDer have
been qrplaced in many regions (Japan, brea, l€Laysia) as part of
lalB+*ale goverroent progrannes, while ttE use of suttled
shiAs and disused rigs as artiflclal reefa is still betuig
researched into tn the lhlted States. llcr€ tlrne, ther€forr, ls
needed to prodEe more concrete results.
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With rqgard to si@, before a suitable module can be
cttcsen for an artificial reef project, it mtEt, natrn"ally, be
considered in tenns of econqnic efficierEy. lbr,revd,, c1early, it
a.lso nakes good snse to consider first the option of using
swken shipc.

(2) l thrine forest conslr lcl ion

Another important consideration with r ard to the
selection of a site for an artificial reef is 'tiether it is an
area which attracts predators because it is a rich source of food
for them. Its contents fish, barnacles, tube !,rcrms, ghost
shrimp etc. -congregate on bhe surface ard periphery of the
reefs. Big fish are also said to congr€ate arormd reefs seelCng
snaller prey. Here, seagrass and./or algjle ar"e important
factors. Ihis situabion is comtarable to a Grrestrial forest,
which is richer in life tha!, for exanple, a desert, both in
terms of quantity and quafity. the abEdance of life is, in
large part, due to the existence of a plant cqnntrllty, especially
trees. Similarly, this phenomenon nay also be said to be trw of
the sea. It is, tberefore, proposed that an ewlronnenL in tbe
sea simllar to that of a forest on land-in other r€rds. a marine
forest-strculd be constrLrct€d.

It should also be noted that, dr-rin8 the evaluation
survey cordEted tu 1988 by a joint tean consisbirg of SEAFDEC
and Marine Fisheries Diviaion of 'Ihailand personnel, local
fishermen in Rayong Prc^rince were interview€d, ard it beca[e
clear that nany understood tie need for marine forests. they
also reported that, for sone Lmknram reason, there had recently
been a dinlnit ion in the narine lorest ( i .e. sea grass).

Marine foresis, with regard to their cdflposition, fa1l
into tro categories: sea grass distributed orer a sandy area, and
mar"ine algae distrlbuted o/er a rocky area. fn this manual,
artiflclal r€ef modules function similarly to rccls. thus,
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different species ol marine al€ae riEre cbosen as the target
species for the marj.ne forest constnrtion. lbtr.!'a1ly,
therefore, tbe l i fe.cycle ( i .e. the types of marine akae aod tbe
season of propagatlon) of the target species has to be strdied.
InitlalLy, certain klrds of SarSassun, which are classified into
perefirial plants, proved t! be suitable after observation of
their propagatiorFperiod ard the fonn that tbe prppagation

takes. Anyl,€y, transplanLation or seeding of the target species
rculd probably be needed on the mcdufes. therefore, frqtl a.Il
points of view, rr'hen constructing a marine forest, a cLear
urderstardlrg of bea.irg tlE features of ttE species is r€qulred.

(3) the use of nineral- el ec lrodeposition 1n sa-iiater ln
l ine constrlEtion of art i f icial reefs.

thls technoloSy nas oeen experim'ented with io tbe {hited
States ard .bpan for nearly a decade, ard aigni ficant progress
has been reported. Ihere fol1or,,is a short accowt.

Sea-!€ter contains nine m4jor ela[ents: sodlul,
nagnesiu!, calcim, potassiw, slrontirm, chlorine, sulFttr,
bronine ard carton. ttlese elsnents conprise mor\e than 99.9
Fercert of al l  dlssolv€d slts in tbe oc€an. ' Ihe constancy of
the ralios of the mdor e-lstr€fits in the oceans has forB be€n
rcIl-knorn. Fl.Fthermore, by establishing a dtect electrical
cu"rent between electrodes in an electrolyte Lilie sea{€tq,
ca.lciun carbonates, magnesiw hydroxides and hydrogen are
precipitated at bhe cathole, i.rbile the anode prcdlces o<)tsen and
chlorlne (Fig. 15). these cathodic building naterials frotect
tlp frane'nicrk of tbe artificial reef. tbwevq" ' it first needs
cleaninS by means of a direct electrical cu"rent, after tftlch
electrodeposition can proceed, Dtn"irg the cleanirg pr\ccegs, a
coating is also lormed cathodically, consisti.ng of nagneslun and
calciuD salts. If this coatir€ is hard ard unbraken, it affords
the enclosed metal a considerable degree of protection fhcrn
corrosion (Table 4)- In ttle food-chain, lower marine or8anisns
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utlLize tbe nlnerals in solution surrourdirg thso to build
strtrctu"al foruations. lttlLEcs and sbells, for instance, are
generally conposed of caLcilrD carbonate crystalg encLosed in an
organic matrix. A signlficant proportion of the €olrb1e peotelr.
of the matrix is conposed of a repeatir€ sequence of aspartic
acid, separated by ejther glJcine or erine.

thia sequenc€, corprisirg rqular repeatlrg negative
clErges, can btud A+ ion and, thus, perforus an lnportant
furctiqr ln the ninq"a.lization of the tsnplate. helimjnary
investlgatlons lndicate that the mineral accretl.on pnocess
prcdlEes a very suitable stDstaate for narine growth ard a stncr8
prinary building naterial. lccreted wire mesh components also
present a rd|Ded prtfife, cqnpared to solid cqnponents, nhich
redlces resistance t, later currents- thus, increasin8 stability,
lrhile offerirg open volrmes ard entrarEes for sheLte" to narine
orEanisns.

Placqnent of steel mats or wire mesh as an artificial
substrate jn areas of pred@inantLy soft, ftne-Sralned sedinents
has been suggested. Aacordingly, the use of accreted wlre mestl
may be particularly lJe1l-suited for these areas.

'Ihe tectnology has been experinoted with at over
twelves sites not only in .bpan but als in th-. lhlted States
and, as a result, a great deal of effective data ktss been
collected, botb on artificiaf reefs ard on bases for marine
forest ,
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Table 4 Characte.iatics of nectrcdeposited C@pourdg

Itdn nectrodeposition oorcr€te

thue gravlty
Virtual gravity
Vlcker"s hardneeg
Conp"ession strength (lelqtr3 )
Berdira strerEth ( kglcn3 )
lbat cordtEtivity (Kcal/nh C)
Yourg ratlo (K8lcu3)

2. 1
100 - 200
60 - 200
50-?0

1 ,18
2 x '105

2.8
2.4

200 - 500
30-60

3 x 105

5 o 1 . .  E n . r 9 Y

c . l  ' r c o l l -  _  c . c o ,

xgrr r rot r_ -  xq to l l r

Ftg. 15 Principle of E €ctrodepositlon
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9. brElusion

the recffnended modular shape, the triangular prranid,

is the resuft of a defailed stdy of the marine envircnnent il:
thailandrs coastal mbers. And, brian8ular plrarid modules coulc
urdodctedly be installed to good effect elseuhere in the region.
fb!,ever, the data on some of the other marine envirorments in the
rq3ion is not sufficlent enor€h to be able to mal the sane
recqimerdation without reservation. Ilevertheless, thls should
mt discourage rlarine officers fror e<peri[entlng lrith trlargular
p),ramid nodules for trial periods. If the trial lerlod is a
success, then, natlral]y, this type of mcdule may be lnstal led;
but if not, it is strongly recorunended thal a detailed survey of
the particufar marine ervirorment should be carried ouL,
following r^trich it should be possibfe to select an alternatiye,
based on experiments with nodules of different shapes.

'10. Ibfer€nces

Zenkoku hgan ryoglo $1nlo f€ihatu Kyokai (National Association
of ooastaf Fisheries Pronotion ard Developnent): Engan

ryojyo Seibi Kaihatu Jig],o KoDbuto Sekkei *rishin
(StrlrcLu'al Desi€n Guidelines for Coastal Flshing-Ground
frprovsnent and hvelopnent hojects) (in Japanese).
1984 .

1986: lbgan q'ojyo Seibi Kaihatu Jiryo Wosho qojlo

Zosei Keilakr Shishin (Plannir€ Guidellnes for
Artiflcial Reef lrbrk for ooastal Fishing-Grould linprovo-'
ment ard Develognent Projects) (in ,bpanese).

. - -- . -- :
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Drs!.iburton dd€.$r/ferrrrrad
betor. rh€Y selrle

shalloH *edy areas/mt.r, gr$r n.b/

(t'idru 3p)
2J-!6ov 17 -17 pp'

sFsd ee33 : 3oo l00,m0

b€slns art.. DId.thL, $en Lh. lrd.

sDaFlr{ behdrar captrve rs.r. nud36.
d&oien or nare b *or.s€ rete$ oa
nrt; ,s is 53 n.l. .*!orn!t adare

aec rd l t y :  r 66 -6 t0 ,00o  t n  l l . l - 1 r . 5  d

md sp.eads ovf erd€r r€a bur .rlrr
r€.rrz€d tn eagm$ cmfrt,

ondr |1o fub{oesbvorabr€$eyb€de

pa.rlcula.ry lhe lwenlr...
buL adults linob rzed by strclg llshrs



ll. i!@FO sltEEl OF LIFE ltlsronl 0a Stqd,d C,tt4tu'

Feedi.a P€. P.€-Spna So.t P6t

SpamlnS all l€.. rord: 2-l days aate. lst lh..

qtr day! bet. E, o@n at ault @n or 5{ d.vg

b€forc aull Dd; dlnu tofd 1.t qL. .t 22oG_

looo tr, o. 1rl0o-1800 t .

Dlrt.lb{tld atlacned b ln €ias tn mnatule @asr.l bul e.r€..nd leve.lverc {uh
tottd b€r$d th. a.eas/.@b; the rtdes

oul€. .e€a ln 3h.ded €sluart€s
(pelasic) ar€as/.hallor

baF/.rve.

dcpth l-15 flelers

tdp ?6-2aoc/l-?1 ppt

Ael'n P..y- nibble at vegetrtlon strh thet. heads
Pred.Ld poini.d domErds

l€ad on valcula. planrs/f llmentous/
rhallold/pe.iphltlc alsae

at hat.ht',A: Day 1?-2r netdro.phose to Juvenile
1 ,5-1 .9U m s t  Day  29  Juven i le  bcco i€  b romtsh ,

r.sr& yolk rn foft 3ch@1. a'd *cep to decpe. tDrllons
q0-50 h.5; ae.dr Day 15 dlve to botio ehen dtslurb€d
rn  48-?2 hrs .  (18 .3 :2 r .9  m sL)

helmrphos. lo Day tr5 Juventre. heavlly plgrenled and
edultr b.arnnlna develop 3rolr chaEcl€.tstic of adull3
8th to 45th day ature.dutt: F:190 m sti fi:215 (as€ = 10
Et 26-30oc aod 12 ms. resp€cLiv€Iy)

Prrpaaailft spq*Fd ega.
5v€.as. 5?0,000
rate oa f..tllLa-
tln - 8!.21 at
26-' ,pL and
26_28.!

0.467-.591 tu rn
dr*t.ri haich.{
afte. 18-ll hours

SP.minE b€havio.: mle chase! fmle,
nu4inA It5 abdoeni mle @Ltnue..rlml.8
crose to f@le, rc, and then nudgln8 ope.cu-
Iu, aEl re9. eudal peducle i. !eq!6e;
amle .eletses ea8 and mlE its rtlt

Fecund iLy :  /100 g  f l sh :0 .8  l . t  egas ;  0s l : r1 .8
52o B ltsh.r.2 ti c,sr=r2,6

SpamlnA Is ai ridnighL/dah to €a.1, t}|

rrt3Eild NnolnB dt3tmce or
raroe (lab. @ord)
rvera8ed 58.2 c /nrn
(Day ? 1/2) ..d ?0.6
(Day 6 t/?)

oay 12 la.vae: nibble aL rcve rn sch@rs ,htle b.orstnS on algre;
.raae a@inA at tank 3lde. 'AArei5l@ teadtoa lo e.nlbaltstic ititrude

Day l5i rlFe aSAre..rve
behav, (chasinS/btllna)

Day 18: .tst deet€. t. eale. colff
oay 2l: slart *h@rs anrt svtr
Mt!.@u!Iy t. sea.ch or rod
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APerdir II

ltle rrquired atneoath of ttle c(eooents of tl€ Ddule

Suspendlng the rncdule, the force of 1t9 inpact on the
eurface of tbe r€ter, and then placlng j.t on the seabed have an
effect on the cooponents of tbe nodule. Thus, the capacity of
tbe c@ponents to witbstand external pressurea ia an essentLal
faqtor, if the rpdule is to retaio its shape and position, and if
1t 1e not to suataln aoy danage. In fact, the strength of the
conponents has to be greater than that of the extemal pressures.
The following are of prime importance.

l) TH{SILE Sf,RESS 0R TENSIoN is the lnternal total stress, S,
exerted by the oaterial fibres to resist the action of an exter-
nal force, P (Fig. 1), tending to separate the materlaL into tr.o
parts along the Ilne, nm. For equlllbrir@ conditlona to exist,
the tensile atress at.my cross-aection w111 be equal and oppe
slte ln direction to the exterual force. P. If the internal total
stresa, S, is distributed uniforuly over the area, the stress can
be considered as unit tensile stress. o = S/A.

2) mMPnESSM STRESS 0R CottPRESfiIoN is the internal total
stress, S, exerted by the fibres to resist the actlon of an
external force, P (Fig, 2) tendi.ng lo decreaae the length of lhe
naterial. For equlubriw conditions to exist, the co@ressive
stress at any croas-sectlon wil1 be equal and opposite ln dlrec-
tlon to the external force, P. If the internal total stress, S,
i9 distributed unlformly over the area, the unlt ccopr€s3i.ve
stresa q : S/A.

3) SHEAR STRESS is the internal total stress, S, exerted by the
llaterial fibres along the plane, nn (Fig. 3) to realst the action
of the external forces, tendl-ng to slide the adjaceot pa.ts ln
opposite directions. For equilibriu[ conditions to exist, the
shear stress at any cross-section will be equal and opposite 1n
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internal tota-L stres8,
the mit shear stress

J]:Lt
t'r"i"i'l
l l ' i i l+

I

Fig. 2 Compressive
stress

Fig. 3 *rear stress

directlon to the o{ternaL force, P. If the
S, is trliforrnly distributed ovcr the area,
= s/4.

J-
lriil
l" i , i . i , l

,,, Tl.lT ,--*-

Fig. 1 Tensile
stress

q) BendinS mqnent, at any croag-sectiod of a bean, ia the

atgebraic sun of the mdnents of the s{ternal forces actirg on
either side of the section. It i3 posilive r*ten it causes the
bea! lo berd convex domrard, hence cauglr8 cqnpregslon ln the
uppe. fibres and tension in the 1orcr fibres of the bean. then
the berding nqnent is detemined frqtr the fonees that ]1e to the
lefb of the section, i t  is posit ive i f  i t  acts in a clockwlse
dlrection; if detennln€d frqn forces or the fj€ht slde, It is
posi.tlve lf it acta in a cotrlter-clockltd.se dlrection. If the
mqnents of upward forces are glvsl positive signs, ard the
mdnents of dowrl€rd forcee negative s18ns, the berdinS mcment
will alr€ys have the correct sign, whether deternined ftq! the
rlght or left side. 'Ihe bending roqnebt should be determined for
the aide for l,rhich tbe ca-Iculation wiII be siuplest.

In Ftg. 4 let M be the bending mqnent, potnd- inches, at a
secticn, Dn, of a simple bean at a distance, r lDchea, frq! the
left support; i, = i,€ight of bean per 1 ln. of ler€th; U = length

'i;i'i"
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of fhe bean, in inchee. Then the reactlons are kdl , and = ttuLi
-- 4n E. Fo" tbe sectiong at the supports, ,c = O or Z and M= 0.
For the section ai lhe centre of the span, r=\l 416 M= Lul2
= 1r7, where fl = total reight.

A monent diagran (Fig, 4) shows the bendlng rcruent at aLl
cross-sections of a bean. Ordlnates to tbe cunre nepresent to
scale the rmenta at the corresponding cross-sectLons. Ihe cu!'ve
for a si-Ep1e bean unlformly -loaded is a parabola, showlng .f1 = 0
at the supports and M =!tL' = lvl at the centr€, M belng 1n
polrnd-inches.

II)L

z
107-T
B

toL
a

Moment Dlagran

Fig. i{ Shear and r@ent diagrms, Blople bean.

All four strengths should enable the cooponents to with-
stand the external pressures that act on the nodule. And, 1n
order to flnd out the breaking strength of the conponents, it is
possible to test theo by causing coopression, tenslon, shearing
and bending danage.

On the other hand, the atress ltulit can be calculated by
math@atical. means, whlch is done by divtding the total breaking
strengtb by tbe safety factor (the safety factor usually ranges
from 1.5 to 3.5). If the stress llmit is greater than the exter-
nal pressures, the coNrponents of lhe module can be used.

liinfr iir i ir niri rilii
'L-

o

Shea  r  D iag ra rn



Appedfx III

$-oulat€d qter.lal frrces

E<ternal forcea to be taken into conside!"ation, lrhen
desiSnlrg a prctotype, are Bravity, the force of tlE lnpact on
the su"face of the sea, hydraulic forte and bed r€actlon; and
they should be tested in aU corditiom that can occw, dt!'ing
constnltion, transportation, installatlon and after the modtfle
has been installed.

(1) the gravity is, t*ren the r.&lt voltme height of the
cqnponent msnber is represented by o.,
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Totat !,eight W = o..V (ton, kg - - - )
Cdnponent mit load q = oca (tonlm, kgl@)

where V: actrEl vollme of fish shelter; and a: cross-sectlonaL
area of the colponents of the prototype.

(2) 'Ihe impact force may be considered a static load,
with the force due to acceleration at the tlrne of collislon Sivsr
in the forn of an equiva.Ient static i€ight, oc and the lnllt voluEe
i.r-.ight assmed to be oc (= koc).*

(3) Ihe hydrodynanic forces are due to the preggure of
the uaves, currents ard bLDyarcy.

(4) the bed reaction should have the dynalic cbarasteris
tlcs of rcck, gravel, sard ard soft n|,ld taken into conaideratico.
Ihey include the bearing foFce, shear strength, modulw of elae-
llctty, the ceefficiente of stress concentration ard of aubgrade
reaction.

r The unit volune r€ight, oc, ia the gravlty actlng on the
maas, q, per unlN volttrc. It ls s{preesed as

oc=go



and ls gereralLy neasured in klLograns (kg t{elght) or sioply oG
(kg) .

2. Inpact Load when sutmerglng the module

The lnpact force at the tlne of pLaclng the nodule oo the
seabed 18 obtained by aalculatlng the equlvalent statio lrelghl,
oc = k.oc , assruing that the force of lnertla, lfien placlng lt
on the seabed, ia k tlles the gravlty.

(1) The lnpact load, ln the case of dlrectly settlnS lt
on the sea bottol, ls 66

Itte bed reacLion, R, ls expreased by R = Ke2,
assmlng that the seabed bas a Daxl.nm dlsplac€oent, € , at lhe
t1De of eettlng tbe nodule dorm, and is obtaLned by fomula (2)

^ n K t
- G  

V  V  
-

qcloc = k

In the case of a rcdule c@po8ed of cspoalte
members different ln unit wej.ght, the unlt voluDe weight, oc, of
the respectlve nqrbers should be oultiplled k tlnes to obtaln the
setting i@act load. In the case of ferroconcrete, the value of
oc is a.esured to be 2.4 - 2.\5t/rt.

€ 1s lbe eolution to the followlng:

Le-  -  e -N-0

pk  .oc  , ,  cDA, ,2  IL-f f i ,M=8(w; r ,  -Zi-v I-  
f - - -  (3)

n2 l
N= (Ir:! + cHA) i I

and, uslDg the agynptotlc nethod, the n-th appnoxj-Dation of € are

)--- 
r'r

1/fi

n

r -an3- t l rn -H
- 

3LE t-- v ] - -- '  

, , ' ,
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obtalnlng an appnc)dmate^ value for e' with the desired level of

accuracy, the values of ii6 and k are obtained fron formula (2).

Ho, oc unit welghts of sea later and module cooponents

setting veloclty to aea bottoo lvalue of fomlula
(6 ) l

actual volwe of oodule

ccefficients of drag and added mass

total area of shadowing of the module when
hitting the current

co-efficient of subgrade reaction of sea-bottco'
relatinS to lbe hardnesa of subgrade in the case
of gravel and taking a value of K = 3'000 -

5,ooo ton/#

v

Cv' Cue

A

- a . 3

N4

al

i, 2o !, a.o !o ao to

Fig. 1 subgrade displacemenl

.o  . .o  io-o t t t f lo- )

versus lZ and 
%
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Of calculatlng foruula (3) nith M/L and N/L. The reaults
are ahor.i in Figure l.

(2) settl.ng velocity

The setting veloclty, v, xhen the nodule 18 allowed
lo drop freely on to the surface of the sea, iE obtained by the
foraula.s

". = /Olr! rfif - u

v=v  [ I  - exo  { -

---- (5)

- -  (6)

In the case of a water depth of '10 n or mot€, foF
oula (5) may be used for caLculation of the settlng veloclty. In
the fomula.

%'cul

end velocity

flater depth

totaf area of ahadowing ln r€Lati-on to horlzontal
plane when the nodule is dropped (sre of lh€ cor0po-
nents)

drag ccefficient, added naaa force ceefficient
(according to Table 1)

represents exexp(x)

When a wlnch or the like is used, a lrorkable setting
veLocity sbould be deterrdned, wlth the lolrering speed and the
rolling of the work-boat taken lnto conslderation. The reco r-
nended sDeed is less than 1.0 m/sec.

vc

h

2gh (qcll,lo - 1) r rlt
7:;r;i-:---;---;- ft t
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3. Hydraulic Force

The hydraul ic force is comprised of drag and nlass forces
as a result of &aves and currents.

(1) Simulated Waveg

Parameters of wave used for calculating a rcdulers
stabihty after installation and for safeguaiding the module
shouLd be determined according to reliable data or by neans of
prediction.

1.1 When wave-measurements for a conalderable
period of time are available for the area concerned, the para-
meLers of deeprater {aves are esti'trlated from the measurqlents
shown in appendix IV.

1.2 Where port or fiahing port projects are belng
carrled out in the area, the deepnater rIave simulation used i.o
such projects should be applied with due alternation of deiaib.

1.3 l , lhen 1,1 and 1.2 are not appLicable becauee of
the underrater topography, meleorological data (wind direction'
velocity and duration) should be used for analysis, as in

aoDendii Iv.

(2) Current Velocity

The sijnutated current velocity should be obtained'
as shorn in appendix IV.

(3) Calculation of Wave Pressure

Where the water depth, h' of the lnstalled llpdule
greater than l/2L (L, Havelength), the nave pressure may not

taken into conslderation.

1s
be



1) Non-breaklng area

Tbe naxlxlu tave presgure, F, (by nave) 1g
obtalnable, a9 belolr.
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U =  Uns ln0

.. rH cos h 2nD/L
" " ' - - a - s tnh2h /L

o  - "  o  ! 9u2 .'D  -  -D"  2g  -  "

-  ' -  t ' I o2 r " -
rM  :  lHv  -T -  u r

tltren 2FO<Fyr

- t l

When 2FD>FU,

'=r^*&
4Fn

] - _ , , ,

] - - , , ,

f-,,,
where CM' cD

wo

b

D

H,L ,T

virtual nass qp-efflcient and draS co-efflclenl,
accordlng to tbe values ehonn in Table 1

total shadow area of vertlcaL aurfacea perpendl-
cular to the directlon of the llaves (the slu of
the respective lrqnbers)

unit vol|Ie lreight of aea rrater

r€ter depth

heigbt of module; and

iEve height, length and cysle at tbe site

In the case of a large aasqlbled nodule or any
other module with a coopl.lcated shape, lf lt ls assreed that the
sane currenL velocity aa that at the upstreao end acts on each
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conponent, an excessive value is Ukely to be give. The maximue
!€ve pressure may be detennined by means of a re1lab1e hldraulic
model o(perirnent. In such cases, it ia desirable to obtain the
drag ceefficient, %, and virtrEl nass co-efficlent, C11 (= Cyil +
1), by caryying out a model s<perinent urdq. wave motion con-
ditj.ons (i.e. under ursteady flow). lbtever, if the drag co-
efficient can be obtained by neans of a model €<perirnent under
steady flIow conditions, bhe virtuaf mass co,efficlent, Qq, nay
be calculated, as set forth below. lJith CD obtained through an
experirnent for the total shadow area, At, of all surfaces ln the
direction of flotr under steady flon carditions, the ratl,o of CD,
as obtained in the experinent, to Lhe Heighted average, Cp, of
each ccnponent may be takqt as

co/-u = 1/ro

' lhen, the virtual rnass co-eff icient, Cu, may be given as

- cM
M 1II

where dl4 .epresents Lhe rcighted CM of each conponent,

ii) Feaking area

'Ihe total r€ve force on a submerged ligh shelter
in a b.eaking area is calculated by usir8 the fornula

1+
cll - - - -  (10)

- - - -  (11  )F : 0. 3lCDAwoH

where F is assuned to act on the centrpid of A, wlth

H, h : height and depth of the laves breaking above the
module; ard

CD : drag co,.efticient (valLre according to 'Ibble 1).

the factor '!0i31r' I,las obtained, treating the flow velocity after
breaking as that of aarging r,€ve. the flow velocity confinned
throl8h e<perinent rias usd.

( n / Y D
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(4) Pr€ssu'e exert€d by cu't'erlta

tbre, the cl.!'r€nt speed, uzr at the lQpen €td of ttE

Ddule L9 us€d to. Fcr sLolFchaBttg curr€ttts' sLEh aa tldaL

ctrrentar the tressu'e ray be calculated by uslng tlre ffcroula

u2zr = cDAwo ZE-

(5) Co-pneeent curr€nrts ard Ha\tes

lhere qurnents and i€vea arE celreseot' a dras€ 0 '
glvlr8 a na{lnun F value in

- -  (13)

ts dtalned, ard it Ie sr$8lltuted ln tlF fonuta (13). To obtaLn

ttp Da)dnlu valE of foroula (13) ldth P /(E ) = B, u/lvs = a.,

"1 
0 : S arl co3 o: C, S ard C stDuld be obtained ' relt'es€ntt!8

a real rcot of

F = FD (stn 0 + u"/ur)2 - F,, cos 6

s4 * 2os3 + (a2 + 82 - l) s2 - 2"rs2 - s2-ro --- (14)

f---,,u,
0 in fomula 03), the

ltE fomula (14) ls a fbt!'th ordq' equatlon ard 1s

obt:lnable by analyttcal 91ut1on or by tlsin8 an apDro(lDate

solutlq.

lccordinA to the l|errlonlsn melhod,

ard sattsfying

Ct (S i+d)+BSt -0
' 

r-2s21 - dst + Bcl < o

thq|, sdtstLtutirE S = sln e ard C : aoa
na<inrm asting force' F' la caLculated.

]-- 
r",sn4+2osn3+(o2+82- l) s n2 -zgq!':q2

asr'3+6asn2+2 (c2+82-1) sn-2o
S  . .  =  S n  -



should be obtained, as the fi.rst approxination ' in the tlro cases
of 51 = 1 and 31 : 0. Then, uslng a convergence value of Sn + 1
: sn, a convergence value satlsfylnS fonnula (15) is used. It
should be noted tbat 52 + C2 = 1. If the tnaxifite value, F,
according to tbe foregolng, iB congldered to be due to drag
alone, the values of the equlvalent drag co-efflcient ' dp, are as
shown in Fig, 2. Using these vafues, F is obtalnable as

F=eoA*(uz+un)2 ---- (17 )

r.o 2.0 3,o a.o 5.o 6.0 ?.0 o.o !.0 to.o

-C. 
vatues where waveg and curyenla are co-presentF1 '9 .2 .

4. Conponenl Stren8th

The bending nonent ' axlal force and shearlng force of the
cqnponents of the rcdu1e should be calculated by uslng stumlated

external forces in Sections 1.3-1.5; and the accuuLated cross-

sectional stress must, then, be less tban the allorable strength
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of the material. Calculat ion of tie bending moment, axial force
and shearing force should be made for each nodule. l,lhere stresg
concentration is likely to occur, such as at the corners, these
parts should be reinforced with, for exanpl.e, a haunches.

Calculation of the components strength, should be nade
for each module but, in the case of a square r0odule, the
calculalj"on should be made by usin8 the values shown in Fig. 3
(p1ane setting) or Fig. 4 ( edge setting).

where a:
K: values

tr1 the
ting proc€dur€

f...,,,,
nodule, the ca-lcula-

H e r e , q = o - . a = k o - , a ---- ( 18)

cross-sectionaL area of the components; and 0-, q. and
according to fornulas (2) and (19),

6" = r- *.fFTLr-l

( 1 ) calculate the nain reinforcqrcnt requlred for the
bending nrdnent and axial force.

= (oc-!,lo) - csAWov2
^ T

= KLvz (oc + cM;.] l jo)-Er

case of a reinforced concrete
is as fo11ol6.

(2) Check the shearing force

L

M

exerting on the component.

sufficlent, Reinforce with( ? )  T r  s h F " r i n e  f o r c P  i s  n o L

lateral t ie.

(4) If shearing force sufficient, Bulli-up relnforce-
nents only.

(5) The load at the time of placing the rDodule on the
aea-bottom cari be regarded as the tensile strength of concrete
(oct :1/10oca, oca, representing a ahort-tenn allowable pressure-

resist ing strength).
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!e!:
L

(a) Eending mment (b) Axial force (c) Shearj.ng forae
diagran diagran dlagrao

Fig. 3 Plane settlng

(a) Bending moment (b)
di"agran

Axial force
dlagran

Edge settlng

(e) shearlng force
diagre

Fig. 4

5. Stabllity of the lbdule

The nodule should not overturn
uiave motion and curr€nts,

The rave force and tidal current
by using forrlulas (9) to (12) or (13)
agalnst this force, F, the following
satlsfled.

or slide as a result of

force, F, are obtainable
and (17). To be Etable

conditions have to be



r4here W

oc ,  
"0

-Fs

- 6 5 -

(1) Conditions for preventing slidlng are calculated by

s., = {LJl:@!9) i r. z

weight of the modules out of the waters;

unit volule ]reight of modute nateriale and sea-
water;

safety factor against slidlng; and

by

u : frictional cc-efficient between module and seabed.
where, in the case of gravel, H : 0.6

tlhere the legs are eDbedded in sandy subgrade, the passive earth
pressure of the sand should be taken into account.

(2) Conditions for prevenling overlurning are calculated

S  =  w  ( l - l ' J o / o c )  ( v > r ,
F S F

lrhere lA : height to the centroid of the posltlve ghadow
projection of the modufe to a yertical plane perpen_
dicular to the current: and

lv : distance from the shadolr projection polnt of the
centre of gravity of the module to the bottcN! to the
nearest centre line of the fal1inE.



('1 ) General mve actlon fealures

BasicaLly, in the open ea, tbe
are regular and their ler€th uncharEirE.
repre*nted by lhe foUordng eqElions:

fppeodix IV

to tE stabtltty of

interva.Is betr€en r€vea
TIF uave fom, y, ls

Ltl physical co.ditions Hith negard
tb lodule

v=| " r " (kx-or )

k=2n l l , o=21 t lT

c=f=f;. .nr ' t t

where x
t
H
L
T
h

c

the polnts of rectaigul.ar coordlnate axls
tine
lrave tpight
wave lergth
r,Eve cl'cl e
depth of !.Eter
nave velocity

l,kren lave actlon 1s assrmed to be an lrratlonal motlon,
r€ter particle velocity nay be caLculated, as 1n the followlrg
eouatlona.

_ .  _  tb  cos  h  k ( r th )

where u
w

stn (kx - or), w = + +++9!D cos (kx-or)

: partlcle horLzootal velocity
I partLcle vertlcal vel@lty
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The X-axis particle velocity becomes grealer aa the
uave height beqooes greater and the lnLervals between waves
ghorler. llcwever, the vel-oclty decrease8 as tbe water getg
deeper, The dlmania vraler presgure, P, and wave energy, E, are
represented by the following equatlons:

-  l . lnH cos h k(t th) -
" In 

(kx-or)
,  cos  h  l (h

- WnH' ,
E = _;_ 

"

E : energy per one l€ve length

(2) Natural rravea

l{hen consldered overall, waves do not have a regular
sine curve, in fact. Rather, they oove in thelr own di.rection
and in their oun nanner. They have to be considered as one wave
so that they can be analyzed maihenatically. We asslee signlfl-
cant r{ave H 1/3 fron which H 1/3 can be aasumed to be the n\&ber
of waves that can be anaLyzed statisticaLly.

Over a suitable tirne period, lhe number of waves, the
cycle of erch uave and the tfave height have to be recorded.
(About a hundred is a suitabl.e nlmber). Then. a tbird of ths
nhich should be the highest of the total nwber have !o be
averaged out. This average is the figure which stlould be used,
wlten considering the stability of the rcdule with regard to
pbysical condilions.

(3) Wave data to be considered when designing a Dodule

Iprocedure

l,laves taansform as they nove fr!l! deep to shaflow xatea
and, naturally, they should also be studied r4hen above the
proposed siNe, There are many featurea to wave transfonnation:
refraction in relation Lo !,|ater deDth. diffraction related to



obatructions (e.9. islands), refleqllo! rel.ated to obstructioos,
and shoaLlng in relation to later depth and taves breaklng. The
followlng features of the wave actlon at the site should be
exanined.

Wave heigbt

Period

Tine

bigger order

H3 H2

T3 T2

H 1/3 = average of the hiShest third of the total
ntI|DET

Misslng infonEtion relating lo waves (especially hetght)

If there is no reliable data on waves, based on l@g-
term observatione at a s1te, wind data and fishemenis opinions
on larger waves should be researched lnto, in depth.

Deep rEter rd'aves

Deep lEter !€ves are studied in order to calculate to
whaL degree they transfolu as depth changes.



Wave prediction

Gravity oaves occur as the result of atoroa and
seasonal winds. the lEves becooe larger as the rind velocity and
the duration increase, and as the fetch length changes. The wave
prediction diagran is the result of many obgervations of uave
hetght and cycle in relation to wind velocity, duration and feLch.
This is called the S-M-B t{ave predlction oethod (Refer lo Fig. 1)

Wind data should be establlshed to determine iEve data,
The wlnd data sbould be obtained from a study of stonB and
weather charts; and ln tbe absence of ttrls data, 1oca1 fisheroen
should be consulted,

- lave height H1l3 (m) - minimur duration (hrs)

- period T1l3 (sec) -------- Equi-energy line
(Hl /3.'11 B)2 : conetanL

Fig. I wave prediction diagraxl

(Source : K. Horika{a-'t978-Coastal Englneeriog, p, 77' Unlve!"sity
of Tokyo, PFess)

F: Felch (kn)
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Wave transfonnation

( i) Re f!'ac tion

tr1 sbaLlor{ rater areas riere the depbh is lees
than 50 perc€nt of tlE Fave lergth, cha.n8ea in xave directlon ard
heI8ht caused by nefl'action need to be taken lnto consideratign.

l,Jtren a ra\re no/es frqn i€tei. wlth a depth of hl
into depths of hZ, rith an inciderrce anale g I, Lts veLoclty
increaaea fr(m Cl to C2, as ttE r€ter depth char8es. Accor{lrg
to Sre11r9 1a!r, the following eqrEllon applies:

s ln 0, C,)

"r"-si'ei
lrtlere 01 : of lnclderce, 02: refl'action angle

Cl : rrave vel@ity ab hl
C2 : uave velocity at b2

Itle wave ener8y ls @nstant rlthin the orthogonal
interval bet!€en Bj and 82. 'lhe wave tteLght la Foportionaf to
lhe square r,rcot of blE force of tlE $ave. An equation relatlng
to t€ve hei8ht and the orthogonal intervals can be obtained.

R r = _ - : " / - :
H l  8 1

nhelE H2 : !.ave l€ight at h2
Hj : $ave tElght at h.l
Kv ; refhactlon co-efficleo|

( li) Diffhaction

Qrangee in r€ve direction and r€ve height caused
by dlfftsaction should be tak€r! into conaiderablon in areas wbere
they may be inflIuenced by difftacted r€ves because of an obstnE-
ticn, alrch aa a Have dissipatlng snbankdeot or islard. the
diffhactlon co-efrlclent, Kd, ''i1lch represents the chan8e due
to dlffraction, can be deterfiiined frdr a diffl'action diagran
(F ls .2 ) .



f t r , /-  
Inc ldent  l 'ave d l rect ion

Fig. 2 Have dlffractlon ccefficient dlagran

Diffract lon
co-eff lc ient:
I(d

h8 ' 3 Wave

K. Hrrllat{a-l 978-Coastal
of Tolryo, hess)

refl"action

Engineerirg,

_il lt_
ii"h l,l'"i

(Source : p .46 , ftiiversity
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(iii) ooircidir8 of rieftsactlon ard dlfft'action

lhen !€ve fefl'actlon and diftlaction occur simul-
taneously, the tr,|c phenqnena should be coneldered, TtE pr@edu"e
sbould be aa follor€. 'Ihe degree of reft'actign up to tbe polot
dlq| the obstruction causes difftaction r€qufea calculatlcn.
Aren, diffhaction ln a 2 or 3 i€ve length area a.Iso r€qulres
calculatlr8, After whlch reftsactign ia coneldered 1n relatlon to
r€ter depth.

Inclalent lrave dlrectlon

FiB. 4 Wave d lffl'actlon

(iv) Reflection

neflecti-on as a resuft of an obstrEtion should be
taken int! accormt, ard the reflected lrave heigbt may be obtained
fl.q[ the folloldog equation.

rf : reflected v,Eve hejgbt

tti : ircidenl ra/e helght

I(r : peflection co-efflc leDt, dependlna
on the obstruction

Dif f racEion co-ef f  1c1ent

Orthogonal

where
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Sltoallng

.Shoaling with depth

llhen a deelFwater r€ve rpves into an area rith a depth
of less than 50 percent of lts length, rave velocity, ler8th,
hetght and incident dir€ciion cbange. The3e changes are due to a
decrease ln depth and refractlon. Tbe charues in the wave, due
to a deqreaae in lrater depth, ehould be ooted here. I?te rave
cycle does not change when the mter depth changes. Ttle rEve
tranafonEtlon with water depth 1s represented ln Flgur€ 5.
As shorm in the figure, i|ave helght Lncrea.ses as uater depth
decrea.Eeg.

T1rc sbanges 1n wave length and raave velocity idth iaater
depth arc represented ln the follorlng eqration, flgure and
table.

L  =c  -  tanh?F

l,o . L56 T2

nhere L i rave length dependlng on water
depth (n)

Lo : wave length in deep raler (n)

C : nave veloclty depeodlng on $ater
depth (n/sec)

Co : rEve velocity in deep Fater
(n/sec)

T : xave cycle (sec)

h : r,raler depth
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(Sou rce :

Fig. 5 CharacterisLics of shallow !'Elter waves

K. tb rikaM- 1 9? 8-Coastal Drgineering' p. 37' Lhiversity
of ToklD, Press)

oo l' ' l

,:,1
a 0

0 3
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R.eaklrg waves

lihen a rave moves farther into shallow i€ter, then the
rEve steepneaa (IyL) ls Sreater, resultirg ln ttE wave breaklrg.
lhe r€ve is at its higtEst and the i€ve force strorgest raen lt
break8. In other riolde, the breaklng wave o(erts great pressure
on the nodule. t{hen the slope of tbe *abed is 8entle, there 1a
a reLationship betr€en tfE helght at thlch ttE wave breaks ard
tie r€ter depth at the breaking point.

Hb = (0.73 - 0.78) hb

iilnere tb :

hb :

breaking i€ve lElght

i€ter depth at the breaklrg poinb

the stages at rhich the r€ve tElghl changes are dif-
fenenl deperding on ttE glope of the seabed. ltE flgu.ea alDw
the rBve cbangea in relatlon to the seabed 31ope.

i:.,

2.0

l
l4

t t l

Ki
l
r't

Fig. 6 (d Seabed slope l/10
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(b) Seabed slope 1/15

h l l l ,

(c) seabed slope 'll20

(d) Seabed slope 1/30
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t.0 1.5 2a 2.4
h/It '

(e) seabed slope 1/50

(4) Tbe effect of rave force oo a vertlcal lrall

The wave force actLng on structures, such as break-
mters, greatly varieg dependlng upon whetber the incident lEves
collide with a r€U in tbe forrn of breakiDg traves or oot. lJhen
the height of the incident r|aves 1s quite sEafl compared to
the water depth, the !{aves are reflected by the vertical wall
surfacea, resulting Ln superposed uaves. When the !.rave moveg
lnto ehallo!, water, the Haves break. I?le wave force on vertical
ralls differs greatly in each case. The rater force, ln each
case, llay be calculated by means of the ratlo of r.ater depth to
i{ave height. The critenia are shom in the following table:

condition
h>2 l l
h5  2n

the fol! of rave force
superposed rave
breaking wave

: Have height at vertical nall

: {ater depth at verlical raall

(m)

(n)



(i) Perfect auperposed v{ave preasure

oeneral1y, when the water-depth in front of a
stt'ucture is ti{ice the helght of the approaching wave o. hlgber,
the t,|ave does not break. Also, if there ls no lave breaklnS
proJectlon on lhe front of the struclure and it has a vertlcal
rall which completely reflects the wave, then superposed waves
will be created. The rave force of the superposed wave can be
approxinately calculated by neans of lhe sfiD1lfied Salnflou
forulrlas bel.or.r.

llhere the peak of the uave is against the {al1

-99-

- l

' 2

S o

=  ( f r  +  o J n ,  ( - ,

OH
cos h zrhll,

TEz znh= _ c o s n _ ; _

Fig. 7 Wave pregsure distrlbution at the point
when the cresl reaches the 1.|al1

l,ihere the valley of the wave is against the '|alL
surface:

(in this uave force direcbion againgt wave progressing directlon)

- t! (It-So)

- UIH
cos h 2nhll

wave pressure distrlbution at the point
when the traigh reaches the wall

- l

P2
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In the formula sttcrn abo!€.

Pj: int€nsity of lBve pressu'e at still rEter
level !*len the peak oF ttE wave is against ttE wall sr!"f4e
(l/G) P2, 12: iotenslty of r€ve pressla.e at the botton ol r€11
(L/G\

Pl: lntensity of r€ve lresaufe below stlLl tat€r
level (H-oo) when the valley of tl€ wave 1s against ttE EalL
sl!'face ( t,h3 )

unit Ftght of sea r€ter in t/m3 (1.03 t/n3)
hej€ht of nlddle flat portion of ltE xa\re to
the still r€ter levet on the r€lL surface (n)
r€ter depth in front of the walL (m)
slgnlficant t€ve height of moving r€ve against
ttrs !'all (n)
mve length rtlen r€ter depth is h (n)

tl

H

( ii) heaklrg rEve force

The force of a breaking !€ve on the vertlcal i€I]
la conslder€d to be distributed tniforoly below a belght of 1.25
H above the still r€ter level, as shom in the following figu.e.

Ir the fiAur€,

P =  1 .5  | l l ^H coszB(J
tb : mit t€jght of sea{,fater

(t/rt) 1.8 vrt
H : naxinrm wave heiAht ln ftent

of vertica.l r€ll (m)
B : an angle which glvee the

stror|8est l€Lve presgure on
the vertlca.l rlall (ln dqree)

Fjg. 9 Wave pressure distrlbution for breakir8 wave
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The vaLues fo. current veloci.ty to be uaed when
d€lgning the nodule should be as follom.

(5) Cenei"al curr€nt featurea

(a) lypes of eurent

lihen designlng a module the wave current, tidal
current, ocean current, the current moveoent in a bay and demlty
current need to be taken lnto conalderation. Ihese currents
greatly conlribute to littoral. drtft and to the drag actlng on
the module. The features to be considered are the veloclty and
dlrectlon, their vertical di3tt"lbutlon and periodicity,

ocean, tidal, wind-driven and near-shore currents,
aII need to be observed and coneidered, chen deciding on the
design and direction of lhe nodule.

(b) Decisions on the slabiUty of the nodule with
regard to currents

For currents, such as ocean and ti.dal currents,
neasurenents should be nade for 15 or nore days at the depth of
the module. l.lith the data, the maximun expected cor0bined currenf
velocity should be deteridned throwh hampnic aoalysls and by
measuring the highest average novement over a 12-hour period, and
theo tbe greater of the above two current velocity values 1s
multiplied by K (ordinary K: 1.2 to 1.6) to give the allor€ble
velocity.

where it is difficult to rDake current veLocity
measurqnents at the depth of the module, the veloclty ia
calculated from the surface velocity or by consulting loca1
fishennen.

llhere waves and currents co-exist, the allorrable
velocity is determined through a combinatlon of the velocity of
the current and the waler partlcle velocity of rave.



-102-

(6) Tidar range

(a) ceneral points

Tides are a periodic rising and falllng of the sea
level cauaed by the gravitabi.onal atLraction of the noon, gun and
other aalrononical bodies actlng on the rotatinS earth. Tidal
Ievel ia an iq,ortant elqnent in the deteroination of the trans-
forrnation of uaves and the calculation of rave force, lhich are
requlred when deteruining tbe eite for the riodule.

(b) Evaluation of tldal range

llhen designing a nodule, the foUowing itslrg roust
be surveyed lrlth regard to the tidal leveL.

D.L (datun level): this is the staodard helght
used in charts. and the tldal level in the tide table 1s baaed on
this datun level. The datum level is determined by eubtracting
the sul of tide anplitudes from the four tnajor tlda1 components
(M2, 52, K1 , 01) which are obtained by hannonic analysls of the
tides. Therefo!€, this {ater 1evel almost correaponds bo the
Ior,Est lorr-waler level.

HllL and LliL: hiSh-water level is the average
monthly hlgheet rater level occurring withio five days of the nec
moon and the ful1 moon, and the low-water level is the average
nonthlv lowest water level.
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water level oo necord
H,ll.L : H.l l.O,S.T

tGan *rt!g
tide hlgb.
rEter leaelter l€vel

lGan rater level u.s.L.

loFwater level
Mean Bprlrg

L.IJ,L = L,tf.O.S.T, t lde ]ff-
Eter level

Datr.rn level C.D.L = l l.D.L: Tide level
datlm level

observation datLu level.

Flg. 10 Relatlonshlp betlleen tldal levela
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App€lair V

Case shdy of a doo rci-Dfdted cqrcr'ete DduLe

This ls a cate study of the baalc structural deslgn of
a banboo relnforced concrete bloak which rdU be u.sed for artlfl-
clal. r€efg. The natur&I qonditlons at a proposed slte for tbis
type of coocrete block have been sun eyed by Mr, Aklr'a Nagano
(afor€-eentioned), [nd, in c@plung the r€port, the deeign
codes and nanuals uaed i.n Japan rrere adopted.

For future artlfLclal reef construction. lt fu essentlal
to deterf,ine lbw to select the best c@blnatlon of constructlon
naterlala for an effectlve and eoon@ical operatlon; cost-savlng
executlon, ther, and the design proposd 1n this case should'be
considerd as basic da,ta ln order to oake a better deslgn on
pEctical stage.

Throughout the conpiung of thls r€porb, the Japaneae
Institute of Technologr on Fishing Ports and Ccmunlttes (JIFIC)
has gratefully recelved the cooperalion of the Flsherles Infra-
structure Devel,opnent Centre (a non-proflt organizatlon autbo-
rized by the Japanese Mlntstry of Agrlcultw€, Forestry and
FisberLee) r*tich i.s an organlzatlon set up to study hoil to
lnprove the clvl1 engineerlng operatlonS 1n flqhetrles lnfra-
structures, such as fLShlng ports and artlficlal reefa.

1. Baslc Proposal

'1.1 Sketches of the proposed nodule and lts c@ponents

The proposed nodule conslsts of slx precast concrete
coNhponents of equal size, and il tak€ the fom of a hollow
reSul.ar tetrahedron (Fi8. 1).
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Flg. 1 Sketches of the propooed nodule and lt8 pneqastlng
corrpnenta

].2 Natural condltions at a supposed site

(l) Perspective of the nodule

Wave helght
liave cycle
Ieve length
Tldal current

(2) orFslte pnecantlng
rD€ober

H =2,7a
T = 6.0 sec
L = 48.4 n
U" = 0.16 o,/sec

Seabed cordltidla nsandr or rsandy graveln

1.3 Method of placln8 the oodul settlng on the seabed

Uodules constructed on dry lald should be carted by
barge to the proposed site, lowered and plac€d on tbe seabed one
by one.

1.4 Slze of each component and a nodule

(1) Slze of ao indivlduat sqtpooett

Length
Helght
wldth

I  =  1 .5  n
h = 0.2 ur
b=0 ,2m
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(2) Materials of a cooponent

Bamboo reinforced clncrete.

(3) size of a uodule

Ordlnary relght ln air X = 0.83 t
Ueight i.n Hater
Helght
llet volrae
Projected area perpendlcular
to the current due to raves A = 1.96 e

2. Calculatlon of the maxllum veloclty due to daves at the top
of a block

Ttre naximm veloclty of the curreni, d\re to laves
(horizontal conponent of waveer partlal velocities) at the top
part of a reef block set on the seabed, is calculated as follows:

rH cosh 2 rDlL

I . tw=0.46r
D = 1 .53n
v = 0.36 n3

T s inh zrh l l

r  r  2 .7  cosh 2t  t  I .53/48.1 1.020

2.2 Calculatlon of drag force and nass force

I . 1.03

-:--'- = I' 4i4 x 0.85rn/sec
6.0 s inh 2r  r  10.0/48.1 t .6gs

Fb =  C"  l  _  U .?  :2 .0  x  1 .96  x  (0 .85) '  =  0 .151
2s

.tt" 2r

2 x  9 .8

1 .03  Zxr
Fr=C"V u-=2.0x0.36r -  x  0 .85 =  0 .07t

9.8  6 .  08T

u,  0 .16
:_=0.19

u.  0 .85

D.  0 .0?
= _  =  0 .23

2F,  2  r  0 .15
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wbere drag force co-efficlent C; = 2.0
appar€nt oass force co-efflclent q = 2.0

2.3 Calculation of the naxilll.ln flIuld force

The naxi-m.u fluld force, Fi.r ' ts calculated by
obtaining ptrane, e , that would oaxlnlze the fluid force, F, rtlen
$aves and a current exiEt together:

F  =  l " (  s in  0  +  t " / t . )z  -  F r  cos  0

A sln e and a coa 0 that would glve the Daxinlm value
at€ glven by the following equationa:

S.  +  2 rSs  +  ( ! r+  , r - l )  S ,  -  2 rS -  r .=  0
s'+c'=1,0

lfhere S - sln 0, and C = cos e, the real roota in the
equations are the valuea satisfied.

Addltionallyt the followlng sonditlonal, equattons should
be sat 13f led:

C , (Sr+ ! )+ fs r=0

l -2sr !_ rsr+fcr(0

As the r€sults

s = 0.9823
c = _0.1873

then ls the r\eault that

etn 0 :, 0.9823
cos  € :  -0 ,  1Y13

ts the lhasa of F..,:

F.., = 0. 15 x (0.9823 + 0. 19P - 0.0? x (-0. 18?3) : 0.22 t
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3. Inveatlgation lnto the stability of a module on the seabed

3.1 Stabtllty wlth regard to sliding, under the supposed
conditLons

t l ' r  (1  -  l l . /oo) .  r ' l l *

0.22

llhere

F.", : Daxlme flu1d force

S.i : aafety factor (against slidlng)

Wo : unlt xeight of sea-later

qr : unlt welght of concrete

W : weight of a rcdule m dry land

Ww : welght of a nodule in nater

u : frlctlon co-efflcient of a concrete nodule on sand or
sandy gravel (seabed) (l1 = 0.6)

3.2 StabtLity r,lth regard to overtumlng, under the eupposed
conditions

F trX^I

0 ,6  x  0 ,46
= 1.25 )  1 .20 0 l (

t l  ( l-r./oc) lv n" lv
srs  =

t  l ^  F . . ,  l e

0 .46  x  0 .54

Srs  =

0.22 x  0 .51
= 2.21 )  1.20 0.r



where

Iv : the shortest digtance frcm tbe projected centre of

Sravity centre to a fringe of a fabricated block. (1v =
0 .54  n )

1  : height to the centre of figure in orthogonal projection
of a fabricated block on the vertlcal face perpendlcular
to the direction of the fluid force. (l./\ = 0.51 m)

q. Calculation of ifipact force (on a [Ddule)

A nodule is subject to an irpact force . both when it
ls lo{ered into the sea and when it touches the seabed, It is
.rErsutred here that a block is usuall.y lorered and not dropped off,
and that its faces, not corners or frinSes, touch the seabed
first. Under thig aasunption, the illpact forces calculated
through the folloldng procedure and converted into equlvalent
static forces.

4.1 llhen the 1olreri.ng speed V = 0.5 m
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s X 9.8 x  5000

2.0  x  1 .96

= {4048.90

x (0 .  5) '

3w" V 3x1.03x0.36

C D ' A
n:8( - ,1) - -  v '

2 .30

4V

:9.8x( - - l ) ,
i .03

= 11.42

4 x  0 .36

v"  2 .30
l l  .  ( - +C ! ^ ) -=  ( -+1 .0 ) x

w" 2  1 .03

= 0 .4

(0.  5) '



wbere

A : proJected are€r per?endicular to the curent due to
wave9

C ̂ : addltionaL nass co-efficient

Co : drag force co-efficlent

g : the acceLeratlon of gravtty (o/sed)

V : oet volme of a block (mj)

v : lowerlng speed rEodul.e (n/sec)

oo : Lmit weight of consrete (t/n3)

Uo : unlt rreight of sea-!.ater (!/d)

e : dlapl.ac€ment value of the seaH (m)

Itre seabed displacqrcnt value is calculated a9 follons:

M/L = 11.\2/4\O\8.90 = 2.59 x 10-q

N/L = 0,40,/44048.90 = 0.09 x 1O-4

fhqn a momgraph recomnended in the design guidelines

e = 2.4 x 10-2 (o). K = 5oO0

then, tbe equivalent static load, q, ls calculated as follons:

x 5000
6c  =  - t2  r  (2 .4  r  10 - ' ) r  =  8 .00 t /n r

v 0.36

q =fc  a  =  8 .00 x  (0 .20) 'z  =  0 .32 L /n

6.  8 .00
k " - : - :3 .48

oo 2.30

a : aaea of the cross-aection of each mslber
(0 .2nx0 .2n)

( : conversion co.efficient to statlc load

q : equivalent static load on a m@ber

lnere



4.2 llhen the lonering speed v : 1.0 rBlsec

Fr@ the afo.e-nentioned rrcnograph

o=3-5x10- ' (m) , [ = 5000,

K 5000
.2 = -  x  (3 .5  x  l0- " ) "  =  I7 . } IL /nr

v  0 .36

q =tc  a=17.01 x  (0 .20) '  =  0 .68t /m

, d l? .01

5. Calculatlon of stress on the cqrponent

5.1 Dimensions of the geometrlcal features of a component

2.30
= 7 .40

F19,2

t] I r:2ocr

b = 20c.

(b) a cross-section

t 2

b [ '

6

rhere

I : monent of inertia of crggs-aection about neutral axis

Z : section oodulus about neut€1 axis

5.2 Calculation of maximl.m monent

Assuled as a sj.nple beam of uniforo loading

I
H  =  -  ^ l t

8

(a) a side view

I  .  -  .  13,300.r"



1) Ttte case of v = 0.5 n

nhere unlfor{n load q = 0.32 l/m

.'. M.",r = 0.32 x 1.502/8 = 0.09 tm

2) The case of v = 1.0 n/sec

q = 0.68 t/rn
... M..,2 = 0.68 x 1.50218 = 0..19 tm

5.3 Maximn tenaion and conpresslon stress as a plaln
concrele oean

If the concrete component is made of plaLn consrete, the
oaximur iensioo or conpresaion gtress (o,", ) is calculaled _as
follors: 

I..,

z
1) v = 0.5 m/sec

M..,r = 0.09 tm = 0,09 x 1000 I{8 x 100 co
.'. d -o,r = 9OOO,/1330 = 6.8 WcG

2) v = 1,0 o/sec

g.",, = 0.19 tn : 19000 Kgcttr
i. o^.,2 = 19000/1330 = 14.3 WaG

Wlth regard to safety deelgn, the allorBble tension
stress of a plaln concrete bean should be equal to or lesa than 3
kglcoe, based on the Japanese concrete deslgn standard of Japan t
although test values are usually larger than the etandard va1ue,

Both o-",r = 6.8 4/& and dno,r = 14.3 lg/crd exceed
the value 3 kg/d, with the result that each nsber needs to
have reinforced bars.
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5. Arrang€ment of b€nboo strips

6.1 As$eptioo of bsnboo strip arang€oent

the basi.c idea of the banboo strip arrangellent
ln Ftg. 3

tg ghorrn

Flg, 3. Arr:angeoent of as$oed b€nboo st.ips

In Fig. 3,

tbe upper flve gpots stop a!€ the asalued ceotfes of
the banboo strlps, and the black ones (the bott@
row) are asere€d tenslon atrips;

assLmed crosa-aectio of a baoboo strlp is 1.5 co?
(thicloess 0.6 m x Fidth 2.5 co)

6.2 Deslgn values

oba = 300 l(8/ce? (auoEble bamboo sifip stFess)

oca = 90 I€lqP (aUo{able concrete cqDpression strcss)

ra = 4,5 kglcflF (altovEble conq"ete shear streas)

n = Eb,/Ec : 1.0 (Eb : rrcdulus of elasticity in t€nsion
of banboo

Ec : rrcdulus of el.astlclty ln tenslon
of concrete

n : the nodular ratlo)

t )

2)



-  114  -

6.3 Calqutation of b€mboo strlp atress

Tte banboo strip stness is calculated on the aa$mption
that the banboo relnforced qgoponent ls a sj-ngl.y reinforced
r€ctangular bedn, and tbe banboo etrlpa on the coopression gide

are conai.dered as optlonal support bars.

Bean dtulerslons

rddth

height

a f f - ^ t i v6  / i cn fh

area of a relnForclng strip

gross area of reinforclng gtripe

b  =20co

h  =20( [

d : 18 cm

a6 = 1.5 crf

Ab=abx3s t r lps
= tl.5 @e

Ab  { . 5
_-  :  0 .0125

bd 20 x18

k={ f ,n-p- in5t -np

=m-1.0r0 .0125

= 0,  1586 -  0 .0125
* 0.1{6

j  =  l -  k /3  = 0.951

fr@ the above values

2ll

k jM '

ll

A '  jd

s
bjd
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The results of the ca.Iculallons are stDr{! ln the
folloldn8 table.

Table 1.

-  |  l t  -

ujd

510he

'Ihe results ol the calculatione are shotdt in thble 1, ao
that the assuued arrargsnent of the reinforcirg atrips satlsflea
the conditions of the desl8n code.

6.4 brd stress of bauboo strlps

the maxinul \'aILEs of bord atress in laboratrriea are
r€ported to be fhcm 2 kg@z b 11 kg/G deperdir8 on tbe type
of banboo. the following ca.lculatlon shor€ that the bord stress
ls sufficienLly sa fe.

S .q  l  l / 2

=  0 .68 t /m x  1 .5n  x  l /2  =  0 .51 t

=  5 l0kg

U= 3 (2b ,  12b . )

=3x(2x0 ,6cnr2xZ .Scn)

=  l8 .6cm

l8 .6cn  x  0 .951  x  18cm

.  l .6kg /cm'

case v (m/sec)q  ( i / n ) . . ,  ( tm, /m)S (t/m) o.(ke/cn") o6{kE/cn") r " 
(kglcn' l)

I 0.5 0.32 0.09 0.24 20.0 116.8 0.70 OK

2 1.0 0.68 0.  19 0.51 42.2 246.7 1.49 0l(
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Tb

tbicl{Iless of a banboo strip

width of a banboo strip

a f f A - t i v a . l 6 ^ t h

I andfh ^e r ndnh6F

equlvalent static load on a mqtber

naxifirm shear foace on a oqlber

total perlpheral length of banboo strips

bond streea of banboo stripg

6.5 ArrangsDent of auxiliary banboo strips

The maln flexuraL bars ehguld be placed exactly, so that
auxiliary strips as stirrups are required. (Fig. 4)

St i  r rups

Fig, 4. Arrangercnt of stlrrups

$irrups arranged at proper inteF/als flmction as effec-
tlve relrlforEirl8 bars, preventir8 the occu.rerrce of dlagonal
cracka caused by shear stress. fn thls case, the calculated shear
stresses, cdnpared rrith the altotjable shear strer8th (t1.5 k8lc#)
of the code 1n .hpan, are sna-Il enorgh for stlrrups not to be
r€qulr€d.

St i  r rup

Itr1r-l-i-If



6.6 Hooks at the ends of strips

At an actual stage, it.is recourended to have hooka on
both sldes of.the reinforcing baoboo strips, si,oiLar to those on
steel bars (F19. 5) in order to provlde special anchorage at each
comer where tbe enda of the three menbera are Jointed together,
as shown in Fig. 6. Because a fabricated block is usually booked
to a rope at a jointed corner and lifted for transportation.

lbl SrnruF o.d li.r

Fig. 5. Examples of steel bar hooks

6.7 Arrangenent of banboo sLrips

The arrangsEnt of bartrboo strips, as a result of the
above-mentioned-l.ca1cu1ations, is shown in Ftgs. ? & 8,

mu
4t*.dt

F_
tl
lt

)l-d,
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