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1. INTRODUCTION

Wind generated surface watar waves ars of major importance to
duslgn, operation and nnfatr of marine structures. Estimates

of hazards for loss of human life and for pollution of the
RaELlne environtent requira good descriptiong of ocean winds,
waves and currents, To the authors knowledgse there ara no
waters in the world where the available environmental data
satiafactorily meet the needs of the marine industry. The alm

. @of ecveral natiocpal wave climate studies is therefore to collect
data to mest such requiremonts,

"

Tha alm of thls paper 19 not ko present the state aof the art.

of the knowledge to the worldwlde marine envizonment. The
authora jntension 18 to descrlbe s recent reaults from Lhe
cirllection and analyals of wave data from Norweglan waters.

Woark wlth requlationd and design criteria for the offshora
industry in couperatlon wlth tho Norwegian Potroleum Directorate
has had a strong Lnfluence on the work as presmnted,

‘Me, M., Varhey has given & wreltten contribution ta the Sectlon

on eikbreme waveo pradictions,

Fig. 2.1
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2. Wrut ki A AL ITHLSTRUMEHTATION,

Z.1 Instrumcnts

The most cofmwon wave [ecordor In the Worth Ses'iw the Putch Lata-
well Waverlder (WK, This i3 an acelerowgier buoy of sperical

shapa,. It is avallabhle wiLh dlameters 0.7 and 0.% motarw, The
wuring system usod In depths beyond £0 seters is shown in Flyg. 2.1,
Waveos of halght up to 30 metsra can be measured, Tha 0.7 moter

discetar huyoy will not sccurately messure woaves of perlod shorier
Data ara tranemittad as desbly Inteqrated acca]er-
fin a routln®

than .6 wec.
atlone in the 27&Hz band, and th& range Ia SO hnm,
Easlo 2040 dats polnte ars recorded with & sampllng inteyval aof

0.% mec,

WP
eaperience yained ma far Ly good.

have pean ueed In the Horth Eesa arus Elnce 195%, anpd tha
I The purcentage of qood data
revavered varies batwern 75 when an tcancyraphlc chasrvation
vesng)l wWalchem the Luopw, and B0% tor unattended huoy statiuns.

Wavey satafiy are ussd pnuoard srwn 01l riywe, but the wspsrlence
from analymis of the date Le not satiafactory. The mala ceosaon
Le that Lheie tendo ko be 3 ronup of wavum on tha u;rllcal plat=
form gy cevalng an év#llitlhcllnn of wawé helght. In additlion
tha wave mEsflnm Lundltu worh am a good anLlenna for tha Enbuard
radiotranamittera. In wuch candd we ha¥e seen Lhat wave heightd
ara up to twlce of thosa recorded by & WA, ;

town lookhing naryow besan radeck that meaasuts the distance down
Lo the sea surface are uied on Lwo Flaed all rlga. The typows

of inatrument are Plesoey Kadar Wave Monltor and SYWIHEX/TRT
kidaer Wave Mebnr., Tha prehimlnary concluslon an cegqards the use
of thasd Exdar vava recorders Lo Lhat the spectral denslty at
high frequancles Land Lo be underestimated,

- K -

1.2 Sources of wave data

2.3, Visusl wave data
A8 4R snample of visusl wave data sce obaarvatlions undariakan &k
lighthouses on the coaat of Morwsy.

At the Horweglan coast thers acm 41 llghthouser whare wetaoro=
jogigal obasevatlons are balng undartsken,. 1% of thees have baun
selvccad, and data corprliing visual aea awtate chasrvatione,
lnatrumentally recorded wind [orce and wind direction and aea
surface alr pressura Lave been punched on cacds.
of ‘4 datly cbsacvatlons over & period of 20 years, For ths othey
lighthouses dats covering & peildod of 10 years nra wvailahle on

punched carda.

The kaa state chaccvatlons are rangad by Lha obesrvace sccording
ta Table 2.1, and they do not contain eny informabicon on wave
pericde, Hind force is reported In the Besuiort acalw sad the

sea surface alr prassure Lls glven Ip wllllibars.

Ab 1t can b aekn Erom Tabla | the wea satwte chyervationa are

denoted by hurbecs from O ko 9, sach nunkar representing an 1ntir-

val in meters whereln the obeerved wava halghbtl ara locatasd.

Table 21.1. Tha vicus]l wava helght

MWAVE HEICHT
IRTERVALS IN IETIAR

- CLAXE KUMBER

0

0-6.1
D, 1-0,%
0.5-1.15
V.15-2.5
2.5=-4

4-6

-9

=14

14

WO w] B M e s Bd .m O

Tha data conslst

¢
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claps no. 7 Lncludus waves from & ta 9 swbers auwd clapy oo, B
feom ¥ t0 14 metpea. This sspantlally ssctudes the possibilicy
al bavlng sstlmatans of design Waves hiyhor than, say. 9.0 maters
on thess data. Pacaoss af the 1ow resolution in wave heighty Lt
13 spmumed that tha vimually observed wave helghts cotrespond o
the mlgnificant wave hulght H.”]_.

The Horwagiasn Mindcast Froject has used bhe visual llghthouse
cbicevatione Ln & way whilch will ba descrlbad un conkection with
that project.

Visusl chsarvatlons sarw alee baing takan by wasther #hlp's Crew,
At Weathef Ship ML the Norweglan aes, wuch cheervationd have
Leon takan mince 1949, mnd the wnather and rescus shlp Famita
he# tahen wisusl wave Sakta singe 1959 petwash Octoher and Hapch,

rlg. 1.

Mt Famlta ghsgervatlons were made avery third hour. The mame
routing was followsd st H up.t¢ April 1%%Y., The intazval Tetwesn
ohesrvatlony wam then radyced Lo onm hour. Negardling the M-dats,
chsmrvatlons pthar than those thrae hours spart are neglegled in
thie papor,

Yilnual shlp cheervations of waves inciude the huight and period
of wind nea H, and T _. atd of ewsll, H__ and T . The visysl wave

haight, 1, fa then estimated by
K, - M ”n

The svarije vlival wava puriod, T, ia aptimpted an

T - I*IHTH

¥ f“‘ . T'

The wava halght data acs glven in Classew,

Clase 01 &0 to 0.1 », Claas ¥3 0.3% ta B.T3 m
Clamp 21 &.75% ko 1.25 m, wte,

‘g -
fhe maln emplasis in the analysrs js concantrated on the M-data,
bacause thky Cover the longest serled, &and vary Iew chisrvations
ate minslng. The Famita data huve Many mors qapl, dus to Lha
rofcue mEtlvity,

Lulh Jata bakes Ipclude wind fozce and difectlon,

%.2.7 Inmtrumgntel wave deite

the soutcas of instrucental, vlsual and hindcast wava dska ard
1isted in Table 2.J. Tabla 7.4 giveld the locatlons and depthl
of tha buay stations. Tha snvicoreentsl dats collwction pro-
gramme conaluts of 4 number of statlons prissrily in connactlon
with [lwed oll rlqs, Fig, 1.1.
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21.7.} Hindcant datas
A Northern Hemisphere deep water wave spectfal elimatology
coveartng the yaars [rom 19% 10 1513 18 baing daveloped at
the Fleat Humarical Oteanographic Canter at Montersy, Califarala,
Loy panian 1Y IEW 4 4VE, B . Presently tha 20 ymac perlod L¥ completed for the Morth Atlantie,
wirdeph Hom, wheredd 4 years remain to be covered for the Pacifle, They use

Halwn punimn &4 1'H 9% 13'F .,

wata: dril 1. 100 m, a mpdliied veralon of the model by Plargon, Tlck snd feer |Y966).
:‘::::L“;:ﬂr:--.”-‘-' . The model calculatens difeccipnsl wave spectTs by Y fregusncilan
Heldingen  praiien &Y 4N, ITITE, and 12 directions, uslng o alightly modlfisd milaa-Philllpa .
::::-‘:";:‘:?'::Il'ﬂ'r, growth Bchema.  Fuolly devaloped 3¢ is glivan by the Fiwrson- . '
(Y M T . Mopkowita epagirum. Grld size rangas from 160 to 100 km.  The
wind 1oput ie glven By the model of Cardons {1965},
Thers dre pong probleame connected with wind mlgoriihe causling
Table T.4. Locstions of vave buoy statione b the winds to bs undsrestimsted. In Eptte of this the K serors tend
' Worwegisn Contlnantsl Shalt, ta ba random. Or. Laxanoff at tha Pieet Humarical Qreandgraphio
aca rly. 2.2 Cantar st Fontarey astlpates tha resulte to be available in & o
12 months from now |Oce. 19%80).
. The HOCth Ses Wava Hodal Project (HORSWAM| was funded Ly oll .
. - corpatiiney and tnm UK Dept. of Energy. The model was devescpml
by clUnther et,al. fLiT%), The actuasl proladk work was cirpled Wy
gut at the Instltyute of Domanographic ScianCus and st the '

Hydraulices Kcssarch Gbtstlon, bath in UK, Puing wi.sl, {197%],

The advisary board w48 sak up by membars from all companism and
tha countriss murrounding tha Horth Ees.

Meather reports of the British Metoorologigsl Offlce foverlng

the period frow 1%66§ to 1976 weze examiped, &nd Qules in the

Korth Besa and adjacent waters wars amlected, Harding and Binding
(1370). TFrom & total of morw than 200 galed, 42 ware weleotad

for andlysls. The 1} storms wersa chossn such that & rapresentative

diseribution of wuxtrass storm wad obtained, *

E

wWind fiwlds were specifled at I-hour intervals an o 100 km grid

.

s .
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I thu Morih Spe oand 300 km yrld outsulide, Fig, 2.4, Frum be-
anslyzod westher mipy in¢ludling shipe chevcvattons the pressurs
fiwlds warw cptimated. Than geostrophlc wincs wele calculated,

and converied to autfsce windg af ghown by Findiater et.al, (19640 .
The enkrgy batance Ls glven by

;-.Eoi'«vr:-;-'

whata E {3 the tw) dirmgnalional lp-cirul denpity and P i the
dagp water linedf group velacily. & is the soorce funccion that
Faprasents ths snargy budgee, § consfgts Of Lhe momentusm trans-
for from the satmosphers 1o the wavas by the wind, the nonllnesr
Interaction between waved, and disglpation term. The model treatd
wimd wavesd and swell saparately, and the balance Of ensrgy
betwasn Lhama piEts la governed by cartain gmplrical relations.
The sprctrum 1n modaled by ‘

£ = E{f) » §lo-4)

whese ¥ im & coe! Funcelan and ¢ I the loca) wind directlon.
EIf]l i& glven by )

" ) yayme g s ¢ '--. l!-[_]'
E = ag’lIs] " § Texp ¥ !:p(:
1T, toir !
. m
wharw ] '
a Fhillips* ¢onatant
f- merdn] [requency
" ¥ peat sohancemant {actor R
9 padk wldih paramates

ror wind gess tha snergy thultlun iz projscted Into & paramatsr
space, wuch that the svolution of tha spectrum 13 deacribsd by n
PArAmetare. ' )

e

I

| e b -

B el ——
/ LI e

[ Ty R
P Fapgy e

T~

EE

rFig. 2.1 Grid used

by WoRswan sodei- {(From wwioflec.sl.
- (18TY)).
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Ewall ancrgy waz adveckod #luty predetormlnad stralyht wave Tayn,
This was donm to Facililate future refraction anslyals for shal)ow
wateTse,

The model uses tan frnqﬁuncr bardwidths fcom 0,0% ea 0,15 HE and
¥ dlrection intervala fogy swall caloulatlonw.  Glnthar et.al.
{197%) dewcrlbes the tranafer of anerdy between wind awa and swgll
*n the wind idncreawes orf dacreapes.

The model wap c#llbrated agslnmt instruwsentn]l data Crom Ewo cENin-
cqraphic vbawrvation ships In the MNorth Ses. A wvalghtud leanmt
wguares Fit of the maximun algnificant wave helght, H.. Fumul bad
in

0.98% H

Memeasurad ™ vyl

The scattvr wan 35% of the mean.

Extrema valum inilrlil wig cunductead uping khe maximum valus of
H, fros each storw as ststistice.” The firmt asymptotle Gumbsl
distribution gave a resatipebly good FLt.

- The oceurence of stocme way wesumad to be described Ly & Polescn
process, with & rate of 11.% wtorme per year. A return parlod

1lpl icale wiy conatructad

1

and ¥ is the snusber of storme that produced Mg,z 5 m at the locatton.

The rerc creanlng wave parind, g cﬂrrllpnndlnq to & given B T’
for an avarsgs JOMSWAP spactrym given by

T

. 0.18
1 T

"
A typicsl mawimum value for R, ~ 100 yoars is B, = 18 m,

In the Harveglan Wave Climaty Seody the wind fislds are apeciited
on & grid of 130 km, Fig. 2.5 gvery & hours, Interpalations &fe
made &2 that the aatusl time step 18 3 hours, The pramsuce fislda
are darived from rednalyred woathac maps, taklng LRto accgunt

5lpo ship chasrvatlonn. One malor problem im that for the
.morthern part of the hindcast sras, thete sre very Few cheer-
vacigne avellabla. Ths wind flelds sre thearefors tess bthan
watinfactorily accurats In tha northern Horwagian watars.

The model ic deacrlbed by Haug (1958} and Howrh (196Y) , whersas
tha hindcast prolsct wae d4dciibed hy Haaland {1971},

The Horﬁtgiqn hindcane model, La bewed on the gqrowth Qurves by .
Haumann (1952}, pnd the fully daveloped saa Ln describad by tha.
Naumdnn spectyun, Sort sdiustments have bemn sads to the graowth
cfurvas based on srpiclcal avldance From callbration studias,
Thc model cutput s glven in tarms af the scalar wind wave Apnos=
[trum - mo diracilonalley 38 not included,

i

1Ewall from distant wtorme is computed for some locations of
apecial interest, For such cCapes = spactrum of sized wind sas
and swtll 1w obtained.

Tha philosophy bahind tha uee of & ralativaly simple modsl as

" outlined above, 1a that thers ) very 1ittle to gsln by sophi-

stlcation of the model when the wind cutput iy as crude am inp
the present cagw,

Fesults of calibrstions ahew that the pradlcted H, era normally
with = 108 of moanured e+ In & number of casss the model prediowa
the pez2k of & storw prior to or aftar the actual Bessuced paak,
but that i not ispoctant as long aa the actusl valus i withla
sutisfactary limite. In the ngrth thare stw during wintar.
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fruquent small Latopec syualls moving koo rapidiy In time and
wpICY to be dutocted based on weathet maps. Durlng the most ofF
#uch avantp the model will undersatlodte the ses gtata.

In the Korveglan Nindcast Project ths most sxtrems Etgrm eVETY
Ye*Ar bick ta 194% wera selactad for a nwrer of locetjons of the
Rotweglan Contlnentsl Shalf. -

Ore part of tha praject consleted of transforming fraquency tanles
Of vinual wave cbhasrvaticons from of fahors weathar ships #nd light-
housss on the coast of Horway, Mesurs that Fig. 1.5 1a & himto-
41am abhowning the long term probability deneity distr lbutien of
Tiauslly obaervad wave halghts, H,.

1}1& LR ENLE

-

i 3 ? r : 7 Tism srarf
¥ .

Fig. 3.§ Niatogram gf visual wave haignta

It wa for w.g9. clans no. % g0 back to tha obparvationg, resnalycas
the westhal maps af 2 noeber of sleuatlans that werw cepafted ag
%oa miate 3, 4nd than run the hindcast model, ws find cthat not
411 of thess witustlons Gorfenpond to wes state 5, Goms might
Ylony to clads no, 4 or &, o svan J and 7. Badad on & largs
numbar of much Rindcast rene, clasd no, § will be “poeared put”

L
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Fig. 1.5 The 9214 ¢ tha Worwveglan Hindcser Modal




-17 -

to conrtribute alsa to olher classen. Then Lhy sams procedure

i* Iclloved for a1l uther clas Intervals, and Lhe tosult L &
transformid [raquency table that L suitable for lumg wtatimtleal
analynls,
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i SRUAT TERM WAVE STATIETICE

1.1 Ceners]

The short rerm dascripticon of the watar surface slevation AA
& refererce pyytem Lo trakted sa n redom process, quasl stetioe-
ary In tiee and homogenpum in the hariaontel directlon.

Tha mesumption that the aurface can be tewated ap & Causglan
process irpliss that it 15 the rawult ©f & lineaer suparposltion
ol an 1nflrnite nusber of apsctre]l componenta.

In this auction wa shall conmider some shozt itefm properties of
wWave statlstlce Lhet have svalved from analyale pf data malnly
from the North Bes.

3,1 olstributlon of wave helgnts and pariods

It iw well knowun that the aflecte of waver oo Rigucturss Yary
not only wlth the wave helght, but with the peripd as wall.
fhereiors tha joint distribution of wave heights ard pariods
i impartant,

Longust - Kigglns 11975} presentad & biverista disptribukion of
. . ¥
wavs hxight and period glven by

P (6 » A expi-t'(lentyya:
T

whers £ snd n are disansionlegs wava helght and pariod respett-
Llval glven by

t--—.---:H
m M

IR TP
!

whara
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amd
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Jim & wpectral widlh parssstar and

.ePxyfac

Q&

i tha 0 Lhy order mosant of the spectruw. Forf a nariow FpRcLrum
tonguat-Hlggline L1%75) derlved the following relation

"% "™ ‘

The spresd in v &% calgculated EFIcm gur duka, was cumarkably amall

with TOW GI all valuad betwsen 0.5 and 0.6 It is alwo 4esn chat

the peicetntage of breaking waves lpcresses with the valus of v,

The déts almo show & tandency fOT v and the spectrum width to
_lincroaks with time during wave irnuth.

Longuet = Higglre (1975 compared hisg theatatleal  eomults with
paegured data and found that the predicted cordltlonal intar-
quattile fynge whd in good agreement wlth the dats.

Canavle at.x1. {1976] conaider the Jlatributicon of posltiive max-
ima and scrive st ths digtrclbutlon

. .
pio = | Wt ]

pti,v,e) = 3“—‘&*—— axp [- E1— {(u'rteaf}" + a'a'|}
(iwd e (1=t )" eyt

wha Lk

1
LU

arut

@ = kil (L't

and

!

& i ep—

I~c"

u Ap tha catlg of the masp valus T eo che maan time Intezval
bytuwenn posltive maxima, )

Wassd on & tatyl of 186 records the Authors snd thay eoncluled
thae thalr theorsticel disgtributlon sgresd well with that ol
Khy data.

flgumb and Ovatvikx (L1977 spplled the blyaciate distribution by
Longuat-tHigglng and dezlved ahork end long ters disis|butlcns of
bresxing wavey mnd #l2a 5 lpng terk digtribution of wave haight
Bpd preriod. They concluded that the 1oag term distribution of
halghte of braaklng wives glvas <cnedfvative rusults, Turtharmars,
they aleo concludad the bDlvariste lang term djstributlon of H and
T underastimatsd the valuew of T.

1,3 pletrlbutiogn of wave gtaepneve.

Wava ptesphass p s dafined as

il
*TE

. Bratshaidar (19%9] sapumsd indapsndsnt faylaigh dlekzibutioos

for wave helghem and parlods sguarsd. By his results the atesp-
nggm distritution becomea

a
Fial = E-js +m

Batt]aa {1972 arrived at the same cesult bassd on bivarisis Riy-
lealgh dietributlon i Rormalited vave haight snd paried assueing
& paaitive coprwlation Letwssn Lhem.

Ovgrvik B8 Hausl {1977 derivad a distetbytion [unotlen for

. €



-1 -

* wava sptacpness For m bwo dimensional sed gurface conalsting of
an infinite nurbar of slinuscldes of random phase. Tha thmorstical
darivitarion was baswd on the theoretlcal work by Rice (IR44]).
For & wide band spscctrum they ohtained

- 1
howy = 2D pup (-200-e") B )

The cunulatlve distrilbucion of o in ihan

L ]
His'sa) = | hislen = 1 = axpi-2{l-c"3 {21 "] *
o "
whu ra
T "
s = —B
i ,rr:

Assuming & narrow band apsorrum (c=0| they obtalnsd

his) = & yepapl-2¢2)"]
n] Ly

and
CoNiwl =1 - lnp[-!l:—ll']

which 1s & diptributlon of Rayleigh typs. Tha maan valus is
found by

[ ]
M o= -l ri1.5) < 0.6267 n
1 s | 1
Tha standard daviation 1e
]
0 * /M = nT e i TIOCTTILLE] = 0,127 &
] L i i ¥
Both tha keap and standayd dsviatlon af the ptwapnees have &

linwar rulaticnahip to the paramater a  in the stesprass distri-
bukion.

 C

L]
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An example gn the [it betwedn thearatical mnd measursd distri-
butions 1w shown in Pig. 3.1,

3.4 Spectral shapa

In the Horth Sas arss the JONBWAF spectrum is Solsconly ueed. Tha
JONEWAF mpectrum formuls LB glven by

-i[-!.]l
S(F) = nq’tlll"l-'ulpl' ;f%—r‘ltilp ;*T;:——
- g

a, " 0.07 tor F % !_
o =

@, = e.0 bar £ ¢ fg
with tha five pacesetecs o. £, v, o, #nd o,. F_ le the pash
Praguancy and a is tha Fhillips constent. o, 7, @, and op relatd
t¢ the ahaps of the wpactrum, o and L% glvas thw width of tha
laft &nd right slde of the wpecirum respectively, whersaas y i
the ratlo of the maximym JONSWAP speciral energy to thak of the

curraspondlng Plarson-Hopgwits spectrum,

lownk apd Ovarvik 11977 prescated a parameterlzatlon of this
spectun. According to mots recent work that will soon be pub-
1ished st our department, tha scattar of paramstsrs is much

mors  proncunced then predictsd by Housb and Overvik [L371).

faged on analysis of 5984 apectra, sach with 16 dugrers [Inedonm,
the pazanptars a, v and 4 waré calculated with signlficant wava
helght and peak grequency fixed. Epectrs {or each class ay whown
in Table 3.1 were averaged apd & lesst squares (1t was oade. Teble
1.2 shows tha yesulting paramstard.

Exept for a there is no SLOORG Systamatic teand LIn tha numbara of
Tabls 1.3, Thim table 2180 shows that thera ls no eelolng LA
dlacussing tha valus of ons of the paramaters without conxllering
the valus o tha othkcs.

Thia study also showed that the JONSMAR apuctrum underent gatcs this
' .

ALY
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spectral denmity in the high frsquency reglom, with imporiant
consaguances for fatique lifs celculatione. M¢ therefore can-
" cluds that a feaguency depandance of I"'i Givaes & better £it
than the tradlticonal !'5. Two typlcal examples are shown in

rig. 1.2.

Housb snd Due (1374] ssamlned 2340 wave spectra from deep watsr
Waverlderdats ofF the coast of Harway [oc tha putpose of esti-
maLlng the percentage of lplctrl1iith mara than one pesk. Their
conclusion was that 4,31 of all spactra had mors than ona peak,
Furthermors they fuound that such spectra are most likely Eo
occur whan H. 2 1m. Gased on & simple stntintical/phynlcel
scdel HWoumb ind Due alwo estimatsd the percentige of spectrk
with mare than ons peek at 41, i

Thompaan [1980) observed thar 50 te 708 of ahellow waterT Specira
Prook the coastd of *he V.5, had oocre than ane pask, willh some
variacicn b;tue-n different meaeuresant slikes,

CDaimd & the twe LAavestlgatlons rep&rt-d abave, we may conslucu
that far 4% aof all decp water ses ateios and for up to 704 of
thoas Lln shallow water, s spectral modal 1ike &.9. the Plarscn-
Mossowitz le ercatle.

}.9 Mave Groupa

Goda (1970}, Houmb et.ul, (1977} .and Johoson «t.al. (1374) and
savaral athers have Jemonstrated algnificant deviations [rom the
hypothanis of rasdom wava phase, Thay and several othera have
shewn that wavez tard Lo appear in groups =ore oflen than axkpecisd
basad on the hypothesia of candom phase,

Eﬂdl (1370) . Bruun and Gilpbak (1977} and Johnaon (1979) showed that
waves Appearing inm groups causs conslderably more damage to CGaptal
sbtructuras than wavas &l Flndnn phass. Wave grouvpinsss is thers-
Fora pf much impottance Lo coastal engineering, and it needs tg

ba battar undaratood,

The investigaticons raporcead sbove all cefer to desp waker daks,
fy viaual inepection of desp &nd shallow weter weve records it
aaplly awan that groupiness is wore propounced in shallow watar,
CLiferancas betwesn dosp and shaltlow whter waves ace slso axpecied
to be found in connectlon with the shape of ane and twa dimen-
slonel wave variance dansity epecira,

Thers im & widespread conasnaus ancng sclentinte working in tha
fileld of wave gtatistics that shallow water waves davisle so uch
from the gennoral random hypothesis Lhak pew statlaticel sodela
have to ke daveloped. In.this #ection wa facua the atkention ap

wave groupingss anpd charagtazrlpbics closely selated o iv.

Goeda [1970) mentions that the guantlty ¢f gveriopplang of sea & wall,
by irregular wavax, im affected hy the pumber of lezge waves thag
appear In sequence. He 3leo sssumes that iF large waves Lppoar sk
randon, the ratlo of owectopping may be aatlmated, for a daslign pdr-
posw, a4 the sverage ovet all the waves, [f large waves have &
tandency to ootem in groupa, the averaqe of the largs waves only
may bha recofmended for demign purpoees,

.
$ruun and gliphak {1977} aleo Teport Lhat groupiness of largec
wvavag reduces bhe atability of alcping slructurey.

Johneon (1%78) concludas thet vave giouping 4ie an sosvntlal pars-
mater ip modal testlng of cubble mound brealwaters,

Funke (1978 and’two non-dated repoztst has mitudied ehs problem gf
laboratory reproducticn af jrregular waves of & given grovpiness.

Aamamonjiarlaon and Mollo«Christenaen (1979) showed that the wawvg
{ield can be descrlbed in terms of modulated Stckem-1ihe carrcier
wayvsy propagating with sn angular spread sand a lag batwesn aopli-
tud« and phasa modulatlions.,

Wave gQroups Are slso known bto influoence wave forces and wave
respones Iln gensral., The gocurance of surf baat e alpo csueed
by wave groops, It im concluded thet wave groupinsss ahould be
Intluded in the wave charactacistlcs whon wava runup on Leaches

T '

L
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i studled, Sattjes (197J) studisd tha runup distribuclon of
waved hisaking on slopas. He used & hlvariste discribueion of
wawe helght end perlod squaced, and converted it o & dlseri-
Bution of wave steepnoas, Thus ha wis Sblw €0 estlmate the par=
centage of wavey bhreakling on the elope.

Barcjes (1972) applied Hunt's resulis [Hant 195%) and concluded
by recomrendling & siudy of wave data to ghtaln batter & sstimata
afl thw Afatributlon of wave stecpnuss. - He also stresesd the
ipportence of fleld maasurements St runup of waves.

Overvlk and Heumh (1%77) prea&rihud an annlytlical axprassion

fer the distrlbution pf wave strmepficad based on they classical woark
by Kice. Based on thla work & long term dlatributinn of wave
iteepnens han been developed at the Hordeglan Inatliute of Techa=
alogy by Nlouwrk and othars. The report iy now 18 print.

Vap Corphiot {1968) wtudlas tha Influence of speclral shaps upon

wave runup, mnd concluded that tha runpup increasan with speciral
+idth. ’

When frraqular wavew arw reproduced Ln & laboravgry [lume, two
ALproaches are Cormoni

1] gqeveiacion of a prescribed spociral shape of given pmak
frequen-y and migniflcapt wave paight, The wive phada
is then not controlled and may vary from test ot teat

11) ceprodection of an actual wave racord tahen in tha Cisld,
Then the succession of wavem wlll always ha tha sama.
Questlons may be raieed regacrding the reprasentatlvity
of such a record, becauss tha scact detalls of 1t will

- revel ke racocrdad again.

The ranllatlc 4oal ip to describe the statistice of wave phasa
from [ield date and reproduce it in the laboratary for preacribad
spaciral phapen, )

Some snqgineering applications for which wave grovpiness ia &

LY
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lmportank are!

= baach procasiss like wave runep

= stabllity of rubble mounds

= forces dus Lo wWAVEE Hn RACLIDC sbtrocturan
~ harbdufl rasDnAnce .

< plow drife oscillatlone of moaksd ships
- maclng forces

- Eucl bHegt
= dun# ®¥osion .
Moltw and Hsu (1972] used tha rectifisd wave anvelops Funcilon

tar’ the purposs of leclaklng wave groups,. Thay obtalned this
anvalops fun€tion by cashacting reighboring crestm by strsight
1irmm after f3lding the troughs sbout thp recard's MWL.

Funhw {1978] taports that the application of this techhlgue wvas
not succasaful., Inpstmad he proposed o compute thd sqQuaIe af the
walat surfacs alevatlon over u pariod baing & function of the peah
tregueancy. LU#ing Bartlett wmoothing Funkw acclved at & * amoa thad
{natantareous wave snacgy hiskary™ [BIMEK] that le vsry useful tor
the purposa of 1pglating wave Jroups.

The wmoothad NINEH Le glvan by

T
P .

R(E) = 4= [ nf(eedeglindr 1 (41)

p -t

P
whers

bedd gor e cv o1y

G lv) = P (42}

0 aleewhars

ir tha Bartleir window.

How ona can aleo calculate the spectrum of the STWEN bacauss of
1tw ugefulness in describlng the sxtent of groupiness. The EIWEH
apactral Aenalty Ls defined by Funkw amy .
L .
B{fl = ;; i (ziey-Ere~"Eqary
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whecs T, 14 ths lermgth ol the wave recard and gverbare dencts
avarages. In particular opom has that
T, -
E-i [erde e [ o 12)ar
LY b n

whars § 413 tha spactrel dxnyity of tha ses parface elevaticon,
Finka computad E{f) withoyt smoothing In order nok to loss any
dataile. '

An axpople from Funmw (19795 1w whown 1o Flga, 3,1 and 3.4,

Fremartly bittle 19 known apout the relationg betwessn K17} and 'Hlll
40 sofhe aktention should ba glywn to that problem.

Tha wive group actlvity sstimstar preposed by runks Le

L
n .
cr o/ .:.—-n g (BLt)-E) T aesE o/ Rgymy 43

whers *or and ™, Are tha :nrnthluﬂmtnts of tha SIMEH and thesurface
AlevAtion YArkance spectral desliies respectlvaly. It would be
vary Intecasting to ovaluats the uae of SIWEY analysis for the
datection of wave group Acciviiy in racorded fimld dats. This

- technlque hax wany patential sdvantages hecaugy Lta fraqoency
damsin approach allowa the power spectirum technlques whlch have
bean wo succossfvully applicd Lo sws surface glavacion sbabistlcs,
to alsp bhe spplied to groupiness phanamena. '

Thae EIf) spectral sstimatas have wide confidance limits hechuns
the nurker of Gioups 13 puh wsaller than the Ausber of waves., 1n
arder o improve the confidence of tha SIMIH apaciral sstimatew

it 10 proponed to calculace E(f) both by the averaged parlodogram

*methad, Welch (196%), bHowall {19800 and the Maxinum Entrapy Hethad
(MEM}, Burg (19467}, Hourb et.al. [(197% and 1980). HMEM is nqui-
valert Lo ln-untrlpulltlﬂn af the autocovarflance functlon, being
Curdistent wilh sone modal aysumptlons. The pesult im an increegsd
apactral resolutlon. Analywis in the tles domain s indigated by .
llourdy and Overvih {1%7T! ghould alewc ba coansidwced.

'
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Fig. J.4 Three wava tyalns with commsan varlanzta LIT) R

different SiWLi spoctral densitles (rof. Funke (1579)}.

- M -

It 14 svavmed that E(f} #nd X(f) rogethar provide informsation
snough (o ceproducs the statistice of wave phise. Havertheless
the phigm spectrus should alps be calculated and considared geed
ln connectlon with reprodoceion of waves bn the flume,

Succenafully detecting wive groups ualng the tachnlgues desoribed
abovs will have broad Leplicatlons tar tha ways in uhlch wava data
atstlatics nre applled to englnascing problems.

1.8 Haxlmum entropy sapaciral astimation

Automatle ceqrasmive [AR], moving avecaga [MA] and mixed AKKA

modzle have buan used to describs geophysical and aconomical pro-
cepnns during the last decads, Exanples are Ulrych at.al, {1973)

and Wells [1972}. Racently the authors found 1t worth whila te

Join siforts In an sbtbempt to vam this é-chleu- to astimats spaskral
Jenyitlies of ccean surlace waves.

Tt is wall known that cht!lhutLuni Fmainly by Flecgon and Longuet-
Niggine heve. 1&4 tu Lhe- Gausnlln hypothasla for the deacription of

a random ses surfece. Daviations from this modml have bean rFeparted
by several authors, but it is st1ll the AUSLAT One kxe surface
modal.

Qne #L7ang cLeason fUI aur inptarest to describe ocaan surface waves
by an ARMA model, vas Lta Ennqrunnci with the mathod of mazlous
antropy [MEM). : *

One weakness of tradlciopal gpecirel pstimaticn (Lneluding Fourler
transfgmation af the avtoc covarjance function and the Faat
Fourlar Transform! L the sysumption mads conceEning the data out-
alda tha sampla being :un;ﬁ

In ttaditicna) spactral analyple thia ia taken care of ualng lthlr.
data or spuctral windows. This problem (e avoided in WEM,

MEH domeribes infzrmation avallaple from tha sampla, hut Lt doas npot
compilt jteelf with apavmptions with what Ls golng on outalds, In #

S

L8 )

" r
L]

*n
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partigular, wa derive gur setimatas [rom realizationa of the
procews, and wa sepude nothing on what is going on oubsids that
rmalization. The phllosophy that cur krowisdye of tha upkpown
process ahould pussly pely upon reriltations of jt,.and pot an
unrealistlc sgapumptions beyond the reslizatlon, led to ths work
gre3gnted In this reporc. The pighlea of windowing 1% glimla-
ated, but Lt is replaced by tha problom of mode]l satimation.

The apptoach uawd In this paper la LN antoregTegsive NOving .
aversge (AAMA} procems. The surface ig then Eodelied by spproxi-
rateiy 20 coefficiente and & Polam term. Verlficatlons  shows
that the APRMA modu!l gilvea ecdtimatas of mpoctral ghapes and momanka
th&t arm In good acoord with Fast Fourdar Tranefomrm (FFT] epectra.
Tha spectrus ip glvan on #0 exact ERTh when the AAMA COgfficients
aTd EpOwn. *

Eacaugw the spacirum sm well am the nodel tima geries arg given
when tha coefflciwnld pte knuwn, ws hdve obtalined & ahagy cut
ketwyusn tire and lreguskcy SpAcw iR comparlecn bo traditionald
apxctral analysis.

A data spdsirlon  and apalysis procedurs, which includes the usae
af AR podels, |s digcussed. Concerning thle topic, @ors details
arc avallable Ia tha rapert by o, Helm and JoM, Hovem L1978, wha
proposad & aystes for real-time processing and daca redugcion in

tha yave mrasirlng by,

" A mothaed for slmulatios of the sed SUrface Le gurlined. It im also
indlcaimd how tha rospopse of 4 lindAD system can be described such
Lhak reaponse time scrins can be gqenafatod. The ARMA modele can
aluo ke applied Lo yeneratlon of waves in model canks.

In the Iollowing, 4 brief cutiine of APHA processes La glvan. For

& mare detalled dipcussion cefsrence le mads tg Houmd, Ovarvik, Flhem

and Wo L1%79] spd Dox ¢ Jenklpnw (1970] .

An APMA procoss ©an be regardod aw gengrated by pa3sing & vhits
roles weries (&, }o]AR Filver|«|ria filteri~ 1,

-]‘-

The Eilter have tranafer functions # '(B) and #(B) respect-
1valy. Tha ARMA Ip,q) process mey be wrltten)

- ~ L]
b, =4 1B} li!}lt

- ‘I It_l+"lt_"l‘ .- ,+}P1t_p¢lt-nl.

t-, 3't-q

whata
$iBF = 1 - - P
1ak t. | ce= 4 B
(g} = 1 - - - q
B} !.I . !ll

The two sats of nDnltlht.le} and lll] toguther with the white
nolse varlancs of, define an AmML [p.g) sodsl,

The autncovarlance at leg b of the procass Leg

T - tlvk_lftlrk_l+...+tpvh_P-ll1=.{k-1l-...-qul‘lk-ql,
where

T;u'k} - E[:t_k &l

Tha power epecirus of the ARMA Lp,gl procass Lai

. -1 . -L3nf
|1 Elt . .qt |2

pIt! = zu;
_-1:wf|

o 0By
=1inf_

1-4 b 2

P
whero tha ftequency | la porralizsd wlith raspect eo tha saapling
Interval at of the discrere wioChasthc process.

Cue af the major problems uaing ARHA models e that of datermining
the order [p,y}. In the case of weve dars expsfiance shows that
q = 1 #nd L0cp<I0 glve yood mode) astinates. For further detnils
of arder satimation, refecance lp made b5 Kousb se.al, LL919).

Fa
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Fig- 3.5 In » typical emample af & spectrum setlsstod by Faal
Fauclafl Transform [FFT) snd by an ARMA (]D.]1) process. The d11-
ferents of spactral parsasatars and spactral shape are very small,

Ong of the lnteresting properties of MEM epectrum analyain im thab
the auctacorrelation funccion (ARF] can be eatrapolsted Lln a way
corEiatent «lth the madpl assumprions, Eutrspolation of tha MAEF
ls squivalent to an increas® ©f tha number af lags., Ip apectral
tcrme this leads to an Lnoresasd resolutlon in frequency space

#s5 cumparsd ko tradicional mathods (FFT}H,

ARMA models have bean auccedsfully applled Ior.=ylimacion of
apecied of llnear ceaponps,. and for simuletlon of wave mamplas.
Qiher applications aye generaticn ol waves in lhtmé. and data
cullectlen proceduces,

For a Waverldur tha following dats collection procaduts le propawedi

The dacculretretar dalivery an enalogur slgnal (reprassnt)ing vert—
1cal mcewlerationt, Thie signal Le Inteqrated two times and the
resuliing signal {repiesentlng wave haxighe) 14 digitized to obtain
4 tirme sariea with sampling Intacval 0.% anconds, This serlawm im
fisncd thrgugh a digltal Fllter with tranefer functicn tl-iihlb'.
Since the flltering Lla done contlnually, no transcient is pressnt

in the resulting sezies, and no values of the series nesd to be
discarded,

Arv intervaly found sppropridts, & microprocAasedr SLOCes & apoacifjed
length al the gerias, (4t presant recording in donc 17 mlnutes
every Lhiled hour). The partial sutororretation cowfflclents are
calculated wnd the cut-aff lag astimated, The cut-off lag du-
flres ihe urder of the AR-modal. The resultlng coefficients aTe
codad and tranamitesad to  th&e recording statlan by use of satelllte
twlemakry.

What 1is gained and what iw loat Ey ﬁ-lnq thlw procadura?

The taln sdvantages pver the present method arel

-~ 34 =
W
- llgtlltlr amcunt of daks rsductlon, all informatlon
is containsd ir J0«40 nusbers. Tha sioraga problen in

raduced.

= Transmisslon of cosfficlants Lnakead of an anslogue wlgnal.
By uss of codlng tachnlguas tha preblem of radio inter-
Iarance ia raduced. pum Lo &rrors in tha wave reccrde,
introduced mainly by ths trensalseion af ths analogus
aignal, tha wave recorde by ves of the presant mwthoud
muUEEL be corcected hefors any further analysis.

= The output of the labkar procedure ia ready [or uFEe
directly, the calgulation of the power apscirum from the
cosfficlents i¢ vary simple. Thae podel Ln also well
aulted Mor simulation purpodes. In combinaticn with Erang=
far function modsle fof the calculation fOr Casponss of
& system excited by wave loade, 3t Lle alec aimpls.

Thara L na problem to latroducs & alcroprocesnor in e.3. &
Wavarider to do this, Hovem and Holm {19771. The Wavarider could
ala ba aquipped for satslilce telemetry, and the compercial
prica For & such buoy wuu}d he lazd then ¥ 20.000. The aystem

wauld thersafors heve an upllmitad telemetry range. [In dition,

tha receiving station could be eguipped with & elmple microproces-
sor that £an vancral 1h; reiemktry and &.g. arder the buoy ta
retransmit coefilcients until Lt hes fecalved in muccession two
seciee of copificlents that af® identical, The mLOIQpTOCERNDT

gould ap wall give tha spectyum along with the moments and sll plFl'

maters dorivable ihernfrnl:

The maln disidvantage Ln walng Our proposed mathod 1a that thers
,ewists no wava record, and no ESFO-CEOERing parubaters.



4. LOWG TEFM AMD EXTAEME WAVE STATISTICS
1.1. Ganecal

Dewign of any mayira structurs Cegulras sn sccurabs knowledge of
1t4 prohable sxtrems sen dbata conditlionw far vary lacrge queo-
qraphical sveam. This reeds 4 vary lopng date beas. Goda [(19379]
claymifies the Alffwrent mathods inte thras categoried,

11 Extrapalation of longterm distribucion of individual
or charactaristic wave halghtn.

1Y Extreme velus wnalysfe with peak weve haights of majer
" storss above @ certain leval.

¥}, Esbtrems valua analyeim with snnual wawima.

Under gtoup one, differant models ars ugad and wech Bathcd is
sunaarized below, Hone of the mathods are universally acceptwd
and the estlmates vary widely., Canesally, about 310 ywazs*® dats
Lla reguired Inr & good esticats, to account for the cllmatle
fluctustiona from yaar ko yAAL.

4.7 Models for axtrems wave predictlon
i1.2.1 individual wave helight model A and B

The long term distribution of H, is Icupnd to be Walbull. The
distributlen functlon la decided by only goodnass ol iy and thars
{e no theorsbicel ralatlonghip to Eupport it.

H_-H
- - L] Y
FLIHl] 1~ sup ( [ﬁ-‘-:—_'icl |

'h't'.“c' H, and 7 are tha locstlon OF thissheld paramscar, the
acals paraserar and the slops paramster cespsctlively ta be detur-
mined from the data. Tha groupsd date is plotted gn & Weibull pro-
babllity plpc} with EnlH_ - 8.) ta absgiesa and Eni=fnil-F i _))}
en ordinata. P, (W 1 is cbtalrad aa M/ {H+l) whare m I3 thp cumyl-,
stive pusbear of dats less than the upper limit of tha cliss’ re-

T

- {1 -

prassnting ‘-lll' ¥ 1n the wlopa of the straight lips and iw
datermined by leawt sguara mathod. It |g genarally foupd that
the pleteing pasition ¢f the lowewt H <claas {upper Limit} hase

a tendency to daviate from the fitted wtralght line {two para-
meley] ., In Order to account for thin the paramater ), ke mtmduf-‘lﬂ.l
The valus of Hu in normadly the deviadlon from the satratght line by
the lowast plotting poslilon, JIn some cases & batver fit (de=
cided by the corralation cosfficlant or X'-valua) can be cbtained
by trial and arrozc itthud. chanaing H, valus, H_ la the valus

ot Hl for which tni-lnll-PL{Hnlll = 3. Genarelly, & two pErakmtex
I“ﬂ w Q) Aletribution is Clret tried epd o pecond trelal iae At~
tamptad only whan found paccedary and tha two pRrametar Sistei-
tution i weed for the computatlon 0ol the Lndividual wave halghtm
using Nordenstrea {1949} mathod.

The probability of ccfurences of & particular sea stats H.[lpl g

QUML) = Lor B} = /R e LN

whera R_ is retuzn pariod and TH- 14 the durstion beiwsas obamr-
vatlons furing which pariod the sat viace |4 kndumed o ba stat-
lonagy, Hlnirflly tH. in taken ta ba } haure for lhIlIUHCHtIIi’
cbseryed dats and as 11 ming oz viwudlly cbusrved data. Sut
this la 8 point of saubjective Aefipltion and Le debaied much
curcently. If we substituts for R we gat the sed wtatw which

B
would be exceedad ©n &0 AVEFAQE OACE EVELY lp YEATS Eut

- Lfr
H.lnp[ H_ - Hnrltnlnpf1ﬂ'rl +H

< -]

Thea cetutrn paricod of & glven wavea helghL is propoticnal to 1 and
henca swmall T valume glve consarvative metimates.

The 1ong cerm distribution &f indlyvidus) wave heighta can ba
obtalned by surming wp all tha indlvidual sssstate beight distri=-
butione {Rayleigh) waighted By Lha seam stace variation, This
welghting im dane by a Joint dlacribution function of H and T,
Bnd T:-"

v

[



- K P
1 =1 . )
P - ;ﬂ:T g if‘ pin T IFM/A T adh, = dT, .
I

The lnttqr;tlon in perfarmed by neglecting the variation of T,

to gut
P, i} = 1 - f {H e 11"”" ‘-du
d=f.3] d=l.00
This givaes congervative eatloates since the correlation of H. and yeod c o
T, Are neglectad. This equation is spprozimated by 2 Weibull ° -
distribution ' _ - | 18 707 1.000
_ 10.00 L.D56 628 1. 180
b = 1 - oD _ 8.00 1.619 |
PLHH 1 axpl |;m.'l 1 ' 1612 1.712 \ st
. e 6.00 0.992 . 590 L.614 o
whers d + 1.3} for visual data and 1.0 for instrusental daca. 1.00 0.%32 . 551 1444
C and D are determined from Table 4.1 in which Y im tha slops 1.1 , 090l -518 1.35%4
of PL[H.J. The wave holght of Leturn perlod, Hp im . i.B886 n,475 .511 1.37%
2.50 0.455 .%08
H{A_} = CH 4 4nir /v llfu] .12 0.837 ;e
P c pl e : . -8) A48T 1.144
: : ‘ 2.00 0.220 .488 L.o8s |
Eida (1979) in him critlcal raview statas that this model would 1 1.82 o.AG] 480 Loosa |
hava a tandency bto overeatimaia ths wave helghts as 1t disragards 1.47 0.794 77 0904 ! i
the mild correlation batween wave helght and paricds. This need L. 54 0. 781 465 ﬂiﬂil i
not ba consldered a marigus dra<hack., HMolte {1973}] pointed put . 1.41 4 113 et u-,n‘ .-
the necessity far a grouping vorralation as it La lixely that 113 0.761 3 u+a"
b duniqn high wavan, HtHP] may succesalvely oecur in a zingle. S 1.25 0.754 4id 6.314
storm. 1,18 0.745 A4 0.502
1Tha most probable hiyheat wave todel BY in a particular sas Etata 1.11 0.719 429 .77
of return period R is given byl .05 0.712 L4218 0.746
1.00 0.726 LA12 e.122
MR ay ™ g (R} vIn + H72 0:6? 0.689 LAl 0.538
: 0050 0.666 196 . 0.428
where ¥ is the number of waves THIITH. asauming a rmasonabls Q.40 0.696 _3up 4.156
avorage lodividual wave period {v. ). Thls L3 darived by apsuwa-
lng the long term distributlon nI H  to be Waibull ard does reguire . ‘
ki 4 wordenst wu 156% One secrlous limit- ’
an integratlorn A d°"° br :I | r 'f . ' . © g1 rable. 4.1 Constants for the long Lerm waibull
LN an . - .
atlon of the method la the depandence OF H4 Hy e oo - . dtatributlon for indlvidual wava h.i‘htl,

L

b
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thin mathod the dursticn &f pes stats ia & macter of subjective

dailnitlon, Eida [1379]) concludas that the moat cangistent

way i 3 ugw 1H' & ] hre. in IR nlll- and Hl. = 12 mins. 1D
o= TH‘H-.H. This lesde to the most probabla largest wave

irn the B _-yesr sua ptate whan s4d stales 406 ohwsrved cvar

13 mins. avary 3 houre.

1.3.1 dost probabla maximum wave helght mode]

This model utllises the mogt probabla mamimus wave helght
Mg} for #sch cbasrvation H. i.=s. ®8ch A=l stats.

An setimate of tha Hml.l. e gLven by

HlH:-n“ = H, - ‘o B72

whars R la 1he number of wavas in each record apd is computed
by dividieg recording durstian tH Ly an averags period Tg-

HERCE W Chtaln
Ililnuuln“ “ L. 0% H.

end
Hllﬂﬂlﬁ..‘ = 1, 1% H.

Huormca Ag n rule af thumb H"' doys nakt vary much from 2 H..

Tha Hluu values thys obtalped are fltted by Welbull law and the
denirad gratlatle Jw svalusted, Baetro (3.3.2.1) used Cimbe!
cprobabijiey law In his study. Aa & limitation Eide (197%) pointa
Gut that “-.u is ot sixlcily an sxtreome valum variabls a3 each
sanuple pea mtate 13 from different populationg,

1.1.% The storm mpdel .

This eodel in one way applies & [ilter to all tha som statwes

 F

Y

- 5 -

occurred during a pariod of time for which the hindcaeting was
done for pumerical models, A wtorm {n defised Lo wiart when tha
Hl axcondy s thrashald valuw, Home and to and whan H, has staywd
balow Hsr for a day or drops ta lasas then HETII after half & day.
From the H_ values the scst prabable maximum wive helghte W, )
are compuked. Thers exleis two varslons of stomm model, onm
uses the most probable masimum wave beoight duElpng a storm and
tha other uses the complate distribution aof poleible manikus
heighta Auring the wtorm. Hence & pEa siats lesting for several
ochasrvation perlods oay give a bighar H_ than a NOLs SRVECS
aea state gbeerved only ance, The computed H_.- arw fittad ny &
thoes parameter Wailbull distrlbutlon, Then the probabillty aof
the o yasr weve Lo glvan am:

QIHH.'! - l...”..
The denign 1““ ie computed from

HA = I-I.nll'.n:-'l.-l]l""“ + H,

whers % La the numbar of storms pet ysar avaraged gver the ob-
sarvation peripd. H4 ie pot bha sems &8 the individual weve
of xeturn pecicd IF’

4.2.4 Anpual sxtrems wava hajght modal

This modal uased one obosarvatjon Frow sach ye2ar - the lergest amne.
Eida (1179) conslders two ways ¢o select the sditable extfiie

annukl wWeve,

i} Tiia usss thas aanusl maximg of migokficapt wave haights
tz fFipd the s-yesT sas atate valua, H“, and fram that
the m-ymat design wive as

4 = H“ I Ln nd:III'

vhere nd 18 the numbar of waves in the sca etatp '.'g.

-



2) The swacond uses tha higheat ocst probable largest wava
amony all mea gtates takling inta conplderatian that the

largagt H does nat necessarily occuc during the

max
laggest 1.

Aftar computlﬁg the suitable annual sxtrems value they are
ranked [rom the lowsst to the highest resulttng in say » in-
dependent values sach from a populaticn of N samples. If all
the n dlatributions of H samples ars identical and of the ex-
punential typs the largast value of N samples Ls given by Gumbal

_ 11958},

=-a (H=-U}

Prob. (I, < 1} = Pil} = &

whate o #nd U are functlons of the initial yearly distributicn
and ars ganarally detctsined from a plot ot the annyal maxima.
Tha plotting is done with x = #1 and y = ~thi-en*P{H)) and a
strajght llpe ia fitied by least ayuara melhod ta glve ¥ = a{H=U1,
whery o is the #lops of the line and (- -Ufa) is the regression
constant. Then the m-year wave helght 1s
ua = v - Letat-tmer - 20

Eumbnl {1958} spenirieu thiat n should pa at least withln
1% ~ 20 to minlmize tha uncertainties. 1Initlal and their
extrens valus distributicns ace glven in Table 1.1,

4.1 PResults on extrome valus pradletion

Elde {1979} analyzad viaual wave data from Famita and M, Flg. 2.1

uslng the modelns

- the ipdividual wavae moénl
- the maximum significant wave model
tha most probablae maxim wave madel

= the storm mode

m D OB »
L]

- the anhual axtrems wave model

Takle.

4.

1

g ¥ £ (¥
& |
= - § a
= = 2
= ﬂ: g
i
(=] - -
1
] N |
(=
* L] “l ‘J I
-
S R T B
x |x a = »
I1iJ 1 . r
=l = =
. o Jo I_
B t .
I'II nl a m
[ 1
1 [ ) e ]
—— L ] “
— Py, — 1
(3] ' =_"'= [ »
n:EJx o = |2
~ A .
= = -
it ¥ c lo . {
o - - »r
l "_ | E
! - —
— 2 8 1
. = s .
o e — —
erard
4 4 e
& il J‘ r.
—-— : " L
3 g Y
- - 2 :
1 1 o | g
= J TN -t ot - -]
T =—=L I h L
Q = L 1k
a D HE 1T g
o 10 N F
1 3 - ﬁ
Eﬂ— :u- _r
— - [y
e —

L]

e

.‘.

pifferent dlarritutions generally used for

—aa



Th; results are shows In Table 4.1,

Staticn A m, B, e, o, 4] [ ]
12 mind J hue, 112 mint 3 hum

Famits 3.} MY RGO ped ALY RTLI|ISA

s "W 1.7 2,y RO RO.8 s, Pa.7 | 1.8

Tabla 4.1 Predlctad wava halghta in maxtere of return

Farlod LDQ yaars.

ﬁlld..

ror mods B and C distancas
batwaen Obsurvations of 12 mlp &and 3 hre, aro

Tabla 4.1 shous & large sptasd af the citrems wivs pradicticns
modain A, O and £ are conaldersd mgat correct of Teanons ment-

lonad 1n Saxction 4.2,

By sliminacion af wicatle data srd reanaly:ing the redoced dacgs
suts 2ide (l379) cbtained the remulty ss shown in Tablae &.7,
Here modals B and C warw oot usod, and the apread ls very much

reduced .
e
statian A , b E2
Framles™ 1943-19177 1.7 12.1 .1
SR "HY L9&1-1377 4.8 25,13 4.7

Table 4.2 FPrudlctad wave heighte of retern period 100 yaars

afterc sliminetion of srratlio data.

L]

Annual axtreses &8 calouieted veing tﬁ- HorweTian hlpdieat model

atw ahown in Tehle 4.1

Eide 1197%}),

- %0 -

{1977) showsd that both log-normal and Weibull dimtributlons cem
be employad to describe tha atorm waves. Vik and Housbh [1977)
atudisd the £#5 ptata peraletency Charsctarlatlics in the Norwegiam
=k frnn wavaridar data, They deflned a storm by asslqning &
duflnite valus leval Eor tha silgnificant wava huighi. Thay Ccol=
puted the cummulatlve dlgtributicns af H.. the aveTsge nurbhar of
storma Asflned by two lavals, averags duration snd the standard
doeviationai monthulss, Eeascn<ime and ywarwige. Thelr data bape
tovered only J1 months and 18 ahort to maka very Eallabla con-
clugions. Hownb and Vik (1%77] developsd 3 model oy astleatan
of storm durations which ssceedad definits assiynsd valuss. Tha
avardgs duratlon of H, apove leval H: in hours im given am:

TEL o, - LR

t (H}} -
2R \ L ¥-1
¥ uh!H. Hul

whara nﬁ. “c' Y Sra paramatace of the long term distflbution
PL'HII at H,, oh 1a the stapdard daeviation af ml‘flt. The aver= .,
age duraticn of ses statss balow the level n; i glvan ami

. i' . X
1] miqrp] -
Teit] St My © Y
4+
Thay found that no syscemallc varlations of a, with H. over tha
yuar far dlffacsnt manthe, The sténdard davietion uf sss atate !
was of tha akSa prdel &s the Avarags valug givind largs spresd
and hence the unraliabllicy.

4

Calculated and prediccad durstions by Eoulh and ¥Vik {1977} ara
shown in Fig, 4.1,
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Fig. 1.1 Caleulated and pradclted durations of aea ttltl‘ N
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Fig. 1.7 tTheorstical and myawured diskributlone
of wavs stsepnossa. The case of discri-
minating lavel ls low pass Eiltersd.
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- THE H1I4TOUT AN PRELASCEIRY 0 LOASTAL PROGLCTTON
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Frr Ervun

Chalrnan, Dept. ol Fort Ind Ceean Froplaeering
. Techaicdl Luiverpity ef noreay, Ttondheim

Pedicsesd by b guthor Lo
Apdriny Vicrlingh
Dikwaster, bLreheelandn,
Ter hie "Tractaat van Dijckikie” (MToeatine on Dikabuilding™} 2576-13%7s.

“Water whall not be coofelled by any “fari=e

.l.luit:_aﬂ = Thia paper civen & wrjel review of che Biatary of coastal delcver a3

it bas ﬁmtlnpld $iTCE Lhe year 1,U00, TE 2akey an atkept e autline what =arF 2+
teceed “ehe philawaply' st iva r!'lui-:n ta deyploroent .

Tha “State of the Art™ ie deperibed by Figures of ctarssteriteic devigay ini Ti
way develormenrs.  tFe paper entablishas soxe peperal tules for futurs casstal jro-
EvcCivy and pluas an cubiook fer the fmruce.

Wi GLD I5 THE ART CF COASTAL PROTECTION

Ve do pet knoy; probably wery ald. Adsm »nd Fey =scaped Proa cha gardens ©f Faraliaa
locuted on the Leland of ceylon fol)asicg eheiz blunder In an spple orcward.  I0ev
eroraml the wabtars on “Adamg Bridge™ whieh waw pae anly & "briZpe” (resb) bur 4 c-ascz-
ol precaciion for & majo; patt of the oefd sourhers 3k coapt of lodia,

. Vﬂ’fﬁnfmﬂ"'—*ff' *-wr:""-w,

"-'.*r

Caastal protective worvn of wajor arder 3iabibly firnt cagr into sxbaperce worm -an
swau forced €0 pratect the tand which he Zrved cp opo swoid the watets difeing aw-, toa
gTound urder his feek. |

COASTAL BROTECTION Ix THE LOW CILTRIES IN EURCFE AXD 1N ERClarD

WETRIALAKTS
Althomgh § prear miay Tyining and irrigstlon walle, daos gy dykes cers buils ic iva
Far amd Middlg Eapt toastm] protection pef 8% probsbly firac develooed in (oe iow

v or it will peturn thar forter oits y2a”

34 ' COASTAL LNGINGERING

counttied ip Iyeore vhers rivers poured #0lg careriads, nainly clay snd 4ile, out ie
tue otran lor keieliri. Corsolidarion wvas 3 phow pfocoss wiiEl Taie tha Land sercle.
In adulitian werw brvel was ceaing. o avoid less 9@ iapd b3 Plewdany andd [0 provest
rrarit lves [Tém crosnan) the Fripiant anl Bpa Duoon Dipes tuwlll ¢arch chunde, Syeileg
BEATbes Abool fhe Tear L 000, In ghe 13th gercury bfe Dureh had azcozplisled pajor
coatcal Pratretine ArZ racli0acCiop vorkS, pertacularly {n the Dotcrecoo ares.

Dr. wa® Sefn im b1k baok “The Arg of & Nocipn® (1Y wtives; “The earlietr wvigren ra=
cards abear the Frisjape [or Coapkal Duten) deseribe Ches an walrt——am and Cug=sofeeTd.
The Fuz#rs founmd 7 the Jorch ol che couflfy ohe arcif(pfal nillacis upsn which che
inkabitercy, alrerdy called "Fripii®, sade & livieg, Le srall §ollcw thelt muaecey,
breavht WTHiTI#0 TRECFde Are avhilable adendb thg e3ClY pecliaTacian s~arky LEey oala.

o ahd Thr mase Tace, pow called the Dutch, eook, held acd cade cee low gounlry.

Fling, v%p paw these moynd-dwelling tcibas im the yoar &7 AD. dexcrited tFes an a
poaor r#ofle. he arfarencly exdggerated vhen he vrors ehac Che¥ had o earsle arn sl
D Jid FE ses 4376 Turk-expased Tounds naal rhe ouler whares whels che 26l Bl swal-
lowsd every bif of zapphland? Ar stocacide, Pliny asid, eha Trivazes resnsbled groudd
ef wiseraple ahapuTocnpd sailors, maroaaed on ene cop of ERMsir self—=i4s Erurdr im Lthe
midat oF o wapew o' vager. IE wap icpossible to S0y VYhachee ChE rzuntry belonged o
the Iend ar to the 3ga. "They Ury to waCh their Irdten poweid by purnirg fua, dul
wifh theif hards ot of the #arth ana deird ro so3r #xeenc bR Lhe wpmd Sare chan ia-
the san, whith ore hardly ever tger'.

by doubt the Bwd PLinw refers £0 was the pear which wag fourd o the 'wolde’, ot awsage,
somr difbaris south gi the ciaY parshed, Where the arttficial stuzds hed been mede.”

“[m a1l chey koilt 1240 oF cthetd pourds in the northeastern pare of cbe Detherlacds,
v oares of § mwce B0 g 13 ciled. Furtter Zase Rets aze pore of tten in Eaie Feben-
jand. b apraz of Che counan fhecselvad Yary fros 3 oo 40 actes; rhay rise aace-
tirws to L height ot 10 Feet above rormal seg level. The contents ol a kisgle pourd
miy br UP t3 & aillign eubic yarde.”

“They Silt Lheit mouads an the ghates of the cowekd Lo wnlch che eldu obbed and flgw
wd. 1o thair scows Eoay went Lin cheir Langyage .a vhich cha toags of so cany Lrzisin
words c#h ha fourd}d 'yth oitho abbe, up Gicny £lood' - oyt With the b3, up witn coe
flaod. The thde Lore chen tovirds the pasl reciars, or pechefd Ca toe wosds a2ill
Berihez intsnd gnd Chem brought then back,  Or chey weor gut with cie rko ig the zorn-
ing coxaTas LRt .u, where Ethey “:h:ud thyir food, ant raturoet in the eFeming wiih
the irconing gidae.”

“The Coastal Dutch hava now Tlved 2L cepgutias in ghelr cacahes ans of chese cha firsc
Woar I owsre srent dm resil. e wre met onmeild TR ne 170 *har arme peasanshle
swint ity from Elpodine was azhideed. Turing thesw long treacherius capturits ths
artilicial gaurds mide their furypual poavible.”

"It w23 m work which might be compared with cbe building of the pyramide.  The pyrazid
ol Cheaps han a contept of 3,950 (00 ccbit varis, chat of Chephren 3,000,000 and thac
af Myeenlyn 0O, CCY cuic vardse. The azoung of clay cacrisd ity che counds af :-w
poritheastarn pats ol tha Bethefbands can be gxtizaced ap 1O, 003,470 cubis Fards.

In o Rgypt L€ was & greakt 3¢ very powerfuol patise which boilt the zyreaids theguits
4 verien cf dynascirs, Te abe was o glarify the tharzohe, sicx v Bt =73 8 30
ing prople, wert soald ig puSker gnd often decicated, patisantiy Lifcing thesip race
shova the dangevs of the 362, CTeating large copwb#hiE, mat it sToae, but io ralve
clay.” .

“In thin Lex Frigfomm pf 307 there [ Aot yez amy veneiom of semwnlls, tut ghe Plras
proanpes at dike bullding oust bave otan eade shartly witepwards.  Friwlan manaserozs
ELill wnfang, dating tron tha #arly Hiddle Ages, deal chietly with che fotlaweng
peinti: Firat, the righr of thg people (o freedon, all of thFa, "eha berr ded che 7t
bern' . Tecondiy, the ‘wild Matiemen' viwss invaswens esok plice rocghly frao 8G9 ko
1009, aod gherdly: the Zeelurgh ot Sedwall,

Thils rarel mesrn ol daferce IXaingt Che Bax b¥ =eans of g conticiouy clay val} wan
eolled » Furgh, or weranghold, The peodle vere apparently we-7 pFrozd al thly saatacgi.
becauss Ehay described it in pougical lasgusge ay "the Colden Hop”, tbha Colden Keiz-

j a
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="Thin §n slsc Lhe Right of the lasd 0 pake and waentoin a Colden hoop that lies «id
stound our foukiRy where the 2alt pen punlle boch by Lay and by aight"'." (Place |,
Fig. L}.

The apade, the hand barrow and the fork were the inscrumencs wagd for fiving, the feri
presucably for che grase toutis whagh were used to beiphtan che avees and cake thex
stroeger. Despale ihe tromepdoun efforin the 2ca wab [l stronprét-  "This wan dus
patily to par iokafiicient cechmizal £iill and parily 10 lack of co=oreratics. fcr 2
single nighe, Treg, [Sth 1287, the efiiciats apd pricsid racivaied tlue 10,907 penpie
had been drawoed in the casscal diserice petwern Sturoten and Lhe tRE.  THis 1w 4
« large mwoler ED'HII'.ﬂF'IiFI.', that this was the ares whete 5o many durllirg mounds could
bt uvied a3 plager ol refuge.™ -

The advaniet an! yucceddep have bren tied Lo 2 few cames.  SE¥4 van Vern:
"Sr ofren vordere! who wap che master #ogioeec bha coeated the mareedleus Geeat [atrand
Folder, south ol Letdreckt, the wark shich kad included Lhe Sawninr afl of the tic
wouth of the rive? “aas, and the Ieading of chat tiver into tbe Bhine. Ghis proce:
tx be Williss 1. he had siready Linished thit gigantid undertaking by [J1D.  1ts
polder wap destroyed on 1021 by che 5. Rlisabeil's flood, deseribed 4m o EoTmar
chaprer. Wlllisa vas & mpn af preat coméertiony.  He sdtsounded the tnfire acead of
Malland=Froper wilh atrong dit#s #rd eade several caraly intendad (o drain the v

1. They aleée 2ervel g3 a pplepdid netwarh of sbipping canaba. Te in liwsly csac
by wads the dikep wround the Fechand ivlends  Salelwren and Schouven tod, acd that *a
unfablinhed the ptill-enincisn ddbinidirations far che upbeep 9f thene isiamdn. =7k
otther part of his clever ond dwsaing reclacalion sed conscTyclion [TORTA=IE CHNDOI o4
duvcribed here, bur it in very clear Chat ha wnew the geegraphy of his county by fzast.

Mo mipd bk yeL wngntedi”

Tha raclicit refetence Lo the avt oF scceleracing the natoral pate of pecteticn 44 Ehe
SAMwBEripL TIrdcgaet van Dijebagie”™ {(Irealise on Dikeburlirg), wrizten by the Dazzh
dykearter ADILES YIFRILLCH, betueen 1378 ard L5379, VIFRLILEH discutnes Tho gar-
Blruclion of "crows-dass’” on owd=ilacn siich are nat vet Sry af Jow wiker, In this
canneceion he Alee advigws ttal old shipr shauld ke surk and tarih furped on the o
of them a0 a5 bt rake artilicisl iabande or Elare vhigh gieuld hold Lach the $ilt zz2
—unnd sunpended in the wvater. s Thewo inlamds stould subargeensly ke connczoed wiek ipw
daze. Although this meched baw ror boen uisd coomenly it 14 knovn thit sHipTog:1
have been uned sy puaessus pleces Lo Slesr dpie breaches. Themw wTechs Soroed L4
Seais for the Il vaterinl wiich ca¥ necutred with fdcn or Brusheaza. VIDRLTLGE,
. bowever, wak tueh againag ¢lesing of dyse breaches «ith shipstecks que to the nav=
howapenity chey creaced In che @3be stTuClute. Beverthelcsn, thit osckod was widelw
whed ovel w leng patiod of Eioe, not only in Bolland Put in che (st chet tize Dapiedd

Eillwdmay Iwlntenn.

“Wierlinph vas Ffound 1o be & real rascer ot the Sikes wng waleTy, a man of gRreat
akblity and apirit = one of the gredcesce of bin bind. Luckily the prescer pary of it
oanukerlpr has txtvived. I0d sntpent prgturrsgue Sty¥le i1 3 107 o erery bviraulic
argineer, This recarkablie boze miceady shous the apecial vocabulury of the [azel Z1n-
ing paople in #ll icd presenc—day richhrda. Lo jome wvays it i3 even pecher.

Bir wdvica iz #iovle and sound. The Lvadine thguchr 1wt

Water whll not be ecopalletd by apw ‘forgae” {for=ep, ar ie will pesarn ehar foasfw cars
yau.

Thin is the prirciple of streazlints. Seddsa chang#3 IR CUrYS@a OF CTOMM-TecClart s
br avoided. L iw the Jav of sccicn amd tedevian. Aml Etuly, this fumlacental ja. =I
hydrauliry pust ba thoreughly abeotoed by any one vho wvants Lo be & mawter af L5d3]
Flvers.”

Tha wvork by the dykemdstors and Paroern to frngect and to xiln Jand hay bessn pemara-
able. Flare L, Firs. ! and 3 (100 givae #n z=arension of how dykss were bualt up
“ptedunlly by addicp ona layer of wilt, or wilc ard cani, chell, willow DAEELFEaReE #I€.
on the top of wach acher. fecainy of old ships, brack walls amf pile wallt Lape =iid
= - Fo let1 ihan cepcchirds af the Iy parr of the Xocherlends i3 caroade, w2iie
Lha othar whied Lo jul: "peturel™ ses macek of Soavish awazp.  Since sbour Ene d4a7

11 che Felloving arres have A nooeTd NG Lo van Yeon:
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Bnoche dea STOret .., iinimmnnn. traeees  FEO OO acrar

By puring lases dEY 0iinrvnncnnnnn. cue M5, 0RO ¢

By pu=plrg che Zuiderese 07 oouenvnnnenn. i g " {partly Future}
. Im oll T.83%,000 scran )

With tedpret ¢o the disrribution of fitl (ke 100.000.000 cubic yarde of wareh Fil)
which the Dutch o Ere early centuriers carried to cheir aetifoctal hills vere mads
enly in 1 wcall ares, covering rouehly BI af che country. Van Sesr urireds '
TIhe sra walls or diset Lete sur iefond work.  In 185D, whar ia jet befsre che alvezt
vl stean dredging, we had about 1750 wiler of thea, conraining abour 150, 0%3,0% eitie
yards of patecidl. FMoreever, chets wern mony old desected dives, whove canzoars Ay
be ercimaced ag 30,000,007 cotic wards. Thase 250,060,000 cubic pards were prageical-
Ir a1l transparoed by handbarrows, -Frel=-barrces angd horse-drawvm Larta-

The thitd great work var the digging of the dicchonr and carals. [n tha loves ta’[ ef
the country whout 800,000,000 cubic yards of earth have been resoved, i order ts
drain Lhe lard snd eepazale the Tisdda. Gl sRIpRirg carale Thers sre absut LEGA zitex
18 Hollaed, far whick a Tigure of 30,007,000 cubic yards would Ba a [ajr rItisare.

The foureh and Ereatcit lutk was che dipaire of prar. This digpirg serwed » double
turpnse:  the provivions of fuel atd the creacion of lakas whicH, when drained, gavm
wore Cerrils land then che ariginal moore cheoselves, t

In total we have ﬂl.ll‘ acenrding £o this rough edtimate the enormous volume of 1are
19,000, 000,000 cubic yarde, This fneludes the making af Inves ar uell &k the dlgpirg
of ooors §a che higter eastern regions al Lhe Ketherlands. e

Conpare this figure with the dredging of the Suer Canal. G convbructed abaur 100
Suec Canmly of the aize tade by Do Ledsepy, ALl thir vas deow by hanod, whecran [u
Levsrpe unrd 60 spwap dredpen.” -

But the work would mever have been cooplated without the dyreaastmrs, thelr faresea

and Ypoldertoys’, who olten were the fareers themaabver. Figr. 4 and 5 fFlata 1) ahuy
them reraiving dyken and builglng villow macererves for bortea protection, an ald-bas
AtH10 actlve are. ’ ’

A apecial bind of dykebuliding wan rhe wewd=-dwhes., Condrryction was lioleed to Tanc—
Friu%u_li and the Zuiderzee-dres, where des—seed o sra-grass wai found ln ampir
quanticies slopg the coadt. The Wesr-Frisian s£3 dyee vere for & loag tire eeinfarcad
with seaveed, and ¥ were some of the Vieringen dy¥es. I i1 mOr rAcwh with cartaincy
bdw old the wevrd=dykes arw, but weed dyvan vere constructed frog Lhe 8tk ceenTuly. A
leth-17eh=crniury wred dyke was built at the noTtherroaat poict al the Teland of
Schoiland, pod anobher ank jn 1715 1o che Sarthern Fart of Noard-Follard. Sed-prass
lor dyie buiiding was collected offsiare in che 2uiderser ami Che nadden area. #oliow=
ing dryiag, » broad, couph layer was placed on ¢ha sea 2ide of the dika. .

Ay owrbition prew, dykes aloo grew. Hovipg thes sbill elgter to the dangers it boca=w
Receddacy fo teanloree cha dyres 3y hurd warfaced lice bazale blacks snidfor acher
trructures patallel as vall a3 perpendicular to share.  Trese reinforcirh or dujzgrz-
Irg dttuctuces davelopod &y experience amnd ¢epesufe increased, The gradual crindatcu=
kfnt by slrwcturss lile seavalbie and groynee may have £3d+ a contrilurion ts 4 rot
Tally justilied wense of ewcurizy. 77 Laz been claized Lhat dyust were RIT caAignd
TApidly endugh in step with che sinding of che Land and the rise af wea bevel 3ri rhag
dybsr vers not mubjected ta thoreugh fnventigation of Ehbir scruetural soundness,

On Februsey 3-Gth, 15931, & spricg tide whipped up by & capirg gade overshelcnd the s
¢efonced, md cade erecandous brraches in che dyben {Tlate I, Tig. &) ard cosi of rie
iedends in the south-wesr wrre frundaced, 1850 prople Dot cieir 1ives. 41T the
auaitable sarerial snd cappever wan mabilized and within a yesr all the g4pF in ke
Gyies had been clesed wnd the [(loofrd arvas onca wore reclaized, (Flats I, Fig. 7).
On bovezher Sth, 19%7, the "Dalos BPiLL™ wos tassed, rontaining plant fuy clositg ke
tidal entrarces in the south-west {Flats I, Fig. B). whem this rrejrct Bas Seen gonp-
Lreed thr Dotch comat will have baen sharlened by 700 hiluceters. The Dolea projece
piavides far ¢he closurs Ly wrans of maynwive danv of four broad, deep wea inletn, viz.
the Haringwlier L1984}, Vewrse Cal (i%&l), the drouwershavenss cat {1971} aod the
Edagern Jcheldt Li%8) anad [or the building af decondary dams in tha Zandhcceh, tha
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Grevelingon and the Yoirrrak, The horterdar ¥ntereny ard the Western Sthelde il b
fete egen, tinec they providr accsts T che porte of Fattr-cam and ARLLSIP Fesyerilve-
17. This weguenze vas chasen alter Jue gemiidecation, sinie the trapsition (o7 azall
to Llargr 223 nrmy reasles experierce rained  t3 be profitably gacd in the Darger pra-
jests. Arsitor teager as tle desipe encachiece a hapher dearee of svbety tor the
largest paani%le ared in thg shorrent posrikle tine. Thit = the 1-'-!'l_'ld'§- 111'.“!!.:“!-!‘
a1 Froftezzian prajedl - is gharsuthly desgribid in o nenber af publicatiors ard Lr Lhe
Dubch prrigdical “telewwerben™ published by the “Dekta dienat™, The EtItus of fhln
project at chis cice Liuly 1932) o that the Verree Cot and Lhe Harirgeliel have been
¢lanad azcosding to schedulg:  Ine pegtiens 2f the Diowveeahawenae Lot weze clorel in
Lhe wprirg af 1971, ax4 the work vill B¢ complered by 19720 The zgutheon gd4p -2B
eloned by telpher, [ignctezd blochs Svm=ped fre= cable gors!, thwe northesn ere 99 TcaAda
af L4 caissers. The eloaing of ¢ iadL gap oracr thet cidal currents jcvélvesg the
woverent of JET sillisn fubie retres of water into amd out of the inler {each zone=
peot takirmp about B hours) ceased e Flow,  Tiere veoairns the Jam whick =ill £ecue off
ke Easrern Teteidr. ki will be acour » hilorectes long ond will slop fhdal €uTreacs
losglwirg Lia Tavezant of 1,000 oatlion ¢ubic mettes of wiver into aml cut of ke in-
1et avery 1=elve “2arw. The ronsttuctich of 3 artcifigfal Eslapds wip o) L
build the 20=: z1a [irkt was cozrbeted i P99, rhe wvecord [n 1970 wrd the thira in
1971, Thid oz=, ke lasc and largest to be censtcucred (it [alle wp channels #4 deep
a7 3% reboes), iy eaproied to e cosplebted by IGYE.

Fhe censtrutlicn tf the large sluizey presenced roorecus probleny which were ssleed,
Protaction of the atico wae ohLainsd by placwmenc of large “Zinkdtdaken™, urhaldlize &
L, 008 yrar old tradivizn, Although oamy taal and canvbruclion practices hiave esarnged,
wvillow cattrepres (Mlace 2, Fig. 9) are otill im wie but chey oay in tone cascd have
bres coeplaced by rattrassrn pf asphalc of synchetie theetyr (Flave 2, Fig. 16}, The
gooc vl the Lelzasroject by 1978 e retizated fo be dpproxicacely 3,30 mlllian
golldere €% L0 BilYien}, [t v an eayensive project but 1B wnsut@d gEfater Shivky
for ehe enfirre Eeutimueac of the ¥ethrerlards, reducen tte conr of dybe palntrnanew due
to the cassilire’s 1koreeniry by nrarly JOO wn, opens wp » wiaale adrles €f Qinlavnds,
Teducan silting, ellors Past trallic links acromn the damg, apnd ieproves concrel af
the surTiy ol fresh wauvr in alesut the choels of Fellend. In addicien it providal neu
teeresriccal possitilatien fer rhe vast population in che sourhwesl urtat scrad aed
thr prevision ol <ioque agqaspic Bporis Arras.

The drweiegrent cf Pureh eroics, = A for remathe should Te made aprcifically on the
Butch grains. Tor fazst proins séce [robably Built ot che beninning of che i%:h cen-

1Ty, bub gFEin='ike strufGutes mAv have bren buile Cudh carlier. We do kac S er-
pctly b thev loared RBut tle historv ef development Jduricg the latesc §07 co otq

A 3 . . - .
yeors is koovn (Flete 3. Fig. 11} ard repropents a fontitueus line of Jovelatmany el

g stveazlicrd strugtore evposery dLvell wx lstcle a5 possable 1o “che Forise™ 21 gui-
reaty ard wawes. Although ETONRAY have grown im tie the principles are the sacze:
Stesr pitehirg on gravel on cadfleeta in Lthe middle and s0oReT ON MALLIPNEES CRODDF
pides vith 1ep orf tafc prle walle as supperis (12D

Today's lergth is we=ally spprexizately 260 mefera and space brivesn thed Qs af the
avnr crder g deszrited an nore detar] inoa ldter section. OCEshare slevatpony dre
about 5.5.0. OCceavisaally groaiss sce provided wich Ficg? backs {Plate 3, Vig. il)

ta break tha longshere cureencs. Analsysrs by Bakher apd Jogsrra {1) have deodbateac—
ed the xtiliey of the Darch proin protrction wnieh Tas nat enky deererdid Lr :upr-;d
eronfon i eroain grens bur hay rves caumed azoretisn. lhe reamon = teogzugtloin
the Pzt than (T1lal) euriency gemrired vath suwell sit1on provided Lhe stare w.th
mprerial [rz= rffamare 20 that the growns A4id oo wwlfer starvarion as afcex a1 ia
mareally Ehy case., Lhile the situztion &t cany other plazen cletw greiod heve Seen
Bailt if that ¢rosicm cOATimuel outiigr bhe evirene ends of the growns chis, aeneraily
kpeabinp, do¢3 not wevs [a be the case alops Lhe Duteh ecean sharad. LI Bay o teil
Lhat maturs jrsell wade a demnngiration ol “arcificial noufatment” in illal'um!. Tha
groint, Lovever, #re rab carmef eLeme LR Ehr protecrion f Holland . T bas #leays
bean cthe dykes. But foraipners who cane and b Lbe fesults ol the Dalch Zeolns L>=g-
tlbts mivipterpreced the micuabion wiry LeT LOuEL Y - :
Fip.4]. vhich gragually ineresncd in lengeh b several hundred TALLOF AL Ehe inybetdn
Barrfers duz to cobLinued chore recessios, i3 just ooe of iheks misinterprecaiiont by

She oapaive Damish Sapih el grains,
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which rnarpeus guantitics of wmatcrials weee sacrilied Pecmoue of paclier. inszfliciaang
underscardirg of the =ethacis® irvolved, Dre —ap age: Coald they Fava dore appeh
ebtnet The sascer aprarerchy i1 thac ib waull have ceez Jubbimaul:s ia che pasc but ic
i much easier today = far which relean-ic showld I+ dene. Midifirerprelatioraal so
foand Cheil way L0 ihe Sew Zorlé, wich tle gronnac b Miawi Beach (Flace 3, Fig. &3]
keing one of the nosc scarcling #xamalea o2 hov groins atoce are Irzlequite ad g3astal
peetrgtion, O the ather hand ic may be [air o s4y chae the Long [zland Aclancie
share groine are enampley of #fforey by groding to Llve up ta the Dutch eamsple,  And
Chere are pevetal owner ¢xtoples wvhere conditions were favarable (Flace B, Figs.G2, 7).

“The Art of a hation” becane an reaparfe arciche. The [uech also carried ont cany dyka
and drainepgr projects in Franca.  Accarding to ovam Yeen {1) tke Clollandries” were
Eo3t abtundant in Cerzany, Feland and Pussiz. Alorg Lhe Maletsebon chere were &% Zatch
willages n IBJ6; che ditcriee Chaecitzs had ac rhat tiza 30 sosh willages. n
Foland theta were wbout 2,000 willages infabited bty bhe descendanvs of fne Duteh immi-
gracte; in Fosen there vere BXD villaget. The firie zoear caral in the Upited Stasen,
the Erie Canal, wan firpneed in 1777 by ohe facch ard ics lozrs waze deviaed by Duceh
enginerry.  Until L7980 che Unived Scaces of Ancrica had ne echer reeditoe. rhan Hollard .

EXSLATD

In England eoastal protection oalso han & long histery because of cthe contirueus erosion
of mtracegie arcas wn The Ssuth Comer, En Lirtalnshire, Ssuth fofestiice wnd in haoy
etluarien. Thers 15 already cixar evidenre 8% rrclamation wores by cormscruction of
"calls” Ldyres) in cha Durpenest area during che Fosan occupacion, the Phee =2l beicg
the best kpovn riompla.  dtiscorveal evideficd gLves A condintent pigtucy af I.hl:_.ir.':.ul'
sien of che tea plang the Lincalnthige coadt, by retarrnces to lasn al lln'd._ ond dacagm
& “ued banks™, which had been a neceosacy delence wineas Lhe THA century. In L1135,
wotsrding to recards, the vaves breached the sea Banks ay Habletharse ard tha land waa
Flosded. 2y 1&30 the aea-vall agais mieded repair. Ecoslon conplooed ppd gha histary
a@f this arwez is one tough [ight againet the 4ra, o

As In Holland, the Cirst measares against erosion were “wes bankn™, the desvigo beieg
oodifted to serva ax 58 walle azearding bo the local sirtvatian. Soze were jume eciegh
damy, ochers wvere Eascine o7 pilevalls (J). Later, wertical bullbeadt wvace Zeseiapel
(Flate 3, Fig. 13}. Oo the Enplish shingle teachen abravion preweated a tevafw proh-
Iew and called Por the opplication &f [lint, hidale, cr athee $ystable atesisls
(backed by concoere) to tesiag abrasion (Mlate 1, bigs. 14 & and Br. Tha blach wvalla
ar Ferr Level (Bupaeness) (Flate €, Fig. 73) an2 wallarzd {Place &, Fig. J9), are cem-
tioned later ap eaanples of podecn nfeping walln prouvidieg [lesibility racrec bhan
ri!idi[!_u- s daw rrfleacrinn ol wave sarray thersby bejcs ears cAarsidearate 1o rhe heerh
in froct than vertical or slichtly curved structures {11).

Graips wers uierd am an Addivional profective reasure. They were put into use in =arly
tites, probably _ac 4 redudt of observations of oie crfcet of hard points procruding
Fren the 1tare. This vay likely bt have Féen the case 2¢ Bormera, Ssulh Yorashire (%)
stere duritg an inquisition held in 1E4Y cancernirl heoavy Losies by #Totién if vas
seaced char "there was a pecre ac Borpaca Neach, during che ¢ontiruarca whereaf the
decay waw very little”, In 16b& tin groing were beilc on the hews ily sredies Spurn
head, South Yorashire, 4t cha enccance ta the FEiver kroer, wpere nacuse’'s [orces vare
avniged by oan'e texavel of ahingle frem bhe beath, Tre proing weze aof be Kiny Pile
type with herisental boards <hich ceubd be adjusewd sisilar o the Yitharoten Croyoas
sreceed im the 137072 (Fraww 1, Fig. 133. They were strutesd ot the goava-drifr s1de
to rexiat che pressure of cha sccwmiiating beach on the ypdrifE side. ESheed pile
Eroing were alee tuaced but the ccsalt w26 Jess catisfactory Ehdn the retulte with
king File groing, The [orocf were (oo rifid and lacaed any we btk af adjustzine.

Come =nthusiath seemd [0 havd Fraulred Zrom the retole of prein consrzuceicn warks of

limited bepgth aleng tla shete bt ébercvations apoyt ill elfects in thg Torm oF down~
drift erasion sere al1o madsr,.  In a daiscussion ©f an asbicie by Mr. J, Furray on TEurn--
derland Dochs™ princed in cha Froc. of [nst. Liv.2aprs. 1¥29, Fr. Kennia acd Hr. Caluar
Talering to a rejocr of 1832 admir "fhat gprains wale, wider eorkain circunsrances Tha

bene defence ior o coaar, for wherever the waves broughe the vand and shisngla fn quaz=
civies, che srawvard wide [illed wp while on Lhe ler side it wan generally scooped aut,
bl by & judiclous diagriburios of thame Eroins, sych an accubulagion of satarisd eizht



L Enexpemaive typres were devlsed, Hpo

cokd walls, unleda properly conscrucked are
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be produced, nd would effectually pPotect 2 share, o any aca worka”

furcay im Fzec. of the lnsr. af Civ.Enpre., |537,
discykned the drsign &7 proins zrd 2aye "Craing night 2 forced with ftanes, Tiihen wor
tangires, eithet of the fwe Jicar-asowd materials Lasied woll, Bub In cdes -dcin :ip
deponil %48 Fapid, and nf guch rature as o entirely Till wp {nteThtices, and :zowcns
decay, the lacter material would by sufficiently ducahbe far"all ocdenary purp o'

The entire sliuation vith respecr ¢0 5ca Profection vorhy wes reviewed Lv & "Raval
Comaiszion an Coast Erawiom wic.,™ whase repart waw prioied do 1910 By H.M. Svapizoarey
Qflice- Gne of the zost sipnifigapt refecencet in chis repars da the ctacemenns ehar,
"spencs of cheit gum denrtaccion”, In tar-
tleylar it refers to sceur at Lhe 1ae and the necesyity of confeewctiug &4 apsgcial toe,
Apron ©F Erain protectien in [taey of tde sed vall to prevear undFECuttaTg .

E[Lh respect to groina advenrases and disadwantares were Fully resliced. "IMe pridencs
laid brfact ut powr o phov that |n many caSFY gn the eopne of che Knited binrdes
greliny have been construcied of o greater height than wag necesanry to fulfil rla ce-
quired conditlans, with the tosulc that they have 2o unduly interfoered wied the travet
of the shinglr a5 ro Irad 1o icpeverivhrent o the heath to leewstd, taugizg in zary
dlstrlete ntripus injury to che coant”

The letpeh of groins and ere distamce bervesn theo it dAlpcunsed a8l ta 1 ratias are
cormman tul datinfwecoty resules e dYso obtained By | oes I oracien”. AligTéenr et
Tlght #rgles to the share waa beaq ard provicien [or adjynctpent by addirg o7 Teroving
planks %t preferable a1 low czoink vlcen praved fo be mere efficient than high ores
bhalrg lesy adverer to downdrifc beathes ax the wave cier,

Reading thin Brltish documenc xore than #0 yracs old, one repreen Lhat the wisdem ir
contained wis realized ma lare clsevhere and that designe &p coneTadictary a4 fosribis
te the century old Brivish experience vere advacaced for 4 laog gevied of tire #nd Do
aoae er0#nt 2Cill are Leing prosateds  The Jillecence Bbetersn Bribtinh and Dore prozs
tiet ir groln desien iy related to the rain size o! the racerial vhich the s73irs are
eoaposed suprreed to ddcusulzre. In Ingland 2 good cany Yraches arr of shimgle, arz
woma of thea eapecience J hick rate o beach deufn and pignificent Liurcuatiass 1n
Weach profilen. A high {but adjumcsble} ;todm oy therefors be prectical. Inergy
Jogn along Che nten ic of Iess Srportecee Jus bo tke codrpeness of Lhe =mcerial.
Converyely in Hallard 411 braciuey pounisr of fine to wedjus sand vhich =ovel egyiir
and fluctuatiaos of beach -rofileq ate of relativaly snal) cagoirude,  S530%h slrean-
Yined cersd pectional geometry cagsling licbla turbulencs o3 therafore besc for suck
contftions and proint should he Tpw L2 confarm with relatively gentla sand 3i0ses.
Croins having high wertical walla would result in scour and jowvesbng of che bracn o0
the efstss zdle of

ek .
weem pledadis

GEIMAKK

Ia Devvaack countal protection starced oo the Korth Sea Coaar in 1420 with a gpeverr—en:
project Lo incyrase the heighe of dyrcs on the Lice Fiord Bacriere (37, In che 197974
mxprf ioenibtal Eroin® wete hujlt an the Wesr Coast wiing 5 [uteh devdinn whieh stran -row=
wd to be LEo scak to withpbtarsd The violent wawy sction on thae shaf®#.  The dredizn was
tefofarced and over tle cexe S-40 years alrosc 00 masvive praind renging [a lerzch
Froon wb. 100 m e ab. 00 m weps Buile in thid meneral acea of approsccately 33 =2
leegth generalbly yaing 2 concreca block dexign LPlate 3, Fig. 43} of blocks rargicg
from & fo B bu, now alten provided with side alopes of 2 to Bts grenite.  ilocss see
Placed Vith specially denigned craned. Erosinn centinued putaide the excrers ¢na of
Eha ;rntli and the tutrt rarcs wera BOL P ePE up. Tam lamd rnoy Wi e ERCeACd fraoua,=
dy aa the dunse and divés vere withdeavn {3).  Areificlal pourisheent fiva ey or »ii-
thiery BTwTerd has = surprisingly #uoagh = nor been spplind yu buk L urgently necded
pacticulacly on the Lima Fiord Barriers.

COARTAL FROTLCTION IX HORTR AMERICA
In thar Kew $oeld the profassionsl hitzory om haw Locel problemy ware s0lued {0 beroo-
img wid a0, Wyt "public hisrory™ La new.  Lr may e describad Wricfly wize a fev
wokas (4,3}, ;
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before 1300, Frdersl incereat {n shoTe problens waw Licited to Che Ffateztisa af
Feleral prapeecy and ioprovesents [or mavigatian, At char ciss, an Alvilary “iasard
on Datl !Howimant gid Eeach Ergpion”™ dppainted by rhe Chief al kngiteers van che pric=
cipdl inftrerestalisy of the bederal Gowarnment im 11ds Pield. 'n B93D, tie Cazyraas
asswmed & broader rele in thgre CT2bection by astkarizics eregbtizn £f %4 Wezzz fra-
sion Brard. Foor of the <even mec“ers ol <he Foard were Corpe of Sogireers offigesy
and the ather [orue sere Frog Seace sfencies. [0 wias evpécérsd T0 =ird pludies
beach erosion problens at che crquese of, atd in cormperacion 2ut%, cievew, cooataen,
ar 2Ldfes,  The Trderal Caverpoedl bere yp o balE &f the cont of esch sbwdy 3.r 4ud
rot bear ary of Che EORECCUCLLGA COREE unless Pederally oomed PJTRTCF Wi dm

Thiv iopertant fhent sred wag Folloved by a serien af iqpegwwmwncs, e 1955, 705,
1562, 953 and L1963 decesatrieing 2 2011l Erzeenting ircerene avl irmmlveene 1= -1-_
macter by federal asghworitios {40 5}, Sgueral §carew grested their ownl Brach ergaiza
and #ere developmene apeacies which extablished co=pparacion with rhe Tacal o5,

Aray Corpe of Frnlrr": Listrier Ond Divikzcn niticrs ard with che CEFicw ol 2:p Clad
of Tnginerrs. A Qruat comber of Mudiey of actual weach srsqisn froole=d [alicuel b
rep@rid ba Congeess by coe Secretory of che Aa-ty aytnarizacians 4nd Pirglly BY Cosesal
conEributions to aepyal icprowemenia.  lhese ctiorty were JUpPRETES D7 Fedearzh pra-
jecbw By the Deach tresion Baatd and frem 1561 by the Coascal Ergiceering Runtecin
Center (CEAC). A rucher of ap=ciai PIOjercy tetd handled by podel Lwdls 4C C4 vREd=—
wiys Lzperizeat Station of cneg USCE and CERZ.

Seructurally apeaking che arrp af ccastal proceceind sutfered aborceo=irgs co=7eced 3
the [2w gontries Luzape. Fatanird S3re ot lesp uamfess epantal profezcicrn 2aviens
&b €. preTavle froina. have had & bikgesr chance im ULS. bupiness T0an #lseneTd Syt
Ehe newexl A0d DadL rfieccive reature, orbificial” mouriscoeat, 3lehcagh fot Scrn la

the Staten, %45 raited therr and B30 40 far bren ooat saccessful i3 che Lgite? Stateq.

Beirg “philosaphical™ one may may char the diEferance bervemn tha Eurcyaan tos countsr
and the American coastal progecrion prageices lies §n "“che segle™ ar? in “the degraa 22
inyalvement”™, Tha Eurcpean 13 “high'', tut “short™ and efren “conples”.  The A=ericaT
iv "lomg”, relacively “low” {exgluding huericane protectioms) bur “reiatively sizate”

The Furppean practice is tough and 2ilent, che Arerigan (s [iezible 4nd ¢ maves soma
noldd Bégayse ib id fof ooly 4 pedduld But alaa & “nourishing machice”,

LEAT LaS PAST EXPERILCLCEY  HOYW SHALL [T BE UTLLLZED?
The teabined experience, gained thioogh yesrn of acrugeling way bt exarenned Eriefly as:

1] Vhatsver you do,aveld wavesr a=l currents tueaipg chair full forrsa acto ¥23
(Yieclingh, 1570%a}. !

) lan'c me aeagaighted, thise Large (0 you poendbly can.  §r if becter o calrs
prablecs ¢f auite wilofelerey of Dlled toan anly of some ovcery oc fet,

i) Look prearvard, landward and up and down che shore and fvalusce carelully taw
your plans may be influepcrd 37 or influeccd Che syrroundifg aress of Jard and
vafer,

4} Cprscal Frokection deaes nat neceasatily amed o he fyse coatcal defarge. O1d
Puteh rxperienge and pllitary tladleven seems to [avour Jeferce Sy aicaek, le a-
var Lt i aleayn best to keep the [nitistive amd nof leave it e the enear.

Ao Aserican veczion of this ciperlescd kay be exprensed an "ghe Bert proveceizs far

real wrcave is plenty of cesl sscate in Eronc of che rral sataed 520 WAk La j-aiezti”
an APprusch vhich puics miluw ared Rilocececs and slpo macches #conozy &p the *..",_
exptrisher is that you (wloost) always pre a bargain when- you nr-lr larga guaciibian.

REASESS FOM ALACH IROS LG
In erder ro defling lnd digtutd the prablem it ix recessacy ra 3o bagh ko ics rooEs.-
Zrecion lt causrd By che larcen of REfufe, ao=etimes asdisred by can—ada seri=zores
er by wmAn"s active eromion by revyedd of materpal fram che shor®.

Table 1 i+ & reviow of reagony for nafural aid RAR-——adn erasjen. [ ro fresise iz k2
tave place from 4 particular shor® 1kery Eost b4 2 balance beturan the guaarizy of
macC il which areiven and tre quaBtiEy of =ateridl which drparts. LOE us eiiuizay g
ahore which iz nor im balamcy bur ba losing matsridl pactly oLfshore By pracerarsal




CTHEME 4]

drift and partly ta the siden by iabalancs in longehore Jrift er

.. |“'"i“”|- d1 . 2L

ransversal drife prgshnre drife

= Vith refrrence to Iong renge developrent IXsnversa]l drifn D caused br
162 lowel! rise (disregacding saml deifg by ciod which in pome caven pay
be of consideratle Jmpartance).

‘Tran!rtr nal
e ———

tea Level yise (refw. i and 20) w1y sound Ponocent bof, Tealicing how narres 119 biach
la cocpdted co the offshare afea vhich {1 Le he mourished by erasion of Che 'ruﬂ_\ in
prdes to balanee Lhe Tize af gpea level sith an equal sa=ount of Jeposity of -acerisl on
the Baltom LFlate &, Fig. 16 apd rof. §3), 40 can br underdioed how an dvecsge vise of
just 1/M in per vear may cdype shoceline recessione ranging Itom 2 re 3 [t alome ife
Eentern Srabosrd of the Unated Scater. & pracral "rule of thuab™ is thay the shope-
lipw rateden | Pt Moy cvery millineter wiiich the sea bevel tloes. Theeow it. REvibesk
to day, 8 phrate Lag Evtieen rine prad dgession (13}, Ao imprespico of [he most rocest
sen Iewal ripes gleng Ehe U,5. sastern wrabeard +iy ba obCained fron the fallaslog
flgures by the U5, Uept. of Conmeres, Hitional Gorsnic and Atmospher it AdRIRERErdficns

Aowms YEre LR20=L770:

Eantpoee, Maine 1120~-59 338 twmfyr

Poctezcuth, bew Hapihire L¥IT=10r b3 -

Maedy Hele, HMassachaigttn 1911-142 1 Y

Meviort, Ebmde [sland 193i=10 .70 b

Nrw Londsm, Conneclicug 1913=1a 27 "

Wiw Torh, Kew Yerk 1893-1Q I

fandy Fook, Xew Jrrify 13431=-70 Y T

Seltioore, 'aryland 1901-70 | .25% :

Washirgron, B.C. 131ZI-70 . +1ad .

Portsmoulh, Yirginia 1936=10 el

Charlencon, Svuth Carglina 1921-F0 .10 : '

Faty Fulaskl, €eorgia 1936=70 ALl -

Marpgrr, Tlorida L929-70 1% - .

Mltai Beach, Flovida _ Y S E S ) SURN— L - JUP S
R— Fentaccle, Flaeida L am - o1 l5=13 LA040 "

Eugrok 1., lowsiana 194010 505 .

s Galvrton, Trxgs 193%-710 - N3]

It §# ®beipys that the only way in whick this erosion can ke countevagered is 55 agrifi-
elal noyriskment replacing the mater (4l ¢roded by nther material ~Lather from lamd ev
frow effshore mources. Ele Jatter begening more acd mere papular due tn ahorTARy ol
land b3frou arexn. The ifgegprated Lraosversal lranfport ef oacerial iecludarg azason-
al sod Tong Tange soresenia in wraally Bucl largor ton the langshers. E_lE_l:rr ;ul_:n—
wing tepded to put the DdIn wepbasis 98 loTgander "FARFPOLE And nulurﬂ_i.ln_! TpeLnL.
trashvaters and tra walls larpely rengentraced on 4 dilferen; distributien o Tee-
dEabziburisn” cf The matepial available - . bog on cvetase therg vas aluers 4 o2l Lo,
Fartly dus to lack of recopnation of thar Tact wpd partly due ra lagk af praper rquip-
ment be handle the "rtranagwraai probles” eftecciwely G war noc un:;l1lht Tasy pez ic=
coded Chat it kas rrealirrd that oltisarely the only way in vhich ccoprtn 0¥ Be foushr
15 by attificial naurishvent replacarg Lhe =atrrial eroded by other marecsal . The anlT
placa vhrre rhin pemeral gule way o didrezarded it whers mature itaelf provicée cne
nourlulhent. 1t wax the "Krw ¥acld" which an purely cosstal proreetive basis carreel
the Inigiacive end it was there Lthar #iforty <un-:rnua.:fd o rne nath and '.-ilEf rreiich
af brirgicg rarerial bach tg ahere b0 Feplacs the quaniily vhiich wap losr By “dulzerg-
ing ol the ptnllI-:-

&L = 1t in ganermily secepred and Jupblfied by » gfwap number of Tabaracory
aDPRINors T A obaervations thAr the longabare transporc of material () has
ge almops lionear relarionship to the lenashors Enput of wave cnergy LEY er:

13
norn
when % L p Pacior which deprioda upon matecial and prefila tharaceeriptics. Cnly warn

ioducsd -cureenCe BTE Adfumed o Be pirsrac- Thie i tuto mesnc shat the 10:-#‘."-4‘@
tranbport drpendn upon Chy curvatucy of che sharrlime. TR Pazure Chis cuTvatute Ly 2
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functinn of matural geelegical snd coancal merphologlesl candicions Like the ezistencw
of beadlands, bedroch and river outlets (Tamie L). Thit cay upset the bajants eciation
1o thar

49 -~ . dE
T i
in casq af % agem=ulation will resole
in cuta of <2 erosion will resals

Mature dergaserates bolh caser vy, WY updrifr accuulsiion esd daundreife sraspizo st
headland. :

Takle 1, Cauana of Eroginn by Kicuzre and by Man

Facurw bl By

Rise of Sea Lewal Dazy, dyint dcd Ather goattal sCHUCtures

caukirg rita and concengracions of rilen

Feetruding teadlandy, reefn ard

Croins, berddvaCeCa, juccier £0€. Cpus=
rocky gaysizg dewndrifc crorien

LER dovnair bl srosion

Tidal weeedacay apd-rivers Causing

tap.pade gatranced pautlirg intsrewption
interrupteos &f Llivroral drife

af Lliccaral drifte

Zhorellms geroetry causing rapid

Filly protruding in cha acean (o duck am
incocase 4f drifc guantity

extenC chab they chargs local shoc#licas
promeiry radically

Blaeking af Tiver outiets Cafrying
fedimanzx £3 thme Wbore by [iood
Apage kirricry, &hanpe of bocacion
QF outlets cus te flogds, erodien,
Tezranic zovesecls ele.

Da=micg wp ol rosers wichout pravidicy
pacerial aluices

Ierigation prajeccs decreasing Llow gf
vacer snd dedizenea (o che shora

Recoval of racertal fros Laachen Zor ezn-
struccion amd OCher purpdics

CAat dearyuccian eff0ct paturs in ics sbumtamce hat deMErStTated man unfartucacely bam

imicaced. ban=—adw ctosign iv & black §pa; on man's ssegcideion with shoces, if iv &
deploTable tace crat o411 codscal protecdive ceasured Apacs [rom #etificial moirivkedne
lear] hyra 4o 3dverss affect of adjoioicd shores. AQ exadple i1 provided by g groop
of ptoins kullt iz tle 30"ies on the Jacigh lacth Sea Coadt wnich eoused devese jaa-
Fide Brggion, uT tu 1@ Ig zecewmion e Yrap {sicusiion corgesred at & latar Jaze).
Faliy Fu Celdae. “Ef - Irnd harbor breaked B+ §5d

wia wmr 2fF ziunr rurTly 2! pedicenmrq,
aciop ghancalt Alten becaoe aloosl co=piece 1ICLOral barciers causing ievera
trosiss,

Ta evelusce the erodion guantitativelr, endoeds of srovion of profiles wrs reeded.
Such iofacmacion muy be availabla For areys of Jimiced siT® byt ooly 4 Eew cognsrins
ha¥e bept contirudus fecprdy ol dcedd OF facger siar throurh & lorg peciad of ¢

Tize.

Thit ipeludes ree 1ow courtrion in Eurapes p.3. parts of Oecare, England, Fro-:se, Gor=
#any anl Fallact. Méstly only shereline couezencs have breg tollaved. A sefr ZlluriTa-
tive Exa=ple is ziven By Maakar and uttra {2} vhasts paper Jdoas rat oaly iczi e 242a
on dbureline cover®ntd un the oprn STk aed At tidal erCrdnces but aled EOSFaTeR BroTEs
Jine mavrtencs 9 groired and pon-groieed theres apprarsiog cha rtfcctivansyy = rass
pretecvion.  Similar recocdy are available in oa Eavw ocher placey, eof. in Demciru, fez=
waoy and spca placen in che U.5.A.

Sereral publicaciond ard bouvka give vonsldecatle inforraticn on the developract of afo—
tivn Bnd on cosdral refpholegical femcureq {7, 3, 1, 9%, 17, X1, 22, 26, &%). & geracp
munber deal with Seamanal changes {L3. 14, 187,

S5pact phoragraphy i3 now providincg a toal for large scale Chesving of coadlal covesenrt
{17} ard rea-celerenges).

& very special typd ol aroalas scenr. in lprvegian fjords damaneteacing thal £lsasters
nE Irepamleus dinenniony can oceur in mbPagquecus shoprey ke fing dand ard coarse miic.

The ¢xplacacion of why chess elides Eraguantly reach vy large domendions £og e Iocod
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bn thet Lwp churaeteriscle properties of chese =atecjala: The firne properiy is $he
gemplepe baws in stceapuh after a shear [failucs wlich 15 charaeterintic for loare fire
sand dnd coaree silt. A% Clr gesalt BE thie previory the skhide ManLes Asgme clhe
chatacter of & vitcoun liguig awd, im the first 7lace, flov dovpuwnrde fram the =13l
wcar apd potaibly injtigte rey s1iden by erosion.  In the sccond place, che disi);éar-
anca of tbe slide gebris rears rqt the Paces of tbe alide scar are Ivft ursarperis:,
in\vlrlr; the rise & a0 weleosisa ef the slide in an uphtll dirrcCion by 4 rebré rai—
sive, piies by alicw, davelopment,

.The seeand progpecey of pabratine deposite of Fine van) and €narae #ikC rEyooneikle fo-
the digasterays chatacter of che gtuden (g theit exerprionsl]y Ligr erodebility. Tog "
reasun why these depanile #fv gasily strached by tropion io partlw the lazk of cabr
wl fine sgnd ard cgarsr wilt particler apd partly the laek of 2 provective gevef cf
Jail End vegetalion in tubodrine depotity.  Thr conpequente o rha hieh eradabicity
rhae 0f & llow sbide ergcernds aver thit gype of depatin, Ir «r1] ful 2e4p cinyoci L=:3
the plopes and wusfoemine any obstructitn which dellpcen it fEom by erigiral pash.
The scarn ol woch an eretion can leask tg the develarment of & pow #erics of Telreirei—
tlwe sliden which can fontribace beth By exterding che alide wnd by 2dderg furclec
liguid tanrd to the {1evipg Dasses.  Ip the pORLaiacia) delrak amd wEbludChgs o i
che brad ef the PyozJde on Siddle Darwdy, the Dike tand and ail: slapes frequent
steeply,  In rolt epsey Lhe Sepecitd B0E ponTiTutully Eroving as B ferelt af azoamla-
Lign of 1amdy ard ailcy materaal Seieg tarcied out palo the Ejords by The tivers.
Undec rhet1d corfitions kven p=11] nan-=gda iLllJ.l'l;J pay amitlace 2 slide of compilen-
able sipa. A lacger Lhogred Pay contfibure o the ifatabilicy of che mubsacine slozis
In theyr [jords g artcmian ps-¢ presdure eordsbionn ecipindting fron high water sreg-
aured in the fissuren of the telrock beneath che drepagics.

“patl cephanizs” froeien che Teadét iL referted oo
“The Firsl [ntecnational €enferemce on Fir:
—=+13,

Fer furcher infar—scion on this
paper by Or. Lo Ejerrym, Trocerdings ol
ared Ocean Engpineering”, tha Tachnical Faiversicy of dopvdy, Augyar 1971, pa.

HATURE'S CoasTAl PADTECTION. Max's COUNTERTARTS

Iy good Iu:'lr Fdture hat rot cnfr demenitrated how (o srode but sleo hok £o pTOLEEL.
It cay salirly B srid Chal there in no prorsction (mitiaced by wman which has rot Li=
forchand been arrenced by fétore. ams ratygre obcdiped a1l the geod rrescios as weil 2
#1) the ba? tearles pelore run did. Conseguently oo canm learh (rom radere if € .07
only BAky the ctlecr af open g our o#¥uy and iobikimg, 1€ culp be adnitied that =
+ has Men enrr Stagicative A0 ks bad Mote agpc2e47 than man.  Fechaps owe reawnzn Sos
thif fay br woupht an tle fact chat whie we ser i3 monly che sesals of the Eoizetigs.
in the cate af fayluted DiLEle or |'L.!II:!|I.r!I wat leltl Coaxzal peopraphers and zedizils:,
OFTHB unwntentionally, QENEFive TALUTES coOaSLEY ProtecLich if.y.

- e
im mles wWE

Table 2. tature's Corsgal -Frﬂtitti.:rn. “an's Counterpitiy

Farure 1

Shope roth Fea vall

Bock 1eel . Subeetped bulkhewd ar mound

Roch 1wland O{luhare brrakracers .

Keadfand _ Largr beeabwale! perp. Lo OFf &t #n
angle with che sharsaline

Kack perp- Lo shors Groina

Sey [loar vegacation Btirm HaCLEREFES

$¢s purlace vegriation Floating Breskvicer -

Dane Dyha

Watetisl traowfar 10 shors by

Kind drifc

Rivere Artllicial oourlabsanr from land

fhare frosrion r AOUTEeH

Longihete Litteral Brile

Srn botLlie pranefer

Matural by-paening of drilfeo at Arcifleial noutbshment From offshace
cidal inlety sANECHN .
—— — -— Frchapical by-paaning of drilr at
- tidal imiwza
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Tabie I glvvd vrazples of pature’s protescbve aeazires and mitscions of thex by =qn.
It i+ abvicwr [rar nature has (reaenSe retaurees a=l 64 sble to play & "full orckragzy’
whece man's inatruzertation oa somevtat Limited by che lock of proper tonle anl «de=
quate funding, ore ceperding upon Lhe orhar.

Plage &£ Fig. 17 shous wpdrif agcusuiation 20 & tarpe rach headland, “Portlamd™, oa
the Icelamdic Soath coasr. Flice & Fig. 17 demarscraies natural offshare brear=dioc
Fropeczion cdvdlbng tesbole lersatiem {n Daraet, Englasd; Place & Fig. 18 packet
beaches formed by ouwccreppingy of coral rock and =1wural rock sea sally va Ehe =ssr
coasl of Purtiy Rico (Faloase Del Hotd aed Flawe & Fig, 30 hype oubpodry of material
by » placial river in Ehe Argtic. ALY placiers have suthreskis of walor reservaiis
duting the dutmer seafen.  In Tceland gubglucis]l vulearors, when eruptlng, cccasicn-
#ily cause disghargesr of Lhe erder of L blllion cybic prh. of mateciql including bed
Toad "pecricles™ of 30 e,

COASTAL FEOIICTION o 8 &
The pain caddd of reed Far conneal protecelon ace lisced kn Table ¥, dizcinguishieg
bteween measuren o e thhen on lacge and oo smpll scalan.

TJabir 3. Main Cosrs pf Keeds for Coantal Frarectiom
Larae Scalse locsl {amgil) 5Seals
Reclanagion of land and protecpion
"ol the pecltaioed ling *
Ecereccion of propercy ahd dCTucturey
on the coxnt ] [
Construtrian and pravectlon of heachen ] Fachty heaches

Takle & 18 an attwnpl to wetablish a derailed elyasiticution af the Cypes af coantal
Protection which are available teday, Dittinction i oada petveen funcrional, Opscs-
Cional amd ‘hydraulic or waye Erchanicy charsaetecideicn. .

Table 3, Varioun Comntsl Prorection Measyres Clattified in Acrarddoce with
their Abllity ¢o Provide Frotection af Excencive #nd Lacal Aresn and their
Influrmce an Adioining Shares.

Large Small Irfect InEtuemty pn neigh-
Scals Scale * bourirg shaces
Grafne ) fu}) x May mrop or Adverdn, olten vary
SecTealE LT WLy
sbareling ra-
cerpion hul mer
Ll sffshore =ro-
Vion continuey
T Sra Malie * . & CStop eraslen May [0 some extent
i ., ' where LLey mra becooma advares
buile Fut do mat
stop oilahare
. erasion .
Shirre parallel -
breabvater (a3 L Will gratably hdverss, oftan very
$top eroaion veveraly
end bulld up .
. btach whird Lhey
- dreg erccled
Arcilicial '
nourinhesnt N T Hifens beagtrs  Rennliclsl

Fzovides full
Pratectinn LE
well tlntained +

[(x) levs atgracciva gelutisa
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TAIME &

- Tlhlf % lists dil[errT: coast1l jraceetion measucan and their relacive sbhilire im
Providiog the preveccion, uheit inlluente on adjeining sharss (beeeficiaf or atverse)

Beloary ve dn svsluate vhich rrorecrion is preferable the siruscion =irn regard [g
rrenion hat i be Appraicsd. This miy by dont by the iotroducoion of rte rerTitol; .
uﬁd!ftﬂur?lhrﬂ"i Teaifleyent Ly opurished™ and “overpaacshed protiles” and by tht‘i.."
terminolopies "soorce’” and “draip’ of waterials (18},

I

wwflald el ar Bhea

Roaeh Frnfiley Clatsified in Arcorqaned wizh Hourf1t=gnt = Consjdreratlone an the Tyl
ol Lhe develapment ¢ beazn praliics batll op of %ind vith &fdin cize 0.7 rs 0.3 = y
ke to show 1Rt uv caa ditgiasuish betveen profiles in amolher vay:  thar i, b:T..-
tht'gvernnul-ri:hrd: the Souiiieiently rewrishedl and the undernturished profiles. T‘:p..
ferminoleiies are especially wvaluable (6T an wnd#estandivg el the prodloy of ooat N
el coastd]l Frotmction shoglt te pralerred ard haw wacisfactery guch canipguecisn h;1 )
Pe. Ine overiourished baepd prafiles are fed with roce macetial chan the viier coq
IMape Inzd renl beata profoles. Tneve. thesetore, ave irregular ard often jrriors 44
) ifewialur shayla. Therw ate vwo diffecant types of gafFfglenttyp-moumit nd ;rrinl:m

AL orn of thua the profiley ace nok Ced with %ord marezial TRAN Tie SavE €an Seica
imto g prafale havieg the same “equilibriue farm®, ar Lhe other, che laqy of :J;rvi.l
wquale che Supply of sdterlal and 1he prefile stlll has the sane equilibrium fora.
The ypderrdurished beeeh seafilec are reodeds  thar 5, the coactline Teirogrados,
The yndernsur | slecd teach preazeees will #lvays buwep ap acuilibrigs [9r% byt the for=
iy chenge lrom one Iocalic? to spather, Sepending @n che condicions in greezal.
atcpy, cherelory, that prepcadation af 4 coasc eay take place with or wighout T
TiUMIpre!ilE! vhile rerrogrndotion ol & whareline can ecaue plige only wigh agailit
Pratiles FAVIrg 1 mixirum ptecpnoky £ortesponiing 1o the quattyey of liveors| irifl
Che vaves and the raterinl. A3 actual Pquilibrium profile thepefars sbagle be dedps
g gadte proflle -tk maniren steapress. headledr ro say, we cacrot txzecr hat
wifernouTiahed prafiles will alsdyr have The sa=d “hape, but we can expegt Ehar 45t '
unqtrneuri!hﬂd ard wifieirntlv=rguriched profllas wyll Tavd cercain stantard for—u
whieh in BUEN means that wheee opm of the srandavd erosion [orme gecurh, we know 15::
tha srosion is yrobably nat troperary. This ipforoarion is ey impatidpg. I o rry
. SUher Fafd 0 trosion Cabey plics o com Expect that only ¢ elighr cbange in the 1lg~
twral deifr Walance may ptart erasign.
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Lhan {Fe=r [acrory are mnowm, it Lo pessible ro evaludte ke effecty cf warisud
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fangm of Increase of
& " - drgresat, dpprax,
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decreate maintermanct. [n —1ey Sreas al1 over che warid reclamation will exnéiruae 4
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doubt that luture cuatial peotection will comprime of the simgle or combined Seasuret
1isted in labie 12.
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#) Fut — very izpattarc - oot all caterfal peeded to €illL @ Beach han to Be “firag
cloan®., T& i+ enouvph chac #lL the exposed mactecisl is syitable. Felow the lower
level of Eluctuation ledt adrquace mitecial mad be plaged = jusk te yrovide voluTe
amd supporr ot the vpper flear of "beach paterjal”

Ehere o w# Tivd suitible waterial? - Ivery attilicial pourisent praject inclades
4 et 18 Ipfgke Zroper calefaal =Sach can be secured inoan eesrasic bay.  foeh zaga-
cial cay be feynd in borrae afeas in neacby lagoort and bays veere L0 e usally Cair-
Ly saxy to dredin 1t and ¢usp it where ir Ly wanced. Mesr artificial pouris’=ent pro-
Jectn a0 bar tave been bawed an bayv, [sgoon and land saurees. Ear it oay slsa bA ye-
cwred Erem oftshace sourcew. The “sand (Mventory plogram™ cartied out by “he U.5.
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whete. Coaital pecmorprologing have dealy exgerntively with arcient shores {5931, Zur=
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tieny — and deglaciations = and therefores to Rhigh [luctuscions in pratauce =oved up
epd Z2wm vith fPe ace Toad, AL che fame Cime Scesns Nubjected o glagiationt recerved
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pruccical and semonczical., To inwescigale che availabilliey af oaterial, core sazplen
thould by taien up £o che depth of the plepned boreow, TE i selfexplandcory Ehar the
bezrow pic oukd nat re located po cloze to phore Lhak it present & danger o beach
ttability. Thin cuescion in deale with in ref. 39, The 70 [t contour may br tee
boundary for muldec conditlony but X0 Lo should probably ba the mininco deprh for
dicions an rhe spptern araboard of rhe United Scaten.

=an-

How will ve pheq brice thin eacerial bach o ahare? = Ay it zanoot ereep itsal? 1ha
ohly praccieal vay af bovieg 1t ax by hydraulic pover, pusips and pip#s. Far chis ova
fred machirery ard 4 devicw o carry cha machinery. Far fhe latter, theee differanc
poanibilitics merm o #aingg

#) oifsnatTe I:I'I'lj.ht EIBo B suTIACE wehiLle LEPIp)
bl alls*ocr cinitg fron & vahicle Operaling oo the 'hol.{.“
e] cllvhere oining frea 4 [iawed or covable platicrs

re. a - Offstore —ining fegm a surface wehicle = & trng on wining of sand offahore was
fun by the §.5, Army Corpr of ohgineedm otv 1905 (GTY.  The U,5. lloprag=Dredze "GCost=
hals"” was selecced fer ore operation (Flate 9; Fig. %0}. The meoaring bacge w3ad far
discharging ftag the hoppac dredge waf anchored in Appronimately 33 [r of varter ard
ivs dischurge pige vas connectied to a ZA-inch diaseter, 2,000 fr lorg la‘rtrgtﬂ ploa~
Line rubnimg askore, The lire Betueen Lhe Siscrarge pipivrg en the bargr acd Cha gub-
werged laine, to fofw & conntcdion lxom Lhe plart ta Lhe geean Slcor, neefed bath
Tiearbility and rugsedness ta withstand the latreral and wertical movesenr and tha
Iocees anticipicted in this pevere serviee., Foch ecdperinnee of aferation sad 2quipTent
was pained by this test by which fifty-two hopoer 14ads, comprising eore than 252,000
tubic yards of wrd, were pumped ashore alone o 1/10themile strecch of beach. The
pand FIll sat giled ap tha brach (o elevations abour 3 [eec higher thin weicied pra=
wioutly and t*a beach vas rxcemied seaward soae 50 feec.

The Corpt af Erpineera beach nourishoant superizenc st Sea Gire, Bew Jerwey, demgp=
atrated that a tuitably #quipped srapoing hopper deedpr could pump 2ard OACS Ao AL kR
brach {reo wn olfabare Boaring, thereby [oreher subancing fthe wversatilicy and uanful-
pras ol thin Lype of hydraulic Jdecdging plant.

In 1871 & comprrhensive mpucistmest [rom offshors sourcas was tust o Fompeoo Rwach, Fla.

Fl
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by C.E-Besn, Ine., Lu, Thiv® wath was pecformed betwren Twtr April snd Dorober of 1573

= by & ¢ullrcheat-Suttion dredce. Duriry (kis perisd aprfowizately 1,600 000 fubic
yards of material w29 pu-ped on rhe Leoach.  The marerial vas Iogate? g7aroxbcacals
J-5L 00D fewt cifyhare in deprny of JE<30 feeg of mater. The depth of zand dvailatie
aetden sacevded 15 [eer ard pover exceeurd $0 feet,  1LG drepe was 289 ft lony, L% Ft
wide, 4and D £t drep with 3 disrlace=#nt of approeimadely 2,000 phast cany, the FOET)
ttgine Wit 3700 hop. e pipeline wicd wds 253" 1.0 The {icating line v&w €amen-
tionel. The l’c-.tHM_I Peach Project sas depcribed by che consracior 49 beird “rouzize
in EveEY EE474cl, VIER Ihe FEFpLIOn 0 Nea cardicions™, T crerstion vas PEmieed by
the Inability of the Ploarine popeling Eo re-ain Gutagt when rhe nods exceeded o-3 £
In height. It in fele by cthe cpecarars that tThe dirdre ould havr @pereced Lo scas
wp Lo a=b Lt pravided the vave periml wis relgbively skart. Lene perigf waveds torded
te afirct che dredpe’s capabidioe while shorc-froind caves had tiore #ffect on the
Floarirg rireline. Zubsurlace pipe: have ngw bren Ceveloped For uie in canet sherg &
piveling Bynk b able wa recain ih posivion inm bad vagphes,

The Tarpeat Bgach testeracion eor crcation praject in probably tha 16 milllgn exhic
‘metrrs bragh fitl whieh vasx carricd ot Lo 1970 At Lagh wam Bolland ta create 3 SCQ-
heccars (i‘iﬂ arfE)} boach narih of che nopth bBreakwater of the Poclerdas Valervay.
The caeerial waa dradped in the dewp vatac channel seevirg Europort, FoCrerddm's nec
glpancic wraperc 183},

re. b - Offihare minisg (com 4 wehicle apecaging an the boccen = The uhdecwal®r drecze
In w014 dtran vhigh appeared W1 InTeTVALE Juring the Julell twe decadey,
dredginp Tac mirersls hgn Leen hrawn foF lopp. Sutcerpence of puptlares in the ooean
bopicw by jet punps I3 pf recept dare. Similar large acale projeqtid for plaCezenc of
tuonel Pip#r peress the Sccaitn of Cover and slscobers have bean sdvocaced guring te=
€Ol yedrr. Ihbre undefvater deedge (Plaze 10 Tig. 323 ohich van puk in gperation on &
Cepf badir fn L5700 40 Fe, Pietce, Fla., vay & Tetalt al many yearn of trial ard erccr
JiERY. A total of B),UJ0 gybic yards w31 dischacned an the beach frem the botrov ates
1,209 It offshore. Mamy irprovesencs $040T geen 0o be needsd ke wake zuch am dperacize
wu_tuful technically erd scoronicelly. 104,090 thousand cubic yards were puered
sahcienr Wy 4 copventisl dredi® in concimuar{ion of chis wora.

Lrdervacer

J2. 5 = Pwmnicg fean o plaeform - Arather cype OF affghaTe dredge i1 & cesult G Te-
prarch undercgeen by IRE, Tallamd, over & lenyg prried of yearTs,waich resuloed kn the
develapeene ef the “platform-aredpe™ {3k}, Using this Zredze o high race &f pradie~
tlop cam b ackicved 4t considerable depth in cutrants ard svelis, Flan ang Ride
viewa of cre plarforo are given in Flate %, Fig. 31, which shows the Jdredza with tha
ladder lowered for dredgirg ot (ke mavicun depeh of 1) woters. Sopporzed ¢n three
bezs, the rlocforh con Le cosud by wadon @f carce twinenpud roeters, inoaoy dLFrdbien,
Lengeh of the L=sirs i 10 M. Yhe cucter l&2i4T projects sbout o o when in Eha
Epined podition. The legs dC¢ dpprowitalely @ 2 im langlh. AL g 4redping doeth of
23 moard w cutter peartiacion depth of Y i, the Flalforn can be jacked up to & hbight
of & m wbove warer. Table 13 Q0 » List of dacs predigred by che I¥C (58) comparing
WUl cdpatities ©f Convencions] dredfes to the cutier platicio dredge.

He _'|:_4bh 13,

Ourpur Capaeiry by Conventinnal ard by Flatiam Dredee (M)

Canvaptional Copvencionsl

cwbier dewvdger guccer derdger Cytter

with rpuds with swing wires platietn
Bptic ourput in wl/he 1,000 1,900 1,009
Lenn Tactor Inr averpunning - 0.3 = =
Kusber of parp-houre aftalnable
gef year in caln vacer 3,100 3,100 .10
Munjoun waye height o évan pwetl 6.3 m 0,15 . .0 m
Fercentage ol vorkalle hourn 151 i1l BOZ
Actual pump=houts pec year 1Y) L,14% 1,659
hnhual productien it ot ik pog 573,000 1,480,000

Palntenance - Aoy srtilicinl nourished brach will swlter losw of satarial, This
Talaey (B guesvisn of how ro decrease dods of arcificially nowrithed =aterial.  Thos
may ba ptcompliohed By Livuclurens. it 32 gemarslly saccapiel Chat gFoiny 4r¢ able to
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ginw dowm Iangabote dpift but lawy by tranavercsal Leif® is probatly far rore severe,
garticularly on Eharce with steep affahare profiles, Addition of skire;arallel bregk=-
LaTech S the eALTFEs aad @AKLEE a "TErein” o “min} PoCrer Sealh” 4y an IT[favesect
Lhich bas bern wsed -ich foccens o E. AC Drerfietd Brach, Fla. (Dlate 3 Fige. &b aci
%) on Lids Key, Flao, on Hillam Mead Zaland, 5.C. ere. Aociber eobupizg i Ehe 23n—
atcostion of an "oilahers 10107, Such vills have beem used £.3. o0 12=¢ al e CSicegs
beachry ard en Singrr Jaiand, Fla, Tt id in fzee some huind of an of{siore breds.acef.
The difference iF that vhibe of [hore breskucatery are builc in single secrians siile
aTe rontingus training walls providicrg an aifset or step in the Botto prallls,

tooking 4t the erperience availakle in Flarida, ft cay be caid chat cany ahares iz
Florida 4re sirrady pracesced by gome wird of offshare brwdawater ia tae forn af che
limgstonn, gaquind, drd brach rock Teef s, which are fourd aleeg n youd gart of ate 5.
E. coast oF vall a3 parc af cthe jgver fulf goasz. Ix it 2 bngwn lase oot Seteriica”
tign of wome of the effghore reciu had chaned incorsved srasion {w.g. ar Jupiter Ia-
Land, Tla., Aflantic Cosst 4nd on Casey kny, Fla., lentr Culf Codnc}. Madel wazeri-
pencs CAFried oul at chw Coiversity of Flacifa in 156% desorstraf+d ehe abibity 2f 0o
£11L [cewf) o Sake 4 rtep um the Borcom hue 41 60 reveiled che sdowr srogles, paEti=
cularely Lpyide che wakl. 3E b, hovever, guite suidant rhat rha odfshore bulktead &3
trainirg vall mas had & tensfigial efirct an he prafjle. The rewule, cecdlenn to Hir,
is quantitative but eo~pated to field experience it indicazes rhe trecd correctiy.

A werY spatial type of “affshore training wall™ has bean Dualt ot Buskin, Sulh Alrica.
fr cansiscs {1977) of an alrnasr 3 w2 (2 miles) losg oflshore depatic of 5 ai1lien =3
of sand plaged in 1984-1972 on 17=18 m depth, scown slovatisn at wpproxizabely 7,53 2
balow H.8.L., sanirus vaves ab. & metere (pef. 55 braught up o date by privare o=,
with Hr, J.A. Zwadbaormd. This "wall™ oz Preaessrer had 3o far BEEn re-preabdly siazie
althouph it fluctuatey stighely, che vaper Jevelopirg grentler alope dirirg 1000 20
ateeper dlepes during fagir weather (avell) cotditions, Losses hevd beea anall s-f tov
breakuater hat chuted considecable deczedsn gf wave sction during steraw, baneliving
the bedchay, '

Considering the cosstal gomorphalogical side 0f che proples, nature rra eatablinte?
large pochar beaches (Tlate &, Fig. 18). Isprovoents of natural cardicinat eay ke -

1.,"-:"“[“ rarirg wdwaptaze 9f nataral headlarss ang axbericg chad L7 breakuacer -

tuch prehee Sfachet have brzen gacablished at several places, w.4. oa zbe
Venezuclan shores ar Los Caracon and 8¢ the Shecaten=dacucp Pacel. Focwens ray alsa
be establighed ty ttorbpiling of 1and on the Beach at itterrale. TRIs will urdashred-
Ly cavise wore (ceoperacy) tlow down of larpehere drife Ereating 4 fcemseracy) Jeviice
arosion preblen. Moce zaterial will probatly be Tast allskore hawerer.

sddiciong.

wIAgC UKL
With retpeel to SCrwctures = wWhether groing, @ffshure braskwacers ar seamalle lozludlia
frvetmenle = it Tay be expected that prefab. elemencs will take over 2 & #till i
creasird exzenc. The skare-pacallel stTuctured will by i che lead Lecause they Jal-
fitl reGuite=pents af comyidesacion T2 ad joining ropercy. TecrRati0na)l need ¥ ARE ARTIT
herici baftar chan sboce-perpendigylar strusgures.  hnare Lhe laginr are yile rhey
arc mott Lizely needed for apacial "intrelaching purppaes” ay “pucker” er Tpetctel”
Bescies. HMogt structures will probably either be cazs-froduced jn slecents 49 darga
as praslical ‘ot needsd - of daag-precuced in anectys of waricuy catrTidls eas¥ £ Raneld
and plage, This trend i3 already prident. A iloping gra call w.0. F2Y b mpliz uwy =
the foliouing unicir prelab. tga proiection, prefak, watorars, prulad, armar, jielfic.
wpwa geTden ard prebfab, pverslanh protection, tetalling five "uwnild". Grhind ras kEw
mate upr af pref#b. ntem elomancas + poteibly o T-head whith could shso be of prefab.
tlezenkr. .
bypasaing of —aterial - Bypanaing of littoral deife ap tidal amd Sbher Entrémcd can-
oL Te tonsidectd TArrifitial mourishaant®. IE Ia 4 pe-establishzenc of nataral 373-
censep which wefd didturhed dus to e4a's sdygPee interferenca. This cay ba arzespliale
wd by “byparsicg plante™ 0T by *hypassing arpangements” (3%, B, B}, B3, 48) .
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Table 14, Sand lr-PnllinE ﬁljjyﬂ in tha Cnikced States
" Cocation
Bakers Hauléver, Fla.

Br-tarting arranpemene Seatux, 1979=§971

Bay shoa} dredping Feeranent crensfer froa hay

. shoal trap sugjgescel
Transler [rom ftoap bohind up=
érilt jecty connectes hreax-
waber sugpgrated
Fized planc 1o be conslructedit)

Bocw Raten, Fla. Trap in entranca

Canaveéral HWarbor, Fla. Dredging’ of chanmel
Channel Txlamdn Harwer,
Calil.

East Tars, Tlu.

Fiee Llaland, L.1., X.T.

Trap behiml broakuatar Cperational

Keir Jetty compleoted

Kaz bren siudigdirodel study
&0 Créy aErangement

Has bern dtpdied/tucterbed
ln operation ajnge 1552

Crpreafed weir ond crap
Transter [xom bay shoal

Trapaler from Bay shealy
pepresned woir ard trap

Fe.-Fierce, Fla.
Elllabors, Flim.
Howston, Carpus Christi,
Ten.

Jupiter, Fla.

Pay #rd ocean sheal dredping  Sidecantirg im SpETACION

Depreseed weir and trapfpro-

roned

Uprracion 3 yoate

By=pads of jeeeies to be ex-
tepded authafind

Gecaniopal tranefer froo

acenn thoals

Undetermined or being studied Reciceulacion hy erap at lower

" end of {=nile reach being gpudicd
Ey—pans [roa trap ineice

Revinion planncd

Weir jatty completres

Aloost complegrd -

Trantfsr [Tom shosls in 2¢cadt

and eoitance turgestad fmodei)

Traniter from Crap Lenlmi up-

deif{ Brearwater

Construction Tecermeried
Entention of wert ietry, can™
ftruction af tatc jecty 4ed
detathed bridkwater saorherian:
FPermanent tranefer i¢ex bay
abipn] frap Sagtoaced

Undetermined of being arudied By-pann of jotties to be wn-
rended aucheriased

CKaw Jettied apd puss in 1962

Transfer from Bey shoal

Hesonbore, N.C. Trpressed veir and Trap
Mariches Injar, L.I.,M.Y.Fixed plant propored

Eew Fuxs, Fln, Ocash thaal dredping

Kpwport, Calif.

Dcean Heach, Calil.
Falm Besch, Fla.
PardidoFasn, hla.
Toncy Delzon, Fla.
Fort Iverglades, Tls.

Trap Innide wpdr Lt jecry
Fized plant

Dredgling of channed
Depragird waivr and Erap
Ocran shoeal dredging
Port Puensma, Taldil. Trap brhind updeife jetty
§t. Lucle, Fla.
Fanta’ Bathate, Dallf.

Depreveed weip and trap
Traniter from thoal insidse
wpdrift bBrrabwdier

fabaacian, Fla. Bay #toal dredeing

$hinnecock, L.L., M.Y.

§, Lake koreh, Tla,
Tuln lakes Harbor,
fanta Crua, Calil.
¥irgivia keach, Ya.
[(Pudee 1nlrt])

Fized plunt

Fized plant Operational 1572

Tisgd plant Feelsion planned; being srudied

Table T phovs the statos of by-pazsing peocedures in the Unleed Scaten 1570=1971,

1t may be obterved that che Flexitic srrdpgroents: dredzing Crom braps behind de-
pres3sd wairs or delached breshwebera af ¢thef fr4ps row are in the Jesd cozpared (o
fleed or movable plants on jetties or LE¥sCles. HMajor covable plant installacisos
4te Tound in Durban, Souch Africa {scepped in 1933} and 2o Paradip, State of Geiasa.
Pay of Benefal, India, A wnall mevabir plant oounted on & cfedcle vhich cay be closes
or oprred [Gr pasuaps af drife by “shutiern’ or “newdles” Lo Found sc Bigapetsm, Scein
af Hadran, India. Tha jetty Is LeEt apen duriog the pontopn peried.

Fiete 0, Fig. 55, thovy schemagically wacious br-paising plance and arrangerenis.
Hydzaulic "1ilt preceduces” (53) wce buing conaldeznd in o faw placer (U.54., Todis.
Darmarkl).
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baTA BEFDER FRR GESIGH

The dara necded for design, nerdless Lo Eay, Jrpdnds upon vhet one intecds ta Jraig=.
1F you #v« "scientiFic” you ray £lne up 3 —epu=gard wich 3 couciey or ¥o and s-Ifc
rating the appetirers withaur accocplishicg sty vaca of agtual izsrowvenentn. &7 ¥3u
ate Mover-prazrigal” and Caver-cxperienced” you cay wind up wirh & quick Judgenact

with ageompanying 305 charga of foaidwes. Tabla |5 Surmarizes wlat, in the omizi== af
the muthar,is negcestacy 9 secure inferoation peeded fot a &cund evsluation a
Sith reagecc to arbilicinl noucishment ceidrwnce in oade o the preceeding swibicd,

Table 1%.

Pasic Dana Keedud for Qoelen of Cesnesl Pratection

——

SErut LIrmE Breoches

Adequats cide data Incl. 2313 on LorA
tides (etaciscically and hirdcasred).

hiequafe wave dats inel. daca &n exgfeme
acorme [(ncaciscicdlly and hindcapted).

Cuccent data to the excent cewded fgF tha
rercicular locacion. larzihore and
tranivafeal cucrents are ralaced o lidl!.
wind$, boccom tepoagrashy, discharges from
rivers, tidal inlecs etc.

Froflle datas incl. lowg Tange and sbact

Erolile data Incl. Long targe and sgort
tanZ4 [taatonal) wavemnty ol profiles

range {(seasonal) ewvenents of proflies
and wnordbioes nagmally up €0 ac lewie atel shorelinen racnally wp to sl [ess:
30 fe grprth. Knowledge abour chdolatiens 19 ft deach. Krowirlgs stogt ucluba-iscs
of shoreline and gharges i bar zecostcy. of sharelipe and changen in bazr EresuicTs

Graio sire analyves of inpd from beath

Graln size analyses af beach and effr-cre
and peazahace elfadwore botcoa,

bottea eaxtendling Lo 2im. deprh af wecaind!
and oy lonz cange Flusryagiant, Seawcral
Tluttumtions of grain chareckeristics.
Drisiled Ievestigaticns of borrow al:
macarbals based on cors waplirg, Srroizg
- Lo preferably By {lugrescerl tracercs alias—
Eageays for evaluescion of arability wcd
.future caincenance .

Seor cay clain thact the rxperiecced designer reeds Yeds Jata Cham Lha in-edreriezced,
Fractice, towever, gften terds ro dFReEsicate the opporite bocauss the exiegiae-ced
FerEon Ln morw a-are of cha Cifficulties arnd me in therefore cere cacelul wizk zzo
planning. it Is aleo experisace chat advofators of patsntod “super carked™ gerizes,
e.g. within che branch af permrable kroins, ususlly onesd littls or ro daty st ail.
the deslgrec™s “eapecienca” [x baged on TIZeith™ or-on Tiusl ulifexssT, Condegoasily
Ehzy cdn 2150 be pioud af having the absoluta recocd pof ebsoluce failores.

PLAfSING.  ATETSISTREATIVYE A~FFCTS

Kith teapest 0 plavning ¢f coascal procective ceazucan even the Sesr “philarss2z” and

profevpjenal (techaical) approach vill nat vork unless the pdzintstracive and --iir sl
aspeceh are plannet a5 vell, fa che Lnited S2g0e5 mational Fedaral. state, cousliv sr
ezket public body il requanted may ghant drefubic favours an accordaace vies =-°
lavs Lt EULRFOrE %y lotal groups op ¥E7¥ rECential and may Le pained theeagh
ard detdiled expoiure of the progess. The sespoasibiticy of Zewelpping plome tmar t=
contile cocfliceing dexanda o5 the pesponsidatany of all Trvels of poverr=apz. Aliioegh
pianning Ericerid Eudt b orjentsted Lowards the cultiple=use concepr Lawgd pa So<ab
demirce, it oust wled consider Agace and Sationdl nrcds, Tie Srare {arovriner oz c24077]
rhauld lisve — and wome actwally hawe = & Giulle agency with che adoinisecative acd
techailcal abitfoy, MNinercial redoucest, am® enfgroerent aucharity to rrgulaere ==di-ad
FEALECLivE BCSEalrEd aod providre raﬂ;!rltiU! IKMPRITE O Ltlp bBlrnl foxal ingsre,c1 =ifa
LE® Srate int4rents. It cam alse sgPply SOCK aNpectind ard filay of baaic Safa. Axd
nol brast it ehould suppgort wich fumds, '

Yith reppret o public administracive gonctal with covntal procecrive sifaeturen it
fhould alvays be gn abeolugy reguirement That what you 4o aod enigcm a2 posltive raisle

RS
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fer youreell should nor bo allewe] ra have gey edverss effece upen rronerty belorrirg
Lo oitrere, T by arnevally sceopred that one alwuld pal deprive anwvene af 4lie wager
whith [1nce L@ Ris property by =hich he ypkol-fe hiz livicg eop. by far-iag of by inlaas
EEy. Keithrer ghoald anyene cvt roads o Iccrises ovel doweboiy elae®s praperey. Why
phould it them cwer %0 rermictcd €0 Tob youl neighhour of his akore proporty by in-
erexving nature's [eTovs om his chare or by Cucreasiiug tho [lew of Lroch materiaks 4o
his preprrty® Trese are eosential [or maintzimicg 00 = Just as |X700L400 &k wiler LR
far larcirg the lacd. heither skould anyboely ke ptecivesd o eupard che public rcoeet
réad conmsCituted by Lhe public acesn on he &5t of any neigkbowr or skate prepeecy
awnet, It 4 peguljar thaco for & lowe preigd ol fice Chre mosp aipie Jralogies In .
cpublic sdniristcation were mot tegopnized.,  T1e reaeenm wag probably teeleddi Firse
the mectanice af the taccer weres nat underatald and, newt, public agc=iies ware al:en
ceiperaitle For che errers male either by difcet sforagrahip ol Lhe ill~aédvised =irun—
Eurs &r by papnlit prantes Lo eTect che straztarcs,  The zonseguendsr w33 Lhal "lice
- wawings” ard gther b rayceatie Fradauna’ afenn befdas rore importanc ghan recasinitlon
of Tacte., Tre peeuling witoaticn ¢hérefore dewrlnged rhat i wan (h2 caurty whn wers
Forced ko leok irte sach preblesy wocguse a Tov andividuals cord hardbedaed an] craithy
amough net Lo brnt thele neck [or eecvein siertoe=ings of public ag-iniscratica.
Ony of e pajor praoblemy for progicks ia caswcal sraleciian, kovewes, i3 that fuzas
for plannirg have been difficwlt 19 obtaina » we very Jufe in foEir,. Mol poastal
atditd in the ¥.5.A. $0010 Rave 1ol yrovidel ageguate dgencies and tundicy and cia
Lack of coerdinacisn s plannitg 20 coaptal protective reasured bas sraduably Yacore
& sutianal problen. The Federal Coverc=ent has taiea an pecive = bt srill lneaffiel=
wotly Lunded = incarest, The oot Jilficule tasa, howrver, see3d to lie an (Ne Iocal
gowarmnent and proup bavel besaoes Lhe SenoTratic 4043 JdasF nXL o sdwvegata [he wind aof
dincipbtine shigh it & necennily in all wartare including the tough fighe against the
wes. Fractices in Turops and im ¢he Lpited Blates dilier to some evvent due to dif=-
feracces in Lhe gaticieal and aé=imittrative sacewsn,  In Lurepe, pariicucarly in cra
low tounlcies end In the countrivs ricaing the datch Zea, probless ate oflen (uily
nationsl. Cencributiony by local gaverfmaenL® of ETOUPS S0F DIt of Tod Febsting bul
1-_';';tht:|- kiy hirdle the problems pattly ar vholy eo leer enpased shores.

“ oo desapds In Coastal Protection dre 1loted §n Tabte 04, They ere az arrict and de-

"manding ax thoye listed in Seurersnocy. Bol §0 wve o poc obey thea e cay sooa Terd
& recmber of “Adams Bridpes” far wacupe — becaure cothlep can sgep the Jarces By cides,
wawny ard cusfrnts. Kin: Caouce of Demmark and Ergland placed hid toyal throeme oa Che
baath but tle waves wadlod ovet hin Teer. He withdrew. Fleaible defoncw coskts irss
and kosrly iv is che mont tuccensful and §r does nat probhibit stdnd-hy pasitions when
sanded, -

Table if.

"1} Thow alalt lave thy shore and beach
13 Thou shalt protect it painst Lhe evike of erasion
13 Ihou shalt protecd QL wizely yea, werily ard work with nature
4 Thau whalt aveld chat rature fuens JLE tull fortss Sainac ye
33 Thau shrlt plan carciully in.phy owe iocerens amd in the ingerest of chine
. neighbour '
&) Theou sheit love thy neigbbour s beach sy thou laveer cthy ovm beach

The Ten bemamdt for EMJE_I__{r_-_;_trt_l {;nl_

- 7) Thouw shulb not stwal thy meightour's propercy, nrither shaic thou cauie das
rajt o his propercy by thy own protrction
T ) Thou shalt do thy plannieg in ceoperatsnn wich thy neiphtour spd he shale do it

. in cooprzation with las ceightour aed ciwm3 ferth snd thus forth.  So be at
#) Jhou shele oaincain what thow has Luile wp

18} Thou shalt show forpivenrsy (ot the sies of The past and gowrr chen up in send

Aebngvledreneat - The authar <amts o eafreis his Appreciacion [or che atyiktance of=
Tried Mia in preparation of the hiigoric sectiams of Lhis paper By callcagswe ic the
Kather landn, Mr. J.F. Agprca, Chiaf Cagineer, Rijkmeaierscaac, Mr. T. bdebzan, Chinl,
Coangal Peucarch Departwene, Rijkovarersisat snd He. J, Baecjre, hesvargh I'nxinzer,
Dellr Woiversity of Techhalogy and intrglant by Er. D.L. Kewoan, Feseatch [ppineer,
tha Npdraulic Caprsiment Stacion ln kallanglock.
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LU 67 '8 COASTAL ENGINELERING

B FLAIT 1D NOTES Of PENFS AMD BIFLS
. - il.'—-“- o . . ., { Tte dure is & natural dike uhich 1at ereaved by wird=%lown card aml “an pavaibly
; P . I T wvegriated by paters. Mamtp counit2pAr: La Lhe ratutal dyne is the arcificial dume cor
. .1 s Jive. The ditlecence tetveen dune 3rd dile Lisn anlely in thr 2acr thir 15 dure uswai-
.- — ) iy has laod higher thar 1e4 level bebiod it, uhile Lhe dike nay procect lov 1yirg lasd

whith would etheruine ba [lomied.

fhynes ace always Built of sard, using mechanical squipment Tike draplires, sceapers,
Lydraulic pumps efe.  Trr reperience an the horth $es Cosse is tRal an culer dlepe of
1 in T and an ireer slopr of 1 in 3 is praccical (23], The <idth and elevarion of che
¢rown depends vpon €ne actusl espasute ind upan the ekpected combined tlda prd wave
elevarions. Dwnep, howrver, may 4bso b erected with the sssiscaree of wipd amd sand
Lepcen {79, 10}, See Mlace 5, Fig. 2%,

1nhey may be procectied by dune vegeraion of variowe hinds (26, 27, M, ¥, 131, Most
coron are specirs of wmophita - [sreraris o breaviculata, the Tacter calied A-coizaa
Brach Grass io che C.5.A.). Planticg wachires Fave been develofed.  See Plate 5, Fig.
73 {79) and contiderawir redearch has been usjertaken on fertilication ege. {31).

L
et h RaTd = Bew
- '

BRI
3 o W
%' R

L

The dike is by its asturr & more 3olid design bocause ics rasks and abligarlans ate
Dmte Severe. The modern dike 08 2 segulc of alooet 1.0DG years devalopreat. Flace 5,

P

T e o Fig- 1 £42} is s evepatison of older ard aodern dike profiles an the Gerzin pare at
i _@A‘ -t katd Frieslamd. ,The oldeat dike built about L.00R A.D. pad 2 width of Y.40 = and steén
¢ tleper. e 1567 dike way higher, had procler alopes 4rd & widch of spout Jowm.  in
. \1:'_1'? agmr vulrerable arcan “nen dyaes’ ard “withdrawm dyres’ have been built parallel to
. , Fubmeruibla Bredua Courdepich,. 18721 each otier To pruvide intety against breabckroughs of the sea dike (13).
T I AT R R !_rpl:-:-_-::u-:,‘,t . Gike design and conslsuctian hay deweloped in warfous directions in accordance with
[ C L. R . . seiual nteds. Flate 5, Fig. 77 showt various crass fections all Tullifieg specilfic
1 . - _:': / *mﬂ,ﬂ;;:;:f“ "3"'1 :gl;a.i..rﬂtnls, Flate & 3ho-i exacples of bard pavesentt describmi in a grear rusher af
l - *'., I'—: TRY T i publicatiors (11, J&, )A, &0, &2).
- T ) - - i 3 A .rev type of dik+ proreerion consists af various birds of cyorheric eatecisly inch-
- " - palypzapyiare amd nyien Tabrice used ay replotement lor witlow and mther typpes of
- oy - ] iy paftrasics which ate much heavier and difficuly ta hendle. Cor af the best hrowh i3
, i h B . ."" - " w.aghe Buceh-German “Ses Larpet’. Flice b, Fig, )0 derenseraces an application in re=
e ;';:‘"h ™. B . T . clamation worh st Eorepeperc, Hechecrbania. This catpet is & combiration af natural
R Tttt L. Aroa el un . . "_4',;,,?* Cte e TTE LT, W' mtitreed and vowen palyprepyiene Labtie which haw w0 tenkile srrength al ¥ e 10 metric
E - IR it _,';:-." ‘ Tl :}\_f-" Tt . e : tand per macer. L iF elaimed that ir s unatirdted by wer canditione end ia wery
e L il Yo T A A e A [ il . R | durable, recaining neable against chemical ard Luctericlogical inllutncen. An #d-

dirive incorporated into the polyzropyiene giurs it high reriscance to wltra—vioket

rays. Ttn sgeeific graviey of 0.9 rnables it to flear, while it Tasvirg Eileericg
profercies pereil the waler. bul ROT I0F sand], {0 pAii LACOUER. WAF fEwdn aR3ivi Bi
= - - the fitzesing sciian of Lle fabcic aod imerewss biujapcy ematling i o L Towel I3
P AR, ey iy e o gy e Lhe Eitr and protest Lhe fabric againgg danage !r:ﬁ’uune wied Eo NN rha cerpel and
" : hepp LT in position vhen iE 1% uied AF 2 Pattrest, Nor atl synchatic fekeice ar i~

- —-::':-.:_ e, permeable sheett uflor adequate Drotection apainar ubrra-viclet 1ight end generaily
- Apredking espoTiences are best when tha sheets ate not cubjécred o Light but coversd

with piher materialn. -

Fig. %k, REriafurial sdgrpimernnt op dregscisper mn Jupiter  Fiq. M.
Irland, Flé. thiwns, 1HLT) kI ,-

=+

¥or further infermation on warious coomergially available Sramds In tha Lnlted States
and in Tucope the teader in teferred 1o articles in Froc. of the recenc Cowstal En-
pireericg Confrrencer (lapan, 1965, London, 1980, Hashingron, 131U} snd ra cormercial-
1y available caralogues. + . -

WOTES OK SE& VALLS
Lave® Fun=up = An bhpottanl Sesigh parazeied tat 1cs walls and revelrenr 0 the wvave
run-ap *ith depemds upon sRrcEral cRAractarisiict. According ve Baitjerldi} wpzlicis
caprrEziont [of the run-wp on 2 saooth tlope ara gbtained for wavet of which the
hyights and periads squared have 3 biwatiats Raleigh distribation. For furcher infoc-
mation the reader is referced o refs. (L, 39 and &L} and o scweral pageca on this
vapic in che Frac. frem the 10ch Conf, an Loancal Engineering, London, 1¥bS, parc b
Furtheresct the Prec. from the 10ch, llth and the 1leh Conl. on Coastal Ingineering
include a great nunber of papers on wava forcen on 4kl hinds ol coastsl sieuciures,
finwd 2% well an fleaking- . '
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HEERRYES) : Fil

1 Thr ciowr [rekies in front of 4#s walls 14 imparcanc and hae o b+ concidered. WYave
Beighs is e Xacl signiticant vaziable tw Lhe dopth of szewr 13% and 13, Ofher i~

« portant paraectecs are the panition of the wall in ehe profile, ohe Yeazh siare, the
wave Iength, chyracoerastive of Beach matecial {41) and Iencalore cyeTens welacif Lerd.
Ao the beach whope flattenn, seour deetedsen,  Scour JOCreisos am Che angle of b=
ration ol tiw vall decreasce, which ingicares LAt Egour Jerreanes with uvafdate of
rellection, Lach fase Law L3 bre copsulered wepatately. Clelel fiudivs will ne auie
give guelitative iniormation an W telative magnilude of scout. A 10 o 1 Lt mecor
(to#)proteccign in ustaally aceessary,

X Flare & ard 1 = Orcimaes denien eriteria Eor g teveteent calt lor muldicient .eight of
Block s imcludine anterlace . ng pliect [o =ifustafd the conbpined ellrer of holre bensmie
uplift presouras Juc £a vave Lt¢aking, down=roph gl hvdeostacic prezsyre wiich bagh

c.cause uplifr, Adormally 2 Fitter bover

pllj' Lo dralkm wiser, whizh vill inevitably pouctrate Thrgugle [1a J3LNrs betvwsmin tm

" Wiocks. Thin needlees ve sax, requires 3 proper "filrec 137097 beteren bBlechk laver

« o Fileer material . 1 the Filter paverial iv Voo small iy may dirappsar car Ehrwugs
the joinis of the blecas amd i Wr iz feo large thiy may ipcresse hedredvnczic and

» Prdrestatic pramsurcs vilh adwerye affectn on plability. Drain boles oay Then rrplace
the apsrce beinérn Blogus,

. '
Slope shauld not b stecPer Lhan the core material has » scablbe wlope ia folls daturab=

#d conditian arare pechaps [rom Lhe upperer st |k expticd Ecefion ol the revelmwent
vhen — »4 praved by caperinencs - che weaght o1 bRlocks ix useful lor sourcrine hlogrs
fo the fewer part of the slore rapecher. Fill matecial must be wel]l conpacoed o Bafi-
wmire wettlipgr. Exa=ples of Fadluces e.g. in liallamd srd Plorida cam aEref B Ctased
Mack to jualequare cempaction sog. caused by nrgligence duTIAC CONBITUSCiON. Fevaet-
wente ol Blociy ara not used in Hollaml whrre vave acrion ercweds 10 fe. iz Figrida
thr lizit may be ner & licile lover dus ro ehe prrdoninance ol pamd f3100 aod Sepp ga-
perienced Lo milding such wylle, which coquire gaad varkmanship and in addicion on ox=
v peExd alores & procective Apron arddor beseh in frane (34, 03, '

Researeh on revelsents for reservelts carried ouf in the U.5.5.K. {&3), hac proven
that che stakilivy of & teweiment may be inpooved By reducing thickneas of nroelirinaz—
ing the Pilcar layver entirely. The [leaibilicy of the achor layrt mcd the pocokely 3
tht urnderlying 20il aré IFparcant parsmctery.

Regardivg deaign principtec Tor robble nound raversencs, relerence Ls wade 10 2 pATEE
by Johanneszon amd Bruun (31].

4 Plare 7, Flz, 3% = The "developing councries™ have socecimes heen witer tham the
‘deve loped eountTies™ . Ay an waample the lmdidan ptandard slone=pitched rach poumd
wied extensively for sem wal|n mopcicolsely ye myay 2laaas

[

aling

L .
oiorozrr GfTate
ol Kerala) inoan escellent cdanple aof Lone cime rpecience adopeed fo "vlat «e laye
ard «hat e can do with available toels'"s IL i stertling bo aes the similariiy in

fevezal tespectn tetvenrn old Duteh and old Iedian enperiencr.

Y Plare 5 ant &2 Acchalt amd Bitu-ous producis hoave been wsed connidecably for breah-
Awgters am] pwve e encs wnder anall Lo Bodciaiw wive attion {30F.  |m seversl erard

BRinLEndnct hat presenied apnd problems aml in k3mr respectd Cha spplication oL axfhairc
i1 aritl Ia an experimental stage,

KOTES ©% CRJIRS
1 Laveut sand promelry = The peneral enparicose @4 1hat preiod should he built perpendi=-
cular o share although sore laboratory eaperifents ray have revealsd tha vEficiency
Increasen & little by turnipg them dovedriln #.x. 1o 7O deoresn iR Ca9F LIved 37TrQazh
the brarh wpder 10 degreen. Lergthfspece ratio tay vary acearding to lit:ozal drifg
capatity and weposure [rewm 1:1 to 1:6. Sereaslining doendrifn s ofien adranLageiws
{6 o 10 degrens gaperarg afl), :

-

T The deshgn al_a growm proteciion slso depemds upen che beach matorial an vell an ehe
mickrial avarlable 1or comdtructipn. 1'nless brach material ia coarcee {pebtln up g
shingle} & streanlined design iv prefetable and the optimal desipn unioubicdly isx the
onr which {n streamlined and <rarey-alaoreung &4t the dame Tine. The Dutch grolia
(Flatr 3 srd B) vich their vide stone pitchiag fullil sueh tequirracnts.  Thr wortpgal
Inca shret plle #r Wing pile Eroine do o, Wot theis [urCion may be greatly Sxprevc:

it flaged pactly o make an ewsn tlape sl parie

H COASTAL ENGINEERING

by addirg roughness an theic sides, oL, fn the form of rubdle rounde-

. 4z st dre porad juicable [*rv shaald b low ar
Coe rule vbpuld alwave Le -‘.rbtzl!i: 1f zraf : ) Il b
LFe Beatn “ilL te mearisbhid contiranrnale, 1F srawns dre Lign Eoey Waou,

. ; 5 ]
ZVioatible bepr el be rynt aljusced Eo the sgkusl Beaca trolive, that medny (rey
Lﬂ;-cay witenid Taliow 144 movement. Their funcrion is ta decreane beach llugguarions,

N L i : :
not to hirler cheo. :

3 The #ifScirocy of and distance belveen LEmind may b incersned by adding @ I.hﬂll't— .
paralie; trealua:er 3t LhE cxtrere making & 1 or L-shaged grocetry [Flate !,Irlilr -
art 271, Thuy appears to be & delinité adwentage 0 3Reef atores bt Casts INCFEAEN.
feour nay develop at Che Breaivater endsy il groins extend to depih whim wvavk dcbign
is open vielenc.

& %ard Liblet tubes of synthetic =acerials have been tedted in Danmark, HollarA ard
Grenany. Lia-eter may b trom 17 o &7, Craerally sprakfng, erpecieEnce bas been
Tathar NaTisfactory Bul Lhe fubes are saposad to saboraze and hawe Eo bm procected

agalngt ulcts-wicler liglht by special Lreagpenc.

5 Pleats do n7p use eraine unless chey are nacuraliy of arcdliclaily =suprlivd with ade—
Nd B QUARTIELIEF of 1and .

KOTLS 0% OFFSHORT BREAKATIRS )

1 S&te offshore hresbwagery are shere=gonacersd ard sone Jor Aok Flaie 9. Fig. LT f:i‘f
Monaca 11 a6 edample a1 the [Gotef. any Scuthern Eurdapddn (lealian and §panisnl o
ahars brrakwarers are nor phare-conrectid.  Refs. 4%, 40, 51 and 34 adwise on design
prineloben and priccicsd desium and conscruetion. Ref. 30 ln & cewiev of Lhe Tessaos
for failures of rubble pound bradhwaless.

2 Lgbkrmqreed brea-waiers = aubmerged #il1le and AL 1.:!_.11 are oectioned in ”“. .-.r.g
papef. Pel. 37 L5 & cospreleciire papers on wave —penanir akpvers i rthe I‘;w:n.-fn -3. .
sukzargad break-akeri. fe=e pateczed duvicet are Aisa'en nard. They all w: LL &3
non the Cact that chey wtiee [reo dcour problens, ard Lhey pkoutd never be placed L
the breaking zane 6F whers longshors cufFencl are JEFONE.

3 The wylwabrped gand brealwater buoile af Durban, South Afrles, m:n:innrd in :ht_rai.: .
PAZEE, Lb @M ITLECEFTING Towearian vhieh sp [atT haf tarn !un?uu._u!. Gra afl ke _:;?
sdvantagen i3 trat akpuld §c [ail as @ breabwscer 1t1 rateriol will f\ll.:l-cl.l.ﬂl'l- ap art
Ficial nourisboenc. This experizent Cherefore advecates affehace dumping of nand

-..paterial in certaisa cesan, .

bren cun with 4 wpecial cype of I.Iur!:u:l_lt":
protection, nasely, artllicial seavewd; but Lhe Tepulis sT# I-Mi"!lt!““‘::-_*1}_['“'_1;-_- it
apprain shat (4 Ly (daw au o apprliseiut vasiiy bUowniodipsenional Deod e miemisn
Chore and Beackh, Got. 1TLE). .

& Various liberatery and field frazs have

KOTES O ARTIFICLAL NOURISHILIRT i .

1 Suitewle sacd = Tt should always be rewmbered that not atl raterial: Evr un{uut
oeritioent peeds to ba turZable a3 beach paterial. In cated unen heavy sfosidn :-_.a:___

" paken place, regaizing lacgr quantities fer ceplazecent, the lover Layers nay B SI0

T phich may b separated froo the uwpper layer by 3 shewt of aynthetic materiak.

7 Peawy ward - Tests have bren run with heavy sand. Tabagarory cesid umiir? the 1:-4;3-
auiliiy but the quancickes needed makes pracrical application highly quascionable a;as
frem wnclosed arsax of [laiced size. . Lt

-
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Ariun, P.oamal Bichkirup, Bv | 1831, Fraclical riem on the design and cppnbiuction of mounsd
t . Breahwaters Coantul Fag, 5 17 1=101

The d#gigm wrclinn aof this paprr it an gbairacl of Heport Ma. 7, 1379 by the Taatilule of
Fort and {hein Eagines g, The Burmegizn Insttuty of Tevhnolegy [IFOEL 1 8 wrillen in
wunlathn af an kel on “Comin Eriawns Lar treabdown uf Aubble biowm] Break-
wate ™ prbliabed 1o Al Jowmal, )t drvcusers Jelniby of brepkdasn, Black and bloeklayer
hy dreuty pamics, huw to improres 1o ialaner Lo damagr, le derelopment of damager and
Wipw to degrbe damager o pracbeal terma. Prartical desipn trilena, wboralory proceduses
wad dat 3 nerded foe deaign ore menlioned Ind finally prartical conatruclion procedures
srd rounnoenl o Uk wend Lo boedd o maound whth gtructural charocteristica as close ws poy-

thle tu the oor testtd In dhe leboratory.
The £.matruclion welive summriac: & oumber of praclical expeprnces on canal fuction
gl rubilye miaund breakwaters wilh ypecial elerence Lo condilions s Moewsy, farliculzry

| I porrthern "o’

BREAKTOW N MELIIANICE AMD GEYELDIMENT

Carrerten peasans fur breakdoren

The vadety af trasgoes for bpeakd awn af nibble mosipd breakseaters ien-
biosmedd in the aclieh: on " Conynon reanon ot Jamezee or eeakdoew noof round
Lreabwaters™ puddinl ol do Lhin Jouenad [, 197 ta) with raferenve to Fig 1,
gepn L be pecornizml by precliciane ag well As researehors, [Lis ebvivus tal
et Freakelowsnt Laye mixed — 6 eneshined — tlep-bvaalep reasans. As an
|t sy fullow eoch other within fractions

e Thnoeloauts” o
The first

' of a svevmd ar within sreomda, Lolh being aetive bn the dealowelion,
“jnoc k™ shakes the Biock lookc, the second cazrics it up, It nay also happen

w. = gui Lhis woukd probality be the Mozt commyn gase — that Lherr mi& many
waves and jar considerable time belween Lhe voork' which siook Lir Dlock

gl Tthe Tatal litk-out™.
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Flg. 1. YVuriuy reasons | darages b h .
bims of Tailure, o ages to rubble mound breakwaters. Numbers refer Le [oca-

The derebypmient sad rete of damage depends spon structural characledsticn.
Jrtany rase it thould be remembered tal s damoaged breakwaler iz notb ideati.
I‘J-.l.l willt the initiad cbosipn, Mest fikely 30 has Teesine mace prone Lo :u"lt-'lﬂ:.l -
tion ol damage cven by waves of loes adyorse characior than those which ;;3:"11

Cthe iviliab Jamage, waually the lass of some upper layer anmout blocks which

Jumped gut of Maey rxposiag the seoomd Ly er anneur — i any. This second
Layer wsunlly has Blochks which ane soimesy hot smalter than Uin upper ammour
layer. On slopes which aze not too sloep the displaced blocks may came to
test on the part of Lie Jlope which is below ML, perhaps down to approx-
imaicly one wave heipht, The slape may thea acquire an §-fomm well knum:-
from old breakwatars (Bruun and Jehanneson, 1976) vhich weee V' fed™

with blocks mainly in the upper scction {above and at A5, L.} Example of
this are the breakwaters at Plymouth and Le Havre [Fiz, 2) {Priest el nl .
luG4). I damaie L the upper rection continumd dyring the storm, or l:llue to
lawk of repains before Lhe neat storm, the Leeakwater n;'a:,r ultimatl;ly be de.
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Fig. 1. Anchend brvalwg lers ol Lo Havrs und Fiymouth, shere 5-pha pe developed
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all orwnit stability, This is the actual "0 danape atacting situation, "
Delails of the hydrodynamics of wave uprushfdownrush are mentioned in

Report No. 7 by Lthe [POE [[fruun, 19795). How drag and inertia forces com- (
Pare o each ather relatively in such cuses depends upon Brck Eeametry and L
roughness in relatinon to flow as well 39 in reletion to otlee blocks in the Rrst

. knd perhaps alsa the second armour layer [Bruun and dohanneson, 1976}, In
this respect one must probably distinguish belween Lhe already menlioned
“s‘k'm friction’ that means surface to sucface friction and “surfacs Reormetry
frictivn" which includes “frivtion™ due to a reomentum which bas Lo be
avercame (Fig. 3). Hydrodynaric "lilt forces™ may he amplified by semi-
static waler prewures caused by the super-elt vation of ihe water [ the core, °

stroved, lraving o mound close to M4 see Figs, 2a b, Sloert-leem ageuniula-
tion of Jamaze may take place during one storm fram hour tn haur until fale
in e atlenuation phase or wntil the stotm hes subsided entisoly. Tielice Lhia
hapoens damage may wind wp in fataldity (Brudn, 197%a), Another situation s
that damage takes place and continues from one storm unbll the nest without
any dramalic canclusion or disaster. The case of the former particularly ccfers
ke extreme evenls resulting in mefor dumages which call fur immediate a-tion
o repits bo prodiibit 8 rapid and alinest complete Deeakdawn of Ui broak-
water a3 8 whole, This may happen apyhow, particularly with artilicial “'steep
slope™ blocks mewnds. The latler czse is normal when a ruldle mouad break.
water graduatly wears oul Ly theloss of saveblocks by the depariuse of
blacks, Ly settling o= ginking, toe erodion o1 by wear of suller materiala, ]
Foriunalely, this is the nopmal oase. And it can be handlel in time by proper MOVE
—y

: work
maintenance works. ‘Mgu
T

e
The stabdity of an arerear Mock depends parily upon “the Boek (15010 Aol riph®
partly upan "its relation” o or ssseciation witli its neiphlrours (s and
Johanneson, 1978). Physically the "block itself™ means {15 weight, volume apd

gh e, "It relation to s peighbours'' comprises Lhe Iriction belwesn Lhe GRAVITY G%Au by
Jhlinkg, which may eonsist of “skin friction” (surlnce to surface), intedecking
ar intertangling which delermine the mutval czpacity for sticking tap=ther and Fig. 3. Yurious types of Frictlon gecurring Un & 1ock mgung
the block's “anchoring™ to the sublayer as well a8 its “"'mooring’ ta Llacks on ’
the sides. . _ The entire force development end distribution consequently becames wery
It is tleess properiies which distinguish natural rocks from ertificiul Llacks complex and it is very difficult to estalilish general rules for their CD;nbm.’ltiun.L
— usually mass concrete, possibly with smme relaforcement. Natural reck's Witk respect Lo the usually patented mullilegzed blocks, Lhe si.t.ualinn becames
" merit lies Tirst of all in its wright. Ity geometry i3 of relatively less impertancs. even mere complicated because of their relatively lasge surlare ar=a compared
With reapect to nrtificial hlocks Uhe situation 1s different becawse b is pos- to their weight. They cause higher tatal drag =s well as inertial forces which
silile to desipn a Black which comr ~naates for weight (volumine] of cunerele, are bath adverse Lo elability, Their higher peracability compared to natugal " ’
which should be mimimum to inc. 158 cconomy, by intertangling and tnter- blocke laas the same adverse sffects, as Hicse hlocks will be submerged in water -
kmirting {interior friction). Minlmum velume of such block mounds is ob- which carries f2:t flows cpbound as well as downbound. The unbhourd Now
tzined by incresse of veids (pepnealility ). Another woy of decteasing Lhe which Las o compenent downward in the mounrd, increassy stakitity .the '
volume of expensive makerizls in 2 mound is L fncreasing the slope pagle. downbound Qow works the apposite way, A5 velugities are highast i1||. Lhe
Many dificrent kimls of arlificial Dlocks exisl having iz commeon a hich upper pat of the armeur layver, Jift forces logether with I.lu':ya_m_:}' mzy
volume ol voils amd interkpitting capabililies. Lot it is unlortunalely toue for “fluidize™ the block layer, making the blocks fMoat zround, bumping and
mlf of thern that their contact with theie subboyer is inarlequate aned for this darmaging cach other, This happeas must casily with lanp-period win e
reasan a slope af such Moscks tends to break down by sllding, Woen glides gl (U.5.A LK, 1U76), Ina practicul sease theee is harefore a limit for the
itars, breakdown unforiunately develops fast in & “guick rellapse”, This permeability of a certain volume of bleck in relation Lo its weirkt, Ax lorces
focuses interest on the modes aned prattern of breakdowns, are unequally distributed along a slope, the said limit is not Lhe same ryery-
We are here at aceweind poiot in hreakwater teclinology because the hupe where which in turn means that blacks olwicusly should vary in w eipht or
number ef posibilities of placement of a certain number of Llacig in fact i geoineiry ot in beth along he slope a5 discussed later.
invelulale the so-called “zero damage crilerion® which ohyicusly new be- With respect to the multilegged patented conciele blocks, their interior
cames atsurd in praclical sense, The siluntion aszociated with this vrilerion friction by interknitting is by far superior to nalural rock blocks which

should thetolore nover e understood jooay obhor way an the glualion provide Lttle or ne interknilbing ab ). The frictinn Gelween the Tnu]iilirggcﬂ-
which develops ulter 2 cortaln maturing of the mound by slorms which occur Ulacks and their sublayer, Fowevur, 6 never satisfaclory becawe there blocks
introductorily, o g. during thz first couple of years. The inevitable Jamnage thea Rre Litling more or lexs loosely o the top of Lhe frst sublayer with only
decreares gradually unlil “about stability* is eslablished — shill Klowing sone relatively few “'contsct-pointy®, conlmary ta the siluaticn with natunl rock
mionr "rocking'” without further o1 sevarc convequeices with respect to ovar- ’
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And it is undoubledly very impoetant to ave a poud eontact breiween armour
ani! sublayer for these artificial blocks lecause thoy are alwoys placed on as
stvep 3 slups a5 possible { the relalively more costly matedial).

When ruhible maunds, ineluding artifvial IMocks, are placed “at randam'"
fpell-mell], no actual wltermpt is made Lo make them cooperale in resiting
the forces tu which they are subjecled, They ane supposed o suppord each
olher in atl dipections abt radom of incidenla'ly by the ceometry oy have,
In this respect the interknitling concrete blecks have an advantage compared
Lz all ather blecks even il they are only pliced st candera, In regand Lo
mounds ¢f natural roek il is very obvious Lhat the slability of such mounds
can be improved preatly —amit as demonstraled cepeatedly (Ridby et al,,
196.4; Bruun anid dediapneson, 1976) — by placiag some of the Lizgest blocks
i bincdees poerpendicular te slupe (Fig. 4a) ot by always placing e lonyest
sicle (a7 b o) perpendicular to the slope (Fip.ib). Some ef them may stick
somewhat [pregularly out of the “lheatelica) surface' but this will reduce
uprush. Such placement teduces uplilt ps well as leag wnd ineztia forees and
Criction apainst the sublayer i lncreased simultaneously due bo g better
“roating”, Although it costs mure to place blocks in that way, practice shows
thal savings in volume balances increase of costs in placement,

“Hootmg" of multilegped eonetete armour down in the first sublayer is not
done Lut it is comnmon Lo phace the first layer of 1wlns blocks with one
anchor steck paratlel Lo, Lhe other perpendicalar 1o Whe slope, This may &8,
be seen at the 5t Cyprion breakwater in NW Spain. The first layer of
telrapods is naturally placed with theee legs resting on the slope, Flacement
of the pext [uppermost) layer of these blocks i3 not uniform Lut attempls
. may often be scen in placing blocks with some mutual suppert or Interknit-
ting simply because the supervisor and his crape operator inslinctly tey Lo do
that. There sovms, howover, to be no quanlitetive dota svailable on the infu-
ence of such a “part placement’. {n the other hand, thera ere many cases

Fig. 4. Fisewmant of blocka with tha lang vida perpendicular ua tha slops 10 ncreass
sinbility.

L L

available of “'paor lacement” seen Ivom a hydraulic, wave mechanics, soil
mechanics as well as structural mechan!es point of view. This is moindy Lrue
for the ficst structures buitt of multitegeed blocks, Structural drawbacks
{Flough, 1179 may he solved by struciural means such as reinforcements by
armour steel aad by the omissivn af elrnents which are tanslim, The problem

. of a proper Ginder beiween ceuerete blocks, armour am firsl sutlaver, how-

ever, sLill cxists, Ilow may it be solved? Theorctically the answer is simple
{provide mare frictinn or ruybing), In practice the nuestion is kol .

In the case of a rubble mound the problem is not too diflicult to handle.
Binders (Fig. 5} could be wsed. One only has Lo make Lthe surface of the sub-
layer rougher, e.g. by letting some of the larger elements stick aut belore
placement of the ormour. But these elements must still be well rooted in the
next eulilayer or in the core, The icnportance of Lhis is, nerdless to gay, most
evident in the case of the steep slopes — that means with artificial blocks.

Co . =

L+ 1@ i
it

Fig.B. Dinderconosclion between LTOoUr el sublayer,

Another way of solving the prablem could be to use subtayers of Lhe yame
kind of blocks as the armeour but scaled down aceanding to similar rules as
normally used lor sublayers, There is, however, no guarantes that this presents
the optimal solulion. A block of a diffcrent, thal means beller, sublayer-inter-
lacking peomelry may prove to be better. Research will have 1o be done on
this subject hefore e acdvaisbages of wsing such a eystem can be clarified.
Summarizing the abave-mentioned, onc amioes ot e Tollowing genesal pules
for bleck slability:

{1} Blucks should provide high permealiility, be mther streamlined in
geometty Ftherely inviting forces as smadl as prosaibide, bt ol the same Hme.
providing substantial hydraulle [riction to decrase uprush, Blocks thould
hare n good mutual friction a3 well as considerable Iriclion in relalion to the
fitst aublayer,

{2} From a hydraulic point of view, blocks should therefura be round,
From e mechanies point of view they should be provided with anchor pins
in all directions. ‘The beat Btocks e those which “stick together™ or — [rom
rescarch on mounds of quamed rock — those which are beat “anchored
duwn® in the next layeris) of the mourd. As eaplained in Bruun and
Johannesan {1976}, steep mounds alsa cause some squeezing of the single
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members, This, hawsver, may wecome very dapgerous ond may finally
realt in cellapes if one black jumps out, as has Lern experienced with
artificial blocks. A streamlined block-geomelry culs down breakidown
forces and friction (rough jrrepular surfaces) and immegular (pell-metl) place-
ment ineraes stability Torces.

(3] With respect to the sublayuer, it should consist of blacks larpe enough
to artest thern below the armour layer. &n ellective "anchor syslem"” as
mentioned aboyve, may po=e prablems on placement. Grouting of the uppes
rock layer consisting of blocks which are able to pan down through the
mrmouy layee, however, couwld solve the problem if such grouting can be dohe
ellectively,

With respeet to g image the question is whether — apart from minor
introductory “adiustment Jdamages™ — it is wize to lolerate any darmage at
all. The secalled “po damage—np prertapiung critetion” leaves the designer
with 2 design which he knows only on his awn dictated 1erms and not with a
structure which may start coming apart ravlomiy and most likely will can-
linue doing sa il the stom conbinues. ireakwaters which slabilized after m
consideralle emaunt of wava allacks are rare, however, but they do exist in
cases where, inlermillently belween the stoms, feeding with new blocks was
undeptaken. This is 2 common [ratuze with Morwegian break walers, 1t ia,
however, not e satisfactory technical or economical procedure to let nature
take gver the full responsibility for the design. Prevention rather than cure iy

oot only belter in medical but also in engineering practice.

The srability of the ormour layer 01 g ihole

The duration of & severe sbarmn s very important for the stability. Fipure &
b » schemalic showing breakdown in relation to the duration of slogms and
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Fig 4. Behematit dearripllon of brvakdows of 1ubble mound in relatlon to duyralioo of
vlorhl.
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modes of developient of damaze, the ullimate result baing the same, The
schernutics assumes thal initiah damago starts ab e saioe inlansily of the
:tulrm. L is obvinus that the “touphes! desipn™ under otherwise eqial con-
Cilions is mueh to Le preferted to Lhe “brittle design'. Speaking about the
long-term [atizue develepment, the tevelopment of pradual damags could
als0 Lo different fur the two kinds of structures and b relzted bo vory fliffer.
ent design characteristics. Steep slopes are common with arlifcial {concrete;
hln-lck.l. where structural stability, inclading soundness of matarial, also plays
an Important rale. Concrete elements, particularly if they are stim, may as
mer_ﬂluned above break relatively =aslly if they sponeliow pet jammed and
suh_ue:ipd to large moments by kreaking ar uzrushing waves {Flough, 1979,
This will hardly ever {cannol) hagpen with mounds of malutal rock Lyl has
been pxperiented with some concrete blacks (Flough, 1979).

_ Artificial ioulilegzed Wocks unfortunately breakilown Fast when damage
Lirst starts. The opparent “brittleness” of artificial blocks in wave mechanies
as w::ll as in structural respects, as visualized by Fig 7, makes the advantages
aof using them emaller compared t¢ natural blocks hecatss they have 1g be
desigied with a targer safety factor, The Ny Iactors for O ar for small initial
damages therefure are not reliable - or objactive — factors for tomparison.
The consequence af this situation is that il may Le ceonpmically well justified
to Utk rocks compared Lo artificial blocks up to a higher weight than justifed
by “eommercial K values™ and the mare objectiva Nzn values. This situation
becomes even mare proncunced whepn wave allacks ars not perpendicular to
the breakwaler slignment but have an sisential component parallel to the
bieakwater. Thiy weakens the stability of artificial blocks further, as proven
by experiments n several laboratories (Florida, Denmark, Norway ae).
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Thie o busion ebvieusty s thatl nutured blecks of sulstantiol character
shatld L wsed whapever availalsle i adequate epantity, size and sowidness
of natedal, The long-lerm eoonmmy which also jncludes congnler ition Lo
future maintenance is 2 major ilew in planping aul optimdzation of any
particulic design of a breakwater in e {iture, And bhe older o breakwviter
becomes the more obduos i the importance of Uhe materials used, Bocak-
walers are buill to last. In aome coupiries gf low “maintenance discipline”,
w.lbey nre allowed to collapse gradually. The used of artificial materials, fisl
+ pser at Tyre in Phaenicia {present-day Lebanon), later at Ostia Rome’s sea-
*port on the Tiber and [or gboul 100 year-old breakwoters in Europe, do nol

provide evidence far advanlage of the use of artilicial blocks if natural blocks

can n* foumld, .

At Cyre, Ostis, in Fagland, Moelland, Frnce, and the Scandinavian countkeity

. foncretr structures somatiney deteriorated oo quickly. Stonehenge and old

marine glructures in [ndis, Chisa, the low counlries ol Furepe, France,
» Enpland and Scandinavia are slill theee. They we,: Dunll to fese,

-

Froetice! claasificalion af domages

Rerpart Mo, 7 (Aruun, 19790} discusses Jamage incdes ond damage mechan-
i2ies bused on praclical expetiments. When dunzge occurs in the prototype it
- st ofeen starts around e MLS L IE eould, however, aen start in the upper-
" mast part of the mound In the erown due Lo heavy overwasking. This happens
when breakwaters are Log low_ The parmal case mentioned above s that Lhe
_front slope starts “sacking” (making an S<hape), This may happen in a more
ot lvst gracelul way, [Eseine Llocks by the uppeninest armuur moye down to
gn ehevalion below or at Lhe M.L.W. line while the secand armour layer is
- nat Wamaged, the mound may cseape lrom mere serious dameage and repain
may bp pffeetrd in tioee {ace Druun, 19792, p.1, and Hi5.2]. Remmol af part
af e upper armour layer does not neccssarty meas a falality, The more
srvere damage, which could develop Lo become » tolal destruction {0 allowed
to runtinue, it the remeval of the secend of & two-bluck armow layer ex-
posing the firat sublayer which was not designed to stand up dizectly lo
wave forces, In such cases breakdown mey proceed fast unti] complete
destruction™. Then the time paremetet chviously becomes very important
for the Tate of the mocnd,
A simitar practical description of the skape and sequences ol damoge should
prutrlily e adopled in laboratory praclice,

Damage lexels

The problem of "damage level” mises bwvo questions. One js concemed
wilth e delfnitlon of “damoge kevel' for similor destgas (structures) which
can b* compare] dicectly, The olher refens to ol lompls Lo COnspary varinua
atruciures. .

180}

Comparison between damages Lo varigus sructures 1g sery diffleult as
damape must be defined in relation Lo rertain levels. As various bypes of I
structures demonsirate very different damage modes and breakdown pattem, -
a “straight compatisen® is not possible. The only semible way in which
dumage to structures of varieus design can be compared s by considering the
consequences of the damage. [n other words: What weuld be the nest stage
of damage o be expectad to develop end what wouhl Lie the further conse.
Qquences?

AATIVHNAL DESIGH
Degign formulas

1he development ol the numerous “design-formula mentioned and
captioned revorely agpainst by the Intomaticnal Waves Cammittee of the ’
PIANG in ils 18TG—10T7 reparl (PTANCG, 1476), is, in fact, a somewhat sad
pesult of a by far toe longlasting period of just ¢mpirically based laboratery
exorcises which, in 'um, resatted in litlle or no progress in physical under-
standing of Ure preblem. This is clearty evidenced by the "design-fomuln”
mujur disagrecments associzled with pn endless collection of “ronatanls™,
wiich were not constanls 8t all ks deseribed by the Intemationsl Cammities
in PLANE (1976). Characteristic in this respect are the attempts la distinguish
between “non-breaking” and "hreaking” conditions without defining the type
of treaking which is allicnportant for the hydrodynamies and [orces nvolved.
11 iz not even stated whether breaking takes place on, &t, o in front of Lha
Lreakwater! The practical enginecr or supervisor — In private — Lherefore
maostly had views which often devialed contiderzbly from conv=nlional
Latwiratory thinking, H

Ihased on his eaperience, the Puteh Hekl engineer knew that uprush on the
dykes peavtratrd to ils highesl elevalion when waves were long and that Lhis
happened mainly at the end of the storm in the first phases of allenualion,
The Danish durz enpineer observed that his sand dunes or Ysea dyke slid dowr
(slrouped) danng the alieruation phese wben woves ran up highest and
mrentuaily overwashed the crown, »hils during Lhe prak of the stom uprwsh
was Iess and damage mainly eonccntrated in the develupment of arasion
scarps on the fromt sile of the dune, The Norwegian field sepervser way
sometimes able to follow the destruclion patlem at closer hand, e may not
have noted the introductory damage during the peak of the slorm, but he
g1 Row e major breakdowns developed due to large and long waves oyer-
running the rnlire struclure during bhe latter phates of the sterm (Bruun and
Gunhak, 1978). During recent yoars a beller undentanding of the basic
biydredynamic aspects of the preblem hat been gained allowing & more
ralional, not just a formulae — snd wave pencratot — spprosch. Resulls are
published in Kidby et al. (1$64), Bruun and Ganbak (1976, 1997, 1978),
Druun and Johannesen (19761, PLANC (1076}, Draun (1979} snd Clough
(1979}
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JE2
Short- atd fgng-lern past crileria -
L . for detaiter! desipn in enoperation with the lsboratory, by placement of the -
One must dislinguish between shorttorm e Tong-teem, cormeponding to i peaviest Blovks where thoy are imast nesded, Ia practical terima thia means that: '
Rature’s own way of testing a particular structure, i {a) ‘The risk of demage should be evaluated ali alony the slopa.

Shorl-term extreme ovenis usaally present the zetnal design erileda. In
moat coses stabdicy is tha most important aml elapant criberion while a
cectai amaunt of gyerwash may Le allowed, n other casos, the reruire-
menl [ar a minimum of vvervash s inandatory due Lo the uge of (e area

- st beliindd the mound (Holtinghaus, 19715

It is necessuy Lo test extreme slurpis as they are expeeted to deseiop in
o] phises, Tt i alsa pevossary Lo snsure that seale effects do not accur,
elthet in the hydrodynamics or in Llithe (duration] aspects. '

Long-term daseze accomulatey lam small damages over many yoars.
Initially it is almost identical with O<tamage conditians, The characler and
extent of such damnages depend not oaly on structural agy wave miechaniuvy
characteristics bul alyo on the actud “workmanship' during construction,

b the came time diszeparding the Tack that gume damage always happentin
the introductory phases, In addition, the miaund itsel! will uncloubtedly

. srttle somewhat = an! the unebeslying soil may alse give way by compiresting

mnd consolidatian. Considenng the factk that placement of 25 blochs in 5 rows

« horizonzal and 5 row s vertical (along the slope] includey a total of 4.61 » 104"

..+ varlants, disregarching those combinatizns which are symmetrical aroumd a

tvertical in the middle, ILis clear that two seetions of the moond ey nardly
be expectrd o Bebave identically. Due to the huge number af possibilitisg,
those which obviously are poing to demonstrale the kiphest degree af stabil.

v ity however, will narrow down Lhe number of practical pesibilities. Il all
blocks demonstrate the same degroe of stability in 8 certain equally oxpeosed
tane, Lhey should have pgual weipht and an allover sy mmetrical grometoy,
“‘This can only be achisved by regudar block geomelry, that means by u-ing
concrele Blocks — or gabions! There should?, however, mlways be can<islency
batween aclion and renclion. The above also shows that it is Ssliy Lo use
blocks of “involived Jesign”, increasing the possibilities for failures. Praclico
has ectablished Lhia.

The local strength must be determined o3 an envelope covering all posrible

maxira. Figure 8 shaws such an envelops schematicnlly . It would be practics] -

U Labaratorivs provided the sponsor of Lesls wilth such on snvelzpe Lo ba used

Emvrugr ol izrges o BF pyhwol o
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Relier
¥y . 5. Envelogs of makbpym forces ok rebbla .rlnud brnbwglar,

{b) The consequence of darmage should be evzluatel. Consequence may, ef,
be measured in costs of repeirs, ) .

(o) Rish Hires congequenes will then be the prochical h!‘GI? fur design.
1his should not mean any kind af imprackical “over-suphisticalion™ of Lhe
construction work bul just that placemen’ ia “as intelligent as poasible

Report Mo, 7 mentions the sclection of shart-term critenia for desizn with
patticular reforenee fo “Final ieport by the Waves Committee (FIAND,
1976). Prubably the most radical change In recormmentled practice in seleg-
tion of design criteria for prctical and safe desim al'a rubble meund srue.
ture was Lhe introdustion of the | = a1 e [acter which created the hasis
for & mors rations] and safe design procature, The new design critetion 3 the
result of meticuous ftudies of wave recorls [rem the site in question,
including speclral charactenstics and runs or sequences ol waves which are
particularty dangeraus Lo statlity. This invelves investigations of groups of
wave leights as well as peaocds {usually this goes logether) mainly tar ultumll
events, consldering &l phases of Whe storm am! ranpmp from the genetalion
phase over the peak until Lhe attenuation phases {(Ewing, 1970; Rye, 1874
Braun and Gunbak, 1876, 1077, 1978; Goda, 1976; Chakrabarti and Caolry,
1977: tHoumt and ¥ik, 1877; Ginbak, 1978 Houmb ek al., 1978). Heport
No. 7 mentions recording of dameges by rational melbods (Tiruun and
Gunbak, 187E; Kristinsgn and Fliassan, 1978} .

A high degree af "intertangling” and Iriction iy always an adv?:_-nta:e.
Permealility has praven Lo be a uestionable arlvantage far stability. The
ariificial Lock mounds of higher initia] stahility are nat “go-l lorsera™.
Yihen damage first slarts it tend to progress fast Muounds of these hlocks ]
da nol fail neasly @8 “grocefully ™ as mounds built up of natural rack do. This
it due Lo Lheir steep stope and Lo theis high permeatility which mabes them
srun-fullt ar U Ouidize’™ and gllce down. g wavea are particularly 'J_ﬂr‘L:"rmu
in this respect. While the so-alled “no<lamage nol axvertopping chteriz” may
be argued for normal tock muatnds, which usually dizinlegzale rather slm'fl:,r )
in "steps’ and not in Uslides”, it seems much more logical to use these criteria
for mounds of artificial blocks brcause initial damage may be Inll-:nwrlui w
gquickly by latalily {lraun, 1979). However, we have ta fave the rea.hly_' that
it is very difficult ar impossible to get the lerge size natural mck._mommg -
blocks aboye 20 tannes, For heavily rxposed breakwaters, artificial I'Jiuc'lu_
hate therefare now largely taken aver the block market, even in 2 mountain-
ous country like Norway (Kjelstrup, 1377), This, in turn, hes resullad in e
large number of praclical probiems including: )

(2] Manulacturing of cencrle wilh as much resiatance U0 weathering aa
potsitibe, ) )

() Froper storage of these blocks fer maturing.

{c} Placement af blocka without damagag them.,

1) Proper equipment for sule placement of the blocks.

-
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Ahnugt this paper is nol Intended ta deal with adl these practical subjects,
which ur birudled webl in many papers by lughly eaperienced autbuers, it is
emphaiuzd very strongly that placement of Mocks withoul Jaenagiong (heen
It very eseatial, Fallores have happenald shich could be a resglt of Deeakagon
Lo Mociswith dim geomelry plared in the mosl danzerous area at the 3.5, L.
tHine (Plaeth, 1970}, For this reasen, b is also best to use cranes praced on
e bregbrater avil i build fueward or on a Leestls as it is sometimes dane
{although e know from past experience thal Lhiy (s expensive ), bevadse the
use gf Nmifing équipment cawses more breakage due to wave motion making
the Dlocks o against each ather, Ay breakdos noguite often gevurs ag
mass slids, patticularly with Lhe steep slopes, dability siamst slading by Irles
tizn belwesn armour and the [irst sublayer ¥ & necessity. One way ol achisving
this is Lo prepare the sublayer, usually built of quarried rock with o surface
Bx rough as passibile by sinply turning some of the blocks su that the Tongest
side is papendicular to the slope. These biocks should, a8 mentioned earlier
wilh refaence to FIg. 5, have their "toot” down in the sublayer. And it ig
Impartant that alt layers are thick enough te sbsorb variances in thickness

" wilhout risks of weskening the structurs, The strength of 8 chain is well.
known to be the strength of ils weakest link. Yery often there [ & marked
diffcrenos between the drartman’s design and the way it “came out™,

* *DATA NEZDED FOR DESIGN
5 -
Wace datx
Lo order to design realistieally (¢ Is Iy important:

(11 To know short.term g3 well as longtenm wave statigtics in detail. This
irncludes skatistics on wave steepovst and prouping of waves a5 well oy infarma-

tion on L frequency and duration af stoons uf a certain magnitude, defined |

in wane hoiphit amd perod tanpes (Tedson, 1961 Bretlachneider, 1063 Nolte
ael Haw, 1972 Mye, 1971 Longuet-Hipmiug, 1955%; Drgun and Gunbak, 1975,
1277, 1978: Houmb and ¥ik, 1977: Houmb el al., 1978, FIANC, 1978) Tu
sraluale waves in shallow watler, detailod knowledpe un waves amd water table
musl b obtainsd {Jonsson aorl Jacolaen, 1073).

12} To wndertahe analysis of the avaitable wave dala in order to produce
reslistic hydrody pamic snd practicad colecia for model experiments, The
mperlanee of the facters recommenidesd by the Waves Committee of Lhe
Permanent Intemational Association of Navigation Congresses {ILANC,
1878 shau'd be considered, This includes probability and risk analvees based
on the f-factor [Bruun and Gunbak, 1876, 1977, 1978) as well as prouping of
bigh waves {Nolle snd Fsu, 1972; Ewing, 1973; Rye, 1974; Lonpuet-tliggive,
1975; Goda, 1976; Chakrabprti and Coaley, 1977; Overvik and Eouml,
97Ty,

{J) To predict wave-climate conditlons during the construction period
(Brupn and Ginbah, 1977, Houmb and ¥ik, 1977; Houmb ¢t al,, 1978),
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enahling the contractar to proceed in Lhe safest and moil economieal way yo
Lhat the desiper and his client can take over a through amd wellbuilt (Lo
specificalion”) slructure and not & preduct which is scarred by irtegularitiey
und wounds, some of which are not fand could not bed property healed. Con-
sequently, damages may seon hamwn ernd may wind up in tﬂl‘ﬂp]ef.! destruc-
lion.
QOther informatien nerdead for design includes: .

() I1ala on the stability of the bollom sorface and lower layen ihuu!tl b
well known, This roquires soll mechanics tests ancd anglysis,

(3) Materiols 10 be used must be sound and must not sutioil (eg easily Lo
wealherng, possibly intluding ice rxposites,

(G) The contractor shauld have the proper equipment which allgws safe
placement of eletnents in the Structure (Kjelstrup, 1977},
Grporal rpquirements Lo design canstructon and maintepance inclede:

(7) The design 33 2 whole s well n in detail should be practical, Fine
drawings and laboratory tests arz nol enough, IF may not be possitle to follpw
Hiese in practice {Fig.9).

{5) Superision must be strict. Iy far too olien supervisior hns been sloppy.

Good supervision reguires a Iull understanding by Lhe supervisar of ail arpecty
of devign and construction — and therefore alio some good old field ENPInEers
or fareraen who have good cyes end a lat of experences with waves, materiai
and equipment, making il passible for themn to improvise and not leave (his

aspect salely Lo Lhe contractors diseretion. An engineer may be good on roads,

gevert md bridges, but this does not necessarily mean Lhat he i slso good in
marine ptructures. The cheopest bid may sound ellraciive but il s not neces-
sarily Lhe best choice. Eatlier expericnce 15 — oy should slways be — x main
factor, Betler end more prackical cquipment hos been put to use during Hﬂnt
years, €.p, backhor and splithull horgea.

(91 The situation and the appesrance of Lhe beeakwaler upon il'.- comple-
tion u carefully recorded by adequate surveys,

THE DRAFTIND BOARD BREANWRTIENR

THE way [T CAME DUT

Fig. 9. Thpory and praciien.
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C(10) Re Ueveloprment of breakwater stability is fulowed closely by surveys
includig photopraphy . The best, needbsy to say, would be to insta'l 3 wavs
bucy irTonL af the siructure, v, ot 20=18 m deptly and correlate any
dymaze wi!li Lhe ohserved vave aclion.

[11) &3 maintenance should be recorded net only "in total® but in delall
which pemnits juduetnent as tn why muintenancs was pacticularly heavy in
certain sebions of the breakwater. The wive situatiun whicl cagsed the
damags doudd e thoroughly recorded in all details which are hecossary for
mnglysis of Lhe wavealtucture intecaction,

In its [l section, Report Mo, 7 (Rruun, 19790) mentions labomatary proce.
dures amd suppests quantitative nnalyses replacing the earlier pragtice at
counting of blocks which “leli the slope™ sndfoz “'rolled down' g muost
unsatisbotory engd spperficial way of clasilying and measuring damages.
The OIDS [oplical beeakdown sensar) is mentionsd in detall in Kristuson
and Elieaien {1978), B i useful fur ubjective recording of damoges up to s

certain el

PRACTICAT ASPECTI OF DESION AND COHSTRUUTION OF RREAKWATERS
WITH SFINIAL REFERENCE TO NORWAY

" Introduction

“In Flmning znd building hreakwaters exposed Lo the wave action af more
- .than a rermal ord sea, elose cooperation is requited between those wiio
desizn the breakwalers and personnel who have praclical experience irom
+ eanstntion work. {t al! too often happenas thal consirecliony, which from
.. purely Wiroretical or labaratery considerations seem reliable, may prove to
be very ditlicul: or unnecessirily expensive to buill.

Unfprtunately, iL has become usual in laboratories around Lhe wotld that
presonfel have anly labamabory experience and little or ne praclicsl exper-
lence. At the same time, it s unforlunate when eeolral authoritios ane fully
pooupicd with admipistative sctivities ond galy have peen abbe ta fdlogw
deselopments in the Eield through sporadic inspections of building sites, In
order Lo Gind a selulion that is favounlle [rom 2n economic s well a8 a
technicad point of vicw, close cooprrailon belveen throrists and practitinners
i nesded, Only & few have experience of Loth.

‘The wiiters, togelher with colleagues elsewhere, have foupd Lhat this
situation is common everywhere o not confined to any particolar naljon.
It soame eoanirics, Brealiwaters see plaoned by consultants and built Ly con.
tractors, o Lhat Lhe government or the builders anly cammy oul Lhe inspiec-
tion. In glher countries, among them Norway, planning and construztion i
curtied out by the governmenl, The government unde flakey investigations,
does the planning, handles buwilding policies and constructs the harbour, [k
thia cabt not enough emphash may be put on supervisory activity, and one
does nol have the guarantee of economically wppropoata and technically
wund work which results [rom compelilion,

1%5

The [ollowing is a boel summary of the cunditions which muit be Clarilied
and also the mistakes that may arise il the coutdination between the variows
authorities is inadequate, or if individuals e proups procesd with fnwg [hicient
contack with other professionals. If mare complicated conditions with severa]
possible altematives are involved, thyee<dimensional made! tesls will usually
be carnied oul in order Wy find the technically best ssdution, Now almost all
tuch projecls seem Lo have a political edze, Since it is the politicians wha

. linally mahe the decislons in our derocritic cociely, jt often hapgens that

the technical viewpoints must give way to political, In other wordy, the
harbour may be built on the wrong place seen profesilonally. 1L s not upusual
that non-technical conaulting companies design break waters for 30 and {0 m
:‘i;plhs. Laboratories too, may propose solutiony that are prohibitive dus to

n rosts,

Dhegign eritenia

If sufficirnt time is available for {re-studiea, one gelx the most refiable jn-
farmation on waves by recarding them over s period of al leas one y ear,
preferably longer. In many places visual obeervalions can be mgsl valuable,
It is always advisable te listen to what the loge! population has Lo gay.

Regarding eaisting conditions one can uswally pet objactive inlormation.
On the other hand, information ls eften given in order to acquire § particular
sile or harbour pearmelry, one must be carefyl s such information mote ar
les2 uncensciously may tend to pursue one particular sglution,

Chuice of breakwater profile

The chaice of construction materials is important, The building mate ity i
larally avadable have grent influonce an the breakwaber's cost, If thnee s goad -
lecal rack, one must seek o hreahwnter cunslruction wilk the groalngt poible
ure of quarried rock. Concrets will al ways be nore vxpensive, and if thers ia
nae concrete sand at Lhe sile, concrete blocks of various kinds (tetrapody, dotoe
trihars, ete.) may become very Bxpensive. Choice of conerets may be an Ligua '
sk sites where one has peor rock, bul a good supply of sand for comtruction,

Choire of equiprient for cozstrottion

It arder Lo build & particular profle, mechanical truipment with parkie ylar
qul!ities it required, especially Tor Vifting (ton-meter capacity). Mechanlcal
¢quipracnt has been under rapid developmenl in recent imes, Machines that
were usual fust 10 years mgo can no lonper be used today. In Norway, how.
ever, Lhey muy nol be allowed Ly the Norwsgian Labour Commissign! Cranes
o tracks have now dipappeared from construction siles,

Transporiation equipment 100 looks different Dow from the iy it wsed to
be. It is especially in this field that consultanis and nupervisorn, who oaks tha
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Hecisions on purchasing of coniprent, Five et abways tollavwe! the develop-
prenl vloacly rrough, (o this Held, clos cooperatian is urgently rocuired be-
pweenn Hhe Ticld supervisor wlio has e practival expuerence, the peron who!
is 1o dusign Hie profile, and those who will apprave the project. One Tras to

* . have loral sile experience in onler 1o know and upderstand campletely all
the problems thal will arise during tle construction of a Ureakwater. Shott
inspeclinns al the Duaikding siles may only give a superficial impression, It is
therefore the evnst it ion enpinegr {and nat the wohesk man) who must have
the [inal say witl respovk ta the chaice af a breakwater profile,

Choice of profite

Practical consideralions are alien drcitive in this apect, Details that may
seem reliatile, T which in reality are of minor impottance to stabulity, can
Le expensive to carry oul in practice. Also, semetinies the stzuctured desipned
may be impossible to boild! The one wha desins the atructure must cleasiy
understzm! umder what comlitivns the cunstruction rhness has to work. In
tzopacal waters aind 0 areas whitte one can count on long pericds ol oo
weatler, < orialn "theeretical” peafiles may be built as they wera designed, as
ignu ne they are not 2l too involved  1lawever, it i unavoidable, al any rale

_ on the raasl of Hotth Morvay, hat one has olten preat diffewlty in fol-
" "lawing prescribed] profides, evenl with relatively moderate wave gction. 1L may
. happen thal one st make provisional pratection to save the materiad al-
ready in place, This of course means thal too complicated prafles cannol be
carried cut. The result can easily Le Lhat puilders gt less emphasis on e
biucprints, but buld the breakwater arcording to uiual practice il an Ehey
. think is best, This can be 2 problem i changes in Lhe profic becomne reces-
sary for reasons ol slability.

Lenpth of eanstruction periad

it makes ol! the dilfercner in e world for someene desipning a Lreakwater
o kaow how much consimuclion Lime pne can vxpret tu have, in ender to
complete the wrth, flasty work should Le avouled but may someiimes be-
come necessary, Considerations of rapid excoution cen weigh 5o heavily that
pne is forced tor comprattise Lhe stability to a certain extent. Thete will
alway s be some movesent in e trreakwater during its First years. Settling is
most wsual, but waslwouts €an algo orise o5 A 1esult of;

(a} Scitling af subsail,

6] Scliling ol the rack MAs, pee Figs.10and 11.

{c} Wazhing vul of fincs and possibly snow in the core material.

(41 Storm damage.
Therefore, it is usually best 10 build and leave Lreakwater one or preferably
two years before one compleles the permanent consloaction. This Invreasss
the itnbility. Howeser, ihe breakwuter can be 1o exposed that 1t i+ not aclyis-

153 -

Il

BTl W LT, T
CEOY = LRTICw
] 1 3m

Fic.10. 8 :
::::;t_ reakwatar profile for = medlyum expased canstrustion oo the Norwsglao arctle

" -

abiv ta lvave 20 open structure unfinished ot .
considerable extra wark. ed ot unprolected. This mey cause

Quality eantrof

!.1 this reepecl counlries where breakwalers are desicned
built by contractars end indpected by the consullant '|1=:u'e o:,ri::n::zinl,::.ﬂ
On the other hand, if the vonstruclion superviyor keops an eya open for tlfc )
sl \_ucnlmrnrs in @ hreakwater construction, the worst ealandbics shouled
be avoickalibe, Ik is, hoswever, aften the young and ess expreienced en :ine ™
whe are sonl oul Lo e sides, Iy such coses pooed eontnct between hin: an:l
!hr fr-n.strurliun supervizor is essendial, Mast inposlant is that frequent
inspectiztg of the submerped part are underaken. The necessary equipment
tor such wulrk is a plumh line, & waler telescope, and at greater dcpl.hspﬂ;u
the use af dl.'u_l:rs. The meost common mistake v that because of lack af und;cr
weater ispection the supenitrecture is Duilt on e foundation with & slee |
slope welow wairy, If Lhe Blorks under woter cannet be place:! with a r_'rpa-le
bz - or 4 crane on the breakwatley crown with & losg enouph oom therle P
no uih?r rwan ul n:oving blocks below the waler Ievel Lhan by l.ll.‘.uling with
emall churges, in onder Lo place them in the (Fig.*2) prescribed slops, When
. ~.mhd founitalivn is creabed n this wiy, the sugerstructure can be hg..;iltl;
with clunshell ar backhoe equipment, or with the help of & crane. It pro ’
is tu t."' macde 1B several stages, an exact work description s requh;d wmg:m
t:::;mc:i_cupus:till::?;!br::!r constructions where beth Oosting n..nd landd-
equIjrmen u .
S e v tion, , the planner must heve & commplele knowle<gn

L'W)
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Fip. 1}, A Breahwater afler first prnton af coastruction, Balh slopes with natural sngle

$1:1.25). The jetty haw an enirn hright of 0 & miGeyllefjord, Trams).
fi Afller one or oo years The blochs are remeved fram the tlaprs, and snne of the core s
mesed [iom the gulslds 1o Lbe inside 1o eehieve o difterrnt alopa af 1720, All done in e

oproptivn w b g mediumovized {48 mreree Lon] hackhne Targer.
€. Alten iteg mome wears he arttlings havt come L1 zn ehad pud the breab waler ic finkhed

wilh rongrete rover and paanprl conneeied Lo e apmaur Bl o, Sewla 10250,

In many cases some tifme must pa betw ren each step of Lhe operation. One
must then have to protect the unfinished work so that it is nel [osl, FPranspor-
wtion of heavy bullding equipment by s0a or by tand, and assernbdy is Loday
o expensive that stte mpts must be made to hold such costs down, Anather
consideration is (hat the labour force fust be adjusted according to e work
thal iz Lo be done. All these [actars must be subjecled to o jolnl evaluation.
and even il the designer knows the main [ealures of the planned structure,
he must not fail 1o listen 10 the supervisory engineer, who s angd will con-
tinue to be the key man in the consiruction work.
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Fig.12. A An unatable breah weier hend, tuilt yp on o steep tlops below wyler

. B Down blasting of the underwaler armour blach s with amall rephnslye to oblsiy the

presctiond slopr,
CONLT.USION

Eu:nlunlinn of the stalility of 3 rulibbe.mcined steaclurs must of necessily
condicler a number of faclom, including soane which so Tar have pot I;u:nn paid
proper allention. Thorough atability analyses must ize lude considetztion of
the onerall statility of the amour and its sublay-r(s), the slaliblity of (he
single urmour unit 2nd the structural stability of the single unit, Fa:*nrsrljke
“Wnlertangling” or Yintorknilting” of Bocks are important end shnu'-d :pg
logked inlo. Fricliun between the armour layer znd its fiest suhluvm: inawvery
impartant factor. Data needed! for the desipn inctnle adegquate wive data
allowing short-term and Jong-lerm analyses useful for extrapolationy. Fartic-
ﬂnrly im;:ll:;rt:.nt is the evzlualion of slerpness distributions, Heliat-mh-. Lafynra-

ry praceslures must be gecwred in fulire m s
bt Bt cten o aating e odel tests and scale effocts must

A number of practical aspects must 1o considered in deaign to avoid that
:::y ntaﬂls;m_::ture devistes too much from the design. 11 i therefore ne;:u- '

.thot designers, builders and coaslru i
he design ia finalired. cHon supervison get togelher befors
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AEASOUS FON DrMAGES TO THE ARZES EL DJRDID BREAKGATLR
DECEASER #B-29, 1980

Ahztrark - The maln Leoie of this report 1s en cvaluallc
af tne rercons for the fRilure o heevy damanes Lo the
brea¥water. Pasis info-peblen z2ad peterlzl laslude:
Site-inznection fn Jenuary, 1081, Propress Report by THI
June, *©71, Pinel Aczort oy DUT, wecelwed on Auguat 21rt

{DAREF) 1251, and repert by Caristiacl and Kielsen, Hh&:r

ia an Integrated 21t of the DAREP.

Trne regork alse sentigns belefly the sugeeated repair
Wworks and reke a eoupte of overall suggestlons for Lhe
final design. .

Ta aveld 2 voluminous and less over-sightly report reler
efices are -~ to a large crient - made to #x!sling Foports

- or patlicztions. The most lopantant ol Lhtee are sncloae
a5 a total or 3 Appendices.

- THTHOGEETION

~-To m#kw Euch evaluaticn as objective 25 poazaolhle i1t was mwosSt graferakl -

tg reriea the rexasas for dasazes ta Mauad Prezbveters o rersral
and mext to coriare the damaces to the Aroed el Diedid bresutraler to
the graeral exprriences on breakwater stabilikbles and demsGed.

ka en Inten=3tcd port of the report 1 have Lherclare 1nc1uﬂed :rfl:f
on “Coamatn 2cissas For Docages to RﬂEble Houna Preabivatera Eubl+;?=.
by Cesstml Toolncerincg Iaterzatierzl” 2o 1970 a2 Appendlx 1 f.ef::f ..
El{trc _then {10 porss) Eong forfher Erol/cE8 Las hion mode parilociern.
in-the wave hrdrafyramlos versus 3vTuctuTes rield. In rev}:ulnn the
197T-artlecle, as done In tne repoTh. th: masi- recent axpcf-encf E::
bson 1ddes 23 Assrribed in Apfendix 5 o&End B on Javea, Iin Appeadix .
k, and 7 {Cuacter 3, op 16%-221) on iidves versuz structures, end in
refs, 4 snd 21 - (Rppereix 3 and ) en canstructiona.

P - GEMERAL ABOUT THE STADILITY OF MOQUUD EREAKSATERD

Haund brest.aters, by riture, ore Cather "rrarile” 2nd no Hnnﬂ:r. ﬁ:
erplalped inm Appendil? 1, Prac—ea Scasons lor Creagses to Haund _rcax;’
waters", 1579, some dacapes therelure, fan Elpays be cxpeccgd: bt T
the desfrn Rsa teen well deone ana the eanstructlen ecually #ell unde:
ta-eq LEe w-hsuivabie inlTial sunerflelal dasages Lo AEROUY inyess
Will lede oukE, rollowing & [od SLorms. ,

Upder eguai evpasure aleng the breakwater damages, ‘therclfore, will bt

1y tr L Muat 3 leng & lonpar sectlon,
rondamiy distributed. [0 a brejguater Falls a .
leaving othes sectlions intact wilthout damaEes, thia ia eithar EaJEeﬂ
bv unegudl cxpgsurce o wive action, unequal soila eangltion, Hﬁ¢4=ﬁ{_
ralteriets, ia2l. mateelzls handling, o unequal espatruchion procecii
intl. suprrwislaon. . .

Avsumirp botreductoerily
Lrrew o) THledid Licakwater Te
hppendlx 1). . ’

thet 51! candlticns wera cgual along the
ference is made to Fig. 1 (Fig. 1 2f

DAMADES DY XHOCK-DUT3 ) ) -t

Qeneral - Damagen by Knock-oubts are caused by concentraked hydro-
dynhalns preatures, most often assoclated with plunglng waves,

ngﬁﬁ;s H1) knafk-outg;pt Arsew el Tiiedld - Thers 18 no direct
evidence Lhabk this wave domage oas happened, but 1E i3 an the othes
hend certain that tha :ucnlled§ -facteor, $ = _tan®- t 785 T

. " . . 4 K
olm Elops angle, T = woave porlod and H = wave height at the toe of
%?u alo;e, haa been located in the surpine breaker area, whersp

b > apout 2.9, referring to breafer condlbicns.
Exnople, usning data from the DAREF report (1061]):

Heli o~ 6,25m, T » 1o (13]) sec.

B oo 2 LEY =12 | 5 05 (a.g)

6 {6.25

TIf N, 13 9 maters, fh 1 3.1, still in the surglng srcea.

As Dreskers, therelfore, durlng the aevers. storm in Dec. 1280 lerzel:
mukt heve heon af the aorging type, Lt 13 not likely that pluncess
eccurred. Tnis dlacioter the rhocik-pressures, which usuzlly zoecomzzn
plunging waves, cresting high local prozszuces, whleh cay razily
damage Dlocko In ex;oted positions and farticularly sultilezped
blceks, which will tend to “bridge” or cantilever".

DAACES BY LIFTS LT

Beneral - Durlag the steem aff Pec. 26-29, 1GPa, waves of rr-lpds

excecding lo t#¢. oceurred , particulariy durini thne later rasses
of the starn. According to earller pesbs wlth Totrapodss, =5 w.s.
reporked on in refs. [(15,17) "rescaasnza™, that meacs a-surnd2sus
rush period Ia enuel to wave period {refs. 2,%.%,20) m2y occur S5

4§ -values of abauk ¥ Lo o lor a Tetrapod tlope of 473, As earlzl=gz ;

thorsughly in rerfs. 2.%,%, and § the condltlon tesped "resonance” 12
eharacteristic of the onset of vory deep downrusnes and theze
downrushes stay vary low, as long 03 the wave perlod exceedaz the

o Tesanenoe perleod. Simultaneously w=ith the onset of resgnance ths

Btabllity of the mound eaters 1h & crltical condltion cue to the
rolleowing clrcunatances [refs. 2,3,4, nnd B

R
T )

With wWaves ol

dovnmish velaclties ape maximum.

the woleoslblen 1a the arriving "next mave” attain,
maximum waluea along the slape. .
hydrostatic pressurvas (rom inslde Lhe mound abtaln
maxlmum values.

Ho~ £,25 mand T = 13 sec., § becomes about Bom far
tha 453 slape. Tetvrapode mound, or cartesponding or close to res:;
ance. Foar hlgier periods or lower waves or both, conditlcns =r

atlll cléte to resonance and en the pretleular dangercous slde of

the resonance parlod. i o

r



Tr.e nucstlon ta now, hew a 873 tlope of Tetrapeden behave under
tuch condikions. )

“In arder to dizcuszs this sublect 1ot us, Introductorily, losk at
the pelative ctabillty ef msun?s of multilrgied bleocks as ecpmared
Lo msunds af glhap bloess and gt the ceme tlme lovestipate what
may be termed “the optirum Slope stebility™. -

The ressen far the invention of the multilesged blorks was that
thoy were etln ta stay stable For stocpnr alepos than guarrr or
reclzmcilar Riccis, ternky savias oatertals. Yair, haucver,
ralse- Lnw .

L
on a ztoep clope.

saxlon of rizks levolyed Ip the use of much Llooxs

Relerring to clemcontary principles of £of1 mesk*nles = steep slope
cf unllforn Saterfixls af course 15 lasa sinble toen-a slepe of lesa
stecrness. Tnls, nowever, 5%11Y refers Lo A homagencus 5lonc ang
fint Y2 a slege, which 15 bullt up of layers of entirely diffcreat
maberlals. -

Lee™ing ab tae-chzrecteristica of mouads of ssltllezged blacks ol

Tdiffeperit thioges gli REwe lergser permeoshillity, 45 to UER Lhen maurds .-

of rectangcular or cuble bBlosks v rese mouads freru,. @ emd 21). 4
the Fircy lecw Suzn Rich termeabidity aopeara ta be &g advanbazs,
#L COwrgY fhnorptisn indreases [(refleztion decreeses), and btoe ecn-
sieTntiea ol Asteslals Acoresses by 2bout 15=-2c% compared Lo —ocwe
mounis and by fleut 15! compaped to orestEngular or cuble blosis

left ia pell-n:ti, Go the pihors fxnd, due ko less volume of cater2a!,

grzvisy Tarzes, tnercchy C-iction betieren Blocks, bosoce lexs, 3o thc

fatg tize oz Torcss Dy Lhe Flewins watar 1o the fmound lacrensesn.

Triis in tura menvas Lrat nysrasliatic, as well 25 hydrosynemis Toroes

»whish bath tey e diclecate blocks dorine a downruth, poreste, Toa-
efvantioes af uslar multllegses bleaeks, Licsefars, may Do cUE-
welinted By ZfZatyentares An phhpr resnoets. This dspends ash o least
uzca wne slene zagtle. U=ain and Jerincesszon {ref. 1 and Anreniix 2%
aralyze in cront detzil the Jorsos o @ S1aZle walit in a mounz,
{rer. 1Yy, v = =a1r ax a thearchlzzl crample it is shoun (ref.i],
haa 1t 2% ;osshie o eadewlizle Lthp muoter of blegics, which arc
nroenzary, whenTolled upn oan thn tor of ociel arher, to zreoduce enoezh
jrudturpe-lores b FEroep @ oaarticnlar t£:11 1 nlace, pssuning 2 cerials
Jify rfoese, Frieclen belwoen the balls and frietlcin belacan the =ai’c
enc jthe 1 st. sublayer. I is civious thait eny reductlion of the L m
53002138 farce o tha Side: will srake it cacipr for the Eall tg
sroapo. 3ol Todugilon may be @ resslt of high frietion fo-fes
Bebiupsn fne zail 2nd [45 sublayer. On tne other hand o large frigtis:
foroe f=iyer: oTrmour and coblayyer Wil! georezse the pozzibilicy

Fee wlideos, Wiile singie units, tncrelore, mey stay in olece, 17
afdppariely srugared, lasers of bleck-unmits need 2dcquate frictian
bBetlirzen the Yiccks and the sublayer to avold & mass sliging frer.t,
Apprnalx 2 ard vel. B, Appendix T, Chapler 3}.

As armsur Bleeks, ranglng fram gquarrled roclt over recteErgular blgens
Lo mmiltilercea blochcs, have very ditflarent fricricen gerebilits, =
1 eaxlly vredersizndzbleo. why the agtiovn stapflity 2lorpe.for Dle:
of vwasioph Seseatrles varies greatiy. Tablsa 1 freo oref. 1% [(iccex
5} shous the octinun stabilivy slope for 6 difCerent types of 2
unlts.

el

Table 1. ﬁntimum wkabiitby stere For wapious Bloei:n [ref. 15}

Trppe af Armous Unlt

Rip-rap 0.0
Guarry stones h,a to 5.0
Farallelopedic blocka . 0 to 4,2
Stabits ' .0 to 7.5
-Tetrapades ) . .0 to 2,9
Dplos ) ' 1,79 to 2,0

Yp-rap and guarry atones the dlreet gravity force sgsingt hydro-
E;:nxig {i?t forge ap;:rently ta the most importanc fpctor. an
eontrete bilockszs of lesa iavelved geemstry the irpartapoe of sldn
pressure increpsea &ng for Lhe compled BlpokE with legs, Sice Frespuan,
or "ihterinltting-intertangling” 1a mest - inportant.

‘Frnm Tahle 1 it may be scen that the optimun stebillity far :ul:ileggt;

bloeks ix less than Lhe 3lope with which these pounds ﬁﬂrﬁlllf.lrd

bullt [4/¢), Consequently the wlsdom of using 4 Slope 3TeeferT Lhian

the oplimum may be sues:ilened. This may e realized in a o1l Terent

way as 2xplalned below.

Stabllity of an armour layer may We written aa {refa.15.16, ane 17}
.w=TWHRY (1)

when YW w» speaillle gravity of water

“*=-- Y = wave helght zt toe of the structurs

;LT R = osr/{sr Y 1)d _
Sra relabive weight or armour wilte

¥ a stability function = r{ =, H,.I"LG]

‘. Flow charseterlstiss oo rough permeable alopes are well reprelented

by the Iribarren numbser {refl. 1334

R ) . 2
C . tro= wane UL, : . 2)
¥ 2en ba written ] .

Y m A{Ir - IroYexp B{Ir - Ire)

. Ir » Iro - (3}
Iro = 2,688 t’ﬂ:} - C .. . )
oIr = tanedfiiLa . {5)

. . .
A end B are 1t coeffizients,which depend on the type of areolr unlt
end slope angle. o .

For Tetrapodes one has:

¥ {o= 3/3) = 0,05
YL = 2% = o,0l-a,a2
Boxttnr sad Caafldsree Enﬂds-?cs;a

I
have shewn that there exists an impartent rendemneas in the strucluw:
response. The stabillty of ihe maln ereour iayer varica ﬂtth Lhe

DAl ek LaBAL Rl mkma ianim =
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Tokle 3. Fli-gasflflcientd for Tetropedes (mef. 153,
LI A . L Iro
1,3 " oe,03380 -a,3181 1,599
1,56 o, o700 Ceo, 399 1,7t
2,00 o.cPo5a -0,5078 1.3

Pitesoefficlents A ond B [Table 2] wers obtalned br means af line=z
repreaclon using the change of variablea: .
¥ ow Ir-Ire {6)
= 1n (4/0r-Ira) (7} .

throush +4' % the Fit medal definad in eqe. (33, (), and (%) 1%
transfsrzcf ‘oo Liig abvalpht ling:
{a)

E=nmx +n
mow R

where
n = lnk

ucatt:r in thn ezparimental resulbg 24n be nuununted fﬂr br mndlfy-
ing e3. (B) as:

T ume+n+esd

when % 1a a repdoxn verlably a. aversgen, 3 depends sglely on the
Shrgcterra.

ita
according 1t

2 ia ﬂnunuinn dimtribution. end estimatin
oy ceand of experimeatal resulta ixl, F1

y .
IR R I L )
ial

khere N i3 he pusber of data, confldence bands may be dellned that
oftasure scastes al Lhe data,

Asegyming bhaj
variances {3

F

dy

Deratled z2lculatlora ashow that the highest control curve far 2%
coalige e level, wnich may bo Kaken as & stablilily funetlaon er f-s:;
Yo = f{Ir) can pe obtalned by eulitpiying & in Table 2 oy a fagtos

2 for Tetrapoies. Far rlp-pap the corresponding fagtor is 1.3, for
cdarey stanet 1.5, and (or parallsilopadis Bloehx 2.5. This r:_.c"
can be Intes[reted as 4 Galfety coelfllcient In r4spect 3 STICC
response of ike mound. Tha réndoen.varlabcle 13 hlznesty rsr pz**“e_-f
pedic biocks (2,5}, but alse rather nlgh for Tretrapedes {2,a0].

Confjrtpnee 924 Teztars Tor inltiation of demapes for Tetrzpodes grs
Flvea 1o Table 3 and cnntlvl eurvas are obtained by multipl}ing
the hest C16 curves e3. (3] by Lheae ractnt:

e 1,83, Wwith 1,33 piviapg the hiphest wiripht,

Table 3. ConCidence band factors Fer Inlbistion of

Jdamese Mo Tehraredes {refs. 15,16, ong 17)

L Sel a5% 395

1,33 ;LR 1,64 L | i
ulﬁﬁ o, b1 ) ﬂaﬁz.

1,50 1,00 2.27 2,93
50 o.hn e, 34

2,0 1,73 * 1,93 2.37
a,408 C,52 c oG U2

Apparently slope o = 1,52 14 Lhe least aafa. The larpe differecnde
in regreszlen betwegn = m [,33 and 1,5 1o peewllor, but confldcoce
iz 2 little battar Taptl a l 35 Yot It im apparent that ane hes
Yo epunkt en large scottering fer all Slopos, bat Lhat block alZa
fore m 2 ran be aboub hill of, what it a2 o bo MOr A = L,5 20d

but a )Jlttle hctter
struntural cnnlidencu Lhan m - 1,5 rnd [N L,o. .

What may be deduesgd Creom thle 18 thal other ractors included in
aoverall ¢anfidenge, lilke Structural aspecis end concrete quallty,
izt e a3 sale ps po::lblu. For the steep aslope, ™ = 1,33,

The axperlence Wwith multllehgcd blncks has huln that this often
h2s pot been the rase. ' .

4 =

v

L} shape al o m 1{3 therefore 18 anly :afg LIt RS

al Elacks are large ¢iough to enable the pound ko withstand
salltary, dauble {ur triplal mammuth waves and ) dim, elFosts,

‘(b)) blocks are eru:tura]ly naund “ith nn tendensy to ex5y
breajkaze- . . .

With+vespect to irzed el Bledid {a) le not known, %% no acec!lys
tests have been wnderioken op much waves, Wave 33tion along the -
brefkwater veries samechzt 1A getalla ecd LY =ay happen LRt ab

Tene parrtleular locatlon, cue tg alight fhapses Lo BILteo tepoErichy

the passibllity fas lalger waves by a tighlealng of orthugarzlz. -4
larper than 2t other places. IC Buch Ylves damas? Lks mpund, Turgher
dagzgze 23 spread out [roa thot palnt due La J-diaonsloaal effecca,

The same may hagpen, i1f the mound i3 damafed cue 1o structural
weakiness in e partleular Brea, e.3. where 3 - 9 blocks eve brofes
In the o, o =42 slppa danase will =Tacead pubt roapidly, becacie suzn
alore is fragfle and vulnecable due Lo Itn atsopnesd,

Darmacp-—'2tyss for LA ongte. Oeencal o LlML-Outs
where Lhe ceoalaed lile=lo®ues arp morii=ym ppd Chat 18,
by dounrush, ke welovilize in tia plunwgias, =ollnzalng
wave aad hydrrstatic Torces inside whie H:und Joln hﬂnds- Titlw tagrere
when downrush 1S o5 low o% cossible, or gl "Avcoponece®. The Rzzes-
ATIEC AYCO, Lh-1ﬂ|orc, 15 fcund belesr Whe srlil=tucLer ]:unl arr
. " - - - kb whilelm ju Tarted

wlll agrur,
vhelrw Torzes
o oruTn

RS P P P I
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1,9 to 2,0 ware hedghin (72} 6r ahoul 1o-12 meters eaxisum in the
cane of a loa weteors maxlmum wave helght or about & metera for a
5 seter wave of resondnce prricd,.

In the ecazne 2roaur Blocrd are too 1ISHE, this means that asoours
will be Lifted out ond washed down by the dewnrush and left as &
deposit —lehn belns the 2,0 I3 level ar - ip Lthe fate af o 1o n=te=
Raalcus yode = beiow efinus Lo Yo 12 molera. This process Bollds

up 3 platforn ef "Cdebria” consisting of armour blocks uauslly 1a
the lower mooi Inyersn with sublpyer mpberial on the tepn, often
leavinnreavitian cunced By Lhye lesae zettling af 1he satesials.

A charaetiirissds S=alape bullds up preseating an 1deal pesmctry

fer stub*licy as mentlonsd iR preat dotail in refa.l,2and & stehe
referenee to aetual casey. Jea Cigures 2.3, . end 0, ang appendix 7,
Chapber 3. '

Dazare-niotyre Mor Lifk-avbg at baew 0l Diadid - The helor
mentloreo raieTa Lo e geoneisy S0 Lo astapod svgklen, whish Is
dezeriled Ia gvent detal) ip the "Lesmtee Mepark af fugust, 1920 by
JEHT ep? Chrixtianl end tlelsan. In Lhe folloalng; chese repsrta 2re
refe-ced to g DARER. fo 8 ratirre A va%e Tor the regder, refeorence
15 made calnly ta Mizures of Lhe DARSPE.

Bef.: Profils he, Ti-p, 2.8 gre of Lhe characteori=tie profilea,
It has a plzblora betocen =lo rnd «12 m and 8 deposit slepe belicw
=12 &, Gtiar prollles kre more eemplex. Profile 7o B (p 25 ar ©
ras sete cTller platleese creekbad by deposita af Teeranodes down-
tlepe In siales cor ridges, seppacting tho motoplsl bendind thero,
oiving @ cratecth Zasmetry, {neluding “vertical” and. "norlzencali”
Ffaces. Thnis tn turn Fas alse ceusod the rormpblon of gavitles oy bode
Inz of bioveys,. The Farmatlen of zush gavitiea, bawever, nz2y a2lss be
8 TecenZatry dorapge cauned by the zuctlon out of lozmely Zeposited
Elscws waonsed oub [rom kgove. Cavibles are nlso knsun to be ferzed

1A sceeg z2le; ez aracne tag M.O. L due Eo the laek of enoupn soos2-

=5 fares f=ep the bloeun obove caused by ilncidantal Lridslng. A -
recont axarple of that is Foend ot Lhe rock bBreozkaater ab furinesa

In Icelans, wassn hodl & 1im 1,5 zlope of 4=G tons roov (eb. J3-+
ceiess ntorn wavea), Several cavities have developed just abgve 35
(~ Fetcrs ticzl range)-

‘M
et

¥ith reference to severel exacples of platform lecatlon and forsatlisz
the DARZF {inslly reccroends @ pletform profile. frofile E of I
rezart, Foroexecutlon of the fniiial repalss. Iz prolile follzuy
lergely the resulta of model siudtes. Tne pletioma 13 13 rebess
wice pad elevatleon 1% -9 meters, Wilth raference to the later pantlone:
Erzerdicar 5 mm2 £, gn wave er-iterle, leclealng wave soalna of

T
3

' T H
parziculirly danrerous charecter, 1t !5 believed that thne elsvat:ien
G the platfsra, Ancre 1t 18 pocalble and naot hasperes by decosch ©
slopes, ¢2:ld De looer, ¢.5. &5 incleoxted, in Ffact, by the Mrc-
atlen of suzh plalfocm 13 profile E, ML %5.18. In Euch fase the
plziforo could rzfse frem tha auter ige at -B (-8) eeters to -55
celers In Lhe about 14 meiers wlde berm to the toe al the unper -
slape rousded up touaras ihla slope and zupplied with larger "rarmer
Blocks. In this way the teprir-prolile would oecore more przeilzcl

and sirmilate the leb-profile, following wave pclion by & to 5.3
rolorT 1aANCS, better (rel. praflle £, Fig. §.18). See lacer vilor
Initlal repatrs.

*

%o lo heters

T zublaver.

- 8 -

The DARED descrlbes
have boon 1irted up {and
Float the armour cafme dOWn-
Teowlt that sublayer miterlale
&5 rezuiced) was placed on the top and

' : » Vo, Plg.
king ot the deposit slepe below the platfora [Profile .
;ug}i;gd Lthe 51:ep§r biocks found in seid Alope, }E LY. EXRL qait-
nﬁvlous Liiat tie blocis Ilnm the Qpp#y Clope ucre 1ifved up nrid
relied down. It is posslble - or even lileely = that thls woa

the condition of the blasks, which aTyArCILly
rolicd cownl. Cne tay vituallze Lthab! -

and mn¥t the the sublajers, ¥ita hhf
Taf reported 1ens block rize, B85,

in botuecn the Tatrspcdes.

Nr W by some rASTIED
cod by ¢ Euseesslan of large wavesd and porhaps :
523:2" iﬁ supon waves will causa Lhe highest 1ift [oress onc 3lEo
Mop1l-down"-Coraes; resulilng in the development of & berm. Im

vef.l, Appendix 31t 1s
“apep-prafile” in beac
waps possible to eenstiru
from a bteach profile. T
ray be goncluded thakb the rec
profiles 15 slzllar. That means
_is aetuzlly fopmed by a deeo dn$nrusq
pdze of the werm. Tranite os
i_:fzgzeeﬁﬁéggdidhand Le Arraaess, loelan=., 1? ncank %hat+:R ;:Er
«ofinal prafiles thea uter oilce of the buepm shall he IGE%:: bRt
K at krzew el Djedid and at -9 melers in #h::JcSS.
wifg 111 ba so in the finel repair prafile in Lha Iprlnn_icifiauq
Serm will be 2 meters wide in Izeland end slope 1n lo glving
etevatioa - b m et the inner edge o the berm b2 be roynded Up
towards tlhie upper slope. Thizs i5 a practlcal geanctiry.

wew such proarfile In fret sitelates &
Yoy e ' free. 1) rhowe, hid LT
¢t m bers prefile for a maund breaksster

e irporianes of this 1o Lhrat 1L, tn:rqb;.
nanles of the ferpition of Lhe Lve
the "Step" in the nound prelile
procteabing olnost A3 deep
rrinmg thie to Lhe Cooes in

shawn , )
n morphology. Fle. 5

_.DiMiGES BY SLIDES

lgenerzl - There are two
mrenanls slide, wiich may take p
helaw the areziisater ENat means &

talls-falluras in counds are usually demon
—-develormenz, by which citerial on the ton
down. TAls,e.5., happened during the 138G-rcarl
i.guerla Larbaus ip Ecsteora Yenezuwela, Lt 13 nat Y
Tautiidp ratgabizl earthovoakie aréas, 2a [N lxrnnf; . 12 e
Anobhes £oils failure could he in the ground ttsel.. ';hﬁ iwere
egrlayer of soft wzberlal o low sheal strengtn l? .:uﬁt‘.c ol l:‘_
hreatseier, o5 14 the case of PGS B.CAS3 harbaur“.u Mcx-;ﬂ;_ag?gi:"
 emso: refgeres azafask slides w3y have to be tilEn, ::Ei ﬂi eves
£1zg Toe3 St oouenbernlancs 3 alide crus~d by LRT WEigh :~‘:n
. broswyster trund. Inis il be eone <t a5 Hucan._Eu: 1:=n}1d;t
- oprovide a £alld support for 4 surface slide ar arzcur f"ﬂ =r.
Such slides may Ltake plaee a3 a regalt of dnin:ul.
an a-Tzour fayer of relatlwely nigh Crleticn du? uhlr"i-
v plg=anls aad a1 tas anrazh scrlaec of the [irat SL:_;- T
d be caused by a too emall. block alze al lh'.EI' T
subl=er=, Aelfz. I, 4. o, and 8 pive a full description ur_::-:d_‘
ENE wEIM ACAINSL Ench ogEurTEnces Res. & is tnclude;11n ;,Ef;‘:;"
3, ref. 8 32 Frgenclx 7 (Chapter (). Teble };E ox p 215 z 51:.5"-."
Tlu:plalns the advontages of inelualon of wfe {hniE-E:?cli
layer befueen Eoe ArGAUT 1ayer 3ad the firsk {:-L:....::...r DI
Acls. o =rd 5 {appendix 3 and Y advilzs gn, how Cirss oo yer
: gate friztion [Fig- a). R 42 laser.

chened ta praviae aiey ' :
EEHESi:, iz prchr:ch aud rceo=ené~d by bthe US nrey Cﬂrpt el

: plides. Onae 13 & foll

" . of ;
different kind ltasll-ar

lzees in the br:luwlhtn
"solls-hresk”.

ftrated sm a4 alip-elre
Lretticd almost vertldis
thgunke =itn toe
vary likely 0 0
Izelend.

N
ls
LR
[

==

e

forcer &N
proLoudlin
This coponld 2.3,

-
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_ ST . T g + .
Eaap _ o ) o . . -_ . .
?;:'L:Zi{:f%:{ r?r Tr-‘l.l-";«;;" =L ATCIT R OCIFNTD - Hitherespost ta the
. o e lafirih . LheFU L% N0 uYldoiel inal S H LA hy 3
are o hein ) Dy, ncrcrcn:nt;;c I.HL -uﬁubultdc“ Mavl LagEn pioLlar, 1nel. W alave toaLicicd At gnztas L. 5. and T beap witt-
Ci=o3 and Honre on solls eonditioas in :h:DhE:?;u::-rtfert by ness af one of Lhe maln reasons for Loz coliapse ul the coawa.
dl?tr:b;::an of biosk aizes preves Limt. Bn {h; uln;: h;n:- T?n' Neavy overruna have contributed herets. The gonecete sedss Lo have
9551“3212"33 pflid;f- along the Siope have happrocd - Pﬂ:tif ;a" been up e Fewuired stensRrE:
e f A ollowing a "11ft" {e.r. photo L%}, This 1 ‘
we " . 1 an =
indieatlea of, wnat ockually naopencd Curtrg the storm, vhlch oune OVERILEHES OF THE CRCHN

Unt1fE Frersases £9 Crowy = AT7ew et Dledid, - Hirerous surveys &ns

caused the fins - - -
Lledid. f anal or wajor collapse of the breakwater st Arzew el Genera) - Upmun or uprush on m /3% sla - of Teirapodes m a 2
- - . - - .o e &1 - = i Pe o - = [adnle et
) ) Jnp to cxperiments (ref. 17 and Appendiz I} reach up about 1-Ha en
GAALUAL ESSiFUC¥N OR FAILURE TUF TQ FATIGUE ’ ’ . the slope.

Dyerusehed 3L irgr el Dledld - As waves of 0-10 meters nelght msy
hove, oF procapiy kBave, been tntegrated in wave tTxlng durlng the

Gareral - £3 explained in Appendix @1, p 262, this 1s a result of

ceallsuer kin : -

no:Lbe:E 1:3§;'Efgf£h‘?§ :iu:x:*— which in turn In sueh cize have bea. 22-29, 10L0 storm, snd Such waves miy gzufe o 5§ oeter uprEn,
Torcen. Sumi Poiston mad fttfflrnd vplirt and shearfup-and-dosnceth {refs. 2, 9. 18, &nd 28) 1t 1= no yonder that thez wall «lth 1ts
chosed In'tfrc.-iﬂul: ¥ r_n_i ¥ cacse a2 callapae,. !l nal prosstly wave rcreen at ¢7.5 m has been avertorecd in scae inztanses ccallier-
viruz) opservaticaos or F?-:lf ; to locate such rockirng blocka by, ably. Iniroducterily the mound in f-ons af the screen setiled, es-
rerazled by se3+5 in tHD Efkik dring a calm weather period. It s paailng the saoreen & vertiecal wall. Ugiush theno continued ercding -
darins i e ocHS. One cap alsa "near” such peveznsuts . . front of the azrecn. at the sarne time Bz extTCTC Lpruzbes hik Ehe

\ wall very hargd rizuzlng hizh gveraplashes, which cane daoun with cT#E%
. powar an the alab Inasids the screen, poobably daraging tne 1naide
.'slope mt the mame tire. Thid mituatlen wersendd, when the wave £I7L40
- rimally tumbled aver, Helerence s made to ref. 3, Appendix @, anz

a starm as clicizing soknds from the breakvater.

_?_:::-" :'j:'.__"":'!'#f-‘.‘»" .I"F. i2l1 Beeabrsem pt Arzaw el Miedid, = L o is

Du;i:i ﬁd- f“ft Lrasitl Greadnawn nao startes beldre The Lig ;“urﬂ :
neothe Coinssrueticn perind 1876 - 1978 woves caccding 3 me:;ra )

were recorded ‘1] times. In April 78 waves were 5.5 to 6.0 moters refs. 12, Lh, and 17.
REFLISTICH FRCH THE FACE OF THE WAVE SCREEN CAYSING SCOU ) SOOUA OF THE BOTTSU IN FRONT OF TIE HOULD .
ﬂn_-|nr'=!‘.l - A= EIPl‘lln d1 = G . r . q 1 n . Hcoal=-
e aloe n Appendix g . groral - IC khe maund 1s locabted 1n relablvely 5 allow waker, Q€20
sbpsnlng a vertizal wall, 1?&5 o “aiefflE;.l} “iT" °r wave upush -* - uave mebinn, ineliding reflections and cenp desmtushes, miy cause
in frent ar Lthe wall, which Lo tuarn mﬁ; he»:;ﬂm;;lcnguq Sovare seLud " peour of the bolblom in [rent of the mound, particularly if the
callapze. Thit Ras karrengd 1n fimernus cazen, E.g. b and kﬁ'r‘hr . : materlal 18 very fine sand or silt with littlc conesion. Tre ac=xiT,
Glhes, Portural, @ilbeaw, fpaln, Tripolil, T heEs 'GF“t Foat haupves, fay be coversd up nt the end af the storm. Therse arm i
land. . ' poli, Tripoll, an¢ fhrenesa, Iza- cenns, whera BUGR events have Caused :ny real gamage to mourds - nd.
o+ rap endg, only in very rasllow «ater, WhCre a lotgshore current
s B = Lwn a - “arn A i o a thecehy deszentil
1 ﬂ?rhfu .he: £l _Di=did. - Tha DANEP shows a nunker :haiuLe rlnuiittuing the eroded raterlal awal. SEE ek; erenitg
o, 11, znd 15'“w51:5“;;,f':--éﬂ und .5 and a number af phelaa 3, %, ¢ meou a I S
inother assectated denape 19 Gomentben botog, Jouve menkionsd elfect. Srove_of tnp Babldh in’ Trenk of the fignnd_pt Areu et Dfetic,
' ’ ’ ) 15 5 GeloCNCE Lhat such sEour has oeewrrod, clboourly - BOET
. . . {L has Leoen Sone s2odr ek Lhe gxtreme ends of the bBreakdatsr. wilen
VPLIFT FRESSUAZS CM CTOWI SLAD ~HD CREWN ALOCKS . may hove damaged Lo Lae rLTuCLuTE. : .

Gine-al - I the vorer sectl :

Ginnral - IT the ugpes ztiang of tho maund 1s highly permeable 1]

P}ét::.e_nJ d;rufn HiTers Will rupetrate tne meund chRd crElT Uilift prrieys Il TNE SOUILNESS OF $HE MATERIALS USTD FOR coutTiucTIo
I qa::rg: on cravwn slad ancfor blecka - 23 well AS presgurecs an tha
arrour of the lnside =logze, as It did at Akprencdst In Icelond. fhe

Qeperal - It i3 a definite requizenent te be fulfilled fer LS
sulh ma; e, n " —
rosult may be "bursts” eor push-olts of these slabs ac blogks ang a

k. Tonotructlon works that all malerials must be able 0 withatend the
garreding and daterlerakinn agpoata In seawater. Folf. 21 listks

resulting sorlous damece. T n
Eocig: she sloab o Dl:ﬂE: 1;n:1:;1;§n;i:ufiiﬂn ?::?Ta. 10 materind regulrendite to all watarlals involved in parlne ponshoustidn il
Bloc«s (mnich mazy bridie or eantlicver) r-iﬁ'r':aditg the Slab er e materlnla used incluge substancea, whieh m2¥ bt dawaced by 2er-
sereen may then twumble over alber having ;ufreﬁgc d;::;ﬁ“pli‘t, T""“ watgr, couitor teasures, 1lke Luzzolan,and YATious adalitures mUsT
turn aver as a wiole and sulfoer damagea Chereby- mages. or it F8j Le added. The reuiresent to denalty of the concrete 15 abiolute.
. : Hatural rock is not always as dense as desirable, and 1t pay 4123
. ' . ' . 1 mamawnit aAlrabifled e te high pressures fnefar sedimenzaty o
' origin, Yuleanle rock j5 Tomptines very dense and heawy [3,3 spesilss

ﬁrn\ity] el rggmelipes T1iled wHith wotes and less dense 10TETS. .-
. &l napaencd walcanie bopns or ash {2,060 wueullte pravity}. All
m——n A ' ) maLorlsl s munl e ippretel Pareluily Leroro pEpat gt e ymd Lesmot
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Polepte In the S-emdaony gl the Fobeplale tned Par oot Ve el oy

L Fryos vi PMAenltr - Jeference 16 B2de to Lhe DARZP. Thore are

R dprest CCEElninin o6 eoncrete stenpdasds. The C I repsdrht ctotles
oAt conctete quEliLy Was satlsfactio~tly. The cuncrete BlocWs ond
Lhe wave ooreen would andoubledly have brolten or mapiured regaod-
less of ronerete quality, .

Tnete are, hou#s1r, ttveral pemarks. which refzr Lo the sublayeps,
toel, "Ua pan nomupe fut Jupt comme Btant plus pALlte aue 647 [p7,

p @%,. ans p &), "lna rochen parilcsent 8vole ote pasidcacn, ear it

¥ A de navuroud Frofeents dont ler Sorses correspomdent” [p TR).

“lern roches KOG, &1 ellve celsient, sont evidement ensevetfes™ [p 233,
cts., Ineluding rerurka ar Inturmatisn, whigh refrrs Lo "uerkranasips’
or "ecemirols" voiner Lhnn to Rpalbn or cenndness af eaterlals. Toe
ce~Birg? CHI an: € 10 (BAMEE)} Tepsart swentlens fractpores in the rook, |
swplcn Zue Lo cretical And perhbaps midialy physieal |=1|'."q':g-]‘.4.‘:|::*.llrﬂ'r.‘I ha3
resh At AT 20 o nraduce lerge rock, llxe p loB, 711 ost evidsant
gue gstie srrustare pend difflelle de produire de prgs Arofscs pocsed
ct B1 e 132 reslatAnte des roches procdiites.” s centioned en p L:3
the pasit Rrs sulTersd Duriner by Lhe wprious handling procedurcs
inclucing ! e 2 n SQuUtes, €OMSEIuCLly "lfs rEorortl roalsuela de
FazScns Xx8ntiosnint #7alement souvenl un deffclt de -~ hey MO pendent
les travzux™ (p lo5). Thia deficlt miy have been carrectod, noweves.

WPV MILEHIP
Girnral - Thls Impurbtant subjoct 15 dealt with Lo detall in vefs. 5.

%, £, #2nd 21, Refcpenan 4 15 inuluded in Appendlz 3.

Ha regsan is zeen,'ut thia npprortunity, to repeat a number of
raflatasy and aceopted rules op stendards fer pood worveanahlp, The

nlier, wnen thinge gotually wenh JTens.

Wockmargdie At Sreey el Dicfid « Meferesce 1n made to a pusber of
LLBTCTERTS iM woangr, GF whiCh a [ew zre repeated belowd

P 2or *Horrls 1oz blocs BS qul on dévard le talua cozme 1nﬂ§q25
sur cerialnes flwures, on trouve une ecrijline aaantlite

g ide decayeta provonant de la coastruetbtlcon, alnai des
2. deenels de boten, des enrozals, des colfrege.-des ronds
SRR -d arsature, gphote 23.7

k ﬁ 26! "I1 ¥ & b0 noobre d'excoples de rochss castdes dens
12 presiére scus-couchs, car 11 y 2 des (refeents doni
. 1es Faps:f correcncpaant. Teropoont cea defety pourrsiech
o ‘avgir on'lieg pendent la censtruction .
s Iod! Sguvent, audune roche de tutie n'est Lrouvee {par exzmpls

-

ot
les profila 2, 3a.; 578 e% &2B) ou lla so Lrouvent ccf;lé
menk epleccea (par exensle, les peofiley Sod ek 251).

p.36: "Los roches HC, sl elles existenc, pont gviderant eracvells

fp 63 « B of & ta & t5 15 placed on Bl of 0,2 - L.o 5. v.2
should prokabply lnse been a.t, P, Bround.

- 13 - i
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DAMACE TO INSIDE SIGPES

Lenemal - Yhen heavy overzorhex oocur, Lhe water will core deown on

the cra=n pnd the Inslde with great powsr [rafa. 3 ond 14}, This is
particularly true, IC gr when Lhe €ave Gerfeen collapzes.

The Alopes way Rlso bBe damaped, 1T water pepetrate: through the
upper peratable crown and edfrc prossure on the aroour af the innere
sloye, an It hapgpened at Arraness In Iceland. - .

Datzros to in=fide slozeg at Accew 2l Nledld - The eondition af thao
infgr aldpe 18 desgrioea 1o dezp2l in the DANE?. iroluding Fil-s.
d.le, 2011, 2,12, 2.13, 2.1k, 2.13, and 2.16 and guocrsus ghotas
inel. 21, P2, 24, 25, and 25. The effeob af the ieract of fne
folling vator 15 pbvicus {Tem These Figures. Rodk raterial 10 tee
ulifor Gi0pes hos Been eroded 2pd lelt 4n tha louer slape, e.p-
Flas, 2.13 and 2,10, Cenerete and Tock debris hés been car=ied aver
the capafed orown ond 1eft ln the ioaer slope. This had - a3 in Lue
culer slépe - ereated some eawviticos Lo Lhe cenfused nixsures of B3
{sl1dcd douwn froc the top of the slopm) BY, D3, and Bl recks. Toe
Datiom auinide the alope, however, dous MaL Seem Lo have been srcded.

The excess matcriala in some profllea, e.5,. Ho. 51, Fig, 2.1%, pay
be trsced tp dellelts of xalerlals in Lhe ouler slape.

2.3,

DAHAGE TO EXTREXE D5 OF BREIFMATERS

Oevipral - This tople lz net dezlt with spretifleally in ref. 3, But

13 mentlaped o refs. £, Charter 3, and In rel. 23 wlth rofersace

te exferliognts. It is well Ricun frem eapericonts and fielz
exprorlences LRHAL Lhe coxtrene end of & Brediyvakes bot Lo be rainolorsed
by larzer blosizs {up ta twice the velgnt of frank blaske). Tnz

reason Top thet is that arevy cverdpthes At the oxtrome esd WAL
sttael tha ar®modr horizeatelliy in 2p exposed ccoditlen, ps 544 arcour
15 pot bigkwed Dy brealizpatver trend. Severe AdaminCs Lo Oreal:iites

heads heve Bogn experignzed Io numerpus clscs, %oTo cof Lhe mOSt B
serious on the Hwwplian Islando, due tu Lhe great hoprizental fowar |
in wapves af perlods 15 to 5 see. Ploclis In the frireme i ds &re
thereby washed cut for denos't instde, often in an elonpated mzand
1l¥e a2 Mrecuived eplt" in coastal geomorpghelony (Fel- S, accesdix T,
Chaphier 7)., In» advantare assoclzated with the vse of pultilecsed
blocks thereby vanishes.

Fig, 7 (ref. ©5) shows, fow such case was handlcd at a3 har-tour at
S&mar 1n the Nortkers part ef Maruay loceted In the Lopp Sea,

Eorih Stlantie. The very oxpesof head a0 Esrvpr Yirhgoup Rzd e (eced
noterprs dapages, Sised on old Dandgh eXperienced, s 5. ab Lre all
harbours at Sikagen and Fredericinnvyn 1n Northern Jutlznd 209 madel
Lesta in Horway {rel- 25) %4e homd was robwile 1o yezrs agc by
curving the Jetty head subwzord and providins; Lb with = strong toe.
This oullay nas ke [ollouing edvantagzes. It Slves:

(1] ligher stanllity of the head, Zlocks in "cormer™
ore lagked in, S)lides are suppdrced By the tos-bera.

{2} Baticr and safer navigaklon cenditlons ip Ehe antrat:
due to “soooth" difrpzetion patterp alepn the hoa.,
Yala, of eourga, 1s of mojar fnpnptance oA nTslien
Veosels,

{3} No scncentration of wive Aclion fn frent of the haad

- Ti oy
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{4) "2 cutwath =T materlals fnte the entirance endanger-
ing mavipatleon.

He Camdnes have hoppened et S@rvaer fallpwing th& recuuqtructien of
the head as explualned shove.

Da—m*e %o ef*“"‘“ fnﬂq gt A-zew 21 Dintd = Babh ends Wost and

Tait, Late EMITLr Yery Lovere Gamiges as deserdbed in DARER
WitR refepengen L: 5155. 2.2, 2.4, 2,17, 2.1, 2nd 2.172 and Poctas
25, 29, Za, M. and B4 ke T2. The dapane picture conlornd Well with

riz'nre degeribed aboave: armour and sublayers wasnod
Li Inside 1n an elongated splt, 2nd sublayesr exroded

f¢oris of arrpur and first sublayer deroasited oown

taf noneprsl
Gt and gengE1t
{Fi;. 2. 175 ardd

slope fFizc. 2.1% and 2.17). The pecoetry {ieyoul) and structural
denlzs pf tno Leod Dan definisely nac pRen ecequate. The head wis
tursvd jmard 2 a4 of nutiard {as recoormended by the undersiined
for Tebea Tach a=1 Fapzsass in L576). Toe arcour blpekd were too
arali. If tae necd 2d becn turfed outward as refasmended, the
dart=0, witnout &y Soubt, rpuld hiwve teen le9s. I the avatlable
equly=eat wW2s u=thle tg haindle heavisr blocks, the hlosks could,

in an sf=prgea~s, havwe boin tled fonetners by ehalnd gr cables, a2

wred Im hreakuatcos nmsds in Horkrerg Horsay wWlth gogd results. Other
patents exlst ior Wripng bloedks togtther.

REiStdS FOR DARASES BY WAYE AoTICH
Gemer:] - Pamzges to bresiuzte-s are, with the e£xception of such
dz-agfkt, wnich are ciused by telsate zotleon or solls-breaks or
boih, atuays casicd o weve actian, which 18 the rain erlterla far
the design of breikaziess of 2oy kKimg, It 15 therefore mondaialy

rrat eﬁg;Late wayr E2Ta aTre a7alileble for do3ign.

Ref. § wantiona "22t1anel Erngimesrlng Destign” and its Table 1s°
rezrinte] oolad as Takle 3.

Table §.@RIiVAETERS FRIGINEERING-AATICHAL DESTOH FANIC1FLES [rel. 5]

ky Fer Druun )
A stzbls and ecosomic desizn, all fasiors censidered.
Minizue: 2dverse elffests on Che environ-ent. Design

sh211 e grzrvieal in &1 respecis, easy to build and
easy Lo xaintaln,

GoLL:

Struetural desicn based an
formyiag and madels conitder-
ing armour layelr, uprash and
everrun only.

Spils tavestimatlons 1imited
to Foundation cenditiona.
Consiruetlon proscdures nand.

T

Inlraduetary matitir=tical des!ion
modela wilh inpuia Trom aY1 data
acoured eml Coopat tbive sxfayls

ences, LT posaible.

llydtraulle redels btascd on the .
resulta of physical enalyecs ip-
aluding 2Lructural evaluatien ol

EAPLIZA AP “7ESSIT FRAACTICES HELM FﬁACTICES -

atn tn he uced; Hatepizls and
esuitaens avaxijable [or eIn-
straetlian. -

Uata prod; Wave spachra.

. Extreoe wave
" helpnts

Yeve conditiona of most JEnZof-
"Desicn wava" ous character for stakilly zf
struckurg.
FrobablilLty and rizks U;_OECIF'
N - . cnce of such eoplitleons.
Desicn Proneturc: Eanlrizal Donlpn Traceiure: Uptlﬂ""'td ol

Result: Conbtracters may suprgesk

- “'UHEI ec::d
. Ex:t:.ive maintenenee, \
Undirecticd fnflucnee Ly

conditions wadally pezlected
In medels.

Ho operational data for
consiructlon seaursd.

averall as Well as unll stzhiidt:

breaidotn pAtberns, orinteseroe

eviiuntion, lrterior end exten-

jap Boll rechanlcs.

Constructleonal and operabicnal

criteria: Feriod of cocnatrusrion,
. Tiaks and uvtrailletnnnmy.

‘Renult! Optirlzed desipn of maxioues
alobility snd econormy, all aepect
conaidered.

thelp own neeipn bised on
thelr own experiences ang
esulpment and possibility ef

LAuctesaful competition. . ' . ¥
Unrelieble Lize sehpdules '

“during construction. !

ErCALIE broaldoume, Aelicble Lime schedules. PlY°
influenced o0 the environTent gri
dicted, condldered and mecepted
with Lhe necessary carredtlye
atops,

sLruglure on thoy ehylronment.

Pydrotn

RESEARCH AND FNQ1NEERINO

Amics!

AL

Wave conditions criteris For stabliity and operatic:

Overpll rraliility .
Unit atapllity . N '
mintenance . '

JFeonamy v

ety +

Soly Hecaﬁi;si_
jfnvlrnnﬂgnga.::._

Construrtian:

_Exterlor mm well as lnterior ltuhtlstr.

Inrluence of atructure and constyruction om Lthe
envipFonaent .

Prastical.

Adhgrenge to dcli;n. c;pncltr end tiee,

. Controls belfore, during, and aftsr consiructicne.
. Coordinatlon.

.. .Reserve capacity lvlllnbli.

Fulure exnani!&ns oust be considercd and discussed,

b . -
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55 E}?Elngulses Between "Exrlier =nd Fresent Practicea™ and "Hew
Faciioes ., IE palln to Lie abtoentien, ac ncabiensd carliier in

breakwater richt ia Tront of 1t Spaller iprcgular-ities In bottanm

fg:;cfEJ?IF}?flziitrgattuﬂ1l FILIC Ceoplttee, that “Spectra® and + ' bteopograshy may at some Foints ln front of the breakwater cacse
EE'iLf.ﬁrp:;;ix 2 éh 13 Inadeyuate for desipn. Rafa. 8, 13, ang ¢onbinations of waves, winl¢h ire higher or loazer than the rezorded
thic tﬁafc ;;d 1*;1‘eﬂﬂﬁtr I Clve considerable information an waves. Relprstlonm analyses by IRIT hzyc shown that waves may be 35 )
chare:t;r for ';:hillt; :: t::“:_i:::::;gn: 3!_??55 d;nacrﬂuz highier at Sore placea pleng the breagwater. ) -
. - HU Y LA [ - - -
be u;ed Cor desifn, (rers. 8, Aprendix T and trerf. IE]Tnly 3" thall (2} *-direns'aonal elffects may olso arise due to the histery of the
Fel App. T, =ty - storn, which may cause very pezked, high, shert-crariod wives -
.".f:t'l:1'-';EI.FTF_}Tb-:uea:rig-JT:Eécugé?[I-:.Eigf-hn: Clnf!plt*'r.n hew such nx it e . hurrins in Lhe I:o?:h L LT TE accoant Mor that =riel
TroLinilities. At tnis tleo tlﬁélj-itﬁér:i?ie;t?n.ntin 2nd thelr experipent rroule alzo be earrled cut J-difensionzlly. Cembines
save Srouping® (refs. lo znd 22) and “Jumps 1u ;ﬂ_u Hrcstnrrh an vrave action =ay be determined by nindcasting of & sterm s tice
2re avallable. 1 khia, heoever, heﬂ'_l same ITEIF[‘T:I.'::? Eiﬂh.ti frefln) . hiatory, éhd S=dimtnslonal beats are tharciore also ineludsd in
sc:ln:tifﬂ end_publizhlag of ruch Infermatien lor ra::r::LSsgll;: tha further tesit-progrem. ) :
£ EXzrL)le; b L i " = 4 P } B
cags nat 1nc?u5ct"2,:5£:;;5r;?“;:ff:.“”T:ﬂla:Gﬂ trexipter in iexieo (3) Eulrers wave helght testa, when the extreme heights 2nd thelr .
w11l jiclude suen waves. Speeial uave1uraﬁ $ ::2'd e tenty, h?*t?er. distritution must be dclermined, are necessary. The 1978/77 CHI
reco:ds for Cifes 1n Portdgal by Bruun zﬂdpﬁ ! bekﬂb;anfd in the reports use a leogarithale sxtrapolotion. The DRAL? extrapolztes
24 wlll Be run an S1fes using moen Erouca IFUE,‘ : TE3LZ have tesn by a Gumbel dlstritution, whleh 1% uzed For preobebilibty analyses
Eollend, Likewize zrecial segueaces Hnﬁn-ﬂb_“r?—gﬂfl an well as in Lo determine exeedancns, but pnot for desipn of saquences af
tesis on the .kraness domapne ar H Sctve in Teeland, and particular dangerous charzeler, as detalled wave apalyses nedde
-— - e run wlth Bu_ch sCcQuvenAces., ror sueh dedlpn, have hot been uhdertaken - so fep. !
0. blye the reaxder 2 complete pleture of the neeess{ty of rumning et — Co
Elop gnts, fome-lix 3 was produzed {n aecardance vILA U1LSUEH lon. {8Y " Tue storm which eccurred, may alsa, ms 2 whola) have brrassed ihe
-{,“iﬁﬁd?ifff_-‘fiﬁa 2nd ollep the Sin 4920 (Port and Gecan, rocord=d sterna, incl. the "derlgn storm"™ in sirennin, Ceszuse
itnf‘f,:if ,:‘:J:,ETTmittfgl E:anPcnce in Tiendheln, Nevuay in recording perleod was top short. Two or three yeavs ol rescralng,
Fros ton roce Faterinl, 1080}, Relerente 1z made Lo the Proceedings of tourde, i3 noL erouch for A fully reliaple statiatls, iceersing
Terhrate—u 1 fgg--rfﬂﬂf; prublizhed Ly boe Hordeglan Insticute of to Flg. L.l e the DAREP the sterm of Der. 2C-29, 1082 somvws o
“a;tar:-;j én F=2 ind b Froceedings of the Dreajwater Seminar as hlvE exeeded by mpproxlisately 1 =meter obher slorms on rE:n:d aginTe
PO WE'A aln, 1%80. A cary of the Smntander Frogeedinsa, which se= 1OTE. Mub JL porTesponded te the hindeasnted sterst of 6.5 m (He)
:5';f£f:.E- Yo in feveral inztanzes In this report, 18 encloxed oa with 147% pretabiliiy for S-yeers-goeusrence{Tzble 5.%, p 62), for
Fremuio M. . . L. o which ueosis have teen run. [(Fip. 4.E, p 67) with very limited
.t ) . "'.j . dawage onlye T ettt .
WRYE CRITEAIA FOW TESTS OF TIE ARZEW EL DJEDTD PROJECT . o (8 The peSUT FEREE Er speclpl dennerous comblnations of waves lnclu:ii.';
ne sitpa ik . ) ) ‘e ASLNLERTUS waYeSs, DN oF LWo, 4 rheossena, whilch resently hive
Zre:n 157§f°§tiﬂa§“§ﬁ Esﬁgs.rggt?g,R’fﬁT“fF“” HerE lun by CHI terore : beioms knden, must, hogever, be considered and tnclufed 1n the
neEt rezormendatian rfop tﬁr aéslrn ;? y r;L puh.iqud 11=1T3d1==l teab prontams o mu3t D Jump In waves! {eef. o). Thels effect is =2
fref. 233 and 1t tosk culte = Whilo E:gﬁ HEF ﬂtnnrlbre:nwatcrn difting oy tne armaur layer, weawsning its stability for 2ny weve,
Were xmown and desioners starte ! gro thess ave preinclples ——--wdilch arrives inzedlately alfler the leng wave. The leag wives czuzs
T ‘il ” stirted to rcllow PTAIC'E recommendations., & desreaue of the frictton foree betueen armour end the lst, rub-
CfE oy pringiples are fully reslized b . . Taver, so tnat 16 Sives way or slides pasicr.. Yupiheroore 5T gener-
the DIRE2 na en=lyses of dahuyfullowing Eﬂenﬂiw 22:1;: ggfnti:?u:r "'f"_itis a decp downcush, There Lo ne direct prool that sued WAYES of

Gpeclal and very dangercus character have peeurred bub they apreir
e b P WAVE FosATES B L Prem Sinwes, FToartugal, o5 Baoss, miexiza, 272
Akraness, Tseland., Refcrence 13 made to recent [Aupust 1951) papers
Ly Mouus and Mee (ref. 5) and by Fleugh {ref. 22), -
‘Analready mentipned 1t haa been decided bo mnalyse exlsting wave

were gurllable, censelunatly no besting se - =
£ HTJ RN 5 cordingiy. y
.is Sugivested {or bthe Ecosks to falluwt ¢ el Thl!' heaver.

AT PR - . . o
e coriar SWTAKRY ON NEMSGES FOR DAMAGES AT ARTEY EL DJEDID ‘resgrds Wikh respest to "spectal waves". The pesults will then be
e WLLLAPSE of 2 Ureakuitar gf multilessed oz atinn \ . ' used fer futther cesting.
WLy LEnHAICE | g testeel on abher bloghs may have )
FEASCYSS HICs, 5|Hd»?URnL ar HILLD WAVE MIECHANICS and STAUCTURAL

rot WAIVE MECHINILS AROONS:

{ll.AiLT:ugh tented witlh waves eesorded from a hﬁuy located sem:
distines frmn Lhe Urealvabor Lho data may nab ber fully mezr-uipte ) !
abive for the vove condltion uecurring nll the wsy along kb o '
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LTPCTUNL ROAILIS FOR DRUESES

Querx]] Fffenrs - Thup dozien, which is tested, 18 su
UL T azlrn, surposed to b
Ihliu#tl in Lne canstrustion. The gueztion nl&nys !5.pﬁh¢th¢r *
:r;:*wézf?o?q in pract!ﬂ;i As mentloned above the D-AEP spoaks
R igleazen in gualitics as woll as Jia ¢ v
found In the bredikwater. uatities nf the maserinl,

b-gormen reaien far dazare 13 <het the porosity of the 1st. sub.
laver 15 too £71l] eoapered to {or cmalier than} the poroslty of an
arceuf leyer. Tne pesult 18 thal statle preszyrca, Wiish bulld op )
In she ragad due to wava Unrush, now becoTa hivnesr thapg assured ar
seeoupted Tor in the design, and thls has an adverse effect oo the
stabllity frezf. 1, Appondiz 23, Tie parosity of the Terrapeods
armour 1o gbnubt BSE0 Uhe questien 13, whether pradaticn or place-
ment of the siblayers palted the rorosity Smallep thon £9 wAS
Yosased Lo be. The AV layer had ofton tao small fpralo nizos, And
b materdal ey fave penslrated into tha BY apd BY layers. The
two claadses of rocy are feupd mixcd. !

Tre sublayer 1s alnoo designed tg he placed In ap even layer wibh
litgle vipience In ihickness end with o pleane slope. So 15 place-
f{nt Gl bt prmour layer suppgasd Lo we. Theo ebvious nuestian is:
dan thls aocbually domnn 7 In Lre coss of dacages, were placsment-
Lracedures Lho. nang thrnughquL'cunﬁtrucLLon, ar wers Thaey chzn:gd?
Crpbaln chenses I the placerint of Llagks were pade derpinp Lhn
Ec::trJ:tiEn of the Arzvr el Liedid breavwates (mora "regufar“ La

rellemcl 1Y, This palsed Lke cliezticn af, Yhetrer 1t 1 ;nsalbie
to trace ony cosnfckion bekjcon cnenge of proccdurss foar plzéenent
end the dimage, whieh teax pléece. The sitoatlon i3 thog caastructlon
prosedapes for Lhe mldile, hesvy darmgeed part af whe brepumater
estually wers changed 13 degepribed ohove, bBut i1X 1% not possible to
glve any Lefialte ansuer L2 the pozsibllitlies of further d2m2i2 {ar
that relsgn. .

;nuthcffqgestlzn 15t Did the sonbrmactor wae Suarry -ock to owven
bcautily” the Burface of tho 18t Subleyer. thereby degrezaing

1ts parssity and gailiing 1T zwogather, in this way also decreating

the rc515Fxn¢n rrajest 3lidins. Tncre 13 no evidence o Ehak,

however. Sus sargatible gorocities Debtveon lEyers #¢ very impartant.

With resgpeet o bthe sreour, It 13 mdnistory that 16 15 well plaged
In =n oeven lzyer with an e¥en rlape: I7 thnls Ls pot done well
Lresan, Togimeanlanel effPeta mYY Eflas, Witleh W11 Influenze the
5L£b:_1t} adveratly, The poassibllity, of ecourse, also exfsts that
ik aiverzs uive conaition dagurn BT Lh? snRe place, where placetent
C7 ATo¥al* 2adfer 3upleyer 13 jless aggjuate. I7 [he I5h sueley=r is
too sm9ath, =licding coculd Cale place, i the mound 15 attacicod Ly

p 1ong wiye wnlch, by sqarping of the mound, makes Frlecion betacsn
prosur And subleaye- sg feall thak fE1lure 23 ooe co=fact layer may
recult. Fosuylped laves Lhichrerss, o7 poursae, rust he respezted as
well as Sezin #lze gistplbuticons. In thia resgect the DARSE refory
pives Ecnz Adverse inforeatlszn. i% Feationsd sarller AL 35 fiotad
several Times (5 26, p 25, 20) Lhat rock alze is zmaller than
stizulatcd, mrinly for the Bl end B fractions, ’

- = ene canclusion of the tests tun on profile Fig.

_ _rrr £tin ostaible Zne 1o frolile theoriguc. -

. - 318 -

The HE loree sloe Cractfon wal zomctines hard bto find (p 15}, and
some of Lhe tocss were frodeented {p 32). A3 tne coverlayer of
Tetrapodeos restad on L4, whiew yorted om Bl, At ey have Eren
ijeakanes pf rcelt DA thArough the Tebrarpdes add poccibly alse leers
of Dl throuph D7, At the Eame time the BY layer presanied 2 Zrocihen
surface ogainst the Tetrapedes than psiumed. Thipo clreurstance T
Tizg - at least - weakened the deslgn. Yhoo fa nay elao lesvo En
ippresslsn of posr contaceh betwsch dprour and Tlret 3ublayer. .

Tre DRAZP deseribes, haw diffleullb 1t was to Cind remnants or
evidenecs of the tge bullt up al armour HC {an B2 and B1) materiala
{p 20, n35). Tnls, of course. may be a ToBult oF the feneral
collnTse, by whieh §IC rocd was coversd up by other mriberilal, ifgluds
ing Tebrapodes and Ob and Bi. A single repard on po o "L oprorll
154, une roshe 30 ful krouvig canséa gn & Irepmenta (votr photos
£7, 53 et &5)" pay be deseriptive of the 3ituption, actuetly Found.
It is difrtewlt Lo place B toe af e dimension recemmended zod
therelfore Li%ely that bhe "theorotical preite”, Fig. L.5, has
perataed "thearctioal”. Tids mappend gqulte often. 1t was, houevay,
Aifflcult to get largey rochs, parbieuwlarly MC, frem the Juarry,
85 mentiapned eerlier. .
There £8 nag sign o©f slip £
ECOUT- _ .
] K - - . - \
The DANE? mentlois sévirpl tines-deltclis-la-the amount of cabte-lals-
Stronuest thnig 13 _exnreased an p 69 e "L elule des frorils tTis
endoTRioEes o apTEs les TofAnnAlaLEnces cffectuges par Lo SCIIETSH

o

1rgle fallure, nelther of any decp tor

g tngdlsué un grand deficlt de maleriaux [reches eb tetpapzdes) v
rappart su profile théorlgue du projet™. )

Mon remarjue Bgalement n'ont pas trogvk dvrant leup inspection Su
coli exteripur c¢u brise - lanes de roches KU {plus de lo Lannet )}’
"Ce dbficit en miterirux ne pouvant & pelae s'anpiizner par

. 1'effect de ta tempdte, les conghiuences € un rel dolicit pogs ta
stabitlite Ze 1 guvrape delvent clee cxaminerd au cos ol e deflgic -

existali avanlt L4 tempete.
i 1e. prortl Ho. 1 [Flg. k. o) rat E?;;:,;
represeficer 1z 2opflguratlen &a sectioas actuellessnt Lred EnLSLTES

ghts avast 13 teopeve de (ln déccmbrs 1980.7 . - :

The diffesenes in survey methodsa ey have layad & role, however-

3.9 {p. Jo of

daric:it e materiyy }

"Ii n.est pzs nreotrsla

21T en materiaux solt lmn segle oL pout-€<7¢ mimA AL D4
des dommipes occasslonnhs a L'ouvrage”.

"rartant de cetke hypothise,

PiRSF) -eads: "Le dernicr prefll teste (aves

qu'un GErY
princirzle cause

The defleits pentloned are undoubiedly In Fart wm rezult gf s507¢

* epttlinge, which cguld b expected uncer g1l giren-staneer. Trew
erc, nouewer, scmpiimes o sush magnilude that the Luecation arizes
ef, whether the Eaterlals have Boon avallaplg tn the proflle =1
Zelivered unaa the end of econstiuetion. Thi® guroation can anll be
aasmareéd witn referenca it the proliles sarvejed immegietaly Y700
completlon of the work. Some sestlingy - of pimited order - wtll
glwrys talie placa, howWeveor. .
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IF materiel washed out helow Lhe opmeupr, Setllings Would toic place
{es evidenged cleatly fram the surveys, irel, Fheto Y. €np 13

1t $3 dezeribed, how "aprus lz teanlle, envirnn 170 betespodes
Ulepanipie ont citd pose sur la gerkle Est Ae 1 cusrage’,

The wave serecn In ltnell hes been responsible for the scour 1o
front of it, (exxebly a=z i the eepses of Sifles, Pertussl, Piibaao,
Spain, and fkrinesza, Iceland) with the Tollzwing collapse of yvae
gerésn and heavy dansper to the crown In Sines.

As it hus beoh drpafsille 'to inverilrnase Lhe condlitian gf the core-
F1ll, there [2 na ather aanverc Lo Lhe quesmtion than tha super-
¥isien 5 cesizlonst ar appréaval of Lhe €sre oaterial usod. -

An indlzatlon of 8 tubsteErndard core Fill rmay be traced Dy obsesving
the plise, nher? tebtbtllngs start. Sebttlipgs will some Cirst, vners
water raves-gnts caunsed by fluctuostions in preszove, are maxicom,
and lhis 15 wheso uzruah/éownrush give marxicum deviatfons in
Fresaure. In thet eate this could heppen gartly in front of the
wWevg Loreen mnd orartly, whore downrunsn penrctirates deepext. TRIo
harpnas, A% maatizndr earlier, when uprush/eswnrush pericd is gqual
&r e.ate to Lhe wave period, or at Fresonance” [ref. 1, Appendly 2,
rers. 2, E {Aup. ) 2nd Zo). : .

Strprty-yt Taundears gt tha femogye [quvars of Tetrrzodes

gt frrpp ml Mbadia o The LAREP penticens the cxtonzlive d2Dafes €

Teiripunir, ew.i-nilng Mros the tzpg of tkhe czuad (onatos €, lc, & '
12, 11; to tha lacer tlapa and boze of th= mound (photer So, 51, 37,
Ty =%} #n2 puzsreps profiles, exesgle: Fig. 2B, o 25 seys: tore
Gu 11 3 B!t une “ackls (et guelcuefols trivie) ccuzhe 22 Tetrissies

o
L

Lour te & iimiweur g0 Lrafil, il vy a 8= rerbresy tignes Lo
fim}::- L+ ssurentece o¢ Terrapodes fndn::a;és gan: la couwrne
supLriegre wa Jantu B loa, ot diminue Laulours €ins 105 coUInES
infertruras {rar #xazale o sur e profil Tab, 2% gyur le oro
9, 24l sur de prortl 6By - Fuprthes: TUn prend neshra de cas
Tetrefwocs ¢4l Jilases 1e lang du profil en lal

’ A5EnRL EE5 TOArnEE
patesLlreors olufs tadt sur le talus. lauires mantreat des sijter de
gfzArr pyidonen: cauzies ror 14 cnoe de corps solifdes en couvenent.
- Ix premilre saus-couche sous les Teorepodes cemzoTie dos Tignes
de Souvevorta Gul ent on licy REris leé poEc des Tetrapsdes
Trege Findlnga crn}:ln tHe machaniegs.ol Lthe Grealdoun.

I1fied aut - sone Lerhaps alter having besn expo=ed lo chidtls -

of the moun? and pelled down. Luring Lhilf mrocess LShey Wore orposes
o clrens f=ertizy foprevs sl Bysiped g5xirat esch atrar ond 2cnlnsh
Lhe sutiaeyer, Zome kloske apparontly were damaged belfare the storn
[morret Tsroa Tatrzpadurmiundt, Qtre- blooks bear wiltness of
fFavinD rub9ad agsinsi gcaeoh oTher. Thla means thab ther wore NL
laroe enoagn o avold movemenld - beflore tho storm.-

Fultllegged hleties, ladluding Tetrupoces have failed in obhcor
maundn, Tripeld (Telrurodes}, Sifica, awd "S8g. Crprian (Calzeld.
Yawo losoes 1La.0 Been the rein rexson in Lhe two [opmer casct, Whils
goaereLe fuprisies Zeem ta have playsd & role In the ¢3se of ne

Et. Cyrrlén bLrestvater, There 35 ng repert on substandard conizratbs
st Aztod el Djedacd,

Bilorks yeve

.
u

. CONCLULTION ARS .WRIIT ETANILITY. AASDW EL DJEDID.
Recent fallures of zimale struztural elewents fn moum2s ol mnlbl-

- -
r '
.
{1} The conercte in the blocks was aelually too heau.und Bl
resulred coneretle guality, -.He evidenee reported at this tirs.
{2} '

Thr looks: haye been mintrested during the plasensnt, whieh

resulled In toe meny cracdl and breakagss. - There gppeavs Lo
be seme evicenge ol thal. Jumplugs or chutings have beca too
hatd in sSeme cases, .

The Moeka wore too amall and therefore were subject bto move=:im
causing bendlng foveea, whith brele the blocks. - There 1s acpis
evidenes er thatks :

The blecka wrare pot stroeng enouch te carry the losd of overla)
blocks Iin situ., Thls 18 a severe, buf mctually sccurrlng resamen,
for follures. = There 18 ne evidence of that.

The blocks, althoupn they were stronf enough to gzrey te lcas
In situ, wWere unible ta carry the load by ror=iped wnlt welzns,
shckhee boyant or pnot, plud the loxd caused by dewnsush Th.f
exerbed presdures oo d LErpe nusher of blocus, whish possilly
were 117ted up high =noush to disTupt &y inticite conoctic:
witti the aublayer, thereby inereasing rcompress.cn Ffarces Cas
lozs of frizticna,. «~ This pay be & maln reascno for the fa

at Arzes el Dlelid. So 1L 18 al St, Cyprlan in Spaln.

Dipcks were, during placemsnt, pub in Jerred positicens due ==
niscnderatood ottempls of rmeaking the arowur layer re cenze,
This happens always &2nd & 15 also evilent in this case,
[35-1.3.3. 385 MU

The materimls, HWhich wers used for seatlng of the blozks,
Inciuded chesicnl alements wiih deteriorating €ifects en ta-
cement, nhich gredumlly was élssolved, resultipg 1n 2isiniernt-
len of ikeo eonzrete. - There 15 no evidence aof that.

{3

(5)

AV =
rhmr o

(6) e

(7

Strucinre] S-onleesn ol Saiblpcercs avd Coes Prit oo ree

Frepbwases ot Syred o] Di=gid - The cettlings and Toveoents ol LXe
guter slopd, Ei: €0 fome pitent Elig the dnper slope of the brfal-
water-, may be Laken a3 an indiecetion that inadeguate g=iin slcss
rAy btave a mesponsiblliity lFor the collgnse with resrect to arocsr
a3 well At sublayers. This helds tree, «biether delfzasies in
gquanlitles of malerials are @eTrect orf noL, T

The guestisonoble soundness of Some mater:als used will of sou-ss
hezve coniribuied herela [p 25, p 22, phntcos 58, L1, and G3). fams
af Lhe rock materials, howrover, as monticped earlier, sullfered
brsalapes during placement due to tao hard dumpiogs [ehuting].
haopeas qiihe often, Core 1111 ofien incluces tao rnany Uinss, &
gradaally may wash oubt. Suzly wegh-oub may lave happened Ino thiz

l-ln.il-

durdng the ¢ollapae slafe, but coes not eppear to be precocinanse

COULLOSTON ON : REASCN  FOR DAMAGES AT ARZEW EL DJEDID

bemeges happened durlng s etorm an Deo, P8-29, 19250 deserlbed b
OUI in preliminary report of Jupne, 1951 and in kne DAAEF of Juiyt
Aug., 1081, r
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=3

Hodel testa perforeed pefore tho ctrustors vas bullt showed tt
the design = 40 built according Lo plepns = would withstand wave

actlon 22 recorded, ©r predlichcd,

Modal Lests pnrfurﬁcd rooently wepe banegd an hindexnt wave datp
from the Bee. 25-27 mtorm and cxlrazolated date a® descoibed 1n

the DHI presress report ond IR the DATEF. - Modrela on partloularely

dangersut waveo, Engl, deup threwghs &nd nigh lean eresis, o9 well
g5 Lortaln Sequnndes ef larie waved, have nob peen andertakuen at

thlz time, Zc=e of thesp waY¥os may, RIwsevesr, have boen "hiddes" -
the zpeaier ufed far testlnd. Iazed n ell aviileble infoenstion
Lhe [ollowing peassibllitiea ror damaycs seem to exlat:

WAYVE ACTIC

A. Inddeguate wave data, The time perlod of recording Sas simply
not been, &5 could not be, long enough to develop a2 fully
reliable lopz-tert and ecatrewme nelghk atatisbies for storn
ware asulon, o * -

D, The place of resardine ma¥ nol have been Tully rellable
respect Lo peprefoniation af date alopg the breslvater, wnen
wave aetlon, mast ligely, wWill wunderso some charged. So [as
little A¢viztlon (Eh. 5%) Na3 hoen sstinmated by clagrams.

rests, and the oflects of donpgerous 2ejuences, acosrd

in

C. Lang weve =f]
1Ing to 2valipnle SNalyses. .-
D edigenuigmal efTetta, walch aeccordins Lo experlente may bf warnT
¢ Setrimantal o the atablllty of rultilegped bloces tn particgular.
T

Supcrileciel rflazecwst could plso cause d-dimensional effects
ol adverse cnprzstep. .

LI
R = Yy )

LTRUCTIRAL R OY¥IALRLL .
E- Yartzrees !5 tihicinezs of Lhe arcour laye* and/for poor plecezsat

or blocis. There 12 zona ovidejee aof that, R - :
F. Foop {ri=tisn comncelion betusen armour and 1at, Auhlfrer-F=_ -
This 1z lilcely to hese ¢e2arssd, ks 1it. liyer aa ¥ell at ond, -

spltares vere rma]lloer thian they were Aupfossd ta be, .
1=t n:Liz,e~ nis rAjor vartances In thL:kncs:,tfr::tion lﬁd:?:*
L tye Tols Ry ce Caaned by ohanged In construstien prEzel
53;?:é Ene cn:utréc:::n. Trne surstior: 15 :acre ] depsnﬂency o
belieen garzges and coastiactien work aa it “prozsedso '_Tﬁf.:C._.

been antgersd 2t this tisw, bus changes of construction EFrexal
4 Lzie oliAcs.
?é trera ::" 3727 of dygege to he tee T I7 Shig fx pne ftte, bR s
LGE £ REVZ DEEM Week 1N Whe ZtETER, 4 the toe wes dannzrf. 2":" o
the wrpcre ract of the ftructare collapsed. Te it poszible :np-e,.
IT thke toe {x atil) jotoct ropardless orf Jimapes :? the uﬂrb.l_b‘
Etryeturct 13 2% aletays OF ot Lhe hga-camaged arci-cn af tn?+f;;_
s watopr P oThe guestien may Lo ancwecsd on fallnues: There 13 11:---
evidenore or tae crlctence of toe=atyucbture, Lut the tee Ea{_
beon, buried Lin debris Urow Lhae gallapse, 03 1% £2F have ¥wiEnjos

thi=—=-

i

1

Surveys ert

_ From the sbzve mentioneq i
TERETZInx Jdecizn rovies, as
reericts

for tre palloeng o1

{n) Inibtiel gerflcita

(b) cutwash of materinis, mainly
eubleyer and core rill,

The surveys made demonstrete thot mome Inttial der
n o . rflelbn pre lipgle
and that sone peterials m2y have beer washed gut threugh the :::r;-
pode arour, as lss. sublayer poaterlal was tFaller than resuligqd,
er gompletion of Waris, howaver, ape not avallabla,

STRUCTUTAL STABILITY. LRIT

Regarding unit.
blocks have beog
ApRS:

foundness the situnlia

n is that many b o
n found, There are 3 for thene Lour

possibilliles for these bLrepk-

bBlocks were #lready brelten or dameged ay-
This undoubbedly nns hapgened.,

Atz
tlocks broke in ZituTto-compresslye ingd bending Forsss
cauied by Lheir cun woipht, Such breakagea, If EkRey Tivae
QCCUrred, cay be gabserved in the atruetuse whicp in f.rt
Intact. - There is fpee evidence al Lthat. This reasp=
probably was the =rin reason o= the fajlures in tie Zv.
€yprian breakwater in Spain {Dolos blogke). '

-Breshace due te forces by waves causing 3iiding an2
colla-res corbhined with 1 £150 prestuces In the mauns.
Such dezpages Wity reveal Lhesselves by the large ronzax
of braken bloess, whicn are leund In {he ruaob)e achzaitel
Sd en Ihe bottom riant in freat =f vreg

-.. on the lower sloce &
- -breziuaier. - There is all slrns that thia ts the £2la
the fzllure.

ing plecercns, -
It always does.

- reazon for

1# vefeets In bthe comcrete, which
B5 well 23 in biocks,

H

can be observed In Boyre-
which #pre sL1l) lntacl, fhortc
in the strength of the CROCTCOLe will 21uvays revpel
telves In thely gisiTipor
Where farcces are mixioen
ol darazed bBlocus w113
S tlme, no evidence of

& ver;s
cement
cceont
ing ef There 1% ne reéported evidence ¢ sras
- Ao the TeparL bther than (Me compofitisn af +n
wWhich was Smaclures wity :
depacite,

fan in the round of 2y o
Tor strusturag refosna, Lae So-
alse b2 exxizun, - Toere i, 1%
that at Arzea el pie=iLg.

sneziy reazon for damaces 15 thae detar!
caused by adverse cnenlceal pesc
2nd certaln rack ratcrials used
the conerete,

Ao
i

erasiss ot
Lions beraagm kg
Tor the =marysanes

"y
- Ty

Some less substantlal cnemlosd

B3Y¥ be qeen thal wave Furesr, srrospl-
taching & strucluve, whigh iR sengeil

to Sajdes wave aecifen pod not
TElT ke ekarzold with
the breckhvwatas, The flaws

e ommaln reas.
N ey mroest

WoE Y32 sensilive
ng ta regutos ciandargs,

during th: ¢enstructlon, simplty breause of its ifﬂﬂ} llﬁitf*_i T.oes well as sevngness, prebably ploved B omisge role camrared 13 thg
1. I3 tooes 2oy sizn ol wobtbling of Los strounbugre with ;&rLqul::“" wWave oechnanles r»easons. Altheuln the atruclure 4 g1 dellveres » was
refecanit o the Upger MATL 0f Lhe siope, B LRch Lhe wRvE BETSL weakeard eordred Lo the estiin, tnere ia ra direst proe/ sihiz i1,
wan cxposed an 2 £ectith hiph encugi to SRR chxucnt rel :;Ea_' A0 baidy na it was surpssed o be, wewetd yve Wit stood bon. farses,
af upresh, thereby dat!ne Lo ke ateour. 17 settlines hoave Lao2n It 1, wpuewsr, aprtatn that erzip2s, AP any, useoubted!s Looid tavg
place, Lhe peagon could bLE: &) wanh out of iao sm:{l P5¥“hc}¢? been less, i the deripn had boed fudlivied. From tha cznmtiu.ile-
tnctludad 44 the lst. zublayer np b)Y pore Ti1} Las +ncluHE: Losh ancle §y rpeoms tRat Boeossinien ey e Nrwve hern rborab g e

R T R R B R T I LN L T R Y T e '

o
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Referenee 16 mode to Apnendix A ant Appeadix 3 by Pruen end Kjlelsticr.
L{CaC, 1979, Tron¢heim, Morway),

EnIEP LREWMARKS o THE TEMPORARY DESTGH

A Ereat nusher of rxporiesnbs have been run A% mentioned in the -
DANEPF and a nupser ol su*mestions have beenn propesed and cveluated.
The eritsriys For such rejalry puct he: '

{1} rapid etzecusion {(oelfore the atorm perlod)
£2) peasonable proctieal salfety and eoats

{3} repalrz es closc as possible For integration
in the &ntlelpeted Final deaign. T )

Pleass note: p 85 DiLEP, "Pendort e temps le riszgue g'une procressds:
des degats et mene o une destructlon totale est Lrop sleve, s+t 1)
lepsrte g prendro does petures |Thapdiates pour prescovatlon de

1 perrasae, wretze de Tacon stovisolre®. ; ;
Aequlppzeat YNe. (1)} scems to he fulfilled, a3 works have starkbe

2l this ti=e {Scpi. 1, 1951},

Feguizerens 73. (2} Type E.ls recsraended, {p E2). - As descrlbac

in DARET stus:tstlicv E had & platlforms of 16 mekers at elevarlen -¢
reters. Lezariing o lhbarelory cxrerironk s, 'gn peus conglurs Loe

e prefd] E 2 wne reSlff3nce Afocplablie Jusyu a une  grandes-
de hwile iz -a 5.5 = oeAviren. Cette hacle a une probabilite
d'oecurrtnes 2 enviren 100 durent le proemier hivers et de 273
1ts Btus praznats nivers™, (p 81},

Witk relferenc® 50 the above renticoned reparding weves of oavtictts=—
oamzeragk yoerostan, thete Frobabllitles may have Lo be cheoeedun
Twsnn Dogni e tohawe bBoon orun wWAth fugh wawns o aAWE soointces,
whitn iy Z¢ oieJd2n in tho Spcebra. Aeforoains tLer [F)y 1t £, a3
Eeallseed parlier, bhe opinizy 7 the agthape that 1% may bedcre
practical Lo lgwes, AT to tupn, the berm {ref. prollle Ly, making

It core eomietible with the iavestineted breakdsyn proflle, br o
floring 1t Sronoguosut -5 om Lo atoul -E e -0 | oelong La 2baut 10 =
brro -, o 8lope 1 oIn S reundiag 1t dgun 2k Lhe lewver Tedge 2240
yeunding i1t up &% she upier “eorpor’. Awerapely the berm 15 thecely
1owi-rd 1,5 o end turned &b 12 deprera spticlockulse. Sueh deslan
rust be hanaled Lo o pragbler! way, neuever, ond the situntlon o=
that 3t har to e st lrAst 2 layeors ef heavy rock an the top ol the
ruliayess. TRl6 onyy, &t Lone ploges, of nrcoesslby o2use somt
variences 1a tne de2igzn. In practice the profile, by the sonstmilet-
tgnm prozadgrr, will By tEsell aligla an S-:h:ph. :enﬂlng down 4t

tho cuter 'eZpe” and berding up At the innce Coerper’ § thereby
evelding "mritile edned” in othe lower slope end decreasing the

urrer slape engle. Thiz will be o definite advantage, resulting fn 2
nure proctical and Btable prafils a3z a whale. Mo reasen to build
taselhlrg, vhlch we o3 Lhét pature wWill changs Soon.

Tho terparary prafile nhnulﬁ* af eourse, ho sueh that Lb, mast
tuslly, Lectsc® an lntegrated nmarh of Ehe Final prefile at the
reconsiriction Tollodlap Lhe tenporary repalrs.

durarc

v

" ]

I;ﬂeanlndquﬂc;nila s?r?ldibc rentloned. Cavities, of course, she-oa
clozad. It Morway this i3 ofee - 0
b¥ crane beconecs too laborlous, M Gone By eXplosives, if the wari

With rezpees Lo the repalr of the acour night below the wave grrpa=

Gt asphalt conercte or mortar iz sugoesated bo be fromped 2oy ter:;:
the trjiancle tn I'renl of Yhe screen haz beeon Fllledé) to ferm B Consa
buk rlexlble wall, Behind the wall grouting af smcll cracks pa- Em
done by asgrals mgrtar, larger aracks, or openings, By coacrphs. ég:

bitumenous wall right BElew Lhe wive aereen vLhen funckiens as a pools

for the conzrete martering. A afeilar wall wal used at Sipeco, Fospo-

E£3l, by grauting cement worbtpr Lnrouch Roles drilied in bone a--%
‘behlnd the a2creen. Ceneoat maviar, housver, tends tp bacore mimid ama
may thus crack. Far furiier repaily wWo-ks ot Sihes as Fatte h:shtnn:h-
regomrandpd. . . =

+ r -

BATEF AIPARNS CY TIE FIMAL DFESIGH

Puring the latsst 5 ycars & nurber of spverse damages have happeied
.to breakwatiera bullt during the latest 5 to lo ¥eara end extenting
inte doep water (lo %o 25 meters]. This includes: '

Bilbas, frein,

R . parallellonpedic blocks, also peeo~-esded
Accident 1977

lor repaira (oo ts). Modela in Her—ay ror
- Final stege.

&2 15 DOLOS
It §x rot 1ilkely that Tebtrapoden will pe
Vaed [or the linal desiga. Alasks will -
régtensular ar cubed.

P, I'ruun, menber of comrmissicnl).
Model bLeoats at Duleh Leboratory ~lascpd.

Y
Sines, Partucal,

Accident 1977-1975

- T Tepporary teata at Cipacdlan lebaratery.
Et. Cyrrlen, Srmip 52 ta DOLOS
Accident 1980 . . - Replnoement by mbeut %a ts perallellssesic

blacks: recommended. Model tests plan-ed,

#1 ts TETHAFODES

Thia cade 18 now being Investlgabed 57 &
LToun of experis. DT &nd ¥. Braun r2zors
deliverred alrecdy In 1972

- Y=h ta Jigew. -
Replnecerment by G-B ts Rock of volezaic
orfpin, Impraved prafile with vide Eerm-Toc

Trivell, Triooil

Aeefdent 1877

Srier 174t
L

frraddea, Tealsed:
Theeidont 19%1

Prosently under design (under the supervision of Lhe suthor) ore >
projects Cor industerlal ports ip flexico: lazar Pos Cardenas ¢n ihe

_.frecifle, Dos Dazas end Ostien on the Cull., The following Lype of
bla¢rs w#ill be used: '

Lazer Doz Cacdenas: Frrallelleopedis or cubed blocks, ;erhapﬂ wikh
grooves [intifer}. Dealpn will be besed on
cxrerlences utilizing tests 1o Norway, kellone,
and Frange aa "modreia”. -

Cubrd blocka,.wllh greoves. Hadel experiz
Hlolland, Dlock alze about 3o's ol Antifers-ipp

b o

Doz Docas:



. 1%75 he, regemrencod for TETHA

- 2

L3

Gstlon: Cubed . -
:d Blocks vith FronviLn. . -
~  planned In Herlea." Hodel Experime::s

In 211 cases the use of miltilessed blocka has Deen dlroarded due
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Hoom:er .

Enlrntuﬁtorlly it "ahall, once for ever, be stated that the

Hy +Xyr-aecyrronee” eriteria fo f-cdecuatn ard stsstesp, T fs
the zole Lpestral precefures wiilt no consigeralleon Lo CeLafls.

It 1s efrssin sejuensica ef- waves Including 5ingle, double ox -
even triple vory high and semeltimes alss very long waves, weich
ewkrmp the soruelure, and very sterp wzvas and conblnatiuens arf

tueh Wa¥Ud, whicly are most Casierpus Le stabdlivy, Lenp ans ol

HAYER PCNTLIFELE lnto the 2Eructure and 11ft the bBlocks, mexs CELA#

A strenC and deap dowardsh, which may drow blocks thal turped ‘ocss

with tiiem dawn.

IL v'es alte reallzed that 3 single wave recording o certaln
Alsteaee = .8, 1 Killoneter - in (roa%t of a Atructure cAnnos
deneribe vave acilon on the slructure, as the wave action rar e
sbroaply InTilucneed by ewen slight ebanges of the bobtom Lana-

L FRrarhy, of varfons 3-Jfnennional effeetr in bhe wave condizizn -
end nf reflegbive orfoess by the Lreakdaster Lbaell, cutting ¢own
wave TtoepnaiLs by breozking.

Orijskale ap-t Broen [Fal, 2. p. 1301) deacribed papticular danges-
fSus waye cemo hatlans based an variouws tests.

Dr, Sx, fop=ic, U.5.2. (Wol. 1, p. 550} emphaszized the irroguler-
1tinz 10 ted ¢aazlelon, walzn ipcluced “rounteoinug cepr™. A reli-
sblo modcl Sust oo rroducad, “unich tpiex Lnbo sccounl ml. Ine
nan=1incarlties thit are manifestod in nervy Seas. ™

n. 7. et at., Macrey (r 5371 1n paper on the apzlvels

of weve flucirt Irzz the Lorecdizin Conifoontal 3hell mestion o

rerulia of lrctricential weve-obtapvatisss rrom Tour logpmtizny oo

the himwellan Caatlncenizl Zhel?. Theze gbservabtions shoa ler:e

:arl;::nna i the sceoctca Tor waves with gaflerent tlae Riactzrles.
Tt her ot bten pesislble Lo present sisple poraweirie forrs LES

chapazsieriie all slteatlons.

Wre meend
il 2 T 1

Conrejuently fpeetral wethods solely arc npb uselful a3 Lhey pre
unebtie 3 [Fes32ab Soe potv2l ccocitiens in & rellable WY .
direct 2negiral long=term 2totlstias may reutesent ap albesmd
vay®, The [roebles zhould be cursued by whe wse of joint ang
marglinzl disirlbations of Sigaificart weve neiphts and moen

pericds mne eurulative distritutions ef spestral densitdea, (E-STE!

Hourhont ol , Mesery, {Wol. .V, p. 573) menticn Lhe petlpation of
wins wave arezira oy pavesitric mothess, nodelling tio noa gurlaice
by & conlinrd euty repPestive moving {(AAMA) procctis, "The
eotipatlen of Bugin & madel consizts of dotertlolng a nunber of
coeplficlenia, 5=Ju, that teSether with a while nolae torp ger-ne
the podel.” - .

The great pumber of coefflcisnts makes this model very labar-icus
wiinoot Caving any gusrantes lor correct rapresentation af shé
vaye penmetsy in a sequence of waves. It 13 the wave Coasrtry.
vhich dobeninea Lhe rerces, a5 1t deteprstines the hydrodym=iis
farces. - -

¢

A. F. Umitlecs, U. K. in discacaisn of pepee Uy Srdnbzs and Beeon

wbr Lesed on =etusl forers Fight In frenl of :he stpgetuie soabliv

on “Hzve Heshznic [Tincipiles of the Desipn of Rubble-tound Zoeall-
weeers® (Yol. 2, p. l3oi} on p. 530 of Vol. 3, 5a¥3 s lolizws:
¥ orcpsional large whAvo (N AN lroefular wave train caf pr:du:F

a Joit in a Toandom bRlock arrgnnement. which czn then =eitle hac;n_
more or 1055 inta plaze.” - C1f, houever, 1n & lon;—ﬁuzztlan stzTo
from 3 Iong fetch, a Lrain el larfe waves oan be forcrpd, then

this 1s pquivalest to a significani heipht of A much larper
spcctrum net censidersd for the cestpn.” (. ﬁ;ﬂ}-rﬂﬂ p. 521 he
mcntiecs, based on ubservallens, nid Ta Whave of l1iltirg poves
upslone Just in [rook ef \ne #ave frant”. Tihls is.ohzerved, garlley
Ly:fruun and Jehannoseon (“Hydraulie Farzmeters far Ecaign_. :Fzza
and iy due to the statie heoad of the breaker belnp krenscitsed TS
the underslde of the blecls throusn any porosliy, which expsts.

The eflfect is oupgmented by Ve arvesl of fpy doon flew and cay M
roke the blocrs elmanl bouydnt, &0 thakb tlhey are relatively essy

Lo Lyrn loose fw. S3L). " .

The lonn Pebleod uaves arec wery denperaun 'bescused *follawing &

Cgreates ponctrablen @f Clod rrom leng perlad Waves, En lntern

n ko throw ths
lockeod laver can be eased [rom Lts foundzbicn 1 .
aritire weight onto 1ts lower rembers and thekr footings", {p.322}.
Bruyun®aqq Griinbet In their reply to Whitleck, Yel. 3. p- 53‘:
SEiiwEiTen 7e+y stronyly thub wive proTetry and Segquence cust bE
ceriectly ropresented in the Raoel, The resnlis ol model teet%
without prepsr cheek and imilaklon of deralls af wave gooDelsy
are zuestionaple.” .

Mhe-zeneral lmpreasion of the dlacussion Is very Sizllac to the

conseasus ©f the Tesults of the Santunder-Conlerenze, l??g. m
Gpain. 1150 Nerc the spectral re=raiustion, ulnh?:t E}.-Eh aniu
decnils - sesucnses and peometTy xad the 1rrefudlarliy of o iee

weve acticn, irvalidating Lhe te2ults af reeprdings o gls!nuJE_
wave reeardcr, mliced & dlslince from ine suplect stracture, wif
piscred eed, Hodel tests mutt ba basec on Cagnihle 2

rarbinaLicns, whelhes they have #ver beed rcccri{c or ﬁ:'; .
feuences of waives rccovded fram o single reccrier at -”n'ft-h .
Elve na c-oof of a similac sEiuenge AL "polrl 0", AR nests suss

ing at 2ny polet. O0ly in Lbiat wey 1L 138 pu:slPlt. e:§:‘fnu5}9;
to obtais the neecessary ralely o design and afn{d_:-dngys dup
tnadezunte wave infermztien and interpretation ol Wewe qatalfu
thelude wave aclion right In Crent af the slynéture, Dr: - we
should aveid tnatthe fis « 2o-yTepr-afcurcence nccurf ? 'Zn‘it“4i'_'
avid whas the 6 a2 loo-yealr-oegubronce RAappens ﬂnﬂﬂnn Jﬂa;i iE
vepy ynfertinate that, due to Lhe often lack ufdp.actig:e Ceen
gxperience by libdeatary Enaplo. tne teat prateuurfa have bees
eoncentraeted teoo muech en ocadocmic limilurltlfs_; ns E:ch“.::
practical observeiians and imitatleony af the true Ha:: .E;;‘
rignt in Freat of the structure or right at its 1°§2 bgnaeh;*'liﬁi
verlaness, whlch ocgur along the strugture, C&0 OALY L eI

by obkservation.
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Relraciion €lnyrins pre of less ar 11%ttia ude tn confuzed seqs
u}th fenalderpnie «fcet of shartorestedness, where diffreeticn
pEhoren: Kre very lmportant. fepresentation ol A eonluded ara
eannol #ithes be dong 10 2 wews tonk, 39 the confu=ed SEa 4% 3
Felult of variqaces 'n the dircction of waye ampruzch. It 1s
HOouA that d-dipenslonal efircis are yery meﬂ}L:n; for trne
atabiliiy of spilitlezres blogss. Eurh Fdirensional erreczs ITE "
e7=30 in 311 riorms With conters moving orfien in erratic pa;hs
VArianzchiin wave refiecticn furthopmase Ineveass Lhe cun'as‘éw‘
end J-diTanmic il el Tpotr. Geoerzlly Apetsing, it mas. Lh;rc;c;e
be egarluded Lhal weve tami tesls in Swo dincnalona cagnot be
rxpected o nive corrfcoet zntuces on Lhe true #at1lity of a .
%:cckra:trfii?ﬁydwuﬁt te fturpleTented by s=dimenziona}l tests,
LEIupo a ata, vspful H- b - z
16 not o eney tap: for the eallbration of such tests,
Yo underieae under Etorm eonditlons, Ghoprvablens by radar or -
A0 posoible » stepen atrial Folo® geem Lo be oac of Lhe Leasares
which would eaniribute %o peliable rocorcdes of wave action durin: !
o t&urh cundiilon, Ezzrd on cuth observablens the repraducziion -
al "wynthesls waves” in oa tany ray he possible, o Lhat prntnﬁypa
and rodel wmay eglrcach each oihor clotely., ' )

In the gdlscustton at FOAZ - 79 a5 well an In Santander, loBg, 1t
was nll n:recdrupﬂn. and strencly orphasized, thet model EanFiaeqts
Fusy Re e ri=Tnrt ppyp - b BirEL 3m Justifiaed g elat cnra {a,i,.-,;s-;, H
Blveys @UEFLr) ANT LRaT, under 311 Cirounilaning, LOCrrcsun Ferssve
A% mafted wurt ks miiiafed - pg S0, koW the Dreatwacer Dinavss P
CUTLED 8 Crtbe2ii0 5 wEtl £5 Lo "Ceel Lhe hrcagu:ner cn the teeik”

®ith rtargcs Fo what 1t 1s spte ra o skapt ug &

AL .- " - .

_'._ . .= - . . .
. .
June Bl
LT ET . . +

F. Bruun

~lrial sholepraphy 1§ diffiecult or 1apoe=sisie .,

: - 32

ATFE.DI

_WAVES FOM MODTL EXTENLAENTS

Earlier (presenk) practice calls for representaiion 10 the cadel of
a wove action, which ttas recorded at a certaln point {h]. Llthourn
the representaiion, speciral-wicze, roy be [ully ¢orrect in the
model two quoBLidna Atise; . - :

{1) baz the recording beon undartaken leng epouph te mllew n
relinble estiracion of "all futere storps”. Far s lonc-terns
and rrtreme nelght statisties a recosding tloe of Einison
S yetars 1t usudrlly rejuived for teatarent reglons. Bug Lf 13
£ti1l ma puaranter Lhat an extrapelaticn bafed on dtLtiazica
prinelplcs will glve correct znsdetrs rezareing tho ext £y,
This 13 true, in particular, wnen detzlliced wave neometry is
considered. Carpect representetion is very impartant, foveves

15 the point of recording representative for & lAYGer s=a
terrltovy »of. for 2= kKilowgvers sions Lo line of o projoscs
bronkwater T The ans<scr to this is: Mort 1luely potl Even
. rnall ehruges in the refroction pattern will cause gnonoss 2o
“=T wa%e pablern and feomettics af-the waves 1ngludipg siwsterers

B L . :
The suestlon, which arises, 35 theh: ¥ew 15 1b poasible st a1) to -
ohlaip a rollablg wpve pleture at bthe site of B propoased Breso-
water ugelul rop medels T

TR N T - e i agy A pm e, -,

. Tho ansar to this questinon Secens to be:

{AY Ficet of all detatls of the grotetrles of the Waves recoried
should be expained carefully wWith speclsl relerfence Lo waves, "~
whichn are cloks 13 brezking &r ace breaking. Thls lpvolved shart-
crestednans. " ) ) )

(D) Acfraction Jdilagrars for lrrerular weves rhauld ke dresm Tor
varicus eceureing ¢lrcetions of wave apiroach. Tice hlatory 2o
tLolvTs may Scause Crosein] orthogcosls. :

() 2-dizeantonegl elffects should ba inveshipated by studylng bhe
tice hilstery =f the storp, Hountiin waves gay be 1 result rf
wavea of different foiches frem diTlerent directiona,

(O} If resci®le, ehservabions by radar duprlng sterms should be
pade. This, Nhomever, roguire a high {location) toeer orF wast

(E} Adversic wayve cporblpations shauld ke Imlialed and denpeorous
conlitiars be eulTapalatey! to evon mare odyepse eenglbicus, @ven

1f they have A9% bBeen refarded. Sucon edvesse ecrdibions, wnla

-mebeoralegically =pealdng soy De relatedto sustilnecn, ray b

develogfed (rgn recorded data by means of crossaing urt!‘.:'_-;.:tr;:jS.
wpve t*alns of sliphtly highe- perliods ovorbaking Haves Of
slightly lougr perled? gr simnly by the gencratlon of zingle
waves &f s23lltary "mountencus® nalure; Wnith zro Fasslble, 2
pessioly not regerded Crom a Single wave statlen. 10 fuch Y
ehouild actually geour, the struciure, 1f dezipned acgordir
will Be ally to peslst Lhew and w!=zhaps coused Ly Losuflisl
recardiag Yire ond insafficient infarmation abouk Z-dlm=ns:
end qea-linearitles [dppeordlxs 3) can boaleter be avolsed. TiriTe-s
waye nefpht atatiscics 13 helpful in develaping waves tarc w.on
terts,. It 332 pormel to nse Gumbel Jdistrltotiona [or &XLTEme
Liatistics, but plher dittribatlons pxist.




{F) Folel experimenta 1n S-diponcions will, of cource, Eo adyantoac
cus end will probubly develop to bitoime & abtandord vegudremssy fps
#11 Cinal derigaa, Model cxperimonby most inclute breaddaown prtrers
And modey. -

{0} The nydreuliec nreperties of the model - breskugter should, of
course, earreizond to the protobtxpe, Lhat means releetlons, uwp apd
dgwirishes, 2nd skaztle prefiures Urom water.in the mournd shows i =e
simllar, TulzT ic 2 diseusslon an model laws apd similizrities, im
wnigh fileld crerress 15 Lelrg made, 1% 1s ecetzln that 4% s weor
Ingortap. thes ~ovs beeapirg criterin are ipltaled eerreckly, us

Nt

the [ = cansy/} B/LT Faetor. Maodel porasitica ehall not be lapper,

hydraalicatly freziing, than thase of the protablype - or, Ceaverzel
they 2hzll bc “large enougn’ to correspond Lo the pratotiype,

{H] Tne zrotatime 4z Cesipzed, next built, birsed opn the mesults ef
the e2del 2:iuny. ke lack of praper aipmslioriiics caused by
Intdesuete plrya~ing znd decipn, or lack of adesuese =uracvisien
gurlag ganstrizvicon, has a responstibiiily Tom rany fallures o the
pratetype. Z.cn mishacs con only be Avolded Ly 2 change 1n griisads
tuwkSS and Cetter uncerstanging of shat & omodel ls or is suppoaed
En be. 4 mncdel fliroy oF al} te pok a plece af toy", but a

Lrut-torpg recroefentation’ o whiy 18 polng Yo De bullt to wisy-
sLEand Eetual) forecsy, The ercon, ho 18 ip charfe or the medan
crperleents Urom the side: of the spontor, should nat be "dicsharge:
from Le projdess unon gonndetien ol LWhig eiporigents, bob instond
he should rather be pubt [ charit of aop be actoolated with tne
tupdrviiisn oF -2teal cfomstoeebian, It has nhappened, gquite sfven,
Lhak lepger discresangics betuenn | madel end Lrotetlrne ware
alloved ta cecs or dfd aass, besause nobody obledted or pratested
pgainit the=w. Troe pesult could Lo, or 1t astually became, failyures
fpatirey ol m2ss charaster. The same {4 krue Mor naterislis used
fer condcrustian. Very often they did pot Live Up o the oecessaTy
Gualities and standards.
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KOUND STRUCTURES
DISCUSSION OM STABTLITIES

Fer &ruun

INTRODUCTICH

During the lgst decode considerable proprest ha1 been achieved
in the deslgn and coastrection of wound bredkwhlters, The
reasnns for the progress are:

_...%)  The work by the "Waves Commlisylons® of the Fermanent
’ {nteraaticnal Assocration &Ff naviastion (ongresses
Clrefs. Y and 2).

2} Massive fallures of mound breskwaters Inclwding
Stfax [Portugal), Bllbao (Spehal). Ariew 21 Djedid
(A1girial)., Tripati {Tripeld), and 5t. Cyprian
{Spada). In all cavey the armour tayer was cancrete
blocks. These mdssive fallures may Be traced back as
4 result of inadeguate wave dgty, Insdéquate and

- impraclical labaratary ecperimenly, certain neglacts
In the dasign providlng inssufictent friction
Eutieén-1lyeri andfor insufficient permeability,
the lack of & proper toe Stpucture as well asfor
to jack of 3 baltom proteclive matire:

This paper analyses Lhe components in 2 stab!lity
condltion, ressons for Fedlyres awnd farmelac -
Frocedures,

LTARILITY AMALYSES

Te ;tay stable & mound strugture enpoted to wive actlion wmust
fulfill the demands to averall $tab111ty a5 well as to unit
stability. Hhen mpynd structures were largaly built of natursl
rock the interest wat turned on overal! atability and the
itab1]|t? of the s$ingle unit against movements. Tha introduction

af concrete elpnents carried with 1t requirements to strucktural

strength and health of the unft. MeCent years eaperiences have
proven Lhe ful{ilty of Ignorinpg ELFUCtyra] analyses af ;are
detailed niture. Bared on bitter experience It 13 now known
that dimage Lo mound structures often 1t » chain process by
uhich faflure of one elemént Introduces g chain af fallures.
The stlﬁillty of the single element therefore becomes of
prizary interest for the stability of the entire structure
{refs. 5. 7, 3 and 12). 1o abilsir stability one therefore
has L& cnn}id:r three difterent winds of atabllities:
P - -., . ;;u. v - ey
i) The prerall stabdlity, which 15 the stabllity of the
breskwater 23 & whole with special reference 1o Lhe
srmogr layer.

S I - s . ,
1i), _The ynit stablilty which 5 the atabllity of the
single unit or fts ab111ty to stwy in place.

__'_11]'f__?ﬁé it?ﬂ{iur;i unit vtabillty which 1% Its structural
P Atrength. _ ',_,_

H ]



- 3. )

Theae stabillcies which all wust be fulfilled nre Interdependent,
Faflure by 1] or 111} or oth eay Ciyte n 1) fallure. Failyre 1)
sy tnlLlally occor without 19) or §41] but i may ciuse failgres
11) ar 114} or bath in the failure TtgelF. Heawy camages often tahe
place whem the armour 43 complebely sgaked or fluidized 1n wave
wprush.  the breskdown pattern therefgre way heve the charscter of a
catastrophlcal event which moves large mgsses (refs, B and ).

Covon redsnns for bresbdown of rubble nound bresbwaters whathar the -
*ourd (4 corposed of natural or artiftcial brocks are deplcted In
Flz. 1 {refs. 7 and 5. They fnclude

1. Frofk-guts by plunglng waves uhenr = fan o Hé’n £ s
but > 0.5 {refs. & & 12},

3. Uifteouts [ty spruth-ciwnrysh] usually resulting from
combination of wprush and downeush and tor velocitien

1n an grriving plunging waye, Professor Eoutilsy (ref. 38 Tn
Fress) has made estemyive theoretlcal studies of *21¢ gubject.

3. 51des of the armour a3 & whole. This happens In particular

bt sieep slopes which are subjected to high waves of perinds
tlote to resonance [Lhél means uprush-dewnrush perigd 13
t1o%e to wave perigd), tee refs, B, 12 and 14,

Fallure 15 caused by combinations af boupancy, Teertia and dragfortes
sepported by The effect of hydraslélic pressure from the Core af the
bresiwaler. These Forces 411 1eem Lo reach their waximem valye for

observed directly {n the Tigld and some af the large fallures of
mititegged blocks pay be atiribyuted to the oocurrence of such

wives oF groups of sych waves,
t. Gradwal breatdawn or failure due to "fatigue”. Fatlgue
atarts with sualler mavements af the blocky which gradually
ingreases and by which the block(1)] gradually t1 moved
cut of Intimate contact with thele nelghbour blocks or Frow
the first sublayer and perhaps simuliancously suffers from
tear and wegr dpe to thelr roching or bowncing artund, hiLtbey
other Blochs demeging themszlves and Lhes,  This Is In
prrilcutar af importance for sultilegoed biocks, =hen 1uch
—rss == o= daMages may be directly observed gr Theard® in coming,
2T et ieat (Kcurrence of resgnance making the wprush/downrush perfod |
equal to the wave peripd for groups of waves (Fi1g. 2B} has
in particylar damaging effecls due to the continued rocking,
which partly treaks down friction and tnter- .

- "a . - ]
- -an + arn - -

— e — A e E—— L AT 1 " Y —  ms— a =L mE mEmE We --L } mmm

lowest downrush which occurs at redgnance or for § o tany AL, ~ 2.5
(refs. 6, 12, 14, 1B}, Experience, however, has thown Lhat large singls
ar doukle waves [Flg. Za)] may b* particularly dangerous. This has been



kolttEny: Letseen bLlocks ond partly esuse Stewctural ruptuses due 1o
bending Etrecses and other fetlgue forees (refs. 7. 9). Qther types

of wave tralns €.F. wWave 3erles with deop trough, Flgs. Poc oand 24,
cauaing desp tun down, Fig. 2e, and therefore hipgh downrush velorities
a8 well o5 hmizner hydrostetic prersures Crom the water table In the
care are very danarrous frefs. B, 9, 12, 14}, Heturel rozk 12 e
eonpBCt FmAEs and 119 resistence apgainst mavewnents 1s 1ia «elpht snd
friction eFminsl other LlocaS. When useful welght 15 cdecreased due to
bueyence the resistance ppalnst mgverents deécreased L0 pbout half. The
2d, therefore. 18 very danpgetous

because of phe 2ech 0wt ygk It 15 the
st fangercus wave tralns, hydrooynamieally speaklng, which detepmins
the ttabill*y = ar Tallure =-. It 1B & o0 aften repected olstoke Lo

Lefe LLELS on " Epectra’ withowt pegord 10 Esquenees of weves, Labgratory
peaople have clelmed that they wers 1nc]udéﬂ in the 5pEctra_hut After *ra
fart, BnE Without dellverling preafs far thet. They mest 1lkely ware )
rot becau=e prenerators could not produze them. Zoreblmes 1T was

elaired that puch Jeves did net exist but this postulate was DALed on

4 lipited tice recerdlng at orly ene rlage. It 1% slao sald Chat waves
&% Bhowm In Fig, & are shailow <Ater pheonooena. EnpeTlence, nowever,
carfect elther, They haye becen observed in the

wave Eliuation depleted In Fip.
with 41gpe submerqed.

thoa that this is not
piddle of oeeaus durlng storma, and are generally known ez "frear

waves” Ly Zallorr. The lpcal wave mode of pattern verles eleng the
cours= the local wWevea S1tuatlon which deternmine
may include cencentratlons of wave enecgy. Por
therefore necci3ATY o kKnow the ~ave Blluation
alung the creaxwater., Preavdater Failures

Erearwater and 1 Is af
the lacal forees end 1t
. & long breap~ater It 13
for the erltre dlstance
oftea Lapren In Ereas, where wave actlipn for some ressona, which could

be the Eatlom tooofraphy or wave intcerections, concenirmted. Convent-
ional head gpeooeiry by turnlng the opd inwepd created guch COnCANLINAT-
lens. I3 1s therelore ouch heiler for ftability &3 well as oy reasons
of ravigsticn and sedlpent tronsports to curve the Read outwssrd {ref. 5
Thix 1% an old Scandinavian experiencte NoWw boing ublllzed core and mots
elreshinre. ) )

Underc!inirz of the wave gcroen or upper Ealid structure. It 15 cownon
proctice to provide the crown of a rubble-zmound breskeater with a

wave sereen. Thls pay ke a solld or block sencrete Btructure,which
anall arrest the upper part of Lhe uprush ond turn 1% bBack towarda

the aeean. In dolng to Lhe wave rorcen moy be subjlected :m large
herizontal and vertienl oroes Lhat means overturning morent

chear forces as well as [orces dirpeted down aguinat Che slope.
Overvash and solid oversplazh mey be avelded by o = mostly ex=
reasive - tap clevation af the sercen. A vertloal, or slightly
eurved wall will, however, alwayas cause o downwabd dirgoted foroe,
which will try to dislosate the upper rock or pleck layer, thereby
underelning the woll which In turm meay collapse asaserde. This la
o rommon fallure at walla in the Mediterrancean an well as in the
Atlantlie,

Overwasn LY solld wates always presents s Jpnger to bhe sbtabllity

of the crawn as well aa te the inper slope (Fig. 1) Fany reilures
started a2 crown C[allupes or Fallures of the upper parL of the innar
Elope. This demonstrates the oeed {or & atrong deslEn &% proaper
elevatlon far the ¢rown a3 well ma Tor the innor elope. Podel studiew
using frregular waved as well as Wind are of preat valus, bBut it
thould be Temembered Lhat scale erfecte and two-dimenBionality way
cause non=Conservative results on uprueh a% welil e Btability.

Thia has becn demonatrabed By various pceldents ernd fagmlities

during recent years. In all ceses laboratory equlipments were inadecunce.

»

Lift-upa happen and through-woashes when the core matearial andfar1
Fllter layer arm 20 conrse that they let uprush water pass through er
below the wave sereon, cxecting heavy uplifh Foraed on the whve -
screcn Afd ptructural compenents benind Lt {Fig. 1). Thls ray Tesult
in fallure gf Lkhe superatrocluce or of the lniide or the middlas ,
BncEinn, nopetimed prodocicg A ereter In L croen O in & alldes on
the inaide. - L .. kN Lrown blacks af
rufficlient uejght:a wiatertiprht partition wall below Liie wave &0pden

grouting, mnd venl holas include mitipatlyes preveotlye steps.

Tt"ia vnlfortunmte Lthat It sometimee VAappens that Lhe denipner
fmaktn excuses™ lor deficlences In the upper parth of the core
raterinl by providing oenly "ventlng" by holes in the ¢rown block
or slab. ¥enting through relalives smadl holey = i3 uAually
golng to be minor eompared te the agiunl needs for releass of Lhe
wave=upruh indoeced preasure, The beat 18 Lo sake the bub-layer
belaw the vave acreen impergesblm for webter and eir which pay b
utrder high prescure. It 1a s prafessionally wrong phllosophy to



=)

believe thet water andfor alr in yuontitiea shall ﬁe Ellosr) Lo pARE

through the upper part of & mound bremkwater, partlevlarly when 1t

hazs a Ti1l1l or ather sfructure behind 1t. This has rany Erx«backe,

So7c cf the rost ipportant ones are listed bPelow:

(a) Ex2angers the stabllity ol the superatructure &% well s the
inzlde =1le¢pe.

{b) Hay burst ary paverent BT BRY ACTEED ratertal tnetde the Lupep=
atrusture, eruslng sparking eprings or TEEYSRrs” damaglng road
pavErEntE £LTo.

(e} ¥ery cruse faster deterloration of tha material below the super-
mtructure by waters ruching in fuprush} and gut {dowrrushii the
superstructure may thon turn enti-clockwise] dlagenal ruptures
mey Bmppear In the elob. )

{d) ¥ay da-aze Lhe upper part of thoccors material below Lthe tocarae
layer which wan placed belos the Bupsretructuore) this layer may
be o ccntliruation el a8 2nd- or Srd-order aroaue layer: & by far too
elften ptourrlny asvere Qlateke oo the part of the denlgner, wno coes

rat r#alize Lhat he la not enly celensling some waker but 1=

Eailelry us precEyrcs belos the crown sleh. Such pressures may bae

3 RIZN as 1o tsfm? gnd therefore need & heavy lock Lo block thex.
It 13 therefore better to prevent them.

Toe 2rgsion 18 alec s common reason {or Ceilure st the lower part of -
the searerd side of a rublle mound which l1a placed in .. =kallow
Water or whepre the depthfwave helight ratlo 18 1e8s than 2,u. WRves

are then close Lo Lreaking and with standlop wWaves which particularly
gerur for woves af long perlods erosive forces may develop eewolely.
Ihe worstt case, howevsar, ls when downrush from the mound perelrates
dowm o Lhe bottem and a longshere current exist at the came time.
The pee-—ure pzalnst this s & toe apron of }ﬂtk pleced on b TRLITEDS
eatending far encugh out Lo prohiblt dirFect attack by downruch on the
retren {rer. 2). nModel exporiments often tend o farget thia cflfect:
which cen be aceounted for even In flxed bed roadela. It ls 0 eevers
miztake which has contrlbuted to malar fatalitliea during recent yeara.
Toea were Loo =eak and after the dissster they could not even be
}nund.

Iy coapkml protection revetments with gentle slupes 1Tt iz common

to plece & sheet pillng te suppori Lie lower elope. Langnhare

currents pay furthermore noccAsiiakte Lhe installstlon of shert "epup

grolns” aleng the tos well. Spmotimee, 1% 1s In Lhls Way ponulble

-p-

to cbtain and Esintaln A sarll besch In Tront of the revaicent,
particularly 18 the spur grolns erc bulli ea T-grolne {ref. 9).

Eoll fallurea. It happens soTetimes that & breakwiter han to be
Bulll on & soll which la not very stronp. It way Include soft allk
layers with & high water content and thereby 8 low bearing vapacity,
which may cBusg turnover 43 well o9 sliding on of squesting of the
poft leyes.folla conngt be said to have & large responaibllity for
Tezent [ailures bechuse folls engineering - coOntrary to wave
engineerlng - hag been handied more sdeguately in the design.

Discrepancice of the aoundpess of makerisnles uweed For the construction.
katural Haterimla whon guareled demcpstrate strohaly varylng charme-
teristica with resprat to elze, gecmetry, hardness, wenr by rubblog
ezalnst ether blocks, recigtance to shifticg condiclent of suboerzesce
and cmergence, Lemperature varistion, Treezlng and thewirg ele.
Varicus countrles practice varying rulss or standards for caterlals
tesling, pooe bolng oore rigld than clhers. Generelly Lt cay be spild
that high apeciflflec gravity walerinls 1lke bA3alts are prelferable L
they are relatively easlily cuarried pend give & reazenable cetum of
large bBlocke wilhout too much differences in aldeline feotatry

C{afbbfe £ 1.5 1T posslbie). Dlaoeks sust not be Yoo sbtratified,ms

gnelssic ond thaley moterials may be. Poroud raterinls aloast

Blrays dnterinratefruatcr than densae materlals and freeilng and
thawing are detpimentnl btp &1l nobt absolutely dende raterinls.

A5 thoreuphly discussed in rel. 2 by the PIMHC'e Brd Waves Cormizelen,
experliencg apd Lesting should work 1and In hanpd In melecting M
coterinl® with the best strustural charecteristics or durability. .
This needlesd 1o sAY 15 no less true lor concrebe blogks, Including
thooe whieh conlaln reinforeing steel, Some of the, usuvally patented,
conerete blocks of involved geomelry ore rather prone to brraikape
during thelr placczent az well B8 in the iptroduciopily phases of
pdlystrent gf the sound sfter construciton. In some eultllezzed rloce
rounds & greet number of blocks were Tound in proken fonditlon at
places where they - In [ect - had nat been expoled Lo wave BCTion.
Buch bleek [hllures are dealt with In nurerous papera durlng cefent
yearn with referenee to partisular hlecks. The author ha3l abstained
from Tadvertlaipg” these papers mnd reparts wWhich sre evaileble in
procosdings by The Am. 5oc. of Civll Enginerrs, The POAD and Coastal
Englneering Conlerantca.
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Pior wor¢ranihlo. Heat contractora heve no Jdeslire whataceyer to
prozace poar fulllly work «Rlch may be harmful to thelp repylallun
and Tuiure bualneag, But recardless of this, scecldents do happen.
Tne ‘raded T)lter layers which nay be lneludsd 1n m mound strugturs
are easy to drav on & plan but alwayn S3FCleolt Lo moke. YVaristilons
in raterlials oo wWell an in platemeat way cause "polnts” of weakep
etabdlity. nlso the woriting procodires accepted Bre nobt enually
carnsiderate alf, or adaptable %o tha nateriolr wuzed. 48 en vxanplal
floating rles ara ofton wsed or gonsbructlon, partieglarly w=hen
raterial sRupplics are breught in Ly tapdes. Plocement by Cloating
rirs oparating In wave=pxposaed oremn often cnueco uch downtime.

e pn Indipect reLult Lhls may Lheqn Lecame pospongible Tor mare
breatage of [(cuncrete) bLlocka. TmrLlEqurlr Lload with blim clemekifa
Tols ip turm 7ay Introduces souteed {ur fallures, Striet supervislonm
is therelore wn uraent requireront. Drodon: Blocka thoobd be pelreoted,
BL lrazt m3 the Tirs% armour lrynr frefs. 8, 9.

Aa It zay be realized & mound Gtructure 18 no casy abructurs to tulld.
It requires khnowledes= and skilis beyond rouph mechenlcel experlence.
FE lucyd Wwill hove it, mound skryobursy, parbticularly Lhose whlch have
RO wave xcrren an the top to e¢mpllcate mokbers, uLually bread Jo.m
in m relatlvely "grocelul” way. Put damAges way tend Lo accelerate In
the secand stagez. pf gevelapment af fallores. Matural Blochs are bBe3z,
Fany artificial block leayoera pleeaed 1n ETeep elopea dipintegrate rask
grce gamage huk mtAarted. ft L6 Lherefors most lmpactant nob ko allaw
ary lepartant Tirst-phane darage for cuch blockd. 10 ag thre pecord,
third and fourth phasos cay come overnlght, (Fig. 1). Only a lew
cenprehensive studlen on the TEAEON2 far heavy damape to breanwnkterl
fave brep uncerbaken. Fnown Lo Lhe tuthor 1% the repart "Dlsasters of
Gresceaters by Wave hetion” by Hideo Taheysea end Tenskiyo Hainjpera
pibltshed azs “Tecrhnleal ligtea of the Fart snd Harbour Reacarch
ifratitute" in Towyo,. farch 1°7%. and <ith permiaslen repripted b the
U.Z. Dept. of Commerce, Natlnnal Technleal Infarowtion Service.
Crrinafleld, Yirginia (22i61). 1tm zynopsls cays:

"Fore then To.coo-goo Ton have bBoon capended In redtaration af secs

£% breakwatora damaged by wawe actiion bebtween 10905 ond 1972, Cowparst-
fve catm are prepested far G2 exaoples 1lan 4% harbours where sure
de-apr to Lig actual cainzong =BE noted. encoopeaalng Ealnian alreags
waterp dpmaged guring cnnltructinﬁ ta those Cinlchod wt lesst with &

L] ' I a

cemerete covering. Dlazrams show the breswwaters befors JAnApe wak

Cauwttwined, the damaged conditlon, =nd the pestered fross gection.

Simple mpalyces arw attempted on the total nurber of breakwatera
between 1565 and 1972 in order to elacify sny trends In breakwater
demage.”
Ment Failures cited are frilures of ealssons or coobinsd structures,
Furprielpgiy many Taiiures by shear and alag pany overkturmn end tow
drnagex. Failures of mounds desonstrate the charecterlesklc developrent
of an S-alops geomekry, Overwashes deatruct the orown and BELrutturam
behlnd it. Analyses of ressops for the dameges, howevelr, Were nokt:
undertaken In detell. There is, hewever, a ¢ohalderable exporlence
avallable elsenhere. With respect Lo rock mounds the feandinavian im
the moet comprehensive and include Tacts obaarved by stlll s uell
aa moving pletures during storms anld vreakdewns. The recent renrs
gador fnllures of meltilesped blocks et Arzew el Diedid,
Alpirin, Tripglil, Tripoll, Sineds Fortucal and St. Cyprian

y Spaln nAve contributed to understanding ol the prablema.
Tn nll cases the leck of adeguate wave dats and praper snalyses,
ingufflelant laboratory experiments, lack of conalderntlan to basly
napecks af hydrodypamle and geatechnleal aspects in deslen wott pharTe

the responalbliiby. Poor construction withecut proper supervision -ads

gonditions ol stabllity warse.

From the above mentioned it 13 epparent that the naeslve {everaly}

frilures may be = result of "alides” due to Tramcuth” waved or wase

groups ceusing hich up - and low down rushes [resonance). Such slides
may bo A combined result of Miftlng of blocks by up end COATIUEREd,
bycdraulle preszure Irom lnslde the round and toe suction in the
bresking or collapsing wave [refs. % G, 12, 1%, 18). Inadeguate
friction betdeen armour end gubleyer a3 explalned in zoll cechenls
tersra in refs. 5 and 3, loas of =ide frictlonm and lnterknittlirng,
bulld-up of pressurcs lnside the zdund due Lo low perceabliity eof

Eublayers andfor core share the responsibility., {refe. G, P. 9, 12. 13).

Single blocks may leave the peurd by cocblpatlon of icpyet, 111% and

drag Forc<s and thereby leave & wound Tor [urther erpanslon. Unlls
#+al Callures due to averloads af static ss -ell a®

may nglflfer structe
af multilegfed blocka the lar, w3k

dynamic nature. In some mounds
pumber ¢ broken blocks wers rodnd in the lowernost part of the
pounds. Cosparing rock ta eoncrete blocks includlrg BOX snd cultl-
legged the dawars picture now experienced 1o LUTErods Cales 15 &

pern in Flg. 3, (ref 0} Breakdown, when 1t firsbt starts, LTR«eS
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place rapidly for the multilegred Blucka while roock moundd mre more
tough. Fig. 4 frer. E} Exﬁiains this Further in comparing the Dreoxs=
down in relation to duration of atorms of steep 3lopes like the
cultilesred to the breakdgun of mere ponille alopes, like roca mounds,
1t al=o gives & ceseriptlon of the tlme developrent of slopea of
Eaturzl eaterisls and orulficlal materjala,. In betwren the Dultllegged
concretd roundd and the rock rounds one sy place cubes or parsllellos
pedlc Blocas of concrets on reletively goantle =lopes. The eaperlence
with Zuch blot«0 has bemn rclatively good e.g. 0 Eurgpeport in Holland
and even petter [ Lhey were graaved &4 four sldes, relcoafirg ifnslde
preszures, as Lhe TAntifér-blucka® uped at peveral pleces in Prance
end in Mealco.

USE OF FOFMULAS. IT3 SHOKTCCN1KGS,

Feny fadrorilns have bren propased, but thery all loox alite. The original
for—ila by Iribapeen wan Argued Eenl-theoTdtically and Ineliyded hydpa-
gyresle as wWwell a3 solla-acpects [(frictliona). It was the [ipst - and
prohagly sthp bezt - fopsula. Later "loibabions” lepgeiy bCled ke "gpet
by with less”, Gbscuring understantlng of the forces invelved in fopmy -
coelficlents, often based on labasntory atudies Wwithout canalderntion

to ware hydrodynamles and pydradynamlos in Lthe Interactlen procomaes,

Fig. 5 1a Fig. 7 in lleport by the pPLLNC [PurmcnnntlInternatinnnL
arsoclietion of Havlvatleon Congrese) repart Ly the 2nd Waves CoTmiemicon,
{ref. 1). It eaplalns the Inadequacy af reliences on forculss yery
eonvinelngly In i1ta Christmas tree of greakly varying resslea.

The conelusteon of the Copmizslon oo tha use af thexe Tormulas i ex-
presael ma folloagi )

"in wlew of the Bpove mentianed dligeérepincies botWegn the Yarlous
forrilae and the verlous questlahmblie sehemablsablons involwed, Lhe
Coorlscion eonsliers the present stability formulze for rulble smound
etructulfen Lo hayve Lignificuni Iimitabllgne, It 15 oniy for m praliminary

i

asseenrent afl the digcensalonsy of Quarcynlone armour unlts that the Tormailms

4

right bt spplied,”

It 12 unlikely that such statesent hy & highly prﬁresslanni intermationsl
1o therelo—e

easnittiee would have been cade, unless 1% was well argued. It
net elther forrect ta clmi= that “the formula” has proven lisell on
noroal roék BLructures. On the contrary. It nem not, And how could fe
da E0 T Ahlch aétysl wave or wave gonedition does 1t refler to 1

-’

-1 -

Just &0 average “Tecoektall™ - with a ¢osllicient put an tased on
lnboratory tests wilh some moTe or leal arbitrary . mat hydra-
dynazmleéally renBonod wave inpute. Two maJor errors in the Formule®
aTe ch¥lous. One im a3 wo}] known [rom pulbleaperlsnces . that In
nATure it was errtainly not the highest wave which knockad down the
breakwater but rather an altenuation otage wave condition (refs. 6,
Te 13 20, 28}, Conzeguently *he formulae misinforss 1ts user, The
sreclal dangerous wavea, incl. wave groups (refs. &, 6. 22, .06, 27,
and single (sdcmuth) waves (rers. 4, 9, 13, 14) are not iocluded -
1n the fermulas, but thelr devasztating effects ere well ¥Town - new
alac Irom mavies tawen durlng atopms whlen clestly demonetrate Lhat
it wea rot "helpht™ tut the "masa” pnd mementum WRich caiSed the
extensive damnge. Thia - pot least = le deen Crom the famcus Joelapdlo
movie {(Jan. 14B1) rrom Akranes , Igeland. Ik Is Lherefore utterly
damgersus to use such ormules blindfolded, wlthout mny atteppt of
undersinnding. This does not only refer Lo multllegged bloske, but alse
to recd rwmude. A1l "dancers” or “copditiona™ of wave wotlon cannot
pqsslblr be accounted for in & K-value. The K i= by 1tsell nighly
variable dependipng upon Speclel charmcteriptica of wave socion, black
placenent, Iri¢tiona and perrembllity. Juar & littles stocdatlc A
excrelsge should be able Lo convinea anybody with & baale s#juestlen Lﬁ
the phyalesl aclences and anybody who hos & compranensive expariencs

2E)

‘g3 well. There ls a pood understandlng Belween these tuwo. In the

field we ohaerye facts « ool formulan. hany share Mr, tacey'a wisw-
peints {ref. B}, but progress In Lhe wiven yerSus strudturen rigld

wWae alwdys achléved Ly & gombinatien of btasle (hydrogdynamie} wnder=
standing and practical expericoces gs they were observed in the Cield, .
It 15 In thla respect rreferakle to 1ot the Mleld educate the Iaborateer
- not ¥ice veras, plthourh =any laboratarles eeem to telleve In the
cprosite, {refs. 75, 29). Nature dzespn’t. To this rcust, unforturatbely,
be adied that mony leboTstory teats were run without proper corslderets
ion to Reale elffecte frefs. 24, 29, 31). Formule practlees, however,
ere also illegical from ap econamieg palnt of view. By analyning Jetalls
of wave rechanlep and interisr mound hydraullcs and geobtechnlca ooe
wlill be Able Lo make rrotabllliy-bscel Judperont-as to whilcn lactorcs
are the poat pertinent fer obtaining of stebllity ln the Sppk ccencale
way. Thim 18 hot lea:t urgent for lapge Stipugiures. And thare 3 not
such.things 11ke “shallom water and "deep water” hydrodimemics srd L
economica, It 18 all the =zame = ln diflferent scales only. Thia la
gbvlous [gr everybody whe has scen the wWave structure intdraciion

it o the im0,



FUTURE EFPORTS

Lfforta, therefore, must Be concentrated on "fleld and physies” - not
_on further "cosfficlents” end not on more "cocktall-tests”. And baste
hydrodynamica ip the sexe In shallow and In Jesp water., What waszs deane
wrong IR deep was cone equally wrong In challow water. It enly looks
cuch woree in the deep waterz, First of all there 18 &0 Urgent Nted
for uave datd and understandlng of the hydrodynanles of wWave groups

of a1l kind# ar peocetrics and Lipe~characteriatics. Dut propress

‘13 belrg gained {rafs. b, Bl, 1%, 22, 24, 26, 27}, We are alss learmnizz
core about ¢xtrers wave helghts (refs. ®, 15, 21} lorg-term distribs
utiona {refs. 16, 17. 2%) and the 1imlted helght of DrefKINg waves
{rer. 2o}. The very irportant "Jeint-diciricution gf heightz and

prrlieoda heve beon explored exbenslvely tgurn. &, 12, 14, 19, fa).

Vert lsboratories must adjust thelr practices ta the repreocductlon of
hydradynamia faces and glve up "Epagtral tesls” me o bale IRput.

Tos mony feilures, Ilneluding those experiencod durlng recent yeaba in
the Horth-Atlantle and in the Medlterrangan, can in fast be eharged S
inadesuats laburatory experiments based on inadeguste Wave caba. Weve
data cust be vignt (refs. €, 13, 21, 25, 29). The aiffieulty with
respeEct to wave data of- course 1les in the"time eaded to procure the
neceasary wave data, (one year of gphsepvstlon say sulflce for conditicss
in the lo« latltudes, bEut elseahere a kinlpusm of 3 yeara are needeg
frers-. 3. 5, 13, tE, 20). The result I thab onec must depend uren
hindcasting procedures, bul hipdeazting yelll la unable to Five the
detalls cof prayencies of waves cf partifular daner. ALLHGUER Wo knods
rars sbout Lrouplng, the hydrodynanic implicallonc are not fully
clarified, We are able to cuallfy bub not to ouantify. Comsenuently

we have to detign on assumptload regarding exlrapolation ol avallable
¢atn and "Bynihetle Beyuencles”. In dolng po we need
mnd na cther Lbu=e than extrere wave hedfht theorles and distritotions
[refo. 15, 10, 21, o ] 1a avallable. Qut From "tha extrere helpnt”
one then hag Lo deslpn the details of wave neguencles. It will ol
course b vory ipsdecuate f3gnseless] te use "rarmulea”, but 1t has
been {im being} cdone. The onfortunste situakion 13 that wave s.aZlstica
raa for long been "runnirg the shew and "practiciena” {aften people
who REvEr RA piorm waves on a breakwnber} accepied whatever statistics

poma Kind cf A Tmse
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. turned out. No-one wra concerned about waye-hydrodynamica, bectuse

nobady Betually knew whet 1t was = therefore the nuterous formulas,
whith hecams ome kind of rellgous belleven. The Caet i that
rathematics 19 pn excellent stick to which the man can support hles
gwif, Byt the 4iffersnce bebtween the man end the stleh 18 thal while
the forcer has [ia supposed to heve) m braln the Jatter does not
outalde its own 11mited scope. Conzequentiy, the Fan shoujd always

Tun the Btiek, mot vice veraa. Bub this |s often not the way things
were handled. The "Design Have", today &n Icaginery and sbsurd Flgure,
hag often Been the price mover In deslgn - because 1t wAs BO £Axy

to plug 1t inte & "rormuls”. Thinking and underslanding of ihe rroces
jnvolved whB nOot péceszary. what we need foar nan intellifpent, resporsible
and calfe demign In 1082, however, 18 desgign conditions related to
inertia, drag, 11ft, suctlon e#to. in ell hydrodynamic and hydraulle
forces + fnote. The FIAKEC in it sbove cited warning {ref. 1), there=
fore, toock n wellargnsoned stend in 1t8 recommendatlons on futurs
depignet “Avald formulisa™. fNeplace Fragility by otability. Anothee

quoecklen 16t Do we necd thesc masclve brepkwotcrd 2t oll ? [ref. 321,

L]
(1]
v
.

]
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, FIELD PROGRAM STATUS AND MEEDS

BOS BOCAS AMD O53TION

The wave program is nesded for the evaluation of ttabilities
a5 well ax ror 1ittoral drift calculetlons a8 mentigned Yater,
The Resyzip-report will be avsilable in ab. B werld from now,
(end af March])

r
— i .

It shall be used fpr medel lnpyt by wave spectra 41 =ell as
for leng term and exbreme wawe ptatlstics,

- ik -—.I - =L

~ Ly {5 pointad out that for the tvaluatlon of ttabilities 1%
" ts mot ppugible Lo transfer ahallow water date from one $lte
¥ to another, unless hotipm Lopographles ars fdeatica) and they

are ngt at DOS BOCAS and at OSTION. It fx suggested that the
program continues yntil & ceriain level and then Yeyellied off

s 3 permanent program for the Tuture.
. DESTEUCT Ion
J CoMPLrTE N
w' _— .
" e " a T e i Current phservations of Oos Bocss should continue through 1982,
L . + i For reasons of mavigational 1afety a@ne current méter should
[T T A e T LT B R e ey |
W a Sl rr——t g S contimup aperatian at Dos Bocys on telemetry one current neter
' ahould Be Initalled gt Ostion,
——— . YT — . — A Y
e — — e P o e I TIRL L [Fu- 7" -
— At | o — PR g o — - ——— O 1 ' .
P et e : Sediment retearch will compleied at Dos Bocas In 1982 apart
—_— e e TrHumOao e e e — W . ' from math wmodel studies of shore developments. It would ba am
T e BT T e T ArRIERIERY . sdvantage {f a wave rider spd g turrent waler could br insta-
— - — — L ¥ me — el TELRETRA
— e — — Y B — — GO EHE " N AT 1led at dacten. Transfer of deep wiler wave Jata s Pﬂlllb]!
\ | brt has to be calibrated by near shore ohservation, Sail Rechy
- ' nics by probing and sampling |y #laborate at Dot Yockr. Faor
Ostlon a cambined smismic and callbration by drilling project

H v ts suggested.
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MIIELS STETUS ART NEEDS

]
05 BOCAS

Practfcal snd feampmic Mparaach

The statun fn Lhet & Few exsperfpenty have budn run, mh:r.:. remaln ta be

. Im arder thar on capeciment shall run 0 1ecure reliable redvies of graat

+

fien,  Changas Mkaya bran made [n deslges maklng Bt negcessury to re- ren
o Le1ts, TRis refery 10 cAtrance layouts and Ig'_ltlliﬂﬂ {mooring) a5 w2l ecoromic Irportance Adequate esprrience and equipment s AsCriary.

at to Brwaiwargr srabfilviea_ [kperience Is some thing whigh can onty ba schiceved with thiee, 14 Eakas
) Other espesimenty lnclude agitation {m,h'”tm“‘iﬁg; redts on various S-10 years to educsle & laboratory englneer in an adv;nttd‘ Tabaraiory, wines

stager of desaloprente, sefche tests wlih partleulnr references to the Tt Is slways the yenler engiacers who take the declsionn.  Tremsfer of

1I!-|_t_cr_in'r ;.lzlh. .“d.- b;g.l_ns. |_.ra:lr_¢f enchange enperimants (pollution) and Joboratery xeperience, thecefore, Te & 3lemr process.
test o witldancy, teses an the development of besch conflouratlans and
In this respect | want te ca'l to the sttantlon cartaln
testy on mansouverlng.  Some besy are malbenetical, siher are physical wind
. . . myrandard- errars™ which are ofren made a3 descrlibed o=
. , .
olhers again are combined. %ee later in Tasle 1. . below. | do thag §m order that Heanleo cah awolde mak[ng
- ———— e . . ! them also. . .

Erazll benrght 4-% years #go certala pew laborarary equi pawnt [1imltar Lo

pstrpn ¢ e Tt Tttt oC - 'uha"r. nowe 11 Being Introduced in Moalenl. They gal cerlala Lechaiclany
HEL R R - A} {young engincer] salstance Lo ¢allbrate and run It for & year 10 irain.

™ \ o exoer
e ataler Ie that no cxperlwents have bean run. The needs gre The retnlt has been oumerput delays due Lo Tach of sedltionat rquipment

Lthe same bhinds of !;Iﬁﬂrlﬂ!nti ment fomed v r - of eaperlconce {.“ hEupE ehnced P 2 (
she fo Dos !ﬂ:l'l.,, and errors made dus 1o lack i | f ! !

but <oordination and transfer of coctaln typas of resvies ln -

possfble [Table 2) that he seill can make it [p three weeks, what an eaperlonced prrion needs

thres months ko dol.

FE'mow Buring the "calibratton-precess” 1t wes necessary te purchase addirlonal
N equipment. The lack of proper repalr shops, carpenter, mechanlal av well
as olectrical, and a dewe tapment - depar Lmeal™, which Is nggessaty In arder

to Intreduce the changss In an additlona! procurement of material wax

respond ihle.
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s
I.I.Fserill
The mittakay made at theas pluce méy #1390 be charactarizad
. w1 follows:
& lakoralory has beer bullt by the government 1-h yrarn sgo.  Sem L
equipnent a5 in Meaico, but It hap, at this time, proven o be enzirely #] The ¢ar Ty put in front of [he horsa [natesd of the opposlca.
i '
useless due o lack of rralncd prople and adesuate cquipeent.  {Sellers. B! It Ip belleved that In ordar to becoss & denllot you just need

of labaratary equipment totd the governmeny that they had il they needed, to purchase soeme dellling -egulpmeat’ ard 1han start

bul thly proved to be IncorrFect.  An bmgrar t H'Dl-rﬂ'gl foreign personne | dellting™,

falled to change che situation. - .
¢l it Ik believed that ln order to brcors & mcdicnl dotter ln sargery

. Leylen . e '. . : R ] g - . youo Juat want to buy & saw . 8 drll?, & chlesal, eic., then go

shead, you way of cowrse also hire » nurie or Mdice) technlcian

A Leboratory has brom buily, but ther® 18 & tich GFicaingd people 25 weld
to asslat you. FErsults were faulty (Algerle and Rranll},

91 equipment (like Adgericl.” An import of forelgn pErionnel us pow _°

) i 3 wd In mrdier to becoms m Flreman you Jusl purthair & Firn
witemped, but only young tnesperienged perspnnel can be oblaiped ond 5L

trwtk, #EC.

————

The indmed sad sltuation is Ehat “sellert™ of laboratary

wil? be neceazary 10 procure » 1ot of addlticnal equipmert. This is alwsvs
“the ca “good lal that it b .

the case, and good park nfl' It |4+ so apeclal that 1t has Lo be produced on + equiprent often make the purchaser believe thet he just
N LI PR . . Ve . _' needs that, But he needs » Tat mare.

A% sn old-timer in Mexzico I have the detiré of sbolding

- .o . A
) e T e ¢rrary snd Instead svggest a solld foundation for resl
AU LT, ::_;__ L "progress, (ndepsndent of foreign equipment and models,

byl tp do thet, we nesd 'raining, and the untratined per-
sonnel aften does nat realize that he has only inadequa
- . . te bnowledge and eapecience, but It F1 much helier o



.learn for three years and then to do thinas right instead
of delivering poor results " immediateliy',

Training sy be obtained in basically two differente ways:

Y. By stays in advanced lTaboratories for mininum three
years, training to''take-over',

2. By over-lapping and parallel experiments in the casc of
a dedicated persaon who stayed three years to learn, the
often used " supervision " byyoung unexperiznced enginese-c
praducec *little but trouble"

v

Regarding 2) , | suggest the following:

Considering the above mentioned experiences and knowledge |
have made up an integrated program for DOS 30CAS and 0STIQN
under the assumptions of efficiency, training and economy
{Table 1 on test, and Table 2 on timings)
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Chapter | Co

Basic Structural Systemis—
A Review of Their Design and
Analysis Requirements

Haaa I Wan

LI INTROIDUCTION

A casual obseiver at one of the many cngincering symposia on numernical
methods in e past decade would probably bave been left with the Fnpression
thatall al the interesting bonndary and initial valie problems tiad been solved.
or at least 1hat this was very close 10 happening, The poser and sersatility of
nuincnicial analysis methodedogy are sach that be or shie could readily he
forgiven fur believing this, White i s prrobally froe for dinite ¢lement mecthods

“Lhat st of the major advances of @ formulative kind have beea made, much

remains (o be done before the developer of such systems can relegate all his
programs ta “ordinary user” statys, This is certainly the case fog iheir applica-
linn 1o oflshere epgineciing, :

The purpese of this inteductory chapter is thus e identify some of the basic
design protiens wreas i 43 lelposet the seene for e ensaing muore delailed
discussion on specitic snalysis Lapics,

There e many ditferent saivities and reguirements otlvhare and hance
many dilerent structures used, The ensging Jiscussion will be limied 1o
so-called “fived” structures where this is interpreted T mean steucteres installed
andg operated at one logalion throughout their design lives. This presentation is
not inteided as a comprebensive audit of all apalysis problems in ofshore
engincering. 11 is hoped that it will at least provide a framuework in which 1o

* view the mare refined analytical discussions to follow in later chapters.

1.2 T OCEAN ENVIRONMENT

LI1 Physical oceanography

It is appropriate to allocate o few words o the environment in which the
offshore engincer works. The ocean can vary very widely at differeat places and

1

Fd

Suericef AMethodt o € Whidiewr Engincering .

tines. fn anempting to understand its behaviour, it is wseful 10 refer 1o the
afithegy drawn by Vine' bejween phy<ical vceanopraply and metearslugy,
Lot embrace complex shorg term varintionm superimposed vn predominantly
seasemal eyeles that are i wurn alfecied by long-1erm climatic changes. The
physicad and chemicil properties of seawater ielf are ako guite variable and
thus whether one is interesicd on a macra or micro scale. the single dominant
charactedistic of the ocean environment is its changcahility.

L2  The meaning of *ofshure’

Inits must general application, the lerm "vilshore® is usually 1aken to mean thal
part of the acean where the present mudline is below the leve! of the Jawest
astrunomicil tide (LAY I is feequently also assumed ta be restricted to the
area of the continental shelves or a water deplh of less than 200 m. This latter
definition embraces an area comprising 8 per cent of the (otal wetted surface of
the carth which is in turn equivalent 1o nearly 20 per cent of the total dry land
surface,

1.2, Wi, waves amd correnis

The mertions of the sea are the result of a superposition of many disiyrhing
forces. Mathematical tools have been ceeated 10 define these motions. hut
despite all elfarts, 2ny such madel requires remendous approxinations w hich
seldwn represent the tue facts with all their camplenitics.” ‘The problem of
wind offshore can b severe on paris of astroactere and is eapecially impariant
with regard o Noating stildlity, Nevertheloss, For most fived sleuctures in
decper waters the wind il represents Jess (han 5 per vent of the mal
covitommentad loading. Current loads can be severe in some locations bt it is
usually wave loads which dominate the designer’s thinking. Faclors such as
carthyuakes and Noating ice can chiange this completely hul it is appropriate in
this hussh o concentrate o waves, since Hiis fonm of epvironmentad faading
doummantes for st olfshote instattations cunenddy being phinned.

The exaet moechaniam by which wind creites waves is nob yel underaood,
Paevertheless, muthematical bases exist for prediciing the wave profile and
associaled water particle Minematics for wind induced waves. The relatjve
salidity of the variouws theeries was reviewed by Dean.” however, it does aot
neced nuch observation of the seu to sugpest that its surfaece is net characierized
by regular, tong-crested waves, whether Couidal, Airy, Stokes Filih or other-
wise, Its generally rather chaotic behavivur is better defined by the lerm ‘sea
state” and it is becoming increasingly recognized 1hat realistic handling of the
engineering problems fequises some farm ol stochasiic reatment.
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1.2.4  Scabed gealopy

The peotechmicnl properties of o soil deposit see o voanplivated function of the
wrigin, sheposition weialhering and loadhine histonies, While itis abvious that the
mns pholagical processes i the magine envicomnent are differeat from those on
Iand, it st e remembercd that Targe partcof o present conlinental sheloes
have i recent goological Hine been rnsed above sea level Toaded by iee and
sediment and snbjected e subaciial weathenng, pocesses, Features sach a5
buricd tiser salleys, peat deposits, outwash channels amd mocaines have o be
identificd apd avedded or quantificd, along with other peculiarfy maring
features soel 25 stndwives and wivve indoced Lindstides.” Probilsly the most
signtlicant Lagtor is the Lirge peocentige of the continemad stellarcacoscred Iy
recent deposits of nuarine cliys and silts, These 1y pically are under or nannally
consalidated with mudline shear strengibs of about 4 AN/m®, orcurring in
dleposits up tomany hudreds of feet tick. bnsummary, comples soil de posits
cavering if anything a greaer range of strength and deformability than un fund
form 1he province of the alfshore bundation engineer. Any numerical medels
of peotcchnicil problems are therelore likely to be at least as complex as those
on land. ’

L.2.5 Earthquakes T

The foci of severe cartligunkes are located in the tectonic discontinuitics
betweea the plates which camprise the earth’s mimntle. host of these discon-
tinuitics occur oflshore and same are assooated with major hydrocarlsnm
depasits. Examples arc the conninental shelves off Califernia and the Gulf of
Alaska. The oflshare engineer is (aced with the usual land bascd scismic
problems of predicting structural and foundation tesponse as well as some
unweicome additional phenomena such as tsunamis and submarine lapd-
slides. )

1.2.6  Fluaging ice

Exploration for mineral deposits has been actively pursued in polar regaoas for
nwire than a decade. Although ielatively Littde has been desveleped inoa rue
offshore peddar region, the first sieps have been tahen and planning is afready
wimderaay (or olfshore structures o cape with the foating ive problem. A
recent review of the informalion availalle on the genesis, morphalogy, physical
properlics and lailure mechanisms of floating sca ice” indicated that the arc of
predicling ice loads on fiscd structuses is ia its infancy. A great deal of research
is needed to give the ofshore enginger reliabie numerale answers.

4 stimerical Meihods in (e Fagincesing

1.2.7 'Ihe ocvan envieanment and design canstraints

The abave picture is briel and supcrficial but it scrves to inlroduce some key
charactenstics of the design problem olfshore, These are:

(i) enviranmental loads vriginate from several sources

th) they are generelly lirger, more dynacic in character and more highly
viriable than on ling

{e} botont condilions cover a wide range of soil types from very sofi
tnderconsalidzied soils 1wy rack

When one adds 10 these a fourth factor, namely (he dificulty of underwater
working, iUis clear that rhe reliahiliy aspect of design 2ssumes a new perspecs
tve in the offshore enviraniment.

1.3 THE CIJOICE OF SIRUCTURAL FORM
LA Historieal prrspective

The earlicsl engineered otfshore struclures were usually snstalled for cither
nasigational or military parposes, The major shaee 0f ollshore enpineering
ceperience, however, s peaciatcd with the explioiiation of hydrocarhon
depasils, The ensuing discussion is incvitably dominated by the requirements
ol 1ypical eil and gis ipstallaticns, bel the engineering implicatians arc relevant
tir sevcral other offshore applications, 1L is enlirely appropiale ta view the
problems through anoil indusiry perspective since this industry will conlinue 1o
duminate the wilshore scone for some lime,

1.3.2 FoundMion cansirainls

The structuzal optiens which are open to the offshore eagineer are conditioned
in larpe measure by foundation considerations. Figure 1.1 shows a highly
simplificd concept of an offshore strucrure. Fluid flow phenomena induce a

1 i ]}
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Figurel.t Piledand gravity foundabans
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high harizontal load and moment ag the Toundiion level tnadling 1, For thye two
pointwepport sestem shasnoin L 1a) a push-pull sssiem of setical ceactions is
respaned for mame ntequilibrism, Providing resistinee 1o foundation u plilt v
semetimes he dilficnlt amd the requirement ean e climinated by prosidine
adddional vectical foece as in L Thisis tie coneept af 1the soscalled P HINIAY
structure, manely, the eliminmion of wplift problems by the prossien of
structusal il weipht. This is most often accomplished by using masive
monshithic structures with continttous foundations as in 1. Lic). Framed gravity
structures with discrete fuandations as in 1.1(b) have heen instalicd, though
they aie less coommon than the monalithic type.

It evident T Figuee 11 thar:
System (a) implies a deep foundation (piles) te resist uplift
Ssstem {b) could use & deep ar shallow {oundatian but downihusts are larger
(LEINTIREL
Systemfel implics much Jarger horizontal loads and requires strong sois close
ta the mwdbing,

1LY Comaan siguctral systrn

FALT The fucker or templiic

Ieis proper tocommmenes the diseussion of steactural systems with the sos-called
acket” ar wemplate 1ype of platfarm sioce i wpresenls by e the larpest
tumber of sllshore platforms installed w date, Tedevedoped wemeet the necds
ul allshore drlling and production operations in the Gulf of Mexico amd Lihe
Mlavcnbne, Bty areas are chitacterized by large thicknesses of soft, qecent
neirine sediments and Toundition suppont kis o e mubitized af some depth
Pl dhe mnlling, Inorder 1 reduce uid loads 3ad foundation moseimgnts a
rekitively transparent bul <til sleccture such as a space frame attached o long
pile< i an olwious solition.

A key dilfecence between anashore and anshore straciure is the ineteised
ditfivulty of construgtion elfshoe, Actempiaie” or ket structog is simply
spaee fraime desipned womake pile driving casier by obviating the peed o
provide temporary sipperL o the piles durieg liest driving. The principle is
thearated schenatically in Figure 12, e jacket or wenplate is placed in
preation, the pabes are fed througli the degs of the 1emplate and Jriven by mcans
af o pile driver supporled on b surface vessel, After driving (o the ddesign
penettation depth, the piles are cut off at the bead of the wmplate mil o
(reladmicaied dech section is stabbed into the pales and Gelt-weld conmected.
The deck weight is dircely supporied by e piles themselves, A typical cight
pile jacketisshownin Figure 13" The method of construction forsmall jzohels
15 yuite simple. The structure is prefubricated at some walcrside favility,
shivhded onte a lac-topped barge snd towed o location where it is lifted inwo

6 Manerical Methedy in Ofihire Encinereing
position by aoderrick barge, “Fhe only severe comstruction kends 1 be comi-
desed are those aissoviated with (he fifting DpCtation. ,
Asexploration amd produciton proceeded funther offshore and The Jocalion
wilter depths ingrcised, two ihings began o hippen. First, the ipstallation
problems becime more severe as the capacity of The seagoing derrick barges
wik exveeded. [t thus became peeessaty (o lannch the lacger jucket fram its
harge and 1o wilize ballasting and buoyancy procedures to bring gbout
uprighting and sinking of the jackel, sometimes assisted by derrick barges. The
second factor was the increase in foundation loads. It was na lunger possible to
make do solely with piling through the legs. Skirt piles driven in other plan
pasitions and pile clusters around main legs began to be introduced.

¢
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Figure 1.2 Principle of jacke? Of Lemplate

L2 The tower .

The tower ds an extrapalation of'the jacket to deep waier, 1t is not only
characicrized by the wic of pile clusters and skirt piles but The deek is now
duesigned 1a be supporicd by the tower frame isell. Duc to their size, towers are
usually made scif-huoyant cither by ealarging several of the legs or by the use
of a purpose-made buoyancy pontoun. Examples of the former Lype, which are
simetimes calied "hybrids®, have been installed on the Brent and Thistle fields
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tignre 1.3 Eipht  pile  jacker  or  femplate,
tiepriduced by permission of Am. Soe, Civ. Eng.)

i the North Sea as shown in Figure P03 The Popies Selil wwers psed the
supplemental buovines approach ahich has tie sds antaee of recduced wave
lauks onthe final stgeture butinvolves 3 mwne ditficolinstllation operation.

T semplett Surth Sea isers have been insatted indoepihs up o (60 m
and vt Lann upe to G Lonnies of steel ipiece, inclading dech and pilings.
These de ot however reprosent the largest framed ofishoce structures. The
Exxen Carporation has recently installed 3 260m platform in southern
Californis and Shell Qi Company are presenlly consiructing a gian: rowes to
be installed in more than 300 m of water in their Capnae ficld ofshore
Louisiana.

B Mvurtierical AMethods in Offthore Engincenng :

Figure 1.4 Hybrid tower with inbuilt bunyancy.
{Remoduced Ly poomission of Inst, of Civil Enpo)

LY3E Caiswens .

Nolall pifshore installations are oa 2 heroic seale. Alany oil and gas lields are
gquite sagall el have mener deck ek requirements. Incaddition, there are
alwivs stepeoul wells, Mares and athee installations winch reguire a simall hay
rewsanably stable platform above sga level, A traditional and relatively incx-
peitsive Coneepl is the so-called caisson. This consists of a single tapered pile
driven o a sullicient deph below the mudline 1o eauble cantilever action o
durelop. This type of structure his been used in water depths up to 60 m.’

L3354 Conerete gravity platforms
The pleistocene glaciation of Lhe North Sea region crealed arcas with heavily
overconsolidated soils &b or very close to the presenl mudline. These can
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suppart Larpe dowds o the soil sy free amd are henve sell suited w LEALily e
foundations. A pumlwe of foctrs combingd o ereate o suitable inacket for
gonerely grvaly stroctures and several bave alrendy been instalfed. There are
some differences hemween the desipas buill to date hut The most common b pe
compriscs a large eellular base sopporting theee or lour concrele towers which
in wrn supporl a steel deck. This type is shown in Figure 1.5(2} while 1.5(b)
shows another 1ype which is of more monalithic construction and hence much
more Tigid.

(al Ib)

Fipure .5 Ceoncrete prasity plagorms. | Remoduecd by permissiom of Tnst. 4 ivil Eng]

LTS Sl praciey plsformrs gond hybrefds

The gravity structare limelight bus undoubrediy beern stolen by the cencrete
plafore. Steel gravity platfonms have been installed on the Laanga ficld
ollshore Nigeria where the presence of rock close to the mudline ruled ogs ihe
passibility of tension puiet isee Figure 1.6} Oiher steel ErlvITy consepis ane
being actively marheied as are so-called concrete-stee] “hybrid platiorms'
which consist of a steel space [rame supported on i large conerete gravity buse.
T{:j the author's knowledge, no plaiforns of the latter type have as yet been
ardered.

10 Numeriiuf Metherds IIJ'II XNdore fnginee.
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Figure 1.6 Steel gravity plaviorm. (Repreduced by
*  permission of Inst. Civil. Eng.)

5336 Other fised structires

There are many other fxed siruciures used allshore such as ballasted down
concrete barges in the swamps of Loulsiana, the piled oil storage Khazzans olf
Dabw®™ and the Ekolisk siorge tank.” One could perliaps include the man-
mmade islands i southern Califoarniv and the Canadian Arctic, One of the most
interesting clusses of structue s that employed in Cook Inlet, Alaska: an area
witle large tides, Digh curpent velocitics and fHoating ice, Figure 1.7 shows
solutions which were sdopied wimeet the high horizontal ice liids in the Inlet.

§.3.3.7  Complicnt siruciiees

All struciures deform under load. A compliant ooe, as ils name implics, is
designed (o move so that the ¢ffccts of the environmental load are mitigated.
The analogy is 2 ship riding out a storm at anchor. As the scope of the anchor
chain is reduced, the stifincss of the anchorning syslem in¢resses. The ship
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Figure 1.7 Tee-resistant structures in Coak tnler, Alaska

mavements are reduced but at the price af anchor forces incteasing, The
trade-oftina complinnt struciure i between excursion amplitode ansd restrain-
ing force. The st erude ail rom the North Sea was prodicced from a compiinnt
‘platform’. This s a mudilicd semisubmersilie drilling rig, permanently
moured on location in ihe Argyll field, "™ Purpose miade tethered ar tepsion ieg

- structures of varivus Kinds are being developed and deployed as flates, single
point maarings, and drilling and production platforms. Some examples are
shown in Fipure 1.8,

1.3.4  Facturs goveraing torm sclection

Many factors must be considered in selecting the most desirable offshore
hardware. Among 1he obvious anes anticipated by an expericnced ‘on-shore’
enpincer would be:

capital cost

cash cabl

M benaae cosk

deliverabiliny

extreme caviraimental ads

foundation conditians

available construction ipfrastructure and labour
materials availability

12 Numerical Methods in ()ffshore E, Hgintering

R GUYED TOWER iy ANTICRH ATED FLABE o FEMSON LEG PLATFCS Y

Figure 1.8 Comnpliant systems, {Reproduced by permission of Inst. Civil Eng}

The oifshore engincer would in addition be preoccupied with:

avecssihibity Thy sea zmd air)

olfshore construction weather window
weather persisience characteistics
avatlability of oiffshore plant (derrick barges)
reliabiliny

Cue of the biggest factors is the Jast, pamely, reliubility. It is not difficult 1o see
why when one considers the consequences of the faiture of & large offshore
instadlation in human, finuncial and cnvironmentul torms.

L4 DESIGN AN ANALYSIS

14,1 Selection of disign ceiteeia

Bea' ™' deseribed a system Far the development of platform design eriteria and
showed how it has been applicd to an installation arca in the Gulf of Alaska
wi bl hath carthguakes and waves, The syshoma relics un many yoars expericnce,
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primarity inthe Gulfof Movicowithone cotegory of structune, nomtely {rumed,
pited sleel towers v juckets, 10 wouhd Y Tighly desicable iiasapproach were
wsed penerally but it is probuabdy fir cmulnuntkﬂmt 4 THEOTOuS CHRC LRI selegLion
analysis of the kind deseribed by Bea soonly practised by a handful of
COmHINICS,

The application of this method o aew structorad types is Qallicudt in vies of
the absepge of statisties smeperitional porformanes, It nevertheles< represents
she direction in which sonmd enzincering prawtice masl goo A major nuplication
af the appraach, s that the sa-calted “desipn-wive” is not a physical cvent
assewctated with i given sl probability of excecdence ar return interval for
the site. 1ather itis a platbore design critetion which is @ fuaction not only of
the sca conditions bul 2lsa 1y pical plutforns resistanees, The analyst most henge
excreise discretion 0 using the design wave concept and interpreuing the
results,

143 Stamtory reguircaents

These vary [rom cauntry tocauntry but the iscrnatiksnntism of the imdusity has
resulted i Drand eomraensus o basic principles. Tnothe UKL, the puldic
inferest is predecied Iy the OfTshore Installations (Constouction and Survey)
Repulations Act 1974 which fmposcs rogquircments foc the certilication of
oftshore instdllations, This ts the only siatnory requirement and the acl
speilics titthe of & trely tevlical pature. Advisory infurmation is containegd in
the netes sseed by the VUKL Diepartment of Energy, “These are currently
being resised and give advive on the selection ol envirommenial eoiteria, design
‘praciice elc. Other bedies such as the Awerican Petreleum Instittze, FIP and
the Certfication Avthogties, Llovds Reses, Dot norske Verinzs, Boreau
Vertas and American Burcau of Shipping hive issued design rales ar puides.
Some of these v a relisomably specilic definition of the type of problem tbe
analysed, bat there & consitherable revdom in selecting the actunl analysis
method,

144 Analvwis inpuds Lo desivn degisiony

Structures are buili as o resublof Jegisioons made, mo maalyses beins conducied.
_The tele of analysis s o epable the devisions 1o be made with an adeygnate bevel
af confidence. Design js 8 Jdynamie process and the depree of analytival
rehinement chinges oethedly Tronm the irial feasilality sioge through 1o the
fund design checks. The methods discossed in the Tollowing sections are
pencrally more applicable (o the muere advanced sages of design. In the
intercsts af a rcasonably organiced presentation. the analysis requicements will
be discussed nitally under the headings of the two major classes af struciure,
namely piled framed towers 2ad concrelg pravity structurcy, The problems of

14 Numerival Mechoidt in Offshare Engineering

ascismic design and jee loads are then discuswed followed by fatigue and
analysis of compliant systems,

L5 ANALYSIS REQUIREMENTS FUOR FRAMED, FIXED
STRUCIURFES

1.5 Fluid loadings

The hasic deterministic approach 1o 2aalvsing wave loads on a framed styuclure

s eomprisag incar prismatic elements s 1o use the well known Morison equa-

- 1 . . . . -

von, ' This states el the iaid Tarce is the veetor sum ol an incerial and o drag
compirnent, ‘These are ¢nl of phase doe W the phase shill between parnticle
velocity amd aceckeration. Fur wives in which the rinio of characleristic

Cstaucraral dipmeter towave leagilis less than 0.2 g etlecis dominale,'Thisis

the cave Tor ot frameed tosers o fully arisen seis, "The caloulatien of the Mueid
levacks o Lhe entire siructure is relatively straightforward, if 1edious. Assump-
tivns are required concerning the ingriid and drag voefficients €, and €3, The
witler purticle kKinemakics are determined from the incident save, provided its
pradile ississgemed (e Stokes FiFH and its heighi aned period are defined, The
Ml foad on the overall structure is obtained by summing the component
torces on cach prismatic ¢lemenl. making due alles ance Tor shilt in relation 1o
wive cresh aml angle of auack, “This is quite a soaightforvard mechanistic
apgrrowich which has been wsed for many years, 1requires no elaborte fluid
ey amalysis and the valtdity of the asic Marison cquation has been checked
many [imes in the lubaratory inthe context of frame structures.

Despiteall this, there i suflicient doubt as ta the aconzsacy of its application to
complete struetures for the ail induary 1o undertine a mebtimillion dottar,
Lurge scabe test projeet inowhiclan Qcean Test Structare '™ s being installed and
instrumeaited to e dsure oid kel The reasuns bebind somu of the suspecied
maccuragics concern factors such as crergy spreading and dircelionalizy
charagicristics of real scas as opposed (o those which are assurmed in analysis. In
summary, the primary need right now is not for an analysis method which gives
w nwre aecurale measure of Aoid Now around submetged prismatic members.
Yeis rather o maer of being able to deal with the water particle kinematics in a
rawiam three-dimensional sea.

t.5.2 Sialic frame analysis

There is iitthe that one needs o teach the oflshare engineering world aboul the
use of mauris methads for analysing space Irames. Systems involving erdinary
framge analysis with preprocessors 1o Caleulate wave [oads bave been marketed
and used routinely for a number of years. As an industry, this helped to
reduce the apalysis and design costs to a very low level, so0 much so that some
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epginvering managers feund it difficndt an test o adjust fo the sipnilvantly
higher cous al ergincering on the major Nenth Sea structures. 5 minoy
problem cekates o the treatment of the foumdaion supports, The pile-sail
combination e¢hibits non-linear stiffoess characteristics."™ This is usually
allowed fur by subving the problem iteratively using a set of non-linear springs
at the mudiine suppact points,

The vast mujority of steel framed toers 3 Jackets have been installed in
less than 100 of water. Their fundamental structural periods are low
compared with the wave periods and dynamic amplificaticn is minimal. Most of
these analyses are therefore of a quasisiabic ype.

1.5.3  Dymamic anafysis

Malhotra amd Penzien'” disctmsed the noen-deicrministic dynamic nalysis of
winve esoted stuetures, Wlole st capalalities are being developed on g
, b of fronts there are sl severe prohitemis. The coupled seil-struchvre-
water saslemt has associated pen-hoeantivs, dae to the selocity squared
damping fronsstroctgre-Nanl inleration ipbbe foree-defleaion and dinnpang
no-linearities af the foundation level,

The random nature of the loading supgests the use of a stochastic apgproich
combined with modal decomposition ta reduce the number of frecdoms, This
reduires the vse of a linear tansler fungtion shich means eliminating the
nen-lincarilics desceibed ahove. Malhatra sl Penzien'? suygested o omethind
which enabled vae 1o obinin o quasi-linear response operator. However,
Tickell er af"™ have shown recently tit the use of a lincarized spectral
approach can bead to large errors when predicing extreme {oads on deag-
Jdriven structures.

This probdlem can be climinaied by using o deterministic aporoach angd
sohving the cquattons of ieetion by dircet integration, The diiliculty one ces iy
the larpe number of degrees of frecdom amd the obwious emplation w wsg
moslal anadysis ar some other farm ol condensalion wehnique. Furthermore,
there is shill the need to make allowanee Tor the tandom charavtetistiozs of the
kiding and such u determintistic approach requires to be imeepreted i some
statistical (ashioa in order to provide a meaninglnl representation of the
protien.

Whicheser method one adegits, there are two broad areas of onceatamty, the
one telades 10 the aewdelling of the dynamic systenn and the other, the
chzracicrization of L load,

Ruht™ analysed the results of a measuremend program on an instrumented
platform in the Guif of Mexico. Predictions of the dynaunie response were made
oa both determinisiic and spectral bases and resubied in errors between (3 uny)
25 per e, despite good correlation between measured and predicted

1t Numerical Methads in E 0 hare Eupineering

siructura]l periods. This implics that atiention should he [ocuscd o the
assumptions regarding loads. The wirk of Marshall™ ' regarding dirce-
tiomility and spreading etfects may hold the clue,

It is dilficult by give o precise definitton of the site of the art as praciised.
Infannal enynines by the auhor smong ol companics and ceetitication
avthoritics in the UK, and LS AL supgest thay to Jdate Tittde his usuatly boen
done beyond the stape of a first cigenasalysis o determine modal response.
This has usually been cansidered justiliable for instailation water depths up Lo
aboul 130 misinge the (requency ratios have sugpested low dypamic amplifica-

Tapon fur estroeme events, PThas s e e case For e ow stosin rnge, high oyele

fatipue probbemns whicl are discussed in Seeiion 1.8.)
In summary, methodolepgics far bah deterministic und stochastic analysis
have been devekyped, but not widely used. This situation is now changing with

*the nwwe imodeeper waters, Probubly the preatest need is for the development

of weliable means of simplifying the apgroaches bun still giving meaninglul
dl_“\l.!.[ll HITELND o '

There 1 insullicient published information regarding PaTame e sensitivily
af structural 1esponse to (uctors such as soil-pile stilToess, lineadizmtion of drag
eilets. cic. In short, the analysis methods exist but we lack cxperience in
applving them.

It would be remiss of any discussion an dynamics te ignore factars such as
wave slap and slam on horizonial members near the free suriace or the
hvdroclasiic oscillations associated with vorlex shedding. These dynamic prob-
lcms are of preat importance o the design of individual members bul their
treatment at the present time is largely cmpirical.

*

L84 Jednt analysis

Failures in welded tebular [rames accur predominanily at the nodes or joinis of
the stivcture. These are the mist highly stressed regions and the niynpral
sembier stiesses foonn e Trame analysis doopat rellect the tiue stresses which
will alfect faciors such s fatizue strength and Brintle fracture. A denaited
evohiration of (e stoesyes at 1he oints requires a separate analysis uf each joint.
In actuitt practice the 1arge number of joings and the existence of a limited
pecnalser of Jornn gy s b Ted Gy the vse of sstress eooventratin fnetoes”, The
aumina! imember pxial and bending steesses are multiplicd by these facton to
give 1he estiminted stresses sl ihe so-called *hot spots™. The determination of kot
spott stresacs such as the punciing shears shows in Figuie 1,9 and dernivation of
the stress concentration Mactors i ideally perflormed by the application of three-
dimensional finite element analyses using isoparametric clements.” Marshali®®
has described the basic consideralions with regard ta tubular joint desipn.
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Figure LY Hotspobstress analysis

155  Voundatinn peobicms

The stae of the art of pile design for jackel sitoclures wus resicwed by
McCleland. ' Sail v a highty complizated material which cxvhibit among
others, plastic, viscous, consolidation, hysteretic and ¢y chic degradation charac-
teristics. Numerical models of seil beliasiour live been used for a nusiber of
years. Unfottunately the state of the st of estiniting soil defurmability
properlics is so limiled that most practical peotechnical znalyses, where
deformations are of interest. are virtually curve-fitging exercises. This is nat
steant as an unkind criticivn of gentecheai engineers or numernical analysis
metheds, 16 s a fact af lfe that it & exiremely” ditlicult to predict soil
defoemations accurately even on the basis of carclully measured unit soil
prapertics and celined analysis methods, However a combination of hetd
measured Tull-seate behaviour and numerical analysis ¢an lead o reliable
backfigired patmeters for nse in subseuent analyses.
The three key prablems of pile design are:

pils: {lriu:.'l'l\ﬂh}'
acial load transier s stillness
Iageeal and rogation:d pile hwad stilfaew

Aostpite driving analyses nre hased an the onesdimensional win e viiation
approavh using 4 diseretized model develiped by Smith.™ MeClelland er al. ™
and Foeral,™ have ieported onits application 1o actual otfshore fuundation
problenis. The analysis is sensitive 10 2 nuniber of inpuis invedving ill-defined
sail propertics. The method is widely used bur its application is el with
some sceplicism in view of some of the assumplions which wre required
regarding soil paramatern.

18 Numgerical Methods in OF thare Doaginecring B
Wiath cogard o the other aspecis, it s enliccly approprinte o guele verlyalim
the conclusions drawn by MeClelland in his 1974 state of the ol lectmie,*’

1. Axial load capacity. W stll have a less than adequate understanding of
the =it mecliomivm that contenls load fraser”

2. Laterally Ioaced pifes. 'Less complete information s available {or gstab-
tishing p-v (stillnessh curves fur latesally Jumded pules in sand.

3 Avddal deformations. *Less fully developed metluuks are available for
nunterical definition of an equivalent avial spring’.

4. Group befrireionr. *“The problem of movement prediction becomes maore
eomplicated and at present more uncerlain when dealing with pile Broups’.

These comuments are based on current geotechnical enginecring praclice which
relics extensively un numerical analysis techniyues, The array of higher-order
clements, dampers, noa-Euear. gap and slip-stick elements cic available should
in theory be yuite up to the wsk of wodelling soil-structure interaclion
problems. ! s evident that we have some way o go belose the g'.'lp eiween
priaciple amd praciice is bridged,

156 Constraction and installalicn pratdems

The Jeployment and installaticn of platlorm sizuctures las several interesting
analysis problems. The tirst of these concerns the dynmamic response during
towau and upending or launching. Much of this wot s is done using maded Tests,
However numenical analysis technigues have several mlvantages, not nnly in
determining the probable behaviour during the eritical stages of upending and
sinking, but also in simetatien excreises lor launch operator lraining and in real
time cantrod sysiems.

‘[he ether wspeel concerns pressaee resistant design, The bueyancy leps of a
larse hybrid tower can be easily §m in diameter. 1Uis evident that buckling
cnalysis is very important considering the nature of the stitfencd shells used,
construclinn tolerances, complicated joint grometry and ambicnt pressures of
1.5 N/mm’. The reguiced buckling analysis of a 3-D structurc 1§ available in
many af the larpe commercial finile clement analysis packages.

1.3.7 Suinmary .

The sbove brief preseatation is summirized schematically in Fignre 110 The
plcture is  varied one. At the fevel of gveradl Frame analysis thare is high
confidence and everyday usape of numgrical methods, Below the foumlion
level, methods have been developed 10 mode] soil-pile interaction hut there is
as yet insullicient cunfidence in theie application. Fluid tadings an framed
struciures can be incorporated readily in a repgular frame analysh package with
tise aid of a suitable preprocessor. flowever there are difficultics in defining a
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Fipure 1.10  Cuorrentanalydical problem areas forsicel tomoers

suitable 1hree-dimensional foad inpul, Detasted stress and backling analyses nf
3-D problems are required amnd used, Dynamic analysis fundamentals bave
been developed but relatively fow dynamic responie analvses 0 predict
extreme loads appear 1y kave Iven carned oot in practioe,

L6 ANALYSIS RUQUIREMENTS FOR LARGE DISTLACEMENT
FINED STRULCTURES

Keulegin amd f';n'prnlcr'” shovwed thad the ko W8T ol water particle orbe
widdthe e el actenistic stonetaral e nsion delines the relative napooacismoe of
witte induced drag and inenial etfects. As one might eapect, e staller this
aumber beconwes, the preater is the sebuive impaostance of jnerial cllects,
Where the Kenlegan-Cinpenter number N ons less thoa 3 lequivalem g
diameoter/wine Length eatio of vt 23 notonly Jderinertial cffects doainate,
but the ditlractuw of the incident wiave by the sicuctere must be aceountesd lor
in calculaling the Muid loads. As an example. Tor a lowe sca stale with a
characieristic £e re crossing period of 7 seconds. diflraction becomes e iang
for structural diamerers of more than 13 m. This fgure would increase o abaait

0 Numnerical Methods in Offshore Enginerring

S0 m lor the 12 160 15 seeund waves associated wath ully arisch sCas 10 3reas
such us the North S¢a. _

The majorily of structures in Uis catepory are coni ueled of rmnfunfcd
concrete. This type of steucture will therefore form the basis of the ensuing
discussicn though many of the comments, ¢.g. those relating ter Huid loadings,
are alsa relevant 1o athier large displacement structures siich as stec! siurage
tanks ur wome steel gravity structures,

1.6 tluid loadings

I o swsle of arl appraisal of Tnd loadings |.|H;,'|1L‘IFI:H antlined the 1rci:||i\:'f:
impastance af drg amd inertial eflects and the l]l.f.“ action |1hL:mln1r.'nnn wiole n
the determination of Huid loadings on large abjects, :‘-1.1.“‘.(_:1.111}‘ and Fucln,
and Gran™ proposed ciosed form solutioas for ditfrsction around pifcs and
submereed eytindrical tacks, The advent of the large gravity strustures in the
xorth Sea created o demand for 3 peneral anatysis nu:th.nd permitting |:|_-“:
calowlation of ditbraction ciiects and assoviated Muid In:uh.ngn en nr!mmn]}-_
shaped bodivs. Some fonm of nuinerical pr-::cr:dun‘: Wil nlmnuuh‘_;r:dica:cd_
The source distributivn mcthod proposed by Garrison ef al. has heen
very successfulin flliong this need, Though we r:'” reert syl lilve ;u]cqu:latF duia
to cheek fts validity o e liehd, E]I:'II c'.x_lunm'.:I1;|'Im|.|.trlng.' lc-,_l F‘-‘”fb"”"'“ﬂj
cumductel by Hophen arul stambing ' indicated highoonfidenee 1o the nmthut
for repular angeviested wivves, Binite vlement meihals o arlse hc_usnfd 15
predtict fiuid loads oa fixed and Moading structures byt snceessful tn?uhmqml;s
have anly recemdly heen developed wnd have tot yer hind _much impact in
pr."H.'lltEL'.'“ i the authar's opiniane 1hat this s oac aicam v-!w:h the powerful
fiaite ctement me el inay be the less desitable ;ullcrq;ttn-c. Ihe resi power of
the LB, metlnd is demonstrated io coping with contingun protrleons L'll:]l'.‘j.t:
terized by marked changes in the medivm  properiics, ¢.2. :m:?ulmp:..
inhomenencity, complicaicd geoEeiry, £ic, in l'.hf: prosent m-.l;m-:c.l .Ih_L" nnn:.,,::;d
is primarily inwiested in madelling fh‘“' coplitions ot !Iw huup;fm.; u1 L_;
assumning a prediciably smoeth vindaion of the fiehd variahles within the flul
continnum. A liwintary solition procedure wieel % the sonrce disiribstion
rechnigue is ideaily suited e s situistion MiEE Le e uu_mlly c-qinfurl:;,hlf;
neprlert fuctars sucke as inhomugeneity of limllluud mediv, The f_-.LI..m-::t 0
Fovacver has b pay the penally nf e ing Ilmlh the heamdary dr:r_! the
conbimuny selllthouph asded eatris propertics reduce the mm;_m_taunnal
eflort. A further disadvantuge of the fnite glement method is the difficulty of
mubating distant bogndary conditions, . _
) IS;I: u{L the mwst i:ucrciling recent develapmenia is the use of F-f:lut::'_}n
rochniques which combine Lhe t"t-l.:x".biiity n{ ihe F'Ln:h: c}m:-:inlhr_n?{:ilufdﬂm
Ziseratizing the problem in e regiod of maximuem interes: with the clicency
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ol a begnadary salution procedure wo cliaracienize e remole lndary capdi-
tions, Chea wmd Mei'" were amang the fiest 1o use this type of appaeach in
solving @ warve tefeaction-dilfraction problens, Zienkivwice ™ shoned how
the hinite ¢lement methoed amd bovmdaey soluioa procedures could be ctfeg-
tvcly conmbined msotving 3 rnpe ofHfichd pralems, Aoelated development for
eharmm et remod e onmdiivs s the creation of so-called siotinite elemw nts”
forr cvaluating Muid-siructre interietion problems,"™ These appoaches 1ep-
resent a sery promisimg bes clopinent for ather applicnans alse,

Tin s bowrk revent developiienis an bt lechnigues are preseanted (v, Ch
3-S5t whivh promiisg 1o have an impact on fulure compaiation procesaes.

One af the major enticisms kevelled in Section 1.5.1 dealing with fraawed
struciures concerned the inadequate medelling of the three-dimensional sea
bohaviewr. Sipulas criniciams will be nude of pwo-dinnensjonal dideaciion
analyses, once we have obtaingd reliable ficld data, Even in the case of 2
two-dimensional approach, the wane foree on submerged ohjects is Quile
SN B9y i oo,

There sire no ready guidehnes Tor seleeting an appropriate periond for the
desipn extreme wave, [ one adds w i the nmitigating etfects of cnergy
spreading. itis nior difficult 1o foresee 3 move lowards stochastic analyses with
directionsl and spreading effects accounted Lor., The diffraction analyss,
whether by sauree distribulion or finite clement methad will sill b regquired
howeser to generate the oad ransfer funclions wsed it such a stochastic
procedure.

162 Struclurual analysis

The popular technical press has been more than pencrous in its use of
superlatives fondesesiby the constroction of the present generation of Norin Sea
congete platforms, While 1he problems of seale undeniahly create some
interesting chablenges for the Josipoer, tw emiphasis on thein slizer size aid et
has tended tomask same of the o el desipn diflivalues posad by this now bred
of siructitees. Llnlike munt land.hased fstallatons, many of theswe preldems
arisg Iwlore the tructore is Goally comniissioned 10 perform ity planned
function i a drilling ond production {acility.

Comsides the yvpical consloution seenario preseated i Figuse L The Hiesi
stage cottsi=ts of part cosstruciion of he bBise caissen @0 @ dry dock, When
constructiom s advaneed sullivieatly for the ernbryo stoactere e hase ade-
auiate strength and oatiog stability, the dock is Reoded and the struioe
tiowed tooa protected deepwiter construgtion site where it is moneed, The
remainder of the concrete structure is then completed, with bath exisson wiiis
and legs usually boingshipformed, The prefabricated deck struciuse which may
weigh up to 10,000 ennes is then loaded onta the platform legs. This is

.2
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Esp: ) Conelredt fArof bavs wy ecdTerdam.

fi)  Fisal cul sid dodr,

(4] Camalata coRchely GomyLrrtma o loal,

@y Flow wveal deck orer Bajltaied -ddwn sl wsturs,
[TT] Logd motuien.

1] Aullcal 10 Dwirg mcds,

Figure 1.11 Typical construttion sgenario O ¢oncretc gravily
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comaverbiently accomplishieg e Ballsiing doan (e convrete stiuctune sa i
the deck can B thailed Tnte position over 1he e AL shpe, the congrete
caissaty iy oty iy Hoogded amd i thos sobjecred toosvery Bepe et sunbient
prvstires, Considering that the reserve buoyancy s very small i this juncturye,
il evident thit e deck Lading aperidion epresends a cribical skaee i the
con<truction. Delaliasting of the structine enables the deck w be Lilted oil its
delivers pontoans and the structure s then raised tooan adequate bk for
ioading ¢ the modules of opside equipnent.

- The structure complete witluis fange pay logud s then refieated 1o the planned
lowiag dial un! the tow e kecation canied aul when sailable weatter
conditioms are fonevast, O teavhiog i< installniion location, (he situctoee is
ballisted wnlil ouchdown is cllcered. Bamape duc o impact on wnchdow i s
asonched By i stow deseent il the use of dvastand dowels o arreststiuciural
oscillations during the fiaal stage of desvent, Vittaally sl of the structures o
dale e bee neguipped soith steel v oncaete skings, These are drisen 0 the
requited penctration by fusther balbisting. The water filled soids under the
stouchiere nay be grouted bedore finad Meoding of the structue is canied out,

e i s i opensnnan, the sterage &f hot crade o e presence of e oy
well conduyiors insd maring risers insicde the structure will result in Jifferential
hesing of the structure and associted thermally induced oads. Thus in
addition 1o the mued vagnted need W resist a 100 year wave of the erder of
I m e stractine must be designed to be satisfactory in respect of other
charucicristics such s

waterhiphliess

Fesisbiree b ligh pressures
rating stabiliny

Lot tleafd limitativns

payhoad carrying capuacity
placement vp an unpre pared site
resisbnee 1o thermad loods

This is by naomenns an echastive hist e it sathioes W imdicale that the
desipoe s options ane censtratoed in several respects at all stages [rom Can-
struction Huough opertian. 1L is ¢lear therefore that while the coneept of a
concrete prasity structure is sinple, s behavioar will not be, An exbiustive

" discussion of these problems is ciearly autside the scope of this presentation bat
certain problem aicin are worth highlighung.

1.6.2.1  Pressure doiidy

Druring the eritical dech mounting operation, parts of the caissan are subjecied
to ditferential pressures wypically in the range -3 w 1-6 N/mm’ or at least
three hundred times the design distributed live load in a typical building. Two
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bBasic structueal systems have been wswed for the majority of siructures to date.
These are shown diagrammatically in Figure 112, I the first of these, the
caisson consists of an assembly of cylindrical cells i shown in Figure 1.12{a).
The alternative system shown in Figure 1.12{) comprises a cellular box with
straight walls which act as a system of struts Lo supporla pressure resistantskin.
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Fipure 1.12  Typical caicson structural sysiems

In Bath cases, he ambieat pressure is aceepled by oylindiical surfaces which
ersure thal the pressure loads are esisied by direet membrane OMNPrEssism, al
leset in plun, When one loaks 2t the inethed for cappring top and botinm of each
of these systems, a diffierent picture emerges. The first systom can be conve-
niently eapped with hemispberical domes which will permit the simple mem-
brane action of the cancrete 1o be retuined. In some eases, a larger radius of
cupvature dome has been used 1o permit the climination of the 1op shatier
during construction. While this has construction advantapes, it introduces large
thrusts and associated bending near the springing points, The closing of the
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sguaafe ullubur Do has Been mwesd frequently accomiplished by Uhe means gl
flat shabs althowgh i certiin instanees polyhedeal capping suifaces bave begn
psed.

" The first gqoesbion i be considened is that of veeral] stubility, The thickness o
diameter ralion of the vpical congrete csiipders shown in Fipuie 1.42fa) are
wsally hivh coough o ensiee thick shell type beliayjour and a fairly small risk
of cltic instability, Simitarly, for the rectangsbar configutation shown in
!:"iplih: PN, cell sizes aan wsndly be selevted which will cnsure that
indfiv idoad cetl walls are unlikely e pive buckling problems. ssever, Lor this
tv e ol systetnnal 1% possible thad overall insialiliny wey be associated with the
behiwiour of the complete cellnbir structure, This can obviously be analywed
u.‘-l'lu:_ an appryriate buckling apalyas and tiese is nothing in the boundat y
conditions ar elenwent confignrations which appeal tobe I'r.'!:l'l:ic|.11.'.'|r|!,'|.'~&;lcti1‘|g,.

I'”I-:. biggest preblem appears o Te gsseebl ol meae with the question of the
1r:_:|tl';|E stress state mind the exceedence of the approprinte rupsture criterion fur
reinfareed conetele. This s been deseribed a5 implosion” by Havees,” who
has cutricd oul aseries of exposimenial investigativns on the fatlure of conerele
pressure vesscls wnider high sunbicn proessares, Although oo general theory
exists todite, the evidence muailalde would sypgest that the proldem lies nol so
much in determining the approp iate stoess comlitions as in the selevtion of the
correct Biilune eriferion. 1t sl eniiing o be proved bow importaan factors
such ag siecupth boss ol the copgre (e due to the build-up of pore pressures are in
infuencing the resistance W high pressotes,

Since Lhe Boundary comditions ire o simple, e overall anabysis of pressure
*huls is usually guite trivianl amd the only ditlical snalyticad [L!-]‘H.‘;,‘[ relircs Lev e
eilect of the tostrainia crupresed P dd jooent pag oot straeture, Tor example,

the intlucoce of o fited connection between the cylindzrs in Figuee L1 2{a)on
shear sizess and bemding has 1a be ipvestioed by means of a stitfpess analysis,
The suite of clements availakle in most of the major analysis pachages 1< q_uu':c
adeguate for the piopeses of this type of investigation, A slight level of
sophistication may he introsluecd Lyethe investigation of the elfeo of creep
when considesing Ut sene of s prossue bads may be actisne for many
manths. A5 Bae stivss distribution will remaia seasibly coastanl, thu‘prohlcm is
chearh oug of finding the right comsptutive law rather than of vonduciing a
- detaled timesdependent analysis 1o determine deformitioms,

By far the Inpgwst problom with regard o pressure Taads is one of design
raill!}q:r thant aunadysis, inothat there are few guidelines i ansist 1he erineer in
designing for the sery lacge panel shears and i partizelar, the allowanee which
should be mide Tor the assitance given by axial presteess, The Britsh Code
CPUIO reduces the allowable shear stress in sfabs (o half of thar in boams,
without stating why this 1s the case atthough it is suspected that this has o do
with the non-uniform distribution of shear forces arcund Lhe perimcter of
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non-cireulae plates. The ACT Code M H/ 7 allaw s e designer some lreedom
ter use the intfluence of the axial prostress but icis sl a far from salisfaclory
situition facing the designer. Clearly. there is considerable scope for investigat-
ing the bebaviour in shear of the heavily loaded thick siabs,

1.6 22 Thermel fnads

The problems with termally induced losds in nuelear pressuce vessels hanve
Been studied for many vears ond it is templing (o believe thit adirect irinsplant
ol technology woukl suit the probloas of thermally induced loads in concrele
platfornis. The pressute vessel consists essentially of asingle strpctural element
which, spart from sttt up conditiuns is assnciated with asteady state hem flow
repime. The gradient of temperature and pressure is outsant and apart from
the prroditemes cresiod by focal po netfitions, the therai regime i L rly unaform
thevughont, This is fundameatally nat the case for o conereie granily phiklorm,
particularly where there is storage of hot ¢rude, {a the laner event, parts of the
struclute are healed while others are guite cold. A hotfcold fluid inleclace
exisla in one or more parts of e sliructure and jis position moves with time,
Load eyeling is 1 characteristic featwie, despite uperational aliemps Lo main-
ik o senssbly constand thermal sephne,

Clearly, the prublem is 2 fairly complicated woe in several respects, [n the
first instance, it is neeessary 0 cxtablish a wpieal range of thermal repgimes,
including transicnt siates to be designed for. Coupled convective and conduc-
live heil transfer complieaics the problem of analysis and most praciising
enzincers have thus Far been prepared o mase the convenient assumplion that
stealy slate copditions are ehiained quite smoothly and rapidly and 1hat
problems of thermal shoek need oot be assessed. Analysis techniques for
cartying oul such investigations were developed by Hsu and Nicken™ aad
applicd 10 a cliss of iniial-boundary-value arpllems that are commonly
referced 10 as difgsion-gonvection problems. The author is unaware of any
puebilished sesubis based va the use of methods such as 1he<e to inyestigate
tepical thermal regimes in conc ety s1boage vesls

Even given a sensibly constany theemal regime within the structure, the
thetmoviscoglastic nature of concrele resulis in several time Jependent
phenomena of sipaificance to the desipner. An analysis af typeal loads
assueiated with pssusmed elastic heha Tour of tie struciuce shows local Toads at
an wnacceplishly high level. Richmuomd™ las shown Dow creepy il assist o
prowide a marked redtiction in the thermoelastic stiesses, On the olher hand,
b has alsa shown that particslar combinations of prestress and thermat loading
can Tostlt in higher stresses when the thermal differential is removed than are
facurred undet the imitind elastic regime. Most importany of all, creep effectsin
redundant structures can causg locked-in stresses afier the remaval of the
initial load regime. Reversal of the load will then create a far worse condition
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thantveenrred an licst koading. The initial exidence woukl supeest therefare fhat
as i0 the vase of niany odbel structutes, ereep has an amelivrating eflect on
stresses undess oyeling of the Tuad necurs,
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Scatimn 161 deseaibed the tipe of dilTeaction apalvsis which can he used to
predict the distribugion of pressure over the structure resulting from wave
loading, Pressure vatation over the struciure i guite smooth and the analysis
of struclutal load distribution under environmental forces is relatively
straightforward insolar as Muid loadings are concerned, The question of seismic
loads is considered Tater.

1.6.2.4  Fourdarion fomds

The lacal disizilution of forees apptied by the foundation to 1he structure is Jess
reliably prodicied than the oads cavsed by eovironmueniab fectors such as waves
and cunenis. Sragging ad e time ol instdiation, e stoacters is installed on o
totally unprepared site whivh has its ow s fopographic and siratipraghic charae-
teristies. Notonly is ibdifticall lo sample these adeguatehs in adsance., buticis
abwo [y demiimding excreise o emplace o sttucture with a displacement of
aver il s million lonnes in exactly the plinsed lovadion,

Iljcnum” deseribed same of e olle s o be anticipated. Apart from the
obviowsly exprecied moments, tarsions and shears induced by non-unifarm
Fesistinees over the site, loeal pressites of the order of 2-05/mm” can be
applivd 1o the umderside of the stiucture by high spots. Such pressures. when

L supetiipposcd on the alreaidy very high hydrostate ditferentiol pressures can
create i alowng infolerable sitisaiion for the stroctual desivner, YVery oftea,
ihe problem s turned araond and the queslion becomies vac of dosigning a
struchare-Toundation tnterfiwe such that these Bificultics do oot eecur.

The eatire phibeephy of fouadation design s difTerem from thal of g
ty picly landbased structine shive e the uneer iaintics tegarding the sie proper-
ties w5 well as the Tact of placing the sitncture on an unprepared bed. The
peatechnical engineer mst therefore provide the structora! Jesipner with a
range uf termiin models whivh will embrace e espected range o conditions
anticipated af the installation Jocation, These can then be wsed to generale
suppart conditions for analysis of the forees in the siruciare rescliing from
installation s well as the response W omironmiental loads,

Baly the shoreand Tong term reactions must be considered and some of the
special influences due 1o etfects such as cyelic loading must be cansidered as
discussed in a later scction,

Lols Odersiruciral anelyses
There are a number of othwr prablems as one might anticipate wik regard o
the design of the struciure, Among the current preoccuparions of the industry is

7 @
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the question of Gudgue, This relates oot anly by the proddeos i the concreic
parrtof the structure where tension asck propapition, ftigee of the reintoree-
ment, bond degradation ete are less than perfectly umdersiowd, hut alsy with
regard 1o the design of the dech. Most of the decks which have been wsed o
date have fully lixed moment connections at the op ol the concrete leps. Under
the sction of wave Ioads it is evident there{ote that cycling of the siresses in a
steel deck will occur, requiring an investigation of the {atigue prablems
asnociated with these stress reversals, The gquestion of high cycle low amplitude
[aligue Is discassed 1o o later section.

L6Y  Geotechnical analyses for gravity platfonns

Excessive conservatism in the design of a gravity structure foundation is very
costly, 1f one adids to this the problems associated with installing a complete
structure on an waprepared site with somewhat uncertain foundation condi-
tiens, i35 chear Uit the peotechnical enginecr s role in the design of the gravity
stnclure assImes 8 orealer relative importance than it does for most conven-
tional landbased projecs.

food b Imvafiation problems

Among the most interesting of the peatechnival analyses required e the
suceessiubinstallationof a pawvity platform is the prediction of skint penctoation
tesistance, AL first sight, this wocld appear 10 be a relatisely strmghiforsard
tatter of aplying himit analysis lechoigues such as ate emplayed i comens-
o] bewning gapacity probilems Anesuinativnt nf the thweorivs For prediciing
deep Towndation braring capacity Iy Vesic' ' shuwed an order of magnitude
difference bepween the sarious theories for predicting bearing capacitics in
sand, Waork by Keesel™ had indicated practical upper limits on resistance
which do ot agree with elassical stiength theoties and penetration tests tesults
from North Sea sile investigaiions showed Tar hipher poncieation resistanee
than cohd seasanably be expecied from the propenics of Tymecal soifs
Current practive iomly 1o follow the pile desipn e of approach with due
mbjustenent 1o allow for amepper il op penctration resistance as revealed by
Retisel. The problem is ot simply resolved as in the cise of bearing cipeity
anabyses i which onc tnkes 2 conservalive approach ang picks a low vilpe, In
the prosent Circumstances, the plativem conmn be kel sitling oo parially
peneiated skirts and a hiph premium is thesefoe placed onobiatning arcliable
cstimaie of the maxinie resistance Yikely wbe enconntered, The presentstate
of allairs is unsatisfaciory in analysis terms and there bs abviously scope fora
poacral investigation of the problem. Considering 1he inhomogencity of 1ypical
installation sites, and variation in skirt profiles, a general numerical analysis
technigue probubly based on a Lagrangian formulation with a general dilatant
consnilative law could perhaps provide the answer.
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For the extreme covinosnne ptal ool case, the Torce eesultam ot the mudlioe is
characierized by mucly Batger values af obliyuily and voenisia 1han are
ty pical for the majority of Toundation problems, 1t s therelure pecessary o use
a generatized beming capadiy theory w hich takes Tull account of the three-
dimensionad wature of Whe problom, The nust geneal thooy of bearing
- gapanily Tor such sitaions was develeped by Hansen™ wnd his procedure has
been fairh widely nsed, despite s ohvious draw backs. Amoug the most serious
of these is the pswmpiion of homogeaeous foundation comditens. a comndition
which % wulikely an st Tar mewst pravity strueture sites, Aceordingly, other
Limit amalysis wechnigques such as the method of slives e Being oo ensinady
sedl. Vaughan e of. ™ applicd linite cloniont techaiqees W the analysis of he
siahility of Iarpe prininy strucihures, ahing into account the vaation i shear
strenpth with depth, A pnimacy dnwback with slas approach is that fer teasons
of comomy, the b is wsully himited W the assumprion of plane shain
eonchitions andg the tesubis thorefme ate only likely W be represenialive of the
conditions near the plane of cotalion, Winte they are uselul in idennifyine the
initiation of yiclding and the development of failure auades, the predichion af
onverafl bearing capacity is hely to be somes hat suspedt for the seoly three-
ditenswnal matsre of the prablem, {15 the 2uthars siew thata combination of
such analysis methods topether with modet testing approaches such as those
used by Rinwe of af*’ will proside the most usetul means of atracking the
problem of predicting baoth bearing capacity and delormation of the founda-
I

Fed 3 Hivdeaahoe instatliny

Heohel' identified the rabe of wines in bruluciog botlom tnseabilitg and & is
genczally recopniacd that sy loadation stabitity analyvas most ne ino
account he cfective chaves o surcheirge Swsed By the ransienl pressure
wave, Foweser, this plenomenon and the ubwious question of scour aroond
the structune sire sk the only vabraalic Getor 1o be imvestigated 10 the desien,
The presence of virtually incompressible ambient Tuid during the application
of v s tarning forces o e Tase of the stracture resu s i ibe Jdeselopricni ol a
pressute dislerentinl between the pnderside of the structure amd thye segrosnd-
g foee watcr, Joanddinisng to the e i question of clioingiiag potesiia
piping probleas aronmd shiols, il in somwe cases necessiry i evalwile the rigg
ol dissipativon of this prossute differential in order to chedh the validits of the
Assprlions with regand w the oveituraing environmwala! louds, Por example,
it s fadrly vommoen praciice in predicing the wave leisls on o gravity ~tructuie
10 assutne a so-called “elosed gap”uneer the strusiure, TThis assuminion i only
valid if the water pressures under Bie structure are not diclated by the by draulic
boundary conditions gutside the skirts. The investigation of this regquires vae 1o
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look at the response of the fonmdntion a3 a cenalidaion phenomenon.
Appraximate analyses gaeried out by Chan®™ using @ simplified finite ditTerence
model indicazedl thist this is o redsonable sssumpiion fitypicakskirt configura-
tions anyd soil copditions in the North Sea,

L it Oyefic degradation effects

The questions of fiquefaction and cyclie softening of chiys bave reeeived
considerable attention during reeent years, particularly the laner (n view of the
predominantly clay prodiles wadeilying the gravity struclures ibstalled W date.
{Note: The BEhodisk Tunk” i thae major exception ) A joint fdusiry prejoet on
the 1epemted lomding om elivy has been cinried out and 1he results publisher by
Anderscn ef al ™ “The pragramine showed guite chearly that cydic losding
cflects could result in a signilicant change in both sullness and shear strenpth of
pormally am! averconsolidated clays, Despite the substantial nature of the
mmvestipgation, anil the advinees which huve been made i understanuting the
cilects of cvelic loading on seil specinens, ne geaerally accepted methodology
kas yet boen develiped Tor conducting both stability and deformatian analyses
wliich incorporate the findings uf this programma,

Lod  Dandmic respanse to waves

The prediction of the Jynamie response of 2 gravity platfer m to cnvironmenial
Lot tramsients such as wivves or gatthiuakes represents o very challenging set
of demunds largely beconse of the conpling between the Nuid-structure-soil
svstems. Geneal methods hine been praposed Dy Iimntk-']'u}'lnrm and hpan
et al™ tot the dynaic tesponse of structires to wive inpuls, The application
of such metheds i sl very much in il infaney and there are many fundamental
quustions 1ol atsavered, from the validily of two versos three-dimensional
madels 1o the selection of realisiivsea suate spectris. The tesponse of coupled
dypznic systems lurms o major part of the proposcd discussion lor this
conference. Tl bollowing paragraphs wre inlersded o provide a briel introduc-
Lion tsome of the factors invedved and theis relafive importance as scen in the
conteat af the presont stale of the arcof actual desipn,

Lol Seenctare -warer coppling

Linsh fnite clement and sowrce distribution iechninues huve alteady been used
to investigale dynamic coupling between submerged structures and their
ambient fuids, Liaw and Chopra™ used a finite element characteriadion of
huath structure amd Naid w sssess the effects for 3 iypical submerged intake
toweer posponding W seismie eaciintions, A source distobution techninue was
used by Gartison and Berkbite' to assns the dynamic response of other bluf
bondies. The work of these investigators has shown 1hat in most cases, the
dynamic system can be adequatcly characterized by using the so-called ‘added
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mass’ approawh o allow Tor the puricipation of e amhient Nuid in the
response. Added mass Fwtors are rebatively invensitive o frequeacy excepl
near the free surlace where pravity wases generated by the structursi motions
aticpuate the added mans eifect, but there are no detinitive puidelines vet as 10
haw 1his and other furms of hydraulic damping should he incurphrah:d'in a
dynanu¢ response madel. Amang the other factors stll o be thoroughly
expltored is the depree of couphing between the added mass contributions in the
different modes of mation,

Fodl Foumdation-stnucinre coupling

The ascisinic dosign of Buchear reactors has resulted in an intensive stuily of the
influcnce of Toundation-struciuce coupling in relation w earthiquihes. Despite
e dlilference o the Treguency conrtents of Carilnpuike v ersus wave excitu s,
the Basie phssival phonomena e still snmilie, A Tall evatustion of e methads
fur anilysing these eilects was carried st by the American Socicty of Civil
Engineers and the resulls are die 1o be published shortly (see ASCEE 19763
The hey conclusion frenm this work is that the soil-sireeture imeraction etfects
have a very spnilicant influence on he response of both strecture and
faumdation. Mast of the experience which has been gained bas been in relation
to nuclear power plands and much of the work currently being dune on
developing smitable stucture-feundation models for gravity platiorms is based
directly on its iindeags,

640 Sclection of swafvsis moded

Provuded that remate bembiry condilivns can be adequintely churacterized, it
iv pessible toalealiae bt siruciee snd foundation using a1 finite elemuent
madel, The iy advantage of this approach is ity suitabiliey for
inhonogengous foundation canditions and son-linear response of both sicug-
tare aned foumbation. Unfortunately, it s some sesere dismdyantages, not unly
in terms ol overall cost bat alsa boeciose the technigue freguently regquites vae
Lo wse Lirge mnmbers of eedoms wdiseretize the foundation .t e e e nse of
a less mvurate characterization of the siuciure sl Consequenily, there is s
strong: temdyney towasds the use of closed Torm frpedance functivas todeline
Lthe Touditon sapport eonditions, Sumdard selutions are availalle for hail.
space canditions. ' but ihis is considered a doubtiul assumplivn far structunes
on the seale of a pypical gravity pluform where a significant charze in soil
stilloess with depth s likely o ocour,

A bwer slape proceduie i sooietimes used, the fivst comprising 2 dynamic
finite elerment amilysis of the foundution in order 10 determing the freijueney
dependent Toundation impedoances. followed by the use of these In a dynamic
response analysis of the struciure itsell,
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Facbt Determintsnic snadvses for wures

Felutively fow response history analyecs of the dypamic sesponse of o pracity
structere 1o a wave train L been poblished, There are sevenal reavons fir
tiis, only vne ol which i the cost. The only aitempts of which the author is
awirg have been hased on the direet integration zpproach which has several
theurctical ditficetties asogiated withi it In the iest instance, therg is no simple
way of incorporating frequency dependent fonndation behiviour inoa time
domuain analysis, T can be argued with some justification that the feundation
impedance is relanvely insensitive to the ranpe of liequencies invelved in wive
eacibatiens, but thisisanly likely tobe true in the lowest modes, The secand and
mone compelling reason is the fact ten the forcing funcion tsell s dependent
on the frequency content and soepfitudes of the wave 1can and therefore it is
nob pussible o pencrate asimple correlation between foocing lunctien inlensiy
at vaninus pirts of the structure and sea suilace elevation witl lime,

The author and his colleagues have Tormulated an approach™ which may be
used 10 ohtain a fme hislory fesponse W0 waves, incospedrating freguency
dependent effects in both (cundatien and wave Input. "This is based on the use
ol disgrele Fourer Translorms in a similar [ashion o the approach used for the
analysis of carthguake response pmh]r:m-;.“

Lad5  Bochasic analyses

Evenif one s successful in carrying out a response history analysis of the kind
mentioned above, the validity of the wave train itself is bound 1 be suspect, In
the tirst inslance, copsidering the response to extreme gvents, there is an
obvious Lick of wave traindata and one is foreed 1o generate asynthetic record
or to seabe up fnomm measured wivee trins corresponding w i higher probabalicy
event, Secondly, the ramdiim matare of the sea implics that & nomber of such
analyses wauld hivve o be cintried out in arder o olilzin an adeguale statisyical
interpretalion <f the predem. 1 is not surprising iberefose that most inves-
tigated s appear e lavour the use of 2 stochostic approach where the sea stawe is
charactericed by o power density specirem, This appasich is also subject 1o
limitations, the first and most obvioes heing the use of 2 lincar ransfer function
morder b obtain she response spectiunt, Fanunately, concreie gravity struc-
tures are better fovowred in this cespect than stec] lemplates sine the wave
drving on i gravity sbuclure is predominantly inertial and the response
aperatur <an be Trealed as hinear witl some justification, Aldse, the loundagion
response is sensibly linear for the usual range of foundation salciy factors far
the 100 year event. There are incvitable arguments as 1o Lhe suitability of
varivus glandard wave input spectra far these anafyses and atlention 10 this is
piven insevera! chapters of this book,

1646 Designing for dynamic gffect _
As stated earlier, the nna;lya':s of dynami¢ response of pravily structurcs is at an
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carly stage vldeselopment soditis nuesurprising the refore 1hat there are 28 vet
nu penerally aprevd design criteria b be used o relation o dynaniy 1'-:<1m.:~:5c
caleulations. Several sources of wncertainly have been mentioned abowve,
probably the most important of these is the foundation compliance, As int the
case o piled stiuctures this is of fundumental impanance and murcover s
;h-lll'.%-ull Jo predict in adsance. 1t should thus be teeated in a patamerric
ashion.

6.5 Rerview of analysis requirements

The abwwe areas of current analysis inlerest are summarized in Vigure 1.13,
Althaugls the Tistis ot an evhaustive ane, il @ontains 2 considerabie vaniety of
probleny pes ginging from three -dimension:l stress anabysds, through stendy
and Iransient flow problems 1o viseoelastic any ¢lastoplastic deformations in
structure and foundarion. The enpincering attalyst would be hard pressed 10
find an equivalenl set of challenges in any other single project.
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Figure 1.3 Currentanalytical problem areas for graviny platforms

L7 OTHER ENVIRONMENTAL LOABDS

The introduction to this chapter identificd several forms of environmenia)
loading which are significant in the development of a safe desizn for an ofshore

kE seneciead Mothods i E3hare Enptueering

structure, Agpong these ace winds, curremds, featimg joe and carthiguwihes, Tt
the lirst n are vsually of secondary imperianee, 10k only relatively teeently
that the question of ascismic design offshare has atiracted much interest;
however the developmient of ficlds offshore southern California and New
Zualand and the [eise sale earlier this year in the Gulf of Alasky have resulted
in un apparent gearing up by the industry to tackle these problems, Ancther
problem area which has atiracled some interest 1s that of loads Jue to Boating
ice. These two issues will be hricly considered.

171 Seisnad toads

Lividenge af an inoreased avareness of the seismic design problem is the Tact
that the mwost recont isstc of the Aqancrican Peipodeum fnstitute’s Al BP2a™

ARevommended Peaetice foe Manning. Despniog and Consrocting Fived
2 JLLLLL 1 kB

Otfshare 'latfonmst in Janoary 1976 inttedoced o substantial scction on
carthquake design, The availahie metuadology for conducting seismic analyscs
of jacket or tower Ivpe structunes was revicwed by Penzien > " and their
application 1o the destgn of platfarms for regions such as the Gull of Alaskawas
susmimanized by Bea ™ The strucliure-water coupling and the associata] non-
Bnenr dig werm miroduces an elsious limitation when the asalysis approach
regquines e assumption of linearity, Penvicn prgmesed a stochastic lechaique
inw kel aquasi linearization procedure isused wrovereome this, However, this
is nal the only sopree of dithieulty since the fundabivn interaction proldems 2re
also severe as had been pointed out by Pagmalee e al™ (e result of the
investipations conducied by Parnalee. Penzien, Bea und others over the past
few yeurs has been an increised awareness of the necd ws understand the
suil-stiructure interachion presdhlems as the Key 1o ascismic desipn and a majar
research effortis presently being undentaken by the indusiry in this regand.
The development of eanthguake resislant designs for eravity platfonns has
receisad much lessattention g s e case for tower steuctures. Penvicn and
Teeag™ developed an anabysis procedun e based on e use of diserete Foncier
Tran-forms simtilar w that used by Veletsos. ™ The wiiter amd his colleapucs”™
s wid that the toads prediced for farge magmitnde earthguatcs by means of
this aporaach can e sigmficant]y lurper than those due 1y o 30 m wave, This
wite hpe onge agaie denwinstinted the Tumbomenial bmpogtange of soil-
structure interaction ollecis. Although we are able o hormow extensiveiy fram
the methodology developed Tor muckear reactor desisn, the mass and stitiness
chotrnererisbies of w typacad sty platform dilTer Trem those 0f oonucledar power
plant el much resams to be doae in undeesianding the impocance of these
thilzrences. For example, Figure 1.14 vshows the seismic response of a lypical
gravity platform o a natura) canthquake (TAFT accclerogram). The structuie-
foundation system has a funduments] period of about 4-5 sceonds and the
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response 2t deck lesel at a lale stage inoihe duration of the record viearly
demuonstrales the supoertance of he hes amplitude, long period compamenicin
the varslaguitke aceelerognnn, In making this point, il s worth rementbering
that the Mggest waceriainty it caitbuake engineering is the carthgyuare
itsell. ™ Other investipations are in hand o evaluate the non-linear response of
such systems (v extreme mapnilude events in erder to asscss Lhein sunvivability
characieristics and develop appropdate design criteria, The writer is coalidunt

36 Numeric! Methedt in CfJshose Engincening

that i 3= a malter of tine boefore cravity pludforms are constructed for
carthguake regions and that the insestigation of the dynamic respinse prob-
lems sill akiract o Jot of ailention in the near future,

1.7.2  luads Iram Noaling ive

Fived platforms designed 1o cope with loating ice have been installed and
suceessiully opeeatod in Cook [nlet, Ataska for abootudeginde, Dut apart from
e man made jelands in the Canadiin Arctie, there dre as yet no ollshore
platforms in i true Arctic repion such as the Deafort Soi. Work has beenin
progress for sonie time on the development of suitable desipn methesds lor such
inslallations and Aqncrica, Russia and Japan are developing extoisive ice
engineering lacilnies for the purpose. Almast nenbring has been published an
the nse of numerical metheds althongh some proprictary studies have been
rmde,

The emphasis lor facd straclutes must be on horizontal loads. Mostallempis
to predict twese have been hased an model tesis but the time is zipe Tor
desveloping numerical technigques and calibrating these wath the made) tes)
results, ‘There are the inevitable problems repanding nput diti since the
mechanical propertics of ive are nal well understood, In addition 1o brittle
fzilure characteristics sea ice exhibits marked crecp behaviour and is far frm
being hamogeneous and isatropic. I one sdds 1he obyiously three-dimensional
nature of the problem, theie are clearly plenty of chalienges lacing the
numerical analyst. [E would scem thal mnch of the work in the short icrm will be
of a conceptual pature,

1.R FAEIGULE

The prediction of the fiigue life of an ullshore steacture, or more precisely the
Futipue Lile of o particular joint in tw stoscture, is rapidly becoming oae of the
mast crucial arcss of investipation in allshore engincering, This is oot beeayse
the proldem of atigue Las only recently been recugnized. but rither becane it
Rasuntif recently been primirity uwu:mlu! wilh low cost structures such as the
caisson desaniled by Hong amd Brooks” Iz areview of the problems of twhular
jount design. Marchall™" sated shat at that nime, no fixed lemplate 1ype
platfareis it colliapscd as asesull of Tatigue Tadlure, cien thouph there hud
hren pioblems with wacrline biaces The primicy reisan for s increased
intesesl 15 the fiocus an high oyele, tow stitin amplitude fafigue where experi-
cowe of cumutative Jamige problems has been rather limited. The impaoriance
of tatipue analysis in the design o) the curpent peneration af steel n!!-,hnrc:
p]alfurms for the North $ea was recently reviewed by Williams and Rinne.*
A basic (alipue analysis cansists of three ¢lements, namely, the determina-
ton uf the relationship between hal spot’ stress and wave amplitude, the
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predictiont of the number of Fund vyeles at cac stiain ot stress mphinde and
the substitution of the stres amplitde-load evelye datie in sane cumalative
damage ciilerion o delermine the fatigue life, Viviually all ol the published
woth v Gtbgog hos Iaun tased on the well know s Potagren-diner cumulative
fatiue damage faw ™ This lnear dame e ctiterion umderlics the s called
design codes which hine been published by authoritics such as { lovds, the
British Standards Tnaitution aud the Amcrican W uhlmﬂ Sovivtv, Credilnlity of
the lincanty assurption was defended by Marshadl™ s being justitiable within
the current range of design unceriaintios, Pl this asseaption il continnes 1o
attract the criticism ot Btignge vescaachers suehas Kick™ s loomaintaio thay 1he
lincar damiage theary results in a signiticant overestimate of fatigue life,

The major ditferences el opision relating 1o fatigue desipn Bowesor seen 10
originate in the matter of teating the wave Taads, aod two hasie selwoks appear
fr hine emerped. "lhv. first af these is basically @ deterministic approach. as
sugpestod by Maddox" whoopted for adeteensinistic, rather than o stochastic
treatment af the dymmic sunpilication elfects inovies of e non-linear drag
prohlems w hich were disassced cartier. Maddes psed mmdal analysis and o time
history artegration of tie egretions of mation in arder to determing stress
Fespaitses at Hre el spats oo astatistical treatment of the long tenn wave Jaia
in aonfer W dseess fatigue hife in lernny, of the Malmeren- Atiner rule, Other
imvestigitors suchas Vaets and Kine,™ ook a prolabilisiic approach w the
fatipue analy sis peablem and considered that the linearity ssomption could be
Justificd sinee thi: Tow amptitude, shott peciod wases associated with the Fatigie
proflem amplive |'rn.;Jnm'mlmnlljr mwritat, rather tan deag driving of (he
struclures. Williams and Rinne™ anp.iud buth detcrministic amt specizal
methls consideang both quasistatic and dymunic analyses, Novsarprisiegly,
they peinted ot that one of the biggest problems asociated with either
methid is the selection of appropriate input dalz regarding sca stale and wase
force culen b,

Among the [actns emerping a2 being of primany impertance are the
directivmalily and encrgy spreading characieristics ol the sea. Some :1[ thu
implications of these [hctars were discussed by McDowell and Hlohnes," and
Marshall** who developed a dynamic and Tatigoe apalysis procedoce ysing
directional spectra and applied this to a 1800 plationn currently being
constructed for the Gull of Mexice., This work has shown that the three-

dimensional nature of the sea must be included in any fatigue analysis in order

to obliin meaninglul resulis,

1% OTHER STRUCTURAL TYPES

Bascd oo our experience 1o date, the cost of a fixed platform would appear o
increase exponentially with the waler depth on location. It is inevitable
"

X Nrmerical Metheds i Offvhore Engineering

therciore that the oifshore engineer shagld be seckiog new stiuctural syslems
Lo meet the densands of the frontier arens, Ap absdogs solution is o provside
sysiems v luch o function entitely on the seabed, such as the wetor dry sulisea
camplelivn systems which have been developed and are Ieing aclisely miar-
kelvd al present. The only systems of this kimd which liave been installed 10
dite are being wsed in association with other more conventional oil held
hardware and there are strong grounds (or helieving that it will he some
considelible time before a totally sclf-coninined system can be develioped
which will climinzte the necd Tor i permanenthy emplaced suilace vossel or

Cpbdferm, There a0 obybous inlerest to developing so-catled cennpliant

sysiems which sepresent o remonible compromise between the need (o
mauntain such a link sl 1he eost of providiag i by means of o rigid stroclure.
Seune of the desipn prddems assaciited with compliant sysleims were reviewed
by Giodirey ™ wha pointed o that there are severe design disadvantages for
certain 1ypes of compliant sirecture. Nevertheless, the industry s confident
Ll suede systems have o future and large seale test proprommes bave been
carried cul on the guyed tower and the so-called rension lep siructure shown in
Figure L8 and several articulated fures have been installed, Oue of the maia
rcasons behind catrying out such tost programmes is the dilliculty of gbraining
realistic prediciiong of the misions of such systems in dilferent sea states. The
purstit of suitable compliant sysiems witl inevitally tead the znalyst inta some
intriguing non-lincar dynamie repimes.

LI CONCLUSION

This paper his attempled o provide an averview of the techpical problems
whech are of primary imeiest to tw civil enpineer aperaling in the oilshore
et iionmenl al present. The range of problems is so large that the irearment
lias negessarily heen superfieial, Plossever, it is Loped that it has served to
illustratle those arews in which numerical analysis tcchniques are currently
being applied in praclice,

Several conmmon threwds rur throwglimost of these problem areas, one af the
riost abvicis being the coupled natuic of the problenis. Not only docs this
teake the problems themselves more interesting, bt i has the added advan-
Bk thatit demands the closest collaborabion betwecn engineers woarking in the
ditferent fickls of structural, soil and llwid mechanics, The uffshore engineer
st wbdrese problems in all of these arcas simulianeously if reasonable
salutions are to e found.

A second obvioos factor is the difficulty of characterizing the randam
envirgnmenlal [orces, whether these are due to winds, ice, carthquakes or
wavas. ln mnl‘lusmn it is appropriale to quotc directly from the excelient text
by Blair Kinsman'' on wind waves. ‘It is very casy to forpet the chaotic state of
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the sca when omy s eneaped in theorctival work, Our means are seldom
commg nsirale with our cods, and the only way to nnihe progress is e samphly
aml repnlarize, When one has given a preat deal of cllor and theught 1o g
prablem, vne his an emutimal investimenlt in any reselis ohisined. L is very
dillicult far any msa to evaluate justly the distance his work lies from "physica)
reality”, o cven the distance it tics fromm the problem he wauld lihe W have
solved. Most of us need to he reminded. Therclare, go wave watching. Il you
will watch waves with a sceing ey, you will never confuse the regulariiy of any
simpliicd appraximalion, like the sinusaid, with ocean waves as they really
arc’,
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IHIRQQUE(ID&

In gite Lrabaja % drter b 1oz anpectns principaier del dliebo o5
trocturs? de Yot plateformis para rrglatacdtn de nidencarbures Fuira

" da 1a cotta, 5S¢ menclonan THiciaTments los tipos mis comunes da pla

tafprras (de acero y de concretn) y se deserilien broverente 1o pra-
cedinlenths de eansirgesidn, transporte & instalacidn: se sefalan
193 preblemas o prosenta cadi tipo de estructurs, 957 como venta-
Joz ¢ inconvenienlas de Tas plataroras de acerd y de concrela, La
alenelén se concentra en 1ds estruciuras para plataformas de profun-
didades Intornddlas, de IO o 100 o,

,
& prezentan 0% criterips gue f= siguen para M selecc!dn de 1a for
oy Cstructural m8s apreplada ¥ pary 1a determinacidn de las sa1i:1:i
cloney dedisefa: se describen 108 procedimientos de andlists y dimen
stonaaiento cds compnes, heclendo referencia & 12 prictica FE e rd 3.
fa por los organlsmgs rds reconotides 1aternstionalmente.

Lav prireras perfopaciones petroleras en 18 plataforma continental
3¢ efectugron ra 13 dficads d= o5 trelata. En la actoalided 20% de
1a exiraccifa petrodiferd rundial procede de 1as reglones mar(tiass,
sirndo o1 porcentafe ois elevade adn en 1o que o refiere al gas na-
tural.

s Lisgueda d¢ 1o% yaclmienlos =arinns yigue contnirandose en lax

plataformas continentales curd Superficic hasta s profundidad de
00 se equipera a 1a del continestn africaro.

En 1 karde conbinental s intuyen érlnde1 depdsitos de hldrocerby-

"t lo cual plantea pn desalffo 4 Ta tecnoloala moderna. £1 gran

avanee toenoldglco obkenids en §2 Gitima década con el desarrallp de
de 1o explotacidn de yacimitntos del Mar ded Norte ¥ Golfo de Héeiea
2 profundidades yuzeriores 2 Jos 150 m no habrd de ser sino un exln-
W cen el devealr de 1a fngenierla del fuluro,

La nvestigacilng 1a cepertencia ¥ 1a prdctica en el dlsefic ¥ la
eonstruccidn de plagaformas do dcerg ¥ concreio, han vealds condy-
clerin & un entendlzicnto eds profunda del couporramtents estruttus

ral de ambos tipss oo plataformas, sin enbargn ] refor topscimicaln
Ze oy selicitaciones, la ¢rcciente importancla dada & Tog aspecius
de seguridad y protrccion ashilenlal ¥ 10% Accidemies Sfuvridos &

Clos GlLimos Rdca han dado lugar & que da Filosofia do disoda 1e en-

cuentre ectualmente en plend pyolucidn.

El objrtiva que t¢ persigue en el diselio de plataforras mairinas. #1
fgual nue en cuslquier otra estructura, e lograr que en Yas condl-
tiones normales de operacidn el funeionomlento no te wea afeclado
por un comportamlento estructyral inadecusdo (deflesianes o vibracls
et extesivas, dafios 1ocales, oo, ) y que sdomis so benga und cegd-
rided aproptads contra 1a falla, ain ante sltoaciones escepcionales
de sallcitacidn, E1 grado de snguridnd fue dehe buscars® contrd Ca-
da tipe de falla depande de las consecvencias d2 Ta misma y del cos-
to gue impllca incrementar }a resistencia de 1a estructura. Sm Lri-
te por tanto de un probless de opcimizac!én en’ et que deben balan-

cearsa 1a sequridad y 1a economTa.

Para reallzar el process de gptimlzacién sedalzdo se redulere &) Co
parimlente de tas cardcierfsticas de las acciones que puesen afectar
la estruclurd pn sis eiapas de construccidn, tramparte. inszalacicm
¥ wobre tada durpnte su ¢ide dtil. Dade el alto grada d¢ 2leatoref-

dad de michas de las acelones, especialmenta de 1as de tipe s~blen-

121, 3¢ hace Indigpensable un [rataaiento probabil Estlen de jau pfa-
ma3, bhsady en 105 datos metadisticos dlipanibles ¥ en Polelos pra-
bebilTsticos del preblema fisico. Se requiere dg 1a determinagidn

de tos efectos que estas acciones inducen #n 12 estructura, conshic-
vandg en outhot Casos su naluraleza dindsica y repetltiva. Findlesa

. e es necesario revisar que las proplcdades recdnicay ¥ geomEirlcas

de o5 elemenios estrocturalps sean tales que les-permitan resislir

*dichos efectas ain que s& pret#nten fallas o comportamientops inde-

seabiles.
For 1s compledtdad de los efectos de puchds acclones pard Tas que

hay que disehar Yas plataformes marinas ¥ por 1a Impartancia de £s-

t4% estructurps, se hace necosarlo rezurrir a procedimlentes de 2rd
L]



Tiis ¥ disefn altarente refinader. Lo antorier, Jimip ton 12 mece-
sidad de reptizar yn gran ndtern de iteraciores pera cvatuar dlvee-

23 dliersatlvas 4o disel, imud ey mecesor Fonenbs o7 pmeadides b Cipns
putedaras para realizer gran parte de las operaciones de anklisiy y

dlzelia.

£} extragprdinario 2uxilio de las tomputadoras pormite 1berar al di-
sehador de 1a necesidad de 12 elocupidn do cdtoulos todioras y repe-
tittives para decicar sw stenclén o los problomes Tundamentales gue
requieren de su experlencfa ¥ bumn Julelo Ingesderil. Merece 1a pa-
ne 1Temar 1 atencidn tobre los peligros que presenta el pmplen in-
discriainado de programds de cdmputo cuznda no estd atoclado a una
avdlvaclén cytdadors £e bas catons y de Tos resultados y 4 um enten-
dimiento complete de las optriciones que se reslizan en dichas pro+
qramas,

El dis=fo de plataforeatr y ¢ eslructuras marlnay en general eafren- -

ta 21 ingeniern ¢on problecds complejos y sobre Yos cuales queda afln
- bastante por Investigar, gue hecen de Esta una de las ramas més in-
"terevantes dentro ce Ja Ingonterfs natructural. Coma ejemplos de
ritos problssas pusden eenclotaris 1ot efettés de oleale, 2% andi!-
is atealeo Incluyends 1a preslén hidradindmica ¥ Ja interaccifa

¢on &1 suslo, los prablemas da Fatigs y concentracionas de esfoerzos,
2] di1eiin de pitates cipeclalmente en sos condlciones de hincade ¥
ante cfectos wfswleos, Yo interacidn de los conductores y las tube-
rias con Tas plataformas ¥ 125 condicionss de carga durante Tas Ta-
yes de fabriceciin, transpar}c y mankale,

T[A0% DE PLATAFORHAS

Biversos tipas de plataformas han +1ds propucston, shn eckirge 12
sasf totalidad de Tas eonstrutdas hasta Tu fuedta pueden 3qrupirsd

en dos tipas principates:

a} Plataformas de Acero cuyd parte caracterfstica o3 unk subesirut-
tura [jacket} que proporciona 12 rigidez 4nte 1as C3TT4S ht:ra- .
1es y sirve de quia para b winca de piloter que tranni:an .tt
cargas al tErrEnD ¥ soportan unk supereatryctura & baze d& BT

L]
¢cos de dcoro.
b) Platsformas da concreto [*) que cquilibren las cargil laterales
par #1 3alp efeclo de gravedad y que transmiten Tad corges &1

cyubsuelo @ travs de una pass mey emptia tobre 1a que i desplap

tan lat columnas que LoHir tan fa superestructurs de concretd.

principales de 123 dag tipos se deserlben & Son-

caracteristlcas
poul cocparac idn de sui yentajas respectivas.

tinyacidn haciendo wné

.1 Pll}.irnms de BCRFD. . 1

. Lp tybestructurd es yn caroa pspacial triangulads foroads por
elementos tubulares alineados generslmente en 343 gnires jo1 ER
uns direccitn y cuatre €0 1s trangversal. Las columnas de !:-
ta whbestruckyrd son lubot de gran difmetro que alreed de g: 4
para la hinca de lps piltotes, ta=bldn de acero, que Schresalen

. ge 1a subestructura pard recibir Ta superestructurs, Oe c3ta
1a submstructura sirve de plantilla. Taci!itands gramda=
12 colocaclbn precisa de 13 plataforma. Tild tubutr-.:r.-
et on 3lslena extructural ouy gliciente pave resistar
ya que ofrpce pote Srea expuesta y 13

forma
neote
tura

1a% fuprzas de pleaje,

Tar de sus secciones hace minteos lay empuies do

forma circe ta.l".gll laterales. 3]

Jas @ias: resolts adeais muy rigida snte
sistema trenselte direct
no per nedio de'dos pilols,

k

* de greavedad.

amenke lax ¢argas yerticates al tesie- -
las que ademis absorben 1oz A0eA
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tos A volten, ¥y cortantes dchidos & Yar cargas horirontstes.

La yuperestructurs LipTes eatd formada por dos niveles eStrucs
turadas & base do vigas soldadas d= alma 1lera con &1 Tin da
contar con el rayor espaclo pars 1a irstalacidnde tuberlys ¥
equips. Las dizensionss tipleax de una plataforma de perforys
cién de 12 pozos son e 25 X 40 m. EY slatema comstructive
feplica la fabricacisn en tlerra d2 1a subestructura ¥ 12 co-
perta completas, 1as que son transpartadas en barcdids ¥ mon-
tadas en el Tugar de fnstalseidn.

Flatafprmzs de condreta,

Estas pletaforoas #2tin constituldas por wns base veticular
tiro caldn, cuy rTgids, nommalmente d= concreln presforrado y
postensads, 1a cukl funciond comn sistems de flotacifn durantse

el trassparto ¥ £omo cimentacidn una ver fnstalada la platafor

i, Las colunnax son de seccifm circular hueca con dlEmetrs
ertertor constante ¥ eipeser que se reduce con la altura; tam-
Biln 100 de congreto presforzada, La cubierta es en general
ura Tosa de concreto saparloda en ura ;etftu1a de wigas de cqn
creto presforzadg, pero prede ser tathlén de acern, $imilar a_
1a de 1as plateformes anterlpres.

£} procedimlento constructive dmplice Va canstruccidn en digue
seco de la base de fimentatifn y, £n plataformas pata profund]
dades no tuy grandes, tachifn de Jat caluvenss y o0 T4 cublecrag
1a tmidad complets ton grén parte del sguipo ya Initaledo gs

floleda y remalcade 3t Tugrr de instalacifn, donce se hunde me

dlante Yastrada hast: s pasicidn defin!tiva.

Evalusc!dn cowparativa de 1ay plitifnrma; de acero ¥ de cnné;e
Lo,

Puches factores Influyen en Tx sleecisn del tipe d: pialirnrma
niy zdecuida, algueos de caricter técnice ¥y otroy roonda!co,

Un aypecto hitico 1o conslituye el horhe et Tas plataforcas
ga acerp trasmiten so carga 8t terreny por medio de pilotes

. que pueden desplantarse & 13 prafundidad mecesaria para ewitar

1o€ estratos pis dEbiles del subsuelo miring; por el contra-
rlo, 1as platafarmas de corcreln 12 desplantyn dircttarente 3o~
bre el fondn y su factihilidad puede estir Vimitads por Te ex-
cealva daformabilidad o 12 esrana rosistencls de las estraios
superficiales; pueden tarbiin prescatarse problemay de desii-
zawtento latersl, de sovavaclén o de Yitwacidn de arends por

mavimicntos telGricos.

' in embargo, 11 e efectiis un dlseie cuididaso y 1o toman pres

cauciones para 1imitar Tos povimicntos deipufs de 1a colpca-

_ ¢ibn de 12 plataforme, =5 factible deiplantar platafarsay de

concreto a0n gghre estratay apreciables de syelos muy compre-

" sibles.
- Apsrie del problewa anterior pueden andlirse 1as ventajas s1-

guientes &e Yag plataformss de concreto obre Tas de acera:

1. S& construyen con materiales mds Ficlimente accesibles y
ton una tecnologiz mengs especlalizady.

#. 3Su transparte e instalacidn requiere menos equipo sspecia-
Tizado y et en general mds ripfdo, y4 que pueden tramspor-
tarse casl tolalmente enuipadas!

‘4, Ko requicren de plletes, 1o cuz! elimina una companenta

. igportinte gel costo de 18% plataformas de acers.
4. E1 coslo de so mantenimlento 23 considerablements inferlar,
Toyd que practlcaments no s¢ reguiere proteccidn contra Ta
¢orrosidn. ' .
Las ventalas gnteriores son suficlentes para que 143 platafors
raz dr concreto eompitan muy Tovorablemente con a3 de 2Cera,
en pafises comp Mbxice. Adicisnatinente pusden renclgnarie las
yventajas siguientes:
E. FPueden enplgarsa para almicenar gran caathdad de hidrocar-
buros.
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Son recuptrables, ya gue terminada su funcién origiml,

purden refiotarse con relativa Tacilided ¥ 1eovare & un

sitia diferente.

5e rafuczn Jos rlesqos asoctindor & Iacendlns ¥ prasentan

ety problemas de wihraciones. )

Corm incanvenientes principales de Taz plataformas de concre-
to, puedens citorne: . " ' "

1.

R

5.

Los prablecas reldtivos & ssentasientos despuds de 1o ins-
talac bin, 105 qué pueden provecar delormicionss inedaisd-
bles en Tz conduclores., :

L necesidad de efecevar treabalos de prateccidn contra 1a

seceveclin de Ta base, )
EY1 costn de 1a preparacidn del dique seco y du te planta

de prefabricacidn de concrets es muy slgnificative 3t x6lo

te w8 ¢ construlr unz plataforma del wismo tipo.
E1 ticepo de fabriczcifn Inicial o3 mayor, 2mque 3¢ coo-

- pesd por el pendr tlempe de (nstalacifn,

Por la diversidad ds Tgs maleriales gque intervienen ¥ par
el proceso constructivo plsma, &1 central de calfdad es
rds cezplicady. : .

3. PROCCOIMICUTOS OF CO.STRCCION, IRAISTARTE [ [NSTALFEION DY PLET:FORIS.
L}

a)

Flatnformas de Acoro .

Subsatrustura genvercional

Denlro de este tipo de plateformns, existe un natre tonsfderable ¢a
varlantes que doponden de la produndidad del lecho rmarlec » dr las
funtiones de Ta platafoma, ya que €5tas pueden destinarss » perfary
£ién, prodeccidn, Inyeccldn de agua, entace, medicidn, vivienda u
Gira .fum:iﬁn ¥ dnp'w:nden timbién de? equipo dispanible pera au Fabei-

nl:iﬁ_n ¢ Instatacidn y del lugar donde 3¢ fabriquen,

E1 casp efs Gswdl de plataformes de acerp consta de una Subrsbructu-
rz de & patas, tal como ce deseribif anterformente. [Dlcha platefor-a

se fobrica ar=indd sobre £1 suele los toabtro circos transversalet cup

Ta constituyen postertormente  ce levantan los dos.marcos inter]orcs

cedlante grdas 'do @rugis pard apoyarse achre vigar de £esVizamiento
conttruldes de concreto y revestidas en 1o superficin por placa e
BCETO, T

Los rarcos interiores se contraventean y las qrias con que 12 Javin-

Lzron. y& wtilfzain pars ayudar g colocar Yot alezbror estrudtarales oA

+ gonstitylrdn parte de Sos marcos Tongitudinales y del sistess “.

arrfostramients definltiva de 1a plataforme,

foldados 103 elecenlos de 1o sercibn canteal de 111 plateforsa se Tz-1
vantan 1ns mdrcgs Lransversates ewlremos con Jas mlsmas grias, ¥ ir -
procede en forma simllar & conteaventearios mientras 3e sceldy gl --

resto g tos mlembros &= 1 fubestrocturs.
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Las doy columnas de ia sulbastructora que doscanszn sohre Tas trabes

Ce destizamiesato  estin provistes de maderd &n tedy $o Topgited Im-
_pregnlda de grasa en Ja suparflcie O¢ contacta parn fac{iitar su

deslfraienty suhre 18 piaca we #4ema, ruando se targa la subsitrug
. tura en 1o barcara. . . . L
tas barcazas cuentan can dos trabes ofratorfas o de lanzadients en
vaz de sus sxtremos, lis cuates gquedan alineadas y hafen contacts
con Tas trabes de concreto sobre 135 que éesliza 1o subestructurs.
La fumrra necesarfa para arrastrar B2 sobostructura hesta o posi-
cidn definitiva sabre Ta barcaza Ta ;ruparclunan une o dos maleca-
1ex instaledos en e) enlreem opuesbe 3 Tax trabes giratarias de 1a-
misma barcaza, Ung vez que Ta subesirufturd te ha cargada, se fiJa
s0ldendo nitmhrn; pracisionales para evitar sccidantes durante 1o :

Transparie,

La barcaza e5 drraslreds por remolcadares hasta sy posdcidn de lan-

renfenic, Bisco que 3¢ elecota wtilfzando los walacates con que s -
cargh Ta subsstrycturs, esta ex forrada o deslirar kzcla afuera hag
t4 que coincide su centro de grevedad con el de rotacidn dz las tra

tes glralorios ¥ de 2111 en adetante, por peio propio ta sobeskrge-

tura gica ¥ se- desliza simeltapsamente hasta 2bandonar totalmente- |

a bircara #n yn minuto aprosimadimente.

[r el taller dn Fabricaclén s;gueldana 1» luhestrutlﬁra Ta5 orelas
de arrestre ¥ las placas de 1zale defzmdo previstos, antes del Tan-
re~tenta, pasadares, grilletes y cobles do fzaje, para girar 11 es-
tructurs 2 su pasicifa dofinTtive, una wer deatre ool dgua,  Todas-
185 subestructuras cuentan normglrenle com um sisbems do fnyndacdfn-

que facfllise czta aperzcitn, ya que las oche pates estén gelladys --

13 .

para Tavorecer la Tletacidn,

L; svbestroctura se apiyd on el lecho Iurtno sobre bases da madera

o accro  tocalizadas Justamsnte en oY ontrema fnfericr de Y2y patas
w digefadas procisesente con ese Fln, Lov eabarcadrros ¥ defensay,
asf comz los protettores de duclos y conduClores  1s 3ueldana Y £o

bestructura en ¢] patfo de fabricacifin cuando no gatorban pera tar

garla # 1a barcaza, pues de vira cenera, s¢ disehdn para ajuityrze-

pra v colocada 18 estructura sobre 12 barcaza o blen, une wez 1ng

talady en su posictdn definfelea,

ta subestructure {Jacket) conslitupe Ja base dr trabajo ¥y sufa pyra

los pilotes.
Pilotes ) .

Una wez localizads 14 subestrugturs en su posicidn definitiva, se

précedt al hincado de los pilotes que la  Fllan ll_fﬂﬂdn maring .

Lles pilotes estin constitufdos por 3 4 § mis scgmentos para fagllf

tar su pansio por ume parte, y por titra, por requerimientos de re

sisi¢ncla. E1 proceso de hingado en una plitaforma comvencional de

‘B pates. dura aproximadimentz 2 4 3 semanas.

Supercsbrrctora

Lot procedimfentos de fabricacin son tambi&n muy varlados y depen-
den pricticamente de los misrot factoren Qoo 3¢ sefalaron en 1 Caso
de lat subestructeras. Es comin que 1a cublerts principal se Elbri-

que sobre &1 suelo ¥ e levante rediants griss para irstalarce sobre



a3 eolurmas ds 1p superestroctire,

Una wer Leroindda su fabricacidn, 1a seperestructurs tamdién se ..

rrastrd sobre wigas Jde tantamientg simitares o las deser(tay,pars

cergarse sobre uny barcdza,

Flataformay de Concrato

Lo construcclén e T4y plataformas d¢ concreto ur'[: respectd al
Chrafo, dlsedo ¥ contratista, " En'el casy de bajas profurdidades
18 Vewh & caba on un diqus seco, #n 2] cual e constriye el Cxifn
de cfranticids  sfmiltiresnente 44 corstryyw 1o cublerts de pa-
Mr; ¢t que puades deslizarse sobre rielez por eacira del cafén ;u
elpentacidn, Tlovando instalado €1 equips corrospondients,
Houillzada 1y cubderts tobre el Cajdn c¢ cloentscidn, se cum.lru--
yen las colunnas, ¥ apﬁ_f!nduse en #1725, e Teyvanta 'I.-a cubferts -
para remover Tos rleles sobre los que deslizd. originaleente.
Enseguida, se Trunda ] dlque secy y pediante tinques teoporales -
de flotacidn s se requiere, se flota '!ﬂ estruclyra pary remalcar-
s¢  hasta su po'ih:iqn defimitiva ; yna vez a'I'I:r. 1 surmrge 12 of-
unhcif:ﬂ.-m‘ﬂitﬂte lastre, hasta spayarse &0 pl lecho raring,
permanecicnds 1a cubderta flotandy sobre 1a superflr_ie- ;;.:'F par.

La siquients nperaﬂ?n consfste en 17ar 12 cublerta upoyind:;u

eh 133 coTomnas, sobre 1a superficie del mar ¥ se lastra Ja cu-
blerta con ed 110 de producir vna procaros adicional zobrs o) te
rreny.  Cuands 3¢ ha lograds 1a tnn:nHﬂﬂclﬂ:n desrada, $e reruCys
tlxmtre de T cubferta y se 1za £5ta hasta su posicisn definitiva

terminands 12 instalaiclidn,
. \ 1

-

S tramsporty . 3e efectia ctiYirende varlos remloa-
res gue alCanzan una welockdad de 3 & 4 nudos,

& una ver apoyada sphre el lefto maring s» obseryan hundindentos

.nu vniformes, 21 c2fdn de cleentacldn pucde nlvelarse, lastrindowy

0 blen rediante 1o Inyeccida de sire comprimido.

‘Una ver en fu sitio dafinftiva, 1o {rnmevsidn ¢ Inctalacién de

wnt plataforea de concrein st un proceso Que 3¢ 1levs & Cabo

&N Unas Cuenias horas,
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CARTAS ¥ CRITERIOS DE DISERO

1.1

Tipes de carqa, )

Las corges que se constderan en ol enilisiy de plataformes ma-
Finas se clasifican en cinco categorfer: cargas wuertas, car-
gis vivas o e funcionaalento, cargan dedfdas o Tag deformacig
nes dr las estructures, cirgas a=hifentales y carges Acficonts-
les. .

Pentra de las cargas nQertas s& considers ol poso prapfo de la
extructurd, el del.balasto o lastre permanente, vl del Equipo
fllo ¥ 14 presién hidrostitica que abra schre Toy elementys g3
trecturales, una ver nstalads 1a plataforss "in 1)ta”. -

Lé carge vive estd constituTda por 1 materfat almacenado LT/ 2
bre la plataferra, el equlpe efivil y 103 1fiquides contenfdar
en toberfas y reciplentes, agl cncu'par €] pesp de grdas ¥ he-
Vlefpteross tambidn so 1ocluyen Tas tirgas dindmicas produef.
das par W vibracign de minuings y Jos empuies y Jaloner de
barcazas. . ' ‘

Las cargas por deforeaclonts estin asoelsdas 2 los efectos de)
presfotreo, de 1e temperaturs, de Tas ceformaciones diferigas
con el tlemp [crogpl, de Jas contracclones y Tgs hundilmien-
tas diferenéiales en 2 eitructuras. .

Las cergay aeblentales som las debldas & viento, virale, co-
rrientzss edrlogs, eapuje de hiclo, nieve, slumas y, en general,
4 atcipnes mnbientales similares,

Finatmente, se concideran como cargas &ctidentales, laa depl.
dis 2 coilfslenes de barcalds, a explosionss, 5 fuego, 2 caida
dr obfetos, ¥ a zquellas carges dfebldes & sitgaciones extranr
diparias. ’ -

Laz Intensidades y caracterTseicas de 105 targas de disefo x»
fljen con base en 125 noTvedy paltidas por Crganiszmod etfecia-
THzadns; entre 145 m55 omploadas socntuentran las del Aser].
ean Fetrglewn Institate [APLY y Get Norsbe Vorftas (D69}

Hay que natar que para ilgungs mismbros no resultan erfbicas
131 condiciones de cargd de 14 p}ltafuria en operaciin, sino
1as que 52 pressntan en las Jiferentes etapas de lat fabricas-
cifn, transporte ¢ Instdlacdng hey que considerar por tanta
tamblfn lag cargas que ve presentan deblda  n #5Eas Fanipbras
¥ a 123 condiciones aoblentales gue puedan ocureir en €54 lap-
5. -

Las cargas myertas se ebllcnen en Torma directa a partir de
Jas dimensiones y propledades de Tos materiales. Ldt Corgas
vlvas s¢ basan en 1a3 espegciflcacionzs de Tos fabricantes de
cquipe & initalaciones ¥ en ¢] anatisls de 143 diferentes cf-
tusciones de operaciin. La parte mis dellcadz ex 1o determi-
nactén de las cargss ambipatales. Los reglamentos cllados re-
comlendan que 1as estructurds se disefen para peder 1partar
fytrzas sacepelonales que e deban a Fendmenos que tenjan un
perlodo 48 recyrrencTs de 100 afos, o $fa del orden ¢ cuatrg
yecrs 13 vida esperada de 1y plataformyi yin ombarga dejen M-
bertzd al propletario de fijar otros perfodos de recurrencta,
5| esto se justifica con taye en estudios costo-beneficio.

Entre 123 cargas ashTentsles suelen resullar e3s crilicas las
dobidas 21 efecto combiradn del oleafe, el riento y 125 co-
rrieates que s# presentan durante grandes Locrentas. Loy da-
tos ds dlsehp k este Tespegto deben basaris en un estudio ress,

_VMzade pars £} sitio #n cyestifn por especlalistis en Sledno-

gratia y meteorologla, fulenes 2 partit de la Infomicifn es-
“tadistica dlsponible pava o1 1itia ¥ para fonas de cordiciones
peteurnlfgicas semejontes, y basades en wadelos matemfticos de
tos problemas fisfoos. reallzan analisis provabilfstices para
determinar 1gs parfcelros de disedo pard el periodfa de recu-
rrencia preserito; propercionindo asi aliura, Tongitud y perlg
dn de 1a ol edxime, velocldades de vients sostenide ¥ de rdfa
ta ¥ velocidades de 1as corrientes para diferentes prifendida-

Jes. Fara 51 uso en 13 revisiba de problcmas de Fatiga deben
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Indicar tembiZn o] nimern dr wrepg que S8 EECsden zr;nlurrte
detsrminades atturas de olas. '

El dlsefie par efoeta de oiedle se realiza rormaimente ddeali-

Zando los efectoy dinfsdens de 1y ola por enpujes eskiticos
equlvatentes, eplicands romalrente 1a foromls de Morisen 350-
tlada & a suposicidn que 12 ofy es del tipo de Stokes de
Quints erden: este andlis{y retylta muy laterlaso por tenar
e tonsiderar diferentes dirccclones y posiciones d= 12 ola

# fin de determlngr Tas condlcfiones mds oriclcas para cada
elemente. - :

Los efectos sTamicos pueden regic el disedo e slqunas regio-
REs y eipecialments para Tas eslructuras de conoreln debldo &
3¢ paytir E253.  Hugvamente se reqoiere de un tatudio ce afcrg
reglendtizacién stsdca par parte de un especlalista, gue de-
be tomir en cuenty Va5 caracterfsiicas geotectdnleas de Ta re
0lén, 1a nformacidn pstadistica sperca de 103 sismes gcner;
deg ¢n las zonas de Influencla y de las inters!idades slamicas
registredas en el sitio; para con ello realizar un estudlo pre
babitlstica que T permics esticur lax Intentidgdes de disefo.
Do particular importancia resulta para 125 platafarmes consd-
derar 18 2rplificactdn qoe Tos rovinlentos sTsmicas pue=en pre
sentae debilda & Tos estratos tuperficlelos muy compresidles
e ezlilan,

Los cfeclos sizmicas an 1o estrvclors se deterdiman 3 través

de un and¥sis modat o deuno pasg & pazo.  Resulia Indfspensa-
ble en cstos andlisty considerar 12 interaccifn du la estruciy
rE con ¢1 subsuela y con el aqua, Se regalere gdemis constdes
Tar agecuvadaTente, lgi a=ortiguamdientos y ductliidaces qre pus
den qgporarse. ' B

foobinacines de cargas.

La diversidad de cargas que hay que conzSderar en el disedo df
Tegsr 4 que se tengs que revlsar ya gran nimero de posibies

combinaciones erTé{cas. Lo tahla 1 presents 1as combineciones
pars una situscidn tipfea,

Petde Tuega, 185 cargzs mrertdy delan {ntervenir an todar lan
corbinacionss de carga con sw intensidad mfuima. lax carpis
yivas intervienen también en todas las comblaacianns, sin Lo

'bﬁrgu cuanda se superpgncn A 1as gargas ambientates miniras o

eopiea un valar reducido de Tas cargas vivas dada que en estys
condfciones e lnterruzpen las operaciones de las platalgrmas,

Fara las cocqes amblentales e conaiders paT una parte une bor
menth de operdcidn correspondiente 2 un perloda de recurren-
cia pequeia, para 1z cual no debe Alterarss el funcionamiesto
da 1a plataformg y que debe superponerss & Tan gargan vivas
misicas. Fara 1a torzenta de disedo {de 100 sfos) hay que re
wisar qus na oturra &1 colapsn da Ja estructurs.

[1 cfecto de s)amo ng se superpone & los Jo ¥iénto y plen)e y
para &lle 1oy reglasentos Lanbldn recomiendsn censiderar un
s de operdcldn ¥ uno ercepcional con 18y miimos :rittéins
gue & slguen para las torsenbas,

£r1ter1ai de dlsefip y factores de sequridad,

tas platafermas da ecero suelen diseftarse Con criterios de es-
foerzas adnltibles. EF APl sdopta las recovendaciones genera-
les para disedp de estructurss mettlicas del heerican Institu-
te Tor Steel Constiuntign £AISCY, En estes oriterios de diss-

" ho el AndTisis se realVza supenlends un comportsnlentn eldsti-

en de 12 estructura, se determinan Tos esfuerros que 32 Tedy-
£en en Tas feccigmes y 52 Lomparan con valores adxisibles que
gon und fraccién del esfuerzo mixirp resistente del materla],
Pera combinationes de cargad gque incluyen efectos andientaleg
excencionales p adaite un {nCremento de 331 en 105 esfutrios
acmisidles.

RV dbsenar 1ot elemeatos estructurales contra colspias hidros-
téLico, se considera wn factor de seguridad adlcianal de 1.4



¥ el mismy factor se aplica para revisar Tos plezgs par :an;n
te por penntraclin, -
Pespeclo a Ta pnctracién de pilobtes o cunc lirg wa factor dn
stquridad de 2, cuzndo se trata de cargas de operacifiny y de
1.5, cuanco las cargas 4 deben a tormenta de 100 ahos 0 8 503
e ademds, Tod pflotes se revizan por benslon suponlenda una
cerga wiva redugids cemd facior de tegquridad adicienal.

Fara Tas plataformes de Concroto se emplesn generzloente €ri-

lerfos de disehg por redlzstencis Gil0ms o do cSiados Vlaite,
vl Fagrican Concrete Inttitete (ACTY ha edilade regientiments
unay recomendaclanes pars plataformas marinis de concreto &n
lag euales se estatlecen una gamd de factores de carqe por Jox
que hay que afpctar 1as diferenies Cargas seqin 1as combina.
£lenes de que go trate. Los efectos de estas cargas factori-
z#dyy dehen coppararse oon la resitbencia GILIRd 2e la estroe
tura, afezlada #sta de un factords Sequreidad relativn 4 Tas
fncertidumbres de 13 resistencia..

La tendencia acteal es hicia 1a adoptldn de rftodas de diseip
par resistencia o estadds Vimite con prefercncla a Tog de ex-
+ fuerzos admfsipies. '

PROCLEINS ESPLCIALES BE DISERD

Ademds o provesn queeral dle pnd sl ¥ dlveia Jdeserita antes lormn
te eafsten provlemay particulares que requisven wid reyisidn datalla
da y que son perulfares €el slobemd esbrocturs] adoptady pera 1 pla
tatorma. A continuacidn se bratan somersmenir lod 0rinciales pro-
blemas de este t1po on Taz plataformas de acers y da concrets,

5.1 FPlatafeamas 8¢ accro.

#) Ulscho de 1os pilotes. Lot pllotes nuedan Tibres dentro
de 12 funds de 13 subestructurs y soid higen conbadts com
€113 oo algunas puntoy de contraventea en 10y gue ve celps
can placks de relleno,  Anerlien atercidn especial 1& re-
yisiia de esfuerzos durante ¢1 hincado y 1a Anteraccifa
soelo-pllotes-sstructyrs ante Tas diforentes covbinaciones

de carga.

E1 coste de los pilates y de su hincede representa uni por
cidn cuy Mgaificat!va del-cosla de Ja plataforms, por Lan-
to se requieve un snilisis culdadosa para determinie 1og
. espesores Gptimos de Tos tubns ¥ el tipa de marbillo mis
' spropiade para su bingada. A través de 1a aplicecion de
*1a ecvacign d= onds unddizensiom] y 4 paridr del caroci-
micnty de 1as propledades del svbsoslo 20 pusden detemif-
nar Ios ®yfuergos ¥ Ya veloctded de panniracidn del pila-
(bt considerado cord un valadirg suicio @ 41 preplo peic
¥ & 1 accién dindmica del martilio.

Para ol 2studio del eclaco de ésfuerzos tn #1 pllata ante
Tas :&rgi; verticales y horizontales se seele sustituir ¢}
suete poe siglemds d¢ rozoricd que proporcignan condicigs
pes cqulvalentes oo resgriceiones, Las restricclones a ta
rotacicon gue lzooner Tas patas da la sabratructura dnda-
¢on momentos fieadonantes importentcs en 105 pllates a7
¢onsiderar ¢l efpelo de Tas ¢arqas lateriles, Lav zonag
eriticas suelen ser o nlvel del fordo maring y wnos 10 m
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bafo &) mismg,

Canegltntn,  Las THEer.rdt lames tnlet boe whimenion tulntares
que ferman ta subsstructura plantean problemas geombtrices
parz ot cortes de Tax plezas ¥ problemas cs concentracign da
esfuprzes en 134 seidaduras, las cun:cntr:ul:h}nrs da etfypr-
ros g eitedlan 2 través de andlisfs por elementos finftas con
calla Buy cerrgdas pacs tor peincipales tipas de conexifn a1
conporlanicaty 5o ba comprobardo 2 travEs dc onsayes 2 tieala
natural. £l andlis§s fndica que Yat corcentraciones en Tas ra
nesfonoy producen esfuerios nirimos en 1o soldadura Gul 44n N
varlss veces superiores ol esfucrze noalnal en el elementg,
Expecialmente criticas san Tas coneslones entre elenentor dig-
gonalesy pequcﬁu:'y tolummas de qran dlinetra. Em Yas conexio-
rex et pecesario revisar 1o posibilided de falla por punrong-
ulenio de un twha dentro fe) otra. Pare 2110 el AR propar-

cloha recemendaciores dotalladas,

Fatiga. El oleafe Induce en Ta sucbettruciura ciclos e carga -

- qua puaden 1levar 4 la f2112 10t clemenlps par fatiga a nive-

les de esfuerzos Inferfsres & los adninibles, Estos proble-
Zas o0 particularments criticos en 1ay corexigmes ¥ e wysls

. wen et leporiantes o medida que zuments T2 pro fundidad de la
. PTateforma. El anillsts de estos efegtes es moy laboringg ¥

que requiere conacer la historla de esfuerzos en 1o diferen-
tes elexsntos durante 1a vida Gtil de Va plataforss. [ nece
sarfo delerminar ot ndmerg de repelicicnes que pueden espcra:
e para diversos niveles de esréerzns ¥ conpcer para los nat:
riales coplexdos las cervas que relacionan lcs diferentes nlj
veles do esfuerzos con el ndmera de clclos gue &1 material e
capay e résistiv antes de 1o falla. La superposicién de las
efecios de Tos diferentes niveles de esfurrzas svele hicercs
con relaclencs de Interaceldn senciliat como Ty de Falmgren-
Bingr,

Carpay duvdnte Ta fonstrucclén. Duranie sa trantporte en 1a
tarcara 18 aubestructura pucde cxperimentar Tuerzes Irsarbgn- )

5.2

tes dobidas o1 eleaje las cunles pacden sor erfticyy ea Iss
tlementnn qoren Fa posieldn definitiva v van & ostar sujes

ton o el bepmrbanbes oo e e vmnceple, S0 oreguiere

Aandtisis de esta condicldn de carca cons'derwnde un oleaje ée

intencidad no muy clevada ya que para este transpirte te bui-
£a sicmpre aprovechar periodss en que pueden esperirses buenay
confictones metegraldgicas.

Al botar ta pstructers desde 10 barcaza ¢ presentsn 1as con-
diciones wmis severdy coandy s posicldn es 18 que carresponde
a1 intclo de 12 rotacifin d= l1as vigas girgtorias y #n 2l ings
tante del Yamzaxmiento: pusde ser crTiice 1 punzonaafents e
las conexipres rue ¢ poyan &1rfclamcntn obre Ta barcara,

Ex necotarlo revisar 1a capagidad do Motagidn de 1a ’Uhﬁg-t-ﬁ-";
tura dentro de! agua y las fuerzds cue se presentan en e) wis-
Je de 1y pisma para colocarla en $u posicida final.

Esbrucburas de concrato.

a] AnEldiv%y de 2sentamlentos. Frobablersnle el aspecto mis
' erTtfeo de estas plataformas de oravedad spoyadss en sue-
los comprasibles e+ el cflcvlo d2 1oy asentenientds y de
st wvarlacldn con a1 tiempo y el direho de a3 polfticar de
.Carga y precargd pars minimirar los pscntamionkos qQue pun=
dan ggurrlr vna ver dnstaleda la plataforma y los conduc-
tores. La caltdad y canttdat de Tos resultados de las
sondegs y de Tas pruchas de lahoratirie gue permiten deter
minar con buena apraximacifn las prap1éd&des del subsurlo
paring, &% un factor fosdamental para estas determlmacio-

nes.
b1 Flatacidn. Las plataformas de este tlpo dehen Funcionae

coany embarcac{ones durante o btranzporte; esto requiere

un andllsds culdadaso de Tas condicigmes de flotacida y 23

los efectos hidrodinfmices durante o1 transporte, 5e re-

quiere para 2119 und esthias oo cuy precisd Jde tor pesos

de 1as diferentes parles ¥ un anilisis detallado del jas-

LY
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trs pecesario para el bundimionto 2 sy posicidn definitive.
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Elceclin de mgtaelntes,  La dyrahil 14ad d21 conzrebs y 1a . ] - ) ‘
proteceifn goe £3te ofroron conbra 1o corrasidn deol rofuce

2o dependen de wnk culdadoid selercidn de Tos agregadas, EEA W Exe f |1'

de 1a doxiFicacidn ¥ de la colozactén, Estos aspectos de- E;; :‘E Eg?:n ? i:
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ta: 22058 [
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Tas fuerzas sfsmlces pueden ser crillcas en este tips de gaegl rre p

plataformas ap reguiere un eypecial cuidads en 21 refusrio ggg E ‘3_.' ) )

¥ cn 4 decalle especisleenty en 1as conesiones para ese-
purkr Ly compor Lamieats decti) antes o la falla,
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EsTRATIGRAF & v GEoLonin SUPERFICIALES FH LA Bronia o Cavece @

Hewrauter W, To (1], Anttine W0, ©10. Poden KA. (1),
Lutderres E,C. [2). fanlyaist 5.0, {4).

I, hpgca Suryey Sysgemy, Ine,, Brysm Tpaas, ELR,
1. Fiayerivs Haringg, 5, £, Waico

i. fecxas A b B univerylty, Cotlege Slation, Feass, LU,

STNQP5LS

fojoint venbure inctuding Proyectos tarims 5.9, ecos Sursey Systues, ., and Fagra Golf, Bne,

produced & Righ resplution Selodi€-Coring-boreka le progran to delinrale the snalbpe QEDID3 Geen i ! Fong of
[he Bay pf Caopeche.  Toe prisary obleccyer wat Lo outlise the ared] disteibulion of potenifal doedhafards lg
Erilbing, prodottion, and pipelinge setivivies and Lo define Lhe shallew stralignephy of tne reown, T
delinealed apomaltes considered 10 represent potentis] geclazards in the Bay of farpeche inglmde rerfs,
faults, thallow gas [lew shear stremgth ranes]l, relatively deep prissdred gas roaes, and chaonel [ut 2o
THY feawwres., By defining Lhe locations and The depths to these ancealjes, it i3 possible o plon tht w05

efvaetive pipeline routes and to select the safest siloe

ing and production cperdrions.

IHTRODUCCIOR

tn el articulo "E1 Arte ¥ Councda de da Inlerpreta-
Cidn de Datos Sismiges de Alla Resolucifn® pesen-
Lado ya en este Simporic s¢ kosird un pimers de es-
tructurdy qeoldgicas delineadas CISLicamenie qua
pudieran 1cproesentay pigsqgoes potenciales para las
operaciones =n alid par.  Waeias de esas pabruciu-
riy se gbterveron en o1 drea de la Bania de Campe-
the, Pruyectod Farinos reelizd aprosingdaeente
4,000 km de explorvacibn geoffvica de alta vesolu-
¢ibn en 1a Eahia de Campeche (Fig. 1}, roalandd
para ello con 1a 2%csoria técnica de Pecca Survey
Systems y Fuyra Culf, Irnc. [ste esplorgeidn &15-
Blca sirvié de base para Yo evaloacidn de los 3i-
tios propuesios para ta instalacidn de plataforoas
257 cong en Va5 rodas pacsa o] tendide de tuber Bas.

frioe datet complomentidos con msserosas perfiles
estratigrd? icos supe ficiales, pertidten conprender
la composicidn ¥ estructura de 1o oeoloygla maring
somera dF 12 porte gricotal 22 12 Bvhie do
Campeche.  fopesar de gue umd disCusidn detallada
de Y& getdegfa de essa zond estd fucTa del alance
de este £50rilo, 58 presentd und descripewin gencral
de la egtraligealis Je la reyidn explaraga y se
curwean & flustran jas difvrenles pifructerds and-
milas delineadus p0r eoDs JaLos tiusicpr.

HTTREY

Lus sistemds sfaicyy de alle reselucidn inciuveron;
1 unt peclilade prafunds de baga Precppncig

(6u- 185 M2} de 3 tHlamentdd § 4.7 Lilujoules de
PN g Con own Lidrdfong recentnr i Lanit wenci-
Mo, ?) ur per T ladur profuds de ally Frecuengia
1703 - 1,0t ) de 43 Tilasonlos y 340 joules de
Futent ig, Lawliiin tan v hldegfy récesnlor a0 canal
sencillo, 3) un perfibador sorevy bdo=Yeytern de

for Lhe wplaciment of Lottos structures for dridls

7 k2. 4) un Sanar de barrido Yalecal Qur prOPRICICE
nd wa LT220 ¢ rogiskry doble parg 12 informacién
Jelosondr y para 1a del perd Plader Speio, ¥ 2 vid
ecosonda de precistds Aolay.

GLOLDGIA 1 Gl

La Tecallzacibn del Srea de eStudin que M Lupa
50 ubica en la margen opriental dg 13 Dahta de CAme-
che solre 13 Plataforme Continental de Yucathn,

La Bah¥a de Campeche os 18 extensifn martna COTres-
pondivnle a 18 porcitn fstmica de sedirentaciin del
syreste de Wenico, Tormade por una redidn 20 dwosal)
et quet S Uhg el anaec ke Lar adenler de la Ldenca
S21ina del Golfo de México. Esta zond sa11na engeye
hacia ol moreste con Jos 4xws ¥ lomgrlus dio STusbey
e Ya Cuencl profunda de 1a partg conlial Jel Galfo
de iéxlcn.

La historid geaidgica de 1o Bahie de Caupeche y de
1a Regidn 1stmdice del Golto correspémle gunerd loonte
# 1a altise ovoginesis dol Paleazpicn, en la Cudl e
formd un sistuma montafioso hacis la parte sur de
FE1d drea. Lsta formsmeicn monladgsa for sooutdy par
dresliZegientos hacts 1 fetnca debidus 3 wa 5islond
de Fallus origymades o 1o large de Te ¢osta. Durgn.
e el Jurdsitd se Gep0sitdren Salbes ¥ GLUM eVapur -
Las & través dp (pds 12 fena T8ikica del Golto. Lo
el Eroideico e dppusitarom tanig carlamatns o
elinticts Levreny, predteaitn 1os poarDs hdeia
el 2ile. Lo seniddn teccldaria of ey potente, <on
ra% O 9 km de sedimentacidn, § estd Forvadd pring-
|s.1!|-n:'-l1ln b Spdilentos dreng-arcitiogwes [Horvay,
1951).

La reoifn bejo estudio vstd sitoadl en Ja jona de
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transicidn entre Tos reilenos cldsticns de 1a Eandy
de Campeche y los carbonatos del 8amca J Campeche.
A pasar do nque Tos depdsitos térreas dominan 14
Ttelegia swperficial del decd, evislon sin snbarno
Arrecifes de coral y montfculios de carbonatoy en
Bychas fonas.

ESTRATIGRAF [A SUFERFICTAL

La mayorid de 105 sitios esplerzdes sr Yocslizan
hacla 1a costa Fronte 2 Ciudad Je1 Carmen, y #n
ellos low sedimuntng swporflgizles estin fouados
por sprowimadasenie 10 @ de areass densas que sghre
yacen * suelos arclllosos de consislencfa fipoe 2
darg, Mar ddontre, los sedimentos superflctales
v oo ale are 1 las con wlte contoaida dr agua
y cuyd comdistenody waria de suy bBlands a Llanda,
acld el marte de 10 loralizacion Fivic L {Fig. i}
watas arciilas subreyacen o une arard carbond tada
fing a nedla, de Congen idad donsy,  Este pslirato
de arend ef roogiong ] segin s pnlo tdentlitflcar o
U rOs0s ondeas geatéenicas, adowmds de haberss
carrelacionada con Tos daros de la waploracidn sis-
mice a To lavgo de fods el Secs, E1 espeser de 14
arefltas suprrficiales es Ji- mis de 25 m en 1A par-
te surpeste y se reduce Racla ¢l nporte y asts,
slendo de unos 6w oon 12 Tocalizdcidn deaominads
Ralam ] y dewapareciends on Cech 1 damdo Tigar a
que Ta arena subsiguiente apirexca superficialmente
hacia 21 borde de 13 Flalalormd Coatinenlal.

La presencia de gsle osdéralo e arpng os wmportants
en la ewdlungién due 1as siLllos para o] eoplicakicen-
La d¢ tas platatormys whviles de peripracida, debl-
23 3 que 1o rewsngates 42 las esbiucturas formadss
por los arrecifoys de ¢oral wipareidos aleatoria-
menty por ipda estd Sresa s desqarvollacgn 4 o
targe de sty superficie, Tashién se encamtrd que
ch algunds sondids saisian mas o (O m de makeri4l -
cgrbonatade e lado, asudiado aparentemenla con
los crecimientos de coral, Hacig el porte del drey
ky y Caeh 1, Jonde las arcllias reducen so espesor,
SE RNCONErACOn rompnenbes O psgos arreci fes Je
ceTdl Capeestns sghee 21 lucho marino.

A continuacidn de 1a arens Cartwnatlds se tlens LNy
apcurncid alternads de unidades Je arena y arzilla,
Loy hirizontes reflpctores &izmicos & travde da las
drpas de Atkaron, Cantarell y Eu ham sido corre-
lacionados con las fronieras superiores de 1gs
#sbratos de arend observados en 1oy perfiles estra-
tigrdficos de {0y sondens gootécnicos. La estrati-
gralia de thda ests’regidn e [lustra sTsmicamente
en las Figa, 2 v 3.

AMRCCIFES DL CORAL

Cong 52 menciond anterioramte, 1os remanenties de
arcpcifes go coral hanm 5140 obscrvadas 4 10 Targo
el cstrato e adrne Lo bonabada b Lravés o 1a
mayor parie del devg earlorgds.  Lan Bate rn la
distribuc ifn Vimitada di- 195 dalos disponibles, se
putdse di:Chr noe 13 eatoraitin gencral pa oplonte de

erlis furedcioney pstd dullpndd de Ta Tatidad qerrey

pondienie a1 dres de Ablatdn hacha ef norie,

Esbtn ostrucluras estdm astrrboidas alealprignente
y o formam bncos y omonticnlos e 3 o 5 mooe nleva-
¢ln subre ¢l estrato de orena (Fin. 2). Ekn la
parie norte el Arod Ko, donde Yas arcillas super-
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(3
filctales veducen Sy sipesor g Beans de 3 o, oftos
eoaticulos de coral 1ieqan & sebresdlir alqusos me-
tros del lecho marino [Fig. 4}, Se plensa que el
arfgrn do estos mantfoules tuvo Tugdr en un medio
ambiunte Slmilar al quo presenta hoy en dia el Banco
de farpeche, Incerregienddse potieriormente #5ial
crecimicntos de cord] debidy ot Flujo de aegillas
proveniviles del sure.

La instalachdn de gstroctords en &1 lecha sariro se
¥ entorpecida por 12 saistencia da estoz maacfcalas
Je coral debida a:

1] presentan un nivel desigual para la Colocacidn
de 18 plataformas autgelevanles ojviles de per-
foracidn.

M durante 1o cleeatacién de plataformzs e hdce
deefent el hincady de 3110025 & Lravés de estes
KiLberiales comentadas,

i} hecen que £1 zanjada para 13 instalacidn de ty-
barfas sea 9dflfcd? p costosa, ademds deo ocasip-
ndr pandeas en 135 misas cuanda ¢stas 5o llegan
a #acantrar suspendidis entre monlicoles sucesi-
vos 4 coral.

[RLLAS ¥ PLEGANTENTIS

Cxisten fallas y plegaaientos en wvarfas de las freds
eiploradas en donde 40 fobd Que las Fallis con mavis
mienbs ifs peg lentes son 1as nds cercénas al borde
de 1o Flateforma Continental [Fig. 4], on las cue 3o
tan e plaggen Tos rstralds aue Se T T T m't-
dTatn wte Jaoo el :-1-.:.-"'.':;‘?mn. ¥ oA alguiat Catul
._"..'r_ﬁnlaundu '|||L1L|4.u al e Yecnd maring, Los duea-
plazamientos totales pcasionados por estas Fallas

warfdn mogn rangy qur A de wEnds de 1 m kastd

"aproaieadamente wnat 51 m. Hacia la costy las fa-

[144 <@ hacen proyrasivamente mas profundss (Fly. &)
afectansg pocas weces a los estratos que se locall-
ran an log prieeros 15 m tuperficiales. E1 rusbo
de es1as fallas ey qeneralmente con direccidn eorte-
Satt. ,
Los sistroas de fallas son Ya respoescd 3 oavlmien-
ton satings prufumtas. Lot docos 3alinds perecen
pncontrarie a oenor profundidad conforme Se aloja
uno de 14 casta. Este Feudmeng ef tambidn gbservido
en las costas de Tesas y Louisiand.

La mayorfs d¢e las fallas nd han preosentady actividad
Alguna en fpocas geslfgichs reclentes.  3ia orbargy,
Ta posible migracidn ¢ got & 1o larca de los plaros
de falla presentan un riesgo porencial pars Jos tri-
balos de porforacidn debide a la posibilidad de:

1} rospalrar inesperadasents 2 pici prufm-dldad 5
st irang, -

A oque ezitta uny acumulacidn 4r qut Fusly hajo wne
platalomes, orasionandy la incatalilidad d21 sub
toul debldd p o ripicu deceemeni: o8 lu rotii-
tencla, al corfante. dulliscn

ACLRIR AL OMIES DE GAS

La dateccdsn do gas en Ty sedirentas superficiales
¢ 1ogea de varias saneras en 105 pegistros siwmis
to%, e5to e3: por fonas Sin setdl acdsticd, por



reflenionnd (1021105 & ennfusas, par rotloaionns
distersicnadas o tidlicas, por rones e Telberidn
MUY BErLAGE O POF 4rQued en los harirgsies rellec-
tored.

E1 erigen de 14 coydr jarte del gas encontrade en
¢l drea bajo esiudiv vi aparenlose nle de Lipn bio-
niicg, foneado par le ﬁ:‘:r::;‘r:ﬂ:‘.tﬂ?-?‘ﬁﬁrla
oryfatea deoten dr los seduaeitos superficlales no
conspl idades, 1 yus &0 prigen petrogfnico se
Tocd)117a 4 muyDr profundidsd y es dI7IE T8 deter-
minar gon loa medios actuzles de muedtires peogai-
Cmigo, a pesar de quu o oathLy L3505 DSTA3 Alwni-
lachones prafendas 1 2bpclan por salidas de yas
delineadis AcusLicdopnin,

Las mayores Zonws Coh 4a% swporficial e localizam
en @) Interigre do 18 Mataterma fentincntal enlre
Tos 19*003" ¥ Ic 1Tnee rosgera, es decir, & 12
largo de wnbs IZ ke oen Dy seccifin costera do una
do Tas Tutes de Luberid cxploeadss 5@ gbbuvigron
rofleafones §picas do acurmlaciones de pas Justo
bafo el lerto nacing {Fig. ¥): esto <¢ debif al
cantenfca de gas «n forma de burbwias en el djua
intersticial de las arcilias, las tuales actudron
comy puntos individusles que dicron origen & nue-
vay sehales 3iswicas.

La presencts de gas en 1os sodicentds marings hace
gue disminugya Ta resistenciy dr 1os suelas, de
donde s dehe tener edfecial cuidads de este efecto
gydy gre punde darae Tutlr 3 wna posibie comdicién
dee inestabilidad on &l lecpo waring, Se biene
tamtién que $1 s enruenley gas on grandes eantida-
des esto pucde deforear la seial efsmien a2 tal
grado que lat esiructures mis profundas pueden 11e-
gar # ser cubievtas en los pegistros, zun ewplecands
fuentes de sonide de wende Trocwencio,

Lazs acwmlagfones efs profyndas de gas, evidentes
por sus reflleniones de alta geplitud o "zonas de
ref leaidn muy morcada” {Fig, 5}, pucden indicar
la enistencia de prosicres mayores & 1o hidrpatd-
tica. For 10 tentn, s debe iener culdade de 1a
prafundidad & l1a que 5€ encuentran #4tas anoealfas
¥ 51 se efectia perforecifn alyguna o través de
ellas se deberds wrepatar lodes de perforacidn con
raybe prio a4} norudluenle gopleads.  Teebhidén e
tipne que los haarentes reflestores deformados o
discontinues o 1o Targe de Tos planos de falla
purden indicar 1& posibilidid de que exista migra-
cifn de gas & Yo lurgo d2 los plangs de T2lla.

Otro tipe do indities de gas e alieryd en forma

e reflesiones sismicas a partir de burbujas de gas
Tittricdose o travis de la columna de aqua ptocia-
das con depresiones j wontfoulos en o lechs maring
Gue varfan de 1 a 3w de dasnlvel. Escepcicnaloon-
te se enroniird wud gran depresion (Fig. B) corca
Cel drea de Ablatyn, cuya: dipensicoes jcerpe 135 m
gt didoebre y w5 e 33 m de profundidad.  Aparente
rante esba anemalfa parecc Laber side ocasionada
nue own Esfape viglentd de gas [Llow-sut}, similar
@ los cncontrados +n las coslas de Teaas y Lewd-
shana,.  Puide Lambafn obdervarie en el reglistre del
soigr de baeridy Taters] dg ose misme $1tio que
exfsle um cscopd Ur gas dsociada a pste crdter.

.
1 Q _{’-
PALLOCANAES ¥ SUMERFICIES ERDSIOMADAS

in el Plristperns oggrpid yn descenssg el ndvied ded
e Gus Uqer d g corrientos ¥ rfos alrascid-
TOW 1a% rongy que oy on 48 constibeyen Fas plata-
Torpas continentales de 1a Tierra. les romanentos
de calos antjques stitomas de drenaje son estrediu-
rat de corte y rellfend donominados p2 irocandles

(Fig, 3} con una tepogeafia sub-superficial treedu-
Tav. L2 diseritwciéin b esios paleacanales estd
principalomente concontradd en las dreas gue e dxcall
zan a1 orlente y a1 sur de 12 1:n0 eaplarads,

La mayerTa ge Tos paleocenales son dy peguedas dimen
sipnes ¥ Cuyg trazo o5 diffcil do Sequir o To large
de grandes dictanciazs. & 15 km @ar adentro de 12
Terkinal Mritima de Dos Bocas se obSerys ona de es-
t2s superfigies ernuionales {1 ig. 10), 13 cual fue
formada probablemncnte per alosje o por el paso de
corrlentes, siends mecosarios estodios mis soplios
pard coenfimar este IRterpratacion.

La variacidn de Ta resistencia 21 cortante de les
depisitos 4& relleno de estds estructyras ash coeo
lox hprizontes de cantos y Qravas encontridon denlrd
de 1as mismas presvntan problemss tdcnicos para 13
instalacidn de 1as piataformes y dursnte las opera-
clones de perforacidn. Be 1gual manpra, la topogra-
fi3 sub-superfictal de tales formacionos pueden sig-
-nificar una desventaja pard las inslalacionns de

1as plataformas avtorlovableos mbviles do porforacidn,

RESIEMN ¥ CONCLUSIONGS

Le inlerpretscisn de los datos sfsmicos de alta resp
Tucibn, comjuntamente con 13 informaciln obienida de
los sondeos geotéenicos con recuperatifn de mypstras,
ha provadt scr un pitods ef{giente para la cwaluacidn
de Tes conubiciones qualégicas superlciales en la

Bahta de Campeche.

F1 propbsitp de ta investigacién descrita en este
estudin b sidg al delinear las principalies rlesqps
geoaldgices patenciales para 1a instalacidn de plats-
formas de perforacifn y produccifn asi coro también
para el Lendido de tuberfas, ademds de nostrar a
gramdcs rasgos las zonas anfmalas goo pusden sor
deleeiidas por esle tipe 22 exploracidn indirecta,
To quz constituye ung ayudd auxiliar derante las
eLapas de dsefn de 1as estructuras y de plangacidn
die 1as eperaciones de perforacidn pare mayor Seqguri-
dad ¥ econdaiy,

Especificanente, em o5te escrito se ha definido 1a
catratigraffa supeeficial ¥ las eslruchuras gealdgi-
cas del frea explorada. .

1) ESTHATIGRAFTA

Existe una zrena superficial a partir del lecha
maring en la regidn playera ¥ Mlega a ser cubirre-
ta Dor yna €apy do areilla da consistentla ray
blanda y ulandy cuyo sspetor aunenta sl adentro,
[1 eonienidr Jdo cartonalos del esbratn o arond

FT L (A T TR K PR 1'_{_4' Co3La v es sube
FOC TS ey, v Tor g Secvenca alzeinafl ds
Lebralus dp arvnd ¥ drcilia.
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RREFEIFES DE CORAL

Aparlie del drea de Abhatin hotls vl sbrke
provaleces gpdruclurds Fonrudas por arrpcifes
da coral ya ot bajo el Techo RAFIN0 0 3 iri-
we b @1, 1as cuales se pnceentra asegisdat
frecientomente ¢on deeds Ipealisndas de carbo-
mALgs coarntados,  De la kel ol para dali-
near r5tas andlalias se Nace posible b3 afecti-
yidad pary determingr 1o rotss FI5 ventojotas
pira ol tendide do tuberfas asi coma las locald
Zacigngs mas Ldveusdas en 1a ubicacida e pla-"
tafprgs.

FALLAS

A gomeral, 1% ralias dalincadas tiemden a see
Mg profutdas hacia Ta 1Mnea de cosls, mirnlras
Gui 1o Jesplazamionlos geurrides coerca del
bargde de 1o #litaforma Contineatal legan a
Jusplarar al Techs murine oo algungs sicios.
Estas tallus som dparcebcewntc un cesil Cedg

dy sy ligicentns salinus prgfundos, prosentanda
alquets e ellas desplizaaicntos $ignilicati-
YOS,

Ex Importanle €amsidevdr yue To$ eiplazanon-
tos sobrg el Yeche naring so whiguen lejos da
las fallas gue han dadn Tygar a grandss despla-
zamientos y d Lodos aguellos accidentes geo-
Tdqices gue Joaplazin a Yos sodiuentos super-
fictales, yy qyp deberdn espevarse Futuros

movimfpntos v LiCaTes 3 Te T4rge d¢ Esas pla-

no: ge 1alls,
e e e,

ACLIANACIONES LD GAs

Far lex me:edps de ceplaracidn sismica os posi-
ble delinear 1as angeal fas gcasionadis por
aowmlac ianas de gas, tanto superficfaies como
relat lvaente profundas.

La importanci{d de las scummplacionet someras de
as 4 debe 2 13 disainucidn que #s3Las ocasle-
nun on 1o reglstancia al cortante de los sed)-
mendos, grigiteds por 1y existercid de burbys
jas Je gas on 105 etpacist de aqul Intersticlal.
Las roomaliags relacicmadas con 135 acumnlacios
nes profyndas de as pumded presentdr ronas 4
preslomes moyorns yue la hidrostatlca, parti-
cularpente codndg snn definldas por reflesio-
nes g¢ alta anfslitul y DOFizontes Arqueades,
Por ella, en las vporaciones oe pOrioracida g
travis oo este Lipo de ampualias profundas
5P ruquicren de 1r:_d_r}__5_df.- vavar deasidad.

N ———

PALEQCANMELES ¥ SUPERFICILS (ROSLUIAGAS

Evtas husilas erosionzles ya reilemds y cubier-
L1 fe encuentran pring lpalpente en las Sreas”
al este oy s 0 Ta 2ona pstudidada.  Derante

la utilizacign de platafarmas autcelavables
edsiles de perloracion es igportynte definie
lat franteras éagulas de 1os palmocanales, va
i da renistengig al corty dol mdierial de

el g e estd% pstrucluras pocden yariar
dentrg de rangus muy amel las.

REFEREHCIAY
Bueray, G.E, (156010, Geolagy of the Atlantic and

2

Gulf Coastad Providencs of Norih Aserica, larper and

Rrathers, fiew York, §.Y.
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Hegtonet Goofagived Sireeve gt the Recognition of Offshar: flazards 11
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Frgure 7: (nbodm cted Aparkor sghlon frum tie Foties ared wking datg Irom boegnales and reguonal aiemic mapning (aler
MeCave ot o 1077), Major wismic refleciors a e listed 1--7. Cormation A — 3l glacial af:d Holiome siy chiy,
Formeuoni B umil © - glocicmarine and glacisl PLlll deposils. Formation D - ghanne aepasits.

Formation F. = marig clays.

. N e
CHEwnEy P LG OF SRNDE R i

. n LT L
S o Al MAROMWE — e
T T e e

5

1
1 - SioY hm Y CLAY

J ETIPF SLAY AMD LDl

e ¥ e, s e R b e St RS T e o AR A TNy

t

T ! il R g O e i
s b4 L Ta bannt € 2ot TR B s e o e BT el B b B T S rn e b TP o A W 8 S g L E L e

Fagure &: Filled channal close 1o scabed, The chasnel wis probably cut snd partially filisd rubgiec istly. .
Fiote tviduice of svera! s130es of Tilling and vxiabians in sainic teeture. Foytion 577537, 1725°E,

Degil's Hlele) have seoainer] opuen on the seabed.
A Wit ne Teower Chagymels, their distriluation is
celnplex; they may exhibil cansiderable relief and
may eonlain a variety of seiimenl bypes e posited
duriy severid stinges of g The Tase Tilling
opriwodhe within sanie chamwls appears o have
1esulteid 1a the deposition o soll ity clays. Thew
Focbiceanls are also soen furiher nocth {Letwern
BTNl GOONY, Llaw about 110 water dejidh,
wivera ot than 30m ol Lile wacial avd Hojocene
noroadly consuliclabm] silly cluys ane developed,

Bzt of BO™N 11w sueerssion 3 loss wed] wnder-
flond. Several phates of Dot sealued 20 Lagicd
channelli: are piresent il much ohler Dlelooene
the it e found 13 Whe Lbep 1000m af the
eeession'? wnl il gom o of glavia)ly associaled
secdinncunls g peeard Lo iwe dlonaeer. I s eaps 1hat
AN even o complcaiesd seuguence of ryepls has
Whecled Ll seditnenty clise 2o the sealnsl,

Sl tartaer notlh, heoween 817 and G2YN,
Seianiie evidenee supgreits thal malerial eemaved
dhrviag ey plises of Plestocene crasion has leen
Uuingwad over < vele of The continenaa) shelf Lo
form o sies ol ofzpring covelopoes which have
gt e e eof thi sl 07 out levomd (e wrifna
Torliavy margin.

Unlike the domiaanily clay saquimees in the
Mortly Sea the Quatersary [ the weet is muee sandy
and commanly las o higher stone cunlent redocting
the dominance of tills and preximal glacio-marine
podiments. Soft lute glacial end Holecene ciays are
restricled W protcted eiteg ke S0 Ragids Bay,
where up Lo 20m of saft clave are present. In
gencry hawever Holocene sedimentation is limined
winl appuirs Lo B been lrgeiy confined o the
eardy 1toloccne. Uver much of the northern Sarth
Sea mmicropaloesntetosicul vidonee fndicates that
shallgw waler arctie Paenas znd Dorss are present
wilhin o melee oF ool the seabed agnl (L reroTe
it seeins Likely thal there has beep litlle net sedi-

cmeptation over the Yoat B U0 years.

GEOLOGICAL HAZARDS

Using data fratn e rogiens] proalomes] sunoey o
number of potéalial prological haranls have been
identificd (Dizure 9} The term hazartd it an emaoliee
cne arul s definer] here Lo iaclade peological
featores oy candilions which may adverseiy alfect
instaliativns on or in the seabed, Sepwe hazanlzare
thurclone enstly recanised and steps ¢ b token



12 Offhure Sile favestiggtion

Lo e aF mitimise Lhe mk, G ber hazanls are
peare WlTIe I foe cbeal with Bevise Lhein mede of
For s Lion by Lgekor e 1 e Vel e e 1 o
(rerpeiey G oeesrlenes el Bee gl i b,
Heetwt ol Mo o connenen [artenliol hazands m
ot Ueon Baelish veebers o dbeseriTasE Tedowe,

1. il waciobioma [y sedimenk proguecties
Evicen Trogn the ceuliesic] sureeys las ubready
slerwen that adiments near the senlanl ino nonhern
Beitial ssnberd liovo- been depesited wimler oo vacicby
of vandizizos i gy fave been subgeeted Lo

e

(29

comples past depositional bletory {fiure 7). The
faticic of swlinments deposited From of under ghwices
sluowes iowide yaciagioon i Ve e ol sorling und
Prain arent i, 7 Tids hevel of sortied, wliich
wan vary aliraplly within a few contimrthes as a
rosult ol depositional readinons or post-depesitional
thisLurboaier, ey therefone radiendly allecl slatic
il prprerties ur the hebowtoor of U soil winder

ey i e Tuati e, ke e el tarses hinowchd aink
eriasion skrlionoed are omooen i U peologivid
socecasion aml wusin that e sediowents beelow dis-
conformilics nuy ave e eonsbherably aflveled
by postalepogilional eeents e lore sedinebiid e

YFarn

pant

]

Figure 32 Digeilarrune of porpangil geolygical basands i the urthern North Sea
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e, These may include !
1. Soming, with the- whnnoewing away of fines (o

Yoy ensaban L oleposit,

I, Temporary lauding by jee of desiceation pro-
duginge uver-consulivlation or both smal or

largw scate flisure sysloma,

d Partiad disgenesis producing lnyerowith
abnwgmadly tigh shear strenib.
A, Laowa] lepebitet of niarine gedirmnenta by foesh
CwbeT eatming o Bedierfon i remaiuled
sbropgth avel an invrease in seositivity.
5. Cryoturhation by perpafrost producing local

[HY IRt T T, H L TR

Gilacial terruins alst copinin a varicly of pokilive
reliol feafores which miay be presernsal on Lhe gep-
© s o pemiain o borded renepanks of carlier
Flaviations, Foutores such ws poruioes, deumlios ar
tshker trains commonly contain eonceoralicon of
gapnel gl pravel aod usuafly hove a distioet
marplmalbapgy wilh peedictalabe Wends wod distei-
burions Lingcertadnbies over Uie diceethon of ice
muavenenl aod marine eonsign makes the recsmuition
af these Foatwees il Tocult ot moornie maletind Lios
L dderobifiod in some grogm, ' ?

In contral sediments deposited urdler marineg
conditivns vshibab more uniform progperties
Becauime ey have Deen deposiled voder a stading
oty of water. Sedimentation usaally continued in
a pesilar pattern wilhoue sipnificant beeaks, although
iCaeelie condilions prevualod gravel gioce material
may have bevn deposiled due Lo melt oud oF gver.
turn from icchergs. ! These mechanians can Pproduce
cilhor At o] sadkris-su ) gaarted poebhles ool
Lewilciers or leasos of gravel, Normally consolitlated
Maring sediments may slso conlzin ones of over-
eophilidataed wiils where larpe ievlorgs ot ioe helves
Tavw temporardly graunded. This would have
occurred during placial periods when sea level may
Tiave Ligern 1200 o mcre helpw present O with
the northerns Mot Bea cedueed W o shollow
cnbayment.

e Late glocinl sl Halucene elays ree apreoenlly
unifouimn over Lore neeas hut whore by represent.
thie bast phase of ehwannel Biling they may exhinit
considerzble evidesee of post-depositional disluy-
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Fanuwca, perbagpe g3 a result of dewatering (fgure 100,
1L s therelore apparenl that extreme cang st
be taken wlop attempiing o correlate Interally and
verlicuily the extromely cowple geiliments wl Lhe
nurthert Norlh Seu, Some of the features abserved
in inesdern high resolutinn seismie recards ars imrro-
prorly wincleratooed gl vatif Lhese can be aderpuadely

explained i Lot of the physical propertivs of
the it it s imgwrative that elosely spaeed wamples
At b keone B ca kil b 1he seitmic teeords,

2, Gpen and lhuried channels

Cver a large part of the northern Nogth S open
ard Tnried chaunels focm o ceniplex anasbonnesing
nelwork witl u locsd relie! which may exeeal
2004, 347 S channels have beeo cut during
perkods of lowered gea bevel and exhihic typeal
ftuvial clianngl pattcras, Aot bowever appeur Lo
have been et subeglacially and show a guite

Cdiffurent miepphology having been cut amt Tilled

uniler a differerd bycdrody imic regime,”- 4! =171

Several widesprenil phascs ol channelling hawve
cceurted during the Pleistoiene and same of these
may b correlated regicnally.’ ol ppoen ond
[illed channeds are present on Lthe scabed between
£8*N and BA*N and these wore probably cul during
e masimom of the last pleeiation, Parlice periods
of widespread chunne! ctoasinn have also been
mupped and probaly mark eatlier glacial advances
{Tigure 71 Lecal chanmel erasion i howener
commen and, wheee eergy lovels swepe hipgh below
the ice sheet, isolaled deep channels may be cut.

Sub-placiully erothed ehannals fJomm closed systems
willy no sbrung replonal orientation gad with con-
siderable reliel, They are Dilled vwith & variety of
sediment types bul commenly may conlain sand or
gravel lensed, These moay acl os aouifoers praviding
Jrainage ways for adjacenl claye, permit migralion
af fuids on a large secale, or act 38 ceservoirs for as
gones, Th chamwels are (il by iplemitient
pulecs of eediment, usually with boeally high sedi-
mentation rates. Sedimende deposiled in Lhis way
often exhibit lovse gradn packing oreangewents and
maoy therefors e subyjectod Lo subsoquent settling
with a re-ordering of grain siructure or liquefaction. -
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ute 30: Crige wl o filled channel close 10 seated. Mote evidence ol 3t leatt wo stages of filliog, variathon in seiwnic fcvule
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Chznels may alse canlala aelay prade sedlment
dupasited by settling during quicscent perinds, by
miass [lowe of unevnsalililed material from the
githid oo L elinnel orin the fum of o tly oo
sulicdaned clasts 2l Llocks of day excavabod from
thae chiwsel walls, Clannel sediments meay then:fnre
vary aCiwas U chenel reflecting claopges in the
hydrolugicul tegitne or dowa Lhe chaomet ns
drposits become finer distally.,

Chovsine] sysbems theoefone require copuful mapring
et just b delivoe vheir distribubion but alse witk
instramenis of sufficivedly Ligh resolutivg to
Wenkity gulitle changmzs in the [0 material and
supporttoed by sulficient sampling to calilirale tha
seizmic recendi.

3 Rocl: platform areas nad mobile sediment

Rock platforms, although net representing hazardy
in themsclves, may be the site of a namber of
putenlis pmbh_ms ({fizurn 9], By definition the
pock phillonm is an arn_w"l.nhu_ly evoid ol sediment
cover. 'Llis often meazng that Ligh wave CRErgy
wonditions prevail amd that a palchy cover of reeent
gedioteniky is shifling over bie scpbad. It iy alio

b porlank ba kiaw e distribiubion af rock Ty pes
and maln ot Hnes so that Use rock prepertica
may be taken into aceount when considering sitos

or routed 0 areas of ruchk exposure,

e [

Seabed topoprugshy, on both the lage and souall
scolex, reflects the goeolezy . Well Jmlurated sedimen.
tiury rocks typically form emonth rock plal foms
(ligure 11) wlile loss well-comented soudstones il
shales ean [onm an irepular toparaphy with a
relief of a few imeloes. inter-beddmd or inleoded
yorleanics i a soft cedimentary sequence may
wso peecduee a shonlar effect.

Izre! crystatline rocks may fubm oxtensive rinlges,
with considerable el peticf aod simifionnt micro-

relief (figure 1271, Some crystallue rocks may also
show consderglle relicl because of decp but
ireermlar weathering peofiles. This is particolarly tha
case 11 4ome grunitos where on Tanel i sifa weuthet-
ing 1o & depth of 20m is compon. T oesult moy
therefore be 1o produce zones of unconiclidated
weathored granite with pinnacles of hard fzesh rock.

The pediivents found on tack pplatforms are
usually of gamd ar gravel grade althaugh Pleistocene
tills ang Hofocene clays may 0l hollows, Azeas of
gravel usdally reprosent n fuir!:,r slable seabod with
movement anly during mojor stonus. Sandy
materinl, however, may move rapidly in the fornm ot
witd wavwm,_u_ul tibbons or linuae sand banks ™
Sand waves vary from oss i wanc g i heiglil
and a few melres wave length {0 large eand waves
gt sand banks up to G0m high with smatler sand
wayos moving an both the lee and stess foces
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(fizire 125 hnperdant sonl wave fivlils may ol
e wfevnlopmal pear st ficant lelbamds whene
tictr 15 & neel selinee wavement oone diveetinmn
e D) Such fiebls are seer sonth ol Bty
Flead meae Alperdocn sl south of DMaacansby
[Tk d01 Claathmase.

Lidnh s Logoows aleost tle pales of s mowe-
il OF The reladinn Tevels of soriogs vanugs zmct
e pawymtn spgear sdolende: Trmspert piles &0 el
ansl Ieewever, gInt e Pl vl ol ot
odsdrnie o may Do snid feieid tg pduee seour
arvkimd o bemegtf staonciumes, o sodiment geoge
ML I by e ety bt kst pipelines,
B Libaeds ety 2ommes Dopiead of pock (sl foems 1
wealment gistrilaatien un the secbed refleves the
pabvnaity ol thae lost atajur sbocn Uik, o8 witl the
ol er maes, 1t s o periot wlen planoing
iislallativons {v comcider Lhe selimenls i berms of
‘e 106G ywaz Abad T fv cartdTions o L ransped
FmLar storias ke e crieial faclom vailior
" hl1l the present Ihl intent distnlofon, ™ ——

4. Pewclomarlks

Mockimarly ave shallow deprossions fomwd ¢x-
Lepsively o Lhe gorthern North Sea {figure 99,
wchading e Morwoessan Teench, o areas af late
Pl and Heloeaone soft fity elays {ligure
13175 " They were fush recegnised by Kine znd
MacLean!® off 1l east caast of Canada and have
wletguently Taewnn reprorted Jroon Lhe Gulf of
Mexico and the Misgissippi Delta, the Barents Sea,
around dlataysia, ‘Ihailand and Borneo, and off
coewe Zoalie] ol they are probmably present in thye
Black Soa, e Fersinn Gulf, the Medilerranean and

oll the Brazilian coasl. They are Lthus a worldwide

khenometion, and have attracted particutar
atienlion in the North Sea berause, il they are st
bLeing formed, particilarly if they form catastro-
[hieally, then they may pose a Lhreat to seabed
insinllalions. 'lie denger ey represent may b
duz to either or both their morphology of mode
of furmation,

Mockinrks can vy congideeably in sl and
s bad in cthe nerthern North Sea, i the [0S
sbudy area ' they ane typleally oval in form with
w Lnean long avis ol B7m orienled ot N21°E,
parallel to Lthe prigeipal direclion of Batlom ¢drient
Oow, wid with & eogehfremlih matio of 1401
Eriprape 14 b1 Toatures hive nomean deplh of 2o
thowin ey’ mat Due wpe 1o B devep and ate
winman by aevmetrical in profile with reslonge of
alongpanst of peolerial invo Hie slepression, The bisoels
Lartion alermadiy o e s Hocn varies goestly but
where they e most comuion amewn densiiy of
4O per syuaee Libbmerre s Lo ool o
chELrilotlicst By sarbrpe Arews opppeenrs Lo Do ran Lo
while in ulhers distinct linezlicoas 21007 n et axis
af LT Tne boeen oligenaed 55 High eesoduroey
ghallow seismic recotds alen show Bl upied
pockmarks are presenl in the North Sea witlin
the Taie placial aid Holocene s, but peither
surface nur buwtied pockmarks hove yel beon
abeerved] in the clay arncas of f the west coast of
Scottend ar in the extensive Haofoeene clas i Lhe
Irish Sco.

It is now generally accepted thal pockmarks ate
an cseupe phienomens and model experinients have
ghuwn Lhat pas bubkbbed Mireogh seft clays will
produce w sleallow depression. The meehanism of
formation is that fine sediments are cnlained in
the csepping mediom aod carrisd inta stispension.”
Bultarm currents ther coery e Tioes away and
material within Uie zeabod collojises inward eiller
by tuid flow or by man movement due to rotational
ghear 2l results ina shobloes deppression, The
medinm which entrains the sedintent could Le
young biogenic gas af shallow origin or old pelro-
genic gus from depth, or water. In the North Sea
gas seemd the most LKely inedim, though water
derived from buried ice or permalrost in the lale
Ploistoceng clays and ceeaping through o cover of
yaunger clays CAnned be oxeleded a3 8 possible
mechanian. It must also be remembered in the
case of the Norlh Sea thal the desp source

-\1"«

o ,_-L.-,...l...s_h__i watibi e T preh e

Fituia 13: Duep 10w spa ket record Irom 1G5 pockmark sudy area showing acoustally multilayered soll clays prerlying
Mt clays ond samy, Pockmarks aie comamon both on the saabed and buricd at several hocirgns below 1he seaied,
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petrodenic gas muest midrate through ad leas GO0 m
ol 30l Quaternary elay to zeach the surface, It
st it dikely thercfure that Cuasteenary and
Lol ena hiogenic gases foem thn most important
of the enlminnwnt tnalia in the North Sea,

I cardideriangg Hae trisger mochanisms which
migh L b L osediie of gas geyeral peoinks oust
be consiclereml. Fuatly, since there has been Litkle
net acdimientalion io B TTelogene, povkmarks
tomaled T polict fomtutey fopmed bn nvieh shallower
waltr during perivds of loweread gon level.
Sccomlly, che sty cliya jn which pockmari
cael® Jaien bowe apndruinggd shene qun-':Lha [Ima
than 20k and therelore could not wlew the
flevelopinent of & gas eservoir at any
simnificant poowsore. Thisdly, high resolution
scismic duta show e pyidenee of distu)ition
ul the sulimentls beneath pockmarks which
walld fndicate Teeder pathways from depth.
Fourtlly, no stalisticd relationship lind been
dernapsituted bolweet preas of peoustic
Blanking | ligure 15} {iterpreted ns passified
seclintenl) ool the presgnce or absence of
veckmarks. Lasty, the North Seaw clays are
Fairly typical of apen shelf sedi:nents and
du ot live a high orsmsie content.

‘Taking these points ko considecathon it
seemns unlikely Uhat large quanticties of gan at
sigoilicut presgure cudld aceumulate lwefore
venking. ‘Uhis inplics that pockinarks could
nol be formed by major catastrophic cvents,
But rather by inlermitient law pressura
vmlissbaey aver o periold of time, 16 is alo
provsaibabe thatt fas coulil vent Lelow noninal
vicae prossices il the seciment were disturbed
by soime other mechatiam, Weither excessive
sodimeut leading nor wave incdueed Jrowg are
likely causes in Urte Nurth Son bocause of the
water depth and low rale of deposition of
sudinent. Flowever vovthguake shoeks are of
sufficienl megnilude and freguency w distupt
the stliment and thewr could provide the
tripser Lo initiute the process of pas eeliose,

The niede of formalion af & pockowrk
thercfore depends largpely on Lhe jshysleal
propeeties of the seliments in which ib s
Iiomed], ' Uhee voluwinae of g, ils ntethodl of
vouting (through [sees or lousely packed
grains}, the gas pressute which s allowad Lo
wccm ahibe, wisl Ve cobwsion aof the seciment
all alli t the way in wliieh the pockmark s
forme] and the snorphoulbiney af Uie pockinork
whivh vesults, Pochrarks prodduecd by Cre
ipuen L oeprdssion o lery yolumey of gas snd Tioid
Moy ool sedivend s bierdly o RIE U vkl
crvirtell 1y wendmt maleeind ure hess Hkely 1o
calse peoldeimg et pachinieks prodecd by
singde o Givw ewveanbs sl Lranslation of

Jseeliiienl by rotationn? ghear, Slwdics of pock-
narky have so fur Db Lo prove even the
havie sty af whellive pockinier ke e stifl
being furmwl or whoedber gas is ip fack Lhe
principal eatrainment sudioa, The questicn
ol their hagand poleistial therelore renwing
unanywered. B

&

+ 5. Gassifivd sedirents

Cias bhbles, Lilling voids in the gediment, ate .
commnon in many parts of the North Sea. In seimmic
recarde the poesenee of such Jus 1s recognised nd
inudines, altea called neoustie blanking, (figure
15) ot ns "rizhi spota® in processed Tegords,™
It iz less [requently abscrved in ncloal eore sam ples
{figurp B) g geveral shallow gas ‘blow outs’ huve
occurred during North Sea drilting.

In masl cues the gas iz blugenic imethane pro-
duced within the Qualernary succession, perhipe
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dierived Dromts imterplacial peata, It s possible how-
evet Ll suane pus ganed, particoladdy in U lower
patrl ul the PMeds bocene sticrssiagy, iy e derived
Frwet= ptresge iy e moeping [rom depth.

o i fawet ol et Dlankiens is prrovueid by
the alssorlting of acoustie enersy wilhin passified
sedhiments wnd pzas contenis af as little as 1 per cent
arv SuTicient fo vadse apnificant cbowdipess on the
aciaiibe Bocutde, Whore s lemses avo preescnt,
owreve r, e nural law s of reenoir enlipment
aply ol reTativdy high pressune conoe rabons

ol g e bt dlovadoo ol The Beorth Hea Qoatenuey -

sicirsaion 1ends skl bo thais situadion with a
Jeaninzitly Ly sucocasion funming the souree and
ekt arnd Felatively waee siood bemses g gaod
Gl chiamebs, Bolle ul which wbew casy migralion
anul concentralivn, lomuiog e reservairs, Diverlor
systems are not installed unil the conducior hus
b i sl st aluand 20000, TLds therefure ssential
that gas pesckels ane fdendifiod tefoue drjling
camnmenees because of tie vanger of tgnition on
Lhow ol ar, i exlreme cases, Loss of bygyaney for
Twaling veswls witcre large guuntitics ol pas eseape
into the water ledy. Where gas reserveiss are
progent 1t ligler lovedy thede may cffect sottlement

il gruvily strdolircs o Lhe bencing copacity of paites.

6. Seismicity

Brilain it Seancinayia have tradicionnliy Leen
regarded as slable areas but recest reological
rvidence has shown that during te Fleistooene
siginificant subsichoneoe has acevrped 0 the Ceatral
Toough of 1the North Sea ond faulting has becn
cbaerved in the Pleistocens of Lhe Rhine CGraben,
:I extension of the Coniral Groben of the North

ST

Signilicant carthguake aclivily bas been

recopnisud jy the area of commerciyl interest in the
Nurth Sea dispite abdervadionu difficnljcs,

This aclivily may Le related Lo the rapdd subsidence
indlicated Ly 1he geological record. Instrumental
il oring proliomes arise bocagse of the in.
adeyuale density and peometry of existing lunel
bousd seismopraphy nclf.wurk:. There is 3 emlency

for national nelworks to look inwards to the laml
accars where logab corthguakes can b leeated maore
aveurpiely. Thus in the nortern Sorth Sed vuglh-
quoke epievnlpes exn only be jdaticed will an
pocuraey af 140k while fidtle is known ol e
derrthy of the proends. e Distaeical dala e i
complete and less accarale, depending on sudipeetive
reconts with the larger corthupinkes reportol an
lwally sides ol e Sorth Sea, )

A northen North Sea solsmic monlering ool s
currently being constructml, but in the macen tine
sorn renoril starciaeats ean be made frome exisling
modern oebwork dat amd Tistozieal bvords,
Belween 10 nnnd 20 af share events aoe bring
deteebed coch year o the mnenitude rnze dires o
Tivan, “The dattosl welkwatonticated Mritish egent
ocewrred o bk Dogper Bauk in 1931 and the
aveenpe repoThed mapnitide (S} was 5.5 with a

cmasimuim of 5.8, Dimege wos caused nlong e
cast coast of Eneland upp o 100km frean Lhe
cpicentre of 1he cartheuake. A study of hstorical
rocords from Lhe southweslern SNorwesian copst
und adjacent offshore arcas thesws that twelye
carthquakes greacer than magnitude § Liave oceurred
in th past SOF yewrs. 37 In Nritain, the 1GS [ile of
Britigh carbivjuakes containg dedails of Dive gach
aventy in the North Sea since 1566.

Farthquake seismicity hat clearly been underrateed
frnthe Morth Sea in the past ancd care ful stuily s
required to altow realistic estimates of activiyy 1o
be mads.

7. Slape stalulity

Consileralions of slope stability in the North Sea
have received little attention bocaute the slopes
encountered have ravely exeveded mare than one or
two deprees. Recenl work however on contingntal
shelves and slopes in various parts of the world have
shown that normally consolidated sediments con
fail un slopes of lesa than 1°.1%

Stiffl over<onsalidated «lays are preseat clase to
the curface i parts of the North Sea but many of
tho normally consatidated lale-glacial and |lolocone
clays which o cvocwr on the shel! ard particularly
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o the upper pact of the sontinenbal shepere am
susceprbibbe be Duiltee whoee even skipht shopes ar
preeent,

Lattle dats are available en slope conditians in
thoer Bkl Boes bt U stdy of bathy ot s
teonmn e wevdlerny side of e Norweainn Teech
ghaws v vickeew jo same peofiles of sionificunl
Lreahs in slope- sygiestive of slope failure with
nrbanbional shear escarpments (e 163 More
sipgidlimntdy, ul the top of tw egitmentid sope
Wil wiublyweslepn NODwiy, & Ditesive 2o nf
stnnpring has been mapped whens an celimated
sn0kn: of sudipeent haye oot remuyiah, ©
Insurt Ui iont infurmation i vadbaldes to identily
sl Tailures on thie eulgre ul L ritish con-
tinenbet shelf LGue there s 10 evidinge to augpesl
thast seechh failures would nel weewe in this acea.

The erle kalhyoeteic owaps availoke for the
comlinental shelf wd upper elope can only be used

to idenlily furge scate stope Milures, Regional

Csbapes on the plateau af the northeen Noecth Sea

sk olf wre wsuably less than 0.5% and iy be less thae
0.1*. Local slopes may excecd this howover and in
some ¢ases slopes of several degree have batn
recorched, Mormally vonsolitatsd sedamenks i Chose
wiaws are thereTore Habde 4o Bdlere, D the western
shopue of the oarweoian Toench climgile scane,
olsereetd on side seao sonatr recorels, sulspapallcl
Lo e slope ol weilhy i doswnglope ispleesnent of
a Tew melees have been rstppod o pafona! slopes
ul aboul 17, Ihis evilonee suggeals ihat 110 slope \
faiture ut all seales may e preseat un the
canlinental shelf.

1n shiablow weler, slupe Diilues nuy e vaused Ly
exerssive sediment loading ot wove iduced doyg,
Reithee af these mechannms are currently operalive
in the Moot Seu though both conditions opuld have
ppted i Ue purthern Nerth Sea ut the end af tha
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Figure 16: Seataed slopwe profiles irom the narthecn Nocth Sea,
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last plaristion. Under jresent cohdilions howover
eartbguakes can  provicde the g necesary (o
cagar slumpiig'? anal it seems Lkely thal valn-
Etrophic slupe fuilures can and will wecur an the
ielf and a1 the Wy ol e continental slepe,

* L] ¥

The wltimate objoutive of Ihe site vigineer is to
install e pe-consacy equipaent a8 veonomicadly

ns patstble having made wlpguote provision for the
salety anul maintenanee of the site. In the 9B
industry be is constrained by a number of factors,
principgally the choiee ul the sile, e tinte seale of
copstiiction, and basic infermation e which Lo
defime s dexsign crberia. Thope is BOde he van do
ahiout the [iest two constraants but i s clear vhal,
dunng e develespment of SNorth Ses hydroearlqan,
the sile investipution inhistey has beco allfoged 1o
lag unuvewdably Lie hebimd giher acpects of off-
Ebhlure COnSUruchion, with Cumseguinl unne ey
aver-Hesign ansd more peticusly, under-cesign,
wsually roruicing rensadial aotfon Jurng ur

e lintely Tellowing construction,

17 afishore site pveshg@alion 1% L oLprove more
angd hetter gl must Te provicead 1 Line deklgn
enginect. The geolopical evideoce discwsand plave
has sbiewn thal Lhe pesdopical ehvitopmiend i3
exlremely com)Hicabed and Lhat we e present
simplistic level of gile invoestipalio g some at Least
nf the polential hazards woakd nol e recognised,
It g iaperstive therefore thal Loth the qualny
and yuanbity of sainpling by improved.

In pracli=¢ this pyoans thal more o sy measure-
ments are requited either usiog sealial of down-hole
prubes. This should inclade direcl measurcinenls
made wsing pivtZomewrs, acceleromelers and a
vasily increesed use of geophysical technigues
(naturid gamma, gamma Famma, tealoon,
resislivity and chisct velotiy ipensurements]. 1L i
tnporianl al-s that messuremenls of prostid
compditiens shanld amt e vonfmed 1o a vin-al]
nieasreingat s cLibifen epvironmentad cop-
ditfons. Keeording instnumen i shoch ] be vied to
provide data nver at lessl one full winter season
and of vourse every major strueture should include
a Tull guite of monitanng deviees bath on the
Elevcbutre ynd i U serroundiog Eumlativn, L1
interesling fur cxdmple to nole that in e caan of
lrps sbroctures o laal, suel s 0or poewier
Slad fuans w Dene Wi st s ngme abely oleervably,
Ehad et wreern Llacee anud Dive L e many bata-

holeg ore wred L cXplore the site as are drilled
duriny the site investizstion for ofTshore strueturs,

Vitshore considerable cmphasis is placed un
shullwe peaphysics. In the past standurds of feo-
physleal work have varied greatly and it is only in
the last fiw wears thal instouments have become
avatilable which can produce data of the gualiiy
Feguiret Yy U sile onfineet. Tl il comiwsly
usedd ipslruments in ke sl wen e pindet wul
wparket, ‘Thi pinger gives a pepeiedion from a Lew
melres Lo perhags 20 methes with a resolutios of
one Ly Lwe melics. Toe gparker o the otieer ham!
ruuld give peaclrations of uver o0 metres L
with resalution of al basl seviera! malres atd an
indlial pulse widlh cummienly e vaeen soven il
Wi mietres. The nooders Jdiven Lo sjprarkers amd
baauners given perutration of up o 50 metres aml
resslution af ubout 0.5 metre, 3 jerfonnamee which
ppprouches the enpineT's Deguan s ohia,

The wrologioal ewidersae hay shoewn howeyer that
further ealibrutivn i pegeinel Lalure the goa-
physicud reeords can be fully ince octed., T s s
abzolul ely essentind that a cozplete becord of e
sbrutigraphic succession is aiaatre. Clerent off-
klaore pnpling practice fulls G abort of this
woliere gampies eepres: pling about 210 per eenl of
thy bBorehode ape oblagnoed Wowalling 4 47 peroent
recovery rale of Vi cored poriian of e hole
(talle 1.

These Jdata zre supplomaenlod by soame in sk
mensurement, but it is equally imporant chat
runiples are oliainml so that the depositional
envirenment of the sedbments i wlentified. This
will also permit Letler prediviion ui soil behaviour
wid peveal Features such as Tizsuing, gassifician
or seelanents lialile 1o Hooifactiem,

The suantily of dax availal de 1o e degizn
engmess can therelore be increaed . The 1L
pretation i howeveT, more Jdili- il becaase i s
e prodduct of a complex itieracin of & number
of prucesses which @ beiny mua-cned. Swene of
Lita pruceses sie Peelogivid v, uls o cutiing on A
‘peological’ Lime scale and Lhere 1= =itaphy ugt
ctionaph infurmation 1o make a stabistival csUmgTe
af the frequency with which evens may occur,
Thus uptil 2 reasomable data Laee i estallished af
for example the Irequency of muem seismiv eyenis,
of the rabey of seflitlent Lransg st LIl sevene
sturing it i5 mepnessilile o gueasiy e teal porentiat
ul many ul U lozatys iwdeiil e R TR

Iy bs clear oerefote thitd o0 Fali-1e aybe Wiveshye, i
pracLice cunn by deaprased sl eesent adsamees loae

Yable 1z Typirel e g roceedy during site iovesligation diilling
'
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shown thul s0me propress s being made. At present
nowever the pace of development i motivated
almuat eoditely feom within the itlustry and i is
pertinent W guusdlion whetlier il i3 nepaenabile o
expect industey b cacey Lhis self-rpulalary res
pentslhilat vy 1L el Dor chiunsle by suggmeatoed $at
Uts gervinvmental preactice slomld fulling thik of
the DSA wivepe e Ll d stondardls ok nguirements
have bestn estalidishicad sl wlwere thepe ran ke inter-
venrlion 1 Ui seleeLion of areas o sile fowedation
criteri prier b Lheir release foe licenajer.

T oppuartuaily noey cx34ts Lor poveramental
ak regulatery guiiierilies bo coeapnrate widlt
inlustry i detming seasem o vodey o powstiog.
Becently eriremmental Ge Luts By ereeived con-
sivrsilibo dlbend o, g gvee, v g rmlu'utd Les
enatTe Lhat the peal daagers are fully apspreciated.
Transitory phenoinena stuh as minor pollutian
allrct grenl piblivily ol otlet agiuncts ronceming
the witimabe sl nlity of a platfonm pr Uae Baet that
attempls b bieheh o pipeline i walder clay may
pot el pipee oL rrealer rask oo begving it an the
saabual e eme Dpoaretanl.

Th e ol chialegsune bBcbwe e e s et ilie ancd
teachminsd ise e senl Debustey qml povernmend
ca oily Tely e fiogrove currentl slambicds and
praclievs, Tu thia respeeet Ui fullest understanding
ul the geatugeat envimnment in which the todustry
operales O considered essential far efficiont and
evanuinie development in the fulye,
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4 Northwestern Gulf of Mexico —
engineering implications of regicnal

geology

M R Ploesscl and K J Campbell

Me¢Clelland Engineers Ine

Asioavesult of precleraled peloolenm exploralion
and develapunent sctivities during the post several
yeurs, many peclechiical sile ipvestigalions have
been required sud eomcucled un e vonlineneal
shelf and upper continental siope in murch of the
porthwestérn Cull of klexico, Allhough the inflo-
ence of peolopy on uftshore loundatian design

has been revagmised Tor many years,' reeent
lvestigalivns have thown that an undenstanding of
the regrivnal peology can e a doninant faclor ip
pAnDiog an I sluree gite invesligalion, In the
shallow shelf arcas witl relatively few potentizlly
hazardous genlogie conditinns, and i arcas where
i e wndibhely it Teatures veeorring st rclatively
shorl distunces from Lhe proposed oonstroclion
sl will wUleed the side, aoby o detailed study af thye
immediale vitinily is pecrrsary, loweyer, for
upPe alapse wiles and shes near depoient ers such as
the Migvirslippi Hiver Trelia, lavpe areal surveys are
reqiived to wpalentangd gealogic processes i the
arek and haw e proces<s mipht alfect a Mg
Lure, Swrveys oo Hoe gilimg ol a single struecture jin
suchl apcaz may need Lo cover 100 Lo 200 square
miley,

The purpase ol This papees iz Lo bricfly describs
L geologi selbimg aped the Lake Cenorair geslogic
hizliny of 1the poaowestern Ll of Mesirn as they
inMuewee Lhs prggiencring peakegy, amd (o dbasirale
the effect of rogiemal peolopic condilipns on U
cheayn o sile sueveys, Nooallompt s made Lo
thorauphly dese ritae peologic [eulires o Lo 2ssees
their proteutinleigine o signd licanee,

CEGLOGIC SETTING

Phystography

Slrnclures are teiug sited 10 1wp major physio.
¥l provinees w4 e not thwesiern Guoll ol
Mexycw: e continental shelf and e apspser
cunbinental slope. The contineutal shdf is the
ullshoee vabepaion of e Call Coastal Main® and

1308 buon referred to s e Toxus— Louisisng Shelt?
‘I ghell is primanly a constractheaal Teatuee aind
vilends a8 much as 60O Lo 140 niles ollshorae, Based
an plivstopriphic considerations of refionul scea-
Duur glope, the seaward edge of The shell spproy-
mnlely cojncides with the 6B00-fool drplh conloar
{figure 1], In several areas, however, the shelf boouk
iz in shallower or decper wals & Thie kel gencraily
stopes penlly Lo Lhe south or southast al less than
0.2 per cenl. The sexfloor 3 typically ~moolh to
truadiy wndulataey, but with distinel, local wenpu-
lazities, such as faull scarps, miud mnundy, aml
raposures uf Tesistanl cap rock, snll or gural. The
upprer part af the eantinental slope s sevoral Lens
of mailes wich' and @5 vommunly characlerisml by
muh more inepuar Wepogeaphy thun e slelf Lo
the norkh and niorlivweat, Buch of thin wregular
Lopogrpliy is helicvad to be U result of cxlzusion
wl wadt from boepeath Uhe thick saction of oo
goedifents to the north Thie seafloor slope is
Lypically 4 Lo A pur cont, bul lecally 8 much
sloeeper,

Stralipraphy
The Cenozone s limenls in the porthweal Coll nf
KAewts ay con e B westenn Janl of o Large el te:
w b, The-se sedimenils were e ot bed gioer el
sl Ml ol J.,x':'nl'lurih':. vl by matll, T v by
wreddyr a baabcalbly coagaeisel ol o rog Lakal panad
genutwee Wl sodiomgds Uepoasilod nyadepeeenters
Lt gradua iy wiatee] sesowonl, Thie salt i
pretahly venrebibive wikle thae Tasim salt foand
Tl e enedoore Borin el e Dl ool
Phaian.® e sabt s Dypieally om o vewernd Uionis el
foul ok, Owepall Lhickmess ogcases Logsinwand,
proliabdy gy o osalt ol senathiw ] Hawage due s
loshng by (he progrding wedge of sedment? '
Bhlongd af Uhe seediments overlyg the sall weme
Lroughd it the Gl of KMeaico iy Bie ppoacinl
mind mncesbral rver systems drenying the wanth-
cientzal paris of Gu Korth Amepeean vonliment.
Tharse el My ternigenons sedimenls e pe than
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7

filty thigyund feet thick in some aress.’ They
Cumsint LT fly of interbedded samdetones mnl shale
with the by being predemingnl and e reasing
duwndip.*

The fualernary section ranges fram aboul 2000
feel thivk iparshore e 1o more than 12,000
foel thick acar the shell «de affshore Lowisdana.”
Yuatemary wqliments eonail of woils of wehithi-
lid Ber prartly LodiCind soncd, 3ilt angd clay. There
are Wduderiary sutsnaurine Landsglide depodnls scverul
Burmleed Ceel thivk in sunwe jsuta of the outer shelf
d tyee? stapee. Exidener fur G depasits iy
tugh-resluion seismic dita amd anomatous
i L b meribe ad by al muerofomsats,

Hubizee sednacnts are probahly liss than 20
Fert thick uver nseh GF (hee shoelf, bul are several
hunebenad feet ehick in the vicisity of Uwe Musisippi
Delin The et extensive | dovene sedinenis an
L middle ssd oetbier ahell wnd s Sboajee wre sift
wad Ay ®

Structure

Ball sl shvale dipieg widd down-foe-Uee-binsin faults
e thie Cwvny praost st Macant sbooetural fratsrees (n
e pee b Gl ok Alosues, Tt Uy
deeant i B pesly wll of Ahe Bowwen bocal ko Lural
deformaliong i e Ovt e $ectiot moud are
Provbiabedy i G be by veladodd Lo e aau Lo, L
Mature atnd Lateldacd oy of dapirie steuctbire is
sl vy Ty 2,0 Laoger fegrnonal wtiale shrongs
stbiidisnen of sedinnls witlio U Gobl st
Kieesyrncline was contipnens througheonl mest of
Cenoiende o and e protaddy contioning gl
e prrese ik preyinnl, |"..m-r||l. webiere [aeahly diurbael
Ly adiapmra aor Lanln, e wprer Cepeddsie In
Bescratly dip Lindaward,
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livmional, down-to<thebasin growth faulls,
roughly parallel ta the shall wlpe, are cammoen in
Lhe area. These faulls are baelicved Lo pesult fram
Laveral, businwan! Oowage of sall at depth.* By
delmilion, they formod contemporaneously with
scdinendation and sigoiltcant expansion of the
ot on the duwnthrovwn side & charaeberistd
aally wsasciated with the fauls. Heeent active
pruw Uy faults have ssafloar expresiten arl are
rmaustly confinwd to Lthe outer shell and upper
coalinental slope, e floor seamps mnl oy slopes
assocjabed with these prowih faulls are hnown W
Lar a2 ek as E00 feel high. Older buged growth
furd L wce common bencath most barts of the shelf,
Smaller, antithetic Taulls related o the major [aults
andl Luher bocdl Czults asswciatod with diars dbse
oULy.

Thoe Laryge growtls faubls are several tons of wiles
lorg weud generadly exbend o depths of several
Chotty e Bl Hrger nborprets decp seraic deta
Lo il et Bt e [audt plane of al fea-L s ‘
groewtl valds Macten with afepth,” SGanison snd

Marbin stane thal Che fault planes of prowth foolts *
vomuiby dip 35 w0 707ty are pewrally

sluepsl i ar Phe seuflooe and Ratlon wille deqh,'® ]
LATE CENOZOIC GEOLOGIC HISTORY i

Tl lale Cenododc hislory of the arca is cluaractor-
jsil by presgtidyiom of tee coasthine amd shelf
Tincak, An dlepeceiters miprated Tetsinaeand,

prep ressive Ly yonopser presw il Daudls anscl G vy
[orivien] D1 Ansdet it wilin thoent. Adouph oyerall
Poomdndatior did bawgn subsicenee s paolal Ly

cinitinuech Lhroupl Hee ChalerouTy, several oo
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ascillatiane of sea level during the Pleistocens
significantly mactified depuositionsl pattems o the
narthwoslern Gubf basin, Maximum enstatic lower-
ing during the late PMleisliw pe [ Wisconsin} may
have liven s much a8 BED feel and cecurrel shoul
15,008 yeurs agn. "

As a result of this most recenl lowstand, Avers
mvifradbaet acrays Whe shell pnd Tormad dfeflas o, or
neal, K present shelf slpe, Some of these Jetbaie
dhepusils Jaefinge parts ol tho gl edjme, Aasy of
Lhe deltig peodaaldy forenad relotively rapidly,

s lbLing 10 burge masees of poorly consolidaded
sedinenis, In severd areas, lzrge volumes of Lhoge
deltaie depasits wore tlasparbad seyeral miles
downlope by massive dlidwg.* One pessible
trigprring mechanism was stormewuve loading. A
waveluading mirrhaniam woult) help 1o explain
wh few aF ey, baasivie slicles hove oocurmald
durdng i Hodoewene oot ot slogee in the
porbhwest Coulf of Bleaico (ihat i, g5 sew hevel oae,
averane batiom loads inpuoed Ly slonmn wilves
worthil haves decrrasold | S loer possible LEesering
mechaniam was seismie shock. Although -arth-
fuakes i the norttaern Colf repion are ree, ey
do vocur and ot is likely 1hu same during the
Bleistove e trigrered massive slidvs,

Theewaghions (the Cuuanenaary the Mississippl
Hiver, e Larpest Fiver syslemn in Sorlh Awenica,
has shilted s aetrve delis ol and area of masi.
mum salinweglation many 1unes, Within Lhe jsist
500 yeurs, Lhe modermn or Haltée deftz fobe has
buill far peaward, 2lmuast e the rdpe of the contin-
ental shelf, As o result, seiliments from the Tiver see
now being deposibed on e guter canlmentsl shelf
and uppen combitrendit shope, e apid sedonentu-
bicrer wkBocilod wilk He et Ly 1ol toed in

nslahility [n the sediments. This instabiliy has
imluced movement and produced mussive ioud flow
e rosils sereatioding (he defta, Iese Toatures bavy
Leen diveussed by severat sienlisis, 204 TR nn

ENGINEERING IMPLICATIONS OF REGIONAL
GEGLUOGY

Geotayio characteristics of enpinecring Significneo
to afflre sites include the afones god dialiilyg:
Lo of Uie shallow carth miateriaks, inclading pasey
zones, Lhe polential Tur seafloer ipstatalily that
would affect x sile, and seafloor topurraphy. The
rature aml extent of these festures or condilions
can nol b reliahly identilcd fiom sot) badog
nfurnsaton ooe . Soil born g dul o minst be
comlined wilh Ligh-reselulbion geeplopzieal dita Lo
define winl agsess he patentid symilicanee of
crginecring peslopie cliafacberistiies of affsdmre
s Althwzl sites are rodlinely nacztifated, e
artutrary [I@iLE nllen ot o0 Bepaey arscds i e
st fo pol always allow &l vonditions Lhay may
afforl tho site Lo be achequatly fim eatigabod ™ T
wred Fegpuiired L Tae gaversd By grophysicad surveys
Lty Beaglira design informsion s lunetcn of L
tejrivmal weoknpio chorae ievisbios of {he aea,

Mumepous recent studics wehieate Ut e nerthe

wisl Ciulf ol hexice can e dividid jado three
major sulyircas o th bisik of enginrering peloye
charzcterisgtics. The most exdensively studied sub-
area is the ennunenlal ghell, The upper conlinenuad
slopu is sputher subarea, Although more add e
work 15 being dune oo apper tlegae sites, Lhe
engineering pevlopy of Lhis imporbnd subaoed is
RIEHE procrly knowin The third subarea includies
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portions of the shell and upper slope near Lhe
Mississippi Delta. Sedimentation eates near Lhe
Delta hova been high through the Holocene, These
rapidly depesited sediments commenly coulain
peulogie fewtures of parlicwlur engineering
sipnificance,

Continental shelf

Sites on e continenial shelf typieally prise no
unusuad cogineeriigg gealogic prolbdems. hMost of
the canbunental sl F i the porthwest Galf of
Mexico s chueasct rised by umldefarmed, Rat-lying
or penlly dipyang strata (higane 3] The see Moo
slujnd are Ly pivully hess than one per cent and
present sechinentation rabes ane low, exeept in

Lhe wicioily of chelius, Shallow sediments typically
vonsist af very aofh 8 olilT vlays el bouse te dense
gards apd 5164 which exhibil Liberal contiininy aver
wide arcis, The sealNont cocliments oer mch af
the Lonisiana shell eonsist of several feel Looseveral
Leenis of Tewl of very Bofl s Iny, Eloweyer, cabimaive
wreis uf Arallioor islalibity ace nob kKnows in oress
unilerlain by Lhese materialy exeopt in the vicinity
of Lhe Rlissiasdppi Delta, Lacally, abiound latera) atnd
vertical variat long 1o shallow materials aluwen oecur
necar eevfa, st domes, bussd channels and faulls
{hure 3], Belalvely ebecp Hopes, ruggied
topugraphy, and scarps aro slse roinnen in some
areds of els, sl dowes, [aulis anrd mud mounds,
Vihere sofL aolhnwent s souwiated with these
fratures, locat wistability may result, Al of tuse
Peatiires van b mappeed and adeguately assessed
for siting Lypical plabfours By pirveying areas no
mare Uan a few sqguunes 1niled in extent [ligure ).

9

Upper Continental Slope

All features feund on the vontinental shell goour
urt tha upper aslope, ¢xcepl buried channels. The
medt sighiticent dilfueence it the incrvassd sealloor
slope, On a regional scale, upper Alope topography
b ik irtegulor, partly as o sl of neanerous,
bescl Aalt ridpes (fiowres 1 aned 2) just lebow e
seallene Avlive [wdes are also grasrully more
enmae Ahan oo e shell (see Dgure R,

Heyeyul Bits on U upper shope offlire Texad
and fouiviang ane noderlain by slide depesils, The
mosl revent sliding appacently eccancal during Lhe
Lo Pleirtocone when swea level was fower and
salinwentalion rales were relalively izl o the
upper slupe. Lnlividoal arcas alfeetd by this
sbiding ruver as moch w several tens nd squane
miled (ligure 5), Fathure of prodefts mdiments,
pussibly trigrered iy wave-loading of thick sctions
of uoderconsolidated scdnents with high pore
prossares, was appasenily commaon, Although no
miigor Fhlucene shides have been docomented, Lhe
potential For sliding shouwl abways Le e trhined
[eor upper slope st s, "Ihis requires thal o rolatively
lurpr area ke abucdied (figase 43, AL Least severad
Lgherestlution peophysical survey Tuaes sbould
vxbetdd upslope and downslope Trom the detal
sutvey prid swrcoieling Use site in question, These
lives slhoule? exlend several miles, sixd in lhe yp-
siope dirrction, preferably Lo the sbellabope Break,
tor mllow delerminalion af slope sbiepnesd, Lhick-
nizEd of infeeped suft sediment, amd mapping s
identification of any leatares that may indlicate
ineipient foilure. Care must bu exercis d in nod
wiauming that nearly fal, local wreas v the slope

JE— JE— .--.l — i

- - — - s | B m—

— L - ' - - R -t - ——] -
| .

RS SN S — - —t [ e

_-._m'._ L Bl [y — —_—e— x5 -

.2 e x = —_ i - E_
- e HDrmmaTE -

RN~ AN (R [—— AU SN SN (. Sy—— R—— 1 - _— :_
w Y -—

= O ——h - r — —— - rel v - —— L i 3 — — 11 b — ;-—-

- ™
i b e - e | e g— [ T | T

— ‘_m e r——f - - . i - e - =

. 1= T _ . - . Lty W

- E.m.._-q-md. prrer g i, Daly Finaots Rt Iy | = |- ﬁ._ R “_—-r.—d-- RSN PR PN LN [T
]

o . — F

e e TR TN [Ty - e T - v p el L R [t et S

£ = _:,!. iy T :i-1—l. o X = prAes Lo rri

- :v -r-: -|—I--'!‘:r-l-|-l'f-"f-|- o e e A—tyry — e Liem e - “I--—'-: - __-d---'z-
..u-q..uut__‘ """"""" R T R A b I A .__JI...-‘.-t.l. 1 .-.-4..--...--| e aniR-- B
- P L .' e 0 ' I -

.-.-..._.._.-. LI PR S b | -—— \—— —— e o ——y — P =

H ! L] I

-t - p——— N —— e T A gl F L
- ' e 1 -
S D S S ALY Ly — i.._.. i. e a I...—..-......__J._h"_
i ' i . ; ¥ . ) .-
e om0 |t e e e bl ——m = — e Foml o 2 S e = 8 e - o ey it S R R [l ke m
- ——— T H - -
[Py _Iﬂ.lrmh-:’-ﬂr:;;ﬂ-.h.—h. ."":'..__:.n.-_.l.-. —_— | — - — ! 3
—r AT e 1 R - ]
b o o fr—— o ——— — ——— ——— + —
1
- . el Lt PSSt EEEE ..__.- p—r s f 1 mimafe J——
b= ey b e b e —— | —— — — — | - e S
I . [ v Eaen

Frgure 3 Anoawt teconl ul pornien of goontmental shell ol Bles wosieen Losinang



)

' Northweatern Gulf of Mexiva, Engineering Implicutions of Regionc! Geolugy 65
; S ; 4
! . L]
. A S 11 ] I
1 - w !
- n 2 \
I - ' .
" n Cu 'j" W al. I i q.;.,.:' - "
Lz, N e iy
Y - 5
e )
N ¥ 3 - -
- e mrENL T
LI B - -
etk LT -
[ L
- v om .
-l i
SR . I
I e = .
B o] >>,
% i‘i h L \\-"'/.{. | L L Feg
Y A v |
l'. - '
. ' R I
! PP, J
d . -1X" """.‘:"';'
L .
P 4 . ] [ ] s mon s,
MES P =i o
R . [:__J :Tﬁ-'s‘lcli‘!\.lrrn"a: FONER
ERE Y
N4

Figura 4 Qareralisel rmap showiny arvas whare cogional gootuyic and geatechnical dats are genevally needed snd not needed
{e pitshoie site evalyation

EXPLARATION

__1 AREA AFFECTED BY
MASSIVE SLIDE

INFERRED LMRECTHIN
OF SLIDING

ACTIVE FARLLT

—_— ——

INACTIVE FAULT

D 2 e

1] 2 & MILLS
| S N

Friure 5 Generalinad map ot aea south ol Galvalon, Texal, showing deep-seated groveth Laalts and 2oes ot lected by 1s ge.

buber Pleigtovcone shele, Group ol cufvilinear leults be treen shell beean and nocthe o bocndary of slide area noclsd
LG qrosad [y ot 3 large aalu vidye gL degpaih, Fach grid square covirs an area eduivabend (g a3 UsA landard ase hlock
abnut T poiare mides



g8  Offshore Sile fnsesiiution

will nol be alficied by stope Taibune; sHde material
can mavye across such areas when Tailune ocours
further upslope.

Offshore Mississippi Hiver Della

Most of the geolopgie frratures and comlilions of
engineering sizmfivance found elsewhene op the
coniinenlal shobf and upper slope are present in

the vivinity of the Missisippi Hiver [elta, Hapid
sedimentalivn in this areahowever, has produced
A waticty of oiher fealures that 2o also of eagineer-
iy sigificinee, The post imnpuartant of Hese are
s uvenneol phenmnemn, A Tew Leodrod squace
miles surmoun:ling the Taelta ame covers! by mud-
lhow deposals [(Nyutes 6, T and 8). 1n addition the
scafloor sedimwnl is creeping and locatly slumping,
The overall natvee of the mud low Qeposits is nol
well understood, however Colemen, Prinr, and
Carrison have possented an excillent escription.'
Cause of the wwed lows appanently is A combination
of rapil sedimentation near the dver moath and
#05 in the sediments, Sediment leading creates
instabifity in the seft, voderconsoliiialel clayey
s#rlinents, {n acklition, the sediments contain
arganic tdebris which tdecays rapidly producing
bingenic gas. This pos raisws pone pressune and
further decmeases thueir slability,

Several platfionmns are sited on these mudlow
deposils, and adelitionat structures are planned.
When siting 4 structuee on Lhese depostts, not only
iaust Ehe skt lity of Ehe sedimeoty at the sin- be
eonside el but sa must the stabilily of depesits
upsbioper which have the potential nf {lowing and
inundating the platforms” support meetloers, Thus,
Liorge ameal studies wre coquired [fgure 4).

1

€

The need for larpe arsal studies in the della arca
ia also exemplified by Lhe sile shown an ligues 6. A
Yimiled-area sile sucvey coveriug one or Lwo $quare
miles would reveal ne spparent conditions of
concern, A regional survey, howover, woulld coveal
comsiderable faulling in Uw arca a3 well as Che mud-
News immediztely upstope, Messaae it is Aot
Enrewn how Feequently new mudilows may be
occurnne of whellur new ud lows e continuing
Loy sywnad it derpet water, regivnal shadiet are
neviledd 1o v alnale the mwnlilow aud the polenlial
[or mudflow al the site, Soch studics ahoukd
inclucte Kigh-resolulion aooustic studos tepealsd
on 2 negular hais Lo document ko floor moscinent.

CONCLUSIGNS

Hafe arkd envirenmoentally accoptable offshoe
structures can b designed to perform sdequately
in #lverse environmenls provided the natiore of Lhe
eavironmuent is understood , Mullidiseiptinaey sife
invesEifEtions are pecesary Lo undecstand the
nature af the environinenl s that Ly faclors can
be considered in design, With regand tu Lhe pralogic
enviconment, an unidenstanding of the regionad
reology is necessary, The lessons learned in the
northwestern Gutf of Mesico can be appliced to
other areas of the world, Clenrly, Uhe submerged
purtion of majur river deltas and the upper
corttinental slope may commuonly warrant large
arcul stugdios for siructural siting. Shell arcas where
sadimentation mtes are bow cun aften be adedguate
ly evaleratod with only a tlimited-aren site
invesltgation.
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hetigrmneal For anh ivslalbob o e opeer abope in satee
depths of mure than 1,000 [, Cne of e mosd sigedicanl
arfvanees rreentiy has been the Dottt of 5ell's 5enae
A platfarm, sl 1,000 [Luf walsr, wfllwre Lhe
Vhatssipgn Dvefta Tl sive of decpoaater siruclires surb as
Cognac b eioemmy, Togtiae’s overall hetght abowe (e sea
asaar 15 1269 1, T'las s e Ui vaaee a0 tall ag e
Yanliingfens Ml sugh shgdddy taller thao e rein
by of thee Farpate =late Parldig: The jpvestine il royuired
Farr Lhuw oty corevtrateliom amil inatallation [ peTte IR P
sUrupbimey e e da bipds as several unefeoed gaillion dollas.
Sueh strucbuies e me]uf cgsiheering woths, amdl e ome
warahd torkey o T tewal Tt g Dol ooty eal
wlr assrasibenl it Lo faamdation desigie This i shanp
cuntiast Lol practicoe i Lw Lol T80, adoen ol T hare
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wivtsiim i, wlseteby iles woeee genely dooven i pracical
refusal wath Lhie bggoesd paesible humamer, The need for shie
HILEELIgd L nlks, simh Bogiaime b s,

Cewr the e, working in inereasiagly diepuer waler, e
devilopent uf pew structursl dusin eonoepls and Lhe
Rrawing avarenrss of flwe protennal vogioee s spnitice
il Bhallow pealingg e ecaolilivns e combine ] 1y peease
the seepe wack conples iy ul Fongidabiost desipn aand site
comsitluratatig, 11 Le iy lear Wl wonnrghinsive dnd
mulbidiset gy slie A sstio-wls @06 roquired Cor the
desig ol safe wnd vonrpsiivid wlfahore fiondations, The
I wshivg nar Ligie of dgduguale 1l agwessment ks oner-
Trneet wlaen bhaee Lo e capital imescinent renuieed fok A
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iemainnged by plan Ty ek feml 1ae bepome e
woaplnea | Lo pribe suppaeried s Lomes as waker tepth
ereases, This o5 eauge Lhere imoa (raatnlity of recosedy
atd use i addiiinal sibes, cspeeiadly in L case of the
Weivinnesd Iog pdatfurm, god b (he wmounl of stiel
feguird is pesactaliy beas i Unal redpuired Tor pile
Supperhead sloieg Lueek, Do ever, gy pike supported
sPRucfures o lulin gl of Waear stalolity from deep pene-
Lration pres, they Ny prove du be Lhe mose eebablc

slrusbures inoareas wheee the wpper [alting Lends L LI
uf s ool sediment which nay e prerenee dod ol e
el cibe b creep or ot bow aobivity, "Thiss, midtalee)
peolugine Faetors cauld resubt in s bection b 30 initully neee
cuelty fimdgn, which over thee Jong Fan aould b niu e
relhle, amd thos altimately less oogidy, 1kan anclliet
driiyn,

Itow dio a siraeture’s Moendatnms peeluons Auring is
service Dl and whal raust D oo rsilorsd fo peedict i

Fuundaivar desigo ovemaab eilines itglinde lasie s
protivs il sediments, sheb o strenath, unie weight,
Jlastiviey wt! srabiliorg, asbevipatid vy TITETL T AT TS
sl g U3scots b Mo s, wikes sl Cubrenila, g swonbille
shakiwn and, prekaps cofnidero s 3 spevisl Frougs of
preawrsmnie ntal loads, the geidisie Factors st g aetoo-
Eatilia, il aa, ikt v sbickes @l su fodth, O oo e U
eetative wnpartance of cacd Baelor will vary soewlka,,
epe el v e Aesigan o f the sdocusde inculoek, ol n
cudatinenly Uhe geclagle [actwes Lhad are besn minrnahle L
enneering atalysis, wnd henee aee uf partivilar iuncens be
Uhe g asheglimd ok Cnpginesr.

What are seemet wl Ul greudogie fealooes on e nogber
i IF and uppe e shijee sif Ehe oclbera Gubl ol Meshoo ool
ame wl puivnbil engiee it segmificgnee? Lot s ok ol
s bk e b, Copnnent will b teslrigtod Lnaggive
Fanalis, shiles g smead-|losws. A% sl might exneet, st of
Lhat Sadinn’ sen s 1o bae i Ehe vickily of 1he Aldai-ipgn
D L6 s 3o related Lo Lhe vael quantity oF 1o Fraiieed
sehiment Fownd e this arve, Bloweier, massive slide depuoeits
atnl pelive- Eaubla are Foed farthioer Lo Ui sesk ) alEamare
Trewan wt wovll,

Fasl, grbive fpults, For wur parees s, Tl of e Lisig
brpos A Lk b Doaml b 40w et bern Gl al Mesige.
ety seatee Tanilia seliicln O iviells esiead Lo depths of
several Llusiann] Proel, sand shpflow Faubls v ltich wfivel L
gt Few Blablted Boqte An exanuple vl @ devpreseal v Taaly
Is frvon the sop-a ugar Gac sha W slupe brvak south of
Cialvealot, Texat, Heh growih FTaobts aoe coesamun un Le
vttt shoadl el wpprer shegwe, and, aa sugaesiol by Lelmr
Jetalalaly gegalt frcmm show Lasinward atizoatuss of desplee
Booaes] e Sealleor el l i 1w sieenrt od aetive Dialls
v ber s mneh s several beos ol ol dtenape b o
dneseniend over Ehe Yot 80000 vwar, - enE large Feull
fras Deee 2-d U poer Ehoonsand yedre,

Shillow reverse faults By Lhe Missincppd Trough aica
valibit very sieadl tirow bul svalhoog eaprosgiot i ke
sie i Saeh Faults Eave apprarenl |y Lewn Euiio o i espsonee
Perghien e nalugie s Enl o e Wpper 200 1L or we

ul st nt.

Shetow slumsp Taalis comaimenly ane i tale i plas cud
Ly [Hyalky Clatbere woch e ped, Tlic @xaet cdgin vl U
lalts frunkoweamn, bul ehey olir i prossant o wy
e it e slade mosemenl, The Laa 4 s ol shiallien
Faundt ohemrribed may bo- cosdeictiel Lo sbopur arcas w2l
by Ehick, raghlly dvepuasited Finegrained o desents, Mullos
Urprasily are s o B cicinity of the Missssippi Drelte on
shupes af low as L pereent.

T crampoaite Lhiclness of coakeseent mmnl flogss can b
o Ehan TO0 0L, aned] ae e inight espaed, The sarinee of
thi mniTeew B pesies gotniiodaly s ppwears eoquee . Al
T 1a Ko wbont Do s e alben nio mie i L el 5, Cafe
wl e emmenl, ar tbee detanls o Leggpeton! mwe [uindses,
Corleribnn has recreodby prresonbed ovadenee iwdieatioeg thg 1w
prtactewenel ol seovers Howsazd Doen oerteee] st
I Lo dwen b ryilisens Badle ol oy dpark. Jeis
st b 4Tt bgta el Ehu < praluboy e Felabiely
Fapidly, The [iess of Shell's FLaltoess T b i 150 daadeg
Ll untieane Cannlle is Baeboeved Gu lasve been cagsed 0y &
mudflaw.

Alassive slifle elipuaits ate abar Sound on thic wpapaer slope
i Lhe mertheen Gullf of Mesion Onme cxamphe ks aguonsis
habely 2 mibey bong aod W aliche dopusiLs resich o
A Ehiclavwsy wlf JH0Q T, shope Cuilume soet ned az
vabasbraphic rvens aboul 15 D00 years s Bodlos b Ve
dopreil o of deMaic sodimaents 31 Fos sl cedoe dagpas 1he
Lot Piv il s Young e, e i, deliaie sedi-
mweeeds Tae v bkracdd 1100 shide dopoesal aod the ple sear
Exidvne wf siingdlyr failures have Bem alseryed o L
vicimidy ol the Mieassippi Delras ane 200 0F Ligh Guticod
starpaat Lhe kead of 8 rge, prubably Tale-Fhesbeens ofide
&l the g0 IF dpe clearly denwnsirabes 3 catesiroplic
ariftis.

Wiry are relatively ald slifes, Tt cwamipde, of ronecrn La




Ty Cffshore Site frovestigtion

englaresa? The question invariably arises, “Will i bappen
apal? " e sl compleleby stallmed ™ Witlwul
et wiledd aod feienal sludics, we cadinot beeten g an
such i st with eonfilenee, AL this oot celatively
I e ks i wbeAr ofiduore peadopyr phgs-ca-y wurh as
Tavitwig, massdoy sliding, amd minllkon aotiviy, ibvaeyer, sk
fa likely Hhal rale, magnitado s 3ml Pieguacines - will In s
hw U Okglih s2%rs Lo by wiaznlivanl thoan engineenng
rantend, smer offshone stnscinres 1 pally By adesipn

Il ool wantly i Few deons of yvars, On Whe oddoes handd, oy
pod Lihoe el ey Lo enskatoan L poeli ikl cfects
al Genltnng, asaive shindog, oF gonMlaw ag Dby wn bree-
Pt ok alespgrn cl e sibeal s il e i ogged ]er s il
wirreebiber a BODC DR ol eess o ey an aboa o cenr

Btse il e g gl s frpe bl st Lo, Yastumee B rake
FLLI LY TS T 3 TN CTEEL I VO L IO RTIPTOR | NV (T YO TR
e B L i oo alev wasnded bae glwel bwpew 48 anli-
wrpAbee] s e e Lo woikels, soaem arnl emevits
dutthe er Abewgh Croon P es g i moelear (al
prodngic oy coulid nndaoe grodieanl alatee el

BLiy pwrd vin prmlu.l. Liuani pisue lllu".r [T (LR T a0 i sl
sbie sk iB sedf dua € ol taeen sedpily pean thal sdv Jdrucluces
vanol vesnomieally b ceastreded, 0 e, e
Barindbing slivsas nmparied o3 pibe by nooring sedlinenl cin
allen b poepernaaied G by esng thicker walbed, snd Lhos
Miflee, pule VI conutre, seh o solutisn woilk oegull i proa e
vtist b slenapn, huilel aeed oxbal w pladifond, Tt o b essential
tht Eloerse den felustey wlhoo gre Lokiend bin ad aih 14nry

wakpdalt B3 Chn i e N pecspectane om W abaliby ol
enipiierrs L bl sale and coonomdend stoun gy B many
st Tt Bt arlsepse prealopgice cosbditnns,

I aliddl s sy & Fow woog il aen rees-iuf bete lopents in
grie vl sile assrsarenta,

Malditmmanl mebinlionFsite inyeatigativm, hal s gl
AP @k e gt aaly s, Bawed oo U0 festal L ol
satmpde besling, have g e enabilind the Dlendelweglnoy ane
dxkaswinntil ol pesbogic Teatures sbel ms ctive Faukls, maud-
Moo, ancl shiche i Tous, paeohase Lhie nist segm Do anil wingle
devclapment is Cthe naw rline pooveslure G yang ol
b png, dala in oorpnetion w il b cesdulen grapliysical
Wt i efeclively Imdegraling W 100 maamns lbrough
the v ol mndledecipdinary leams ol pealiofngs, poo-
Byt & amel cginerrs, Ak 30y, cven ikl fhis
APEH el Tolly reliabibe aivewstrue i f b gedogic
Frimtmwrs Lur e e by poreees safnaet gl s by riashe,
Pl B s1lusd i b rapidly e Lhanging s Lbinge people work
e closely vt g gmetier, ind e Eidwlink e ol Lhese
DT s AL FedEds,

Al loer receat doevelopgend s e realisbuag that
sbamelpeed blowk sarveys ave ot dlway s alegunc b asess
s i gafesd ures doumd wm the g shope, Far ryaaple, &
Porrml sbreey corering Dwe b Tuamel Blaeks = = e thas
PG sy e amgles, with a T spwictag o OO 11 by 3,100 £ —
oy e anbely bugesess warrall cealihits o & sagle prs
(kA [l Sawrms G0 LT Lt Mlssistappe {heiia, | aan evrladnly
el iz Al Lhat al apgaer doape sl e s o4 digisive
Ay vunerg for abegtiake pvaeodmend, bal il sochar that
I"v 1oy U fivn il oI dbangy shusub b daeler-
gl % g selugie conlipas eallser Thva dn aibiican
beergtnm wl Bhes b boumalarma 18 s libely Bl gend sile
sHiEILs Bk ipgeer heepee 2rtas wilb Feapigfe DIGIL sibim reynal
*lhey Ly Inoest Bl anetsale the b proper Lo
Al |HI:'|I-|'|} e ni W st e gl ety fogelmres or
toamlitbne, g Gl e ke sbane nnek s b Froam
e il

Aol e Topabeal B e 0l feps Al e e Lt ot
(LA T FERTI Y E TS SUERNTY TN PN SRR s e Fu
Lt e leeg ol v e oy [wermnd ol wvral s
AL Tt cte sp ln prrkgra e s ogisder way 1 be Uistna e
FieBtac arca aeal wnld Dl beoade Denimsgoe gt s et ity
] Ul e lbnodinp wf dafa o anal P e b arge
sl R

Phorw sbiws ali chris velate (0 100 kanow i genilgic von-

sl Lot us bk ol g apealine wie wbich has eegoared
eyt The sile b o devp waier, i e depanentee of
oIl the moth of Lt o Hner, A Lieniyil aeea uie
HHF R SRLCIG el 16 [t syt bk wuau bl reveal e
appare iy s e oo geyeh B0 frnd s, Hhadwirr, uprloge
Gt arrd ook mgd Theew depresils o B i, kg gt
slerve iy lonpne, Liete sene Tanells, s e Eaalin, et ean ol sl
s T os ol boatts Wil s pe Pl Deifares st [H
Critlusteal wa by pespuent b the syte, T At e hiee i
bre gl Bt esdutnn el echingine Lo el 4o

'T

D

Qetermbie the nilure, ercal wxlend, hisbory, pnd peesen)
actisity IFany of thew Fralumes, Soane are il breing
Rrulitared By rege ab d sunveys Lo delermine wleiher imoye-
L it Eaking plive al present.

In the Gl ol Yewaro most iles abave [he break in hipr
1 be wdeyualely wivestizated o osurcy s thal eyt ynls 4
fi-w wquare pules, The dred respuesing fegfsid sur ey
ralerdt from phout (he sl il break ince w ae Fodyope # than
F ) 11, coevrs Aty of square nohes 20d eatemil up to
the shell Becak amld mand s i ik pr.

In AU LTy, et Bepoias il o wppsr sdiipas silvy woll bwe g
hadbemee, ey Yarde arol eusty prod e s a0 eu BLe s ate
Ty Bty iataTleel, o gl Dor nnllLa o, a0 Daer
Alomges sl 1 EBe o Ll e CennlE ol Shesooin, el Canlis,
s apand g slialee slepreesi1s aee hoovwa B eun i
iy e Sogie area s e aodSoo daads af Mosion,
eapieredlly tgslien- Tsloniprnn Dt 18 a5 e purnd Gl NEGu
L =eaiary o gl sl i Cest g o Tee catiied g
poriwk Fed bewagn o g o cbio ol prodsetion plafoes
v aennin Ll pesbutul ol oo cring 4Gteu i dogee ol These gl
ol gealugee Mactors, Pusever, Tl presence of ouere
avalugic contdiding s e nob feve eandy preclude the com.
strurbaHn of safy produntivh ioclun . -




'

Northwerieen Gulf Of Mexicd, Eugiteering Implication af fegionat Gealogy Tl

IHSCUSSION

E Ocke {links Trenbngnch Uweasl ) T Vermen has peinted
oul Lhat There by guie 0n csiviee grea where na regivnal
invrstigaiban are pequined, |y Thin be cause Ui es S6r 5o many
data alreardy dractalibe, i m e atlusl s i fsbso e LS
plial thitr iy e ieeesadly Do de gy ineetlgalnm? Thwre
i hane been quite sone cloage dure The Toleeene sea-
besed i i Do wreas Dens il f puepisds Lhe ara @ fand,
annd thete woslit have en gl some difleremoes i U
ey sl e i,

Tlav Tirbary Tesien Late Phosioeyiee i varly Tholuoenr
Mha} Muaibh Uedt e arva i v lean 1 Elaw L i
priunps bl b B ol L wnend,

{harman: Plos guesbinn eeives b s vodgspaend thal

Ll by a v nt OsF @ petnnalb sureey o e

cabiet opt o Kb glugee, oot it fiee shie iosdere o,

In ttt:i bt Lt e E el b dwa ey oxisty can khat insbane
e,

e Yooman THat e paind sl oL, brub b sgin peru bbe i with
e babrak booglogn s LSAL I weors gn anve of raphe depasilisn
doring o prewnaa iy ylanels ol win s |, il sedennenbe b
Lhoat ar s af less sbalile Uu wn (e ghiell,

(3 Ogles Drurieg! U lute leniocene L shedlwas pbove sel
Leseel, anned Vleenk 08 nmsederwoond drongrensiun Le Lhe Eulues i
s beve L T rpocess ke b rewrbed 1 bl area thad
Fepaanal bt asiuen nasl alae b wvailthle, scidiasnal b
Bl inwesd g almetis,

Chaot e Sume af Che o wf lu b papers e sboown te
varlabillly we g et o (1w wdee Il wrea, Hut peolaps the
probden Uhal Iow Lacen odyatalass) i the Last pageef 6 Hae
vy grose JulTecwline s Il apswe with dides wh Wi skope,

god whicl: arr vy Quite an enormaous aeeod. 10
partly Lhe deproe of viingdies, allel an g stuaen ol ne
reypuireniest Fur sorory on the el self,

A K Huldbe (Shell Intrrnstional Peookwm); b D Vemon
wwaee of a0y worl bring s Ly study Lhe i chaoim of
defiemalion al growth fauits, partculardy wiere such faulls
wre show frum seismic fradds 1o be very oeal Lo oul-
erapng uty Ui weabed surfaw?

e neatiaed @ moveinenl of bebween 2 and 300 per
1,000 yvari. [s thul based wia Uiraw of e faultof 168 to

ity divided by HO 000 years, ui moal ks n tu be s pie
groeslst mwtement al the surfao?

I Vernon: | do ot Lo an what 1+ mdinae schivel
1 cus 2eat kfw b Chey arrined al Unre numdseo,

B Medieliod (MeMhelond Engineers Iue) There are coetont
s reneents Deing e of ac e Gaults, s offshore bul
b, i Che Gl (o nd PLan, Leults which hage 1hr
it 2 enlugie Chara, of o thivs b peval Bo i glin jrajwl,
Tlova are 18 Fuleet o b (e BECTE b vaERis 30T L o Ut
reerzbnl, by LD of Pl planet tn a1 kB provaline
ol T Tault wearpr, I dwmeevd i o 7 el Bencun el

Hpet et ream e s afl 2 Qb val e 20 Rt
Lol prhare cner Bl Baed e Lt thr o ecndos atr s s
et Lee ol gowaand,

At e oo Rl e gl T gnoes bt 1
o prager, okl B Weritn a1 wes ol By g el e e
antllsbra Fof DI BE oot o enn LILAS, L= et Frnall reat et
Lirwkw s prrs e rereml bare ks, | [P~ R [T [
Plaser, whore wontival gtpsglaoemasibs o U anide Pt idar
185 whdirs winlnn Wl Lash deede ar 3wz are visthlo o tbe epe
Ly,

LT Fannn dBastitsde of Gedugioal Scienecat: 1
[gs res L0 bre et w o pubamllel B e eennlilanns w tbe
Blist s Della il conalibine e i sl St seicand on s
el uf 1e Botish el Thos aee oonle Gl lemend eligiom-
tc s, Tl Missimad ol Debla doe s man Doees glacialed, bne
a Lt ol Lhe Lol Cailates daty Vi oedee of Che shell Lhen
are mlyerd By 1l vy lugh et of sednnunlafon Foaing
oub fraen i Sliisaaqpe, and s teary o f oarling &l gee Lup
w1l §lupr,

10 is nbeseatlng to asmpuen Chiy wnln e Kratish ooatin-
wriial sdiell whyte Thaege dn & gl a0 Lerrain,

The sagtficant it b Il o 2 ke Pl b e,
pariscuberlt durlug tla Tave Pl e s Bedasa that
vy Dl Lkt s 0 gt al v b bl e e el u{
Uer cottlinental s it bn placiel D wwce, Te Sritah Gl
have bargely bewn sheipped of 17 cr Foalialy fwit b Glee
mairtieern part. Thel sedunenl 1o broh swel Gul it L
Kourcth Sex and oier Lhe weshorss sl | ol Yotaon: aod
dumped o f e rdze of the slope. Thay in a Zlardstel
perratnt inuch Lie @ sl nb qondens haie s pro-
tucrd b il el Abuslion woirky Samr Maats @l nutriial
have been dumped sy Tapadis , and altee i an wnsiabie
cundibnsn




¥ taﬂ*d‘!h'l-:h-"l‘i 'f‘ L i e 0

LT LR K .':-In [ ] H-llp- L] ul
1_;[.,1.- [T TL ISR ] 1. N e .: AL R A [ ]
* .

-
l'l- LY T R
[T IS

L o e II-ul"l"! li‘rt W'll}il Va i =

P el B ...-1- o, _..__-\-_-.._.-.--—..

v,t.-ﬁ-“.\'l-ﬂ-ﬂq. P

(44

uil-d-nﬂ u-ll oy

“SEDIMENTOS HD c'misounann ——*""-“"*'”.‘2“'

-—:-\rﬂ [T FE MR

PJS'G MARINOG

.-H."'; =t ‘:_ 5 A __“"__I- ...._r.-.-q.-n--“»u 1--.- S

Tk by

REEI.STRU DEL PERFILADOR SOMERD EN .-
EL CUAL SE MUESTRA uyN PALEODCANAL

s Bt -i-'-:i"—-n‘..'”"'“




o

uf tRO%

af

%

—_——

T

a g

- aym

RAIDG LATERAL _ . _ -
= et e Tl
i

PP e

L e gt e Ll

[ FREEr P FE Y F)

N Tt L N .....m.
L
- .. vh Mpmw ora— 3

= e om pas

el

I;.a-ll.

B -

fradand

- an am s

o ad AR,
s iw = e

ABKATUN 1A A AHKATUN 4

LINEA CENTRAL DEL PERFILADOR SOMERD DL

FIGURA 12



L ap
F-)
*
rn
L]
o

e SOHCR DU BARRIDD J ETERAL

— " | R
L ritt o etk
e TR t i e
™ I
...... T T
T |
t n..".....m

i

i

L
' " (L
. Ll
1L,

e THebea % 1Sz apid .
- —

e Lt Ly i -] = i -l b b S T P T I.-u.v.-n..-.

P o

Y

* -
—--
L

'

|

-
'

T

e et
'

kea

uy0oq DE CQRAL -

F

k,MDNTI

G 4 LINEA WA - CENTRAL DEL PERFILADCR SCWERD



£8<aTL 4

LWE A X0 ERDA ABKATUN 1A LINCA DERECHA

Y 0 . 2] }

(e

{
L
e

j
L]

v =
BTy
) {

[ o B

It

Ll :j_i_tI=1==LrLLL

el e
H\]‘nr ’ .4-Lﬂr|.r-

J:ﬂsuﬂ_mmo

PP A T mp- =
w*-r'r,;-.fhr\ w---a.,-'mv. ].u it o ‘..'-

TR Faaﬁ

APKATLM XI55

ik
Fl kI

(% - | -
gy ot { o
- [ TR e -fn o e—-
—— - " -
sy R |~
N R il andial B
TP N R S
E o R T R = bl -
i ..L_- vim o f o e =
Lol N z -
— \ P Wy e
i - - - e e o=
- F ' ) - il
PR ~ - -
“a .
e —F—f g . — —_
I-_|_ f— -
‘-I.-
——— L _ 1 f{.n
—r—a bt — f — - - -
i |
- —k- -

.-.-}. A = ..._';'?..

r?.}i ‘.t'f'tﬁa:-r = w-=---. T
P,

N e e 1_-.;.-..‘;1.1..._

zv:j FET

A e 8t e
- rr*-‘#hﬂ_’

e R ——

[ & ]

T

- =g RG] Al Tl Bl s [ Soyiiy gy iy . pivy -] e —
- _1 A5
. A0 A1-%==1=1=l=t- -ttt
P U PR LA U R N - 1 : £
ot BOY Tt Sl EEN o TN Y RS U R R R T G R S

PERFILADOR PROFUNDO DE ALTA FRECUENCIA

~— LI
I .
. N

DERECHA DE ABKATUN 1A A ABKATUN 346 ¥ LINEA IZQUIERDA DE ABKATUN 14 A ASKATUN 4

FI©T"'RA 13

~WiLHD WETACS

a o

30 Wy



(w8

RANTOEPRESJON Ef EL™ ) 7 |77
ECHO MARIN

1a MLTRAOE

SEmuENqu inEsmﬂLES

pEnsrey

e
et

F‘.(“","'il" g n e e --r.-rl'} ETI LR ""- |
Tl a e
L ARGILLAS. 1uf E‘nL.ﬂ__
s : e 8
FIERUS RIS 4
o —— m
: a
o
[14]
w
s
N =
e P o B
Y o
i 3 eh
T E : Yo . -~
L L Mt i ; it i | adh ] L
. " ' . ] 5
=
)
n ]
=
o
[
(S
—
™™
F
=
N
] - R CLTE
NREF T L oo

LINEA DERLOHA OF AHKATUM 1A A ABLATUN S DEL FRAFILADOR SOME RO

FIGURA 14



|
|
|
t'
|

SOME RO

'
1 !
1 ] |
g |
[= B
« -
[ A taw

|
e
. H
5 '
[
.

1

few Y AN el

ianl
e
[ PR

"

NP S0 R il
‘Eiﬂ'lr. et '_'i-'flru-l-[ﬂ.;.

FIG. 15 LIWNEA ACN = CENTRAL DEL PERFILADDR SOMERD




e S .
< |

iy

TRt
AL b

tnmhluitJ“-Julqulpmlunuj Tt
Hil[hmjulj*i!1jml]fﬂl [FEVEIE (B

e e L T b e LR Rl L R et

cvn b BB L R MR R Bl {2 D e R
.
R I T P T ETE T AT DT TRPE TP KPR PR PP E L 1

FrLde e e

BPomad Py ra g e—n R

F,il n rhu.-.u-u Lihefd ot

RS UL W PR . et e s P
L LT - e o [ Fs t i ® Erf s ko
Y - ks e b Lyl P E R et Ul SR AR L e Py el TR HhaLs b
ARRIBD™ Dli?LCTG : e i ;
N R I B R L I L T P L A L I S B R R N e Y S TR Y T ey P TR L T L LR LB I e bkl
= . - " o . . - T w v - -l '
B T e g s reedeaeia n e ke s o —— e s o i
.o ' .
. . , : e
1 i " I
H i '
. . 59 m
. v
, . L o= 250m - .
' . ' -
N .
. LI . et - b T :
- r ' ) . -a
. - L
R P R e R R e R R e R IR AL R PR R L R R e R e
.t Tt i
i S
. . . .0 1 .
L " ' )
. . . . .
) - ' PISC MARINOG | l
e ar— ey Jcﬂpﬁﬂml'—f‘-'—mbirf'ﬂﬂi-ﬂlil’li”' ;.......J\-.,..u S . :
———— .ﬂ. o nn;mmﬁ‘ﬁ"#m”rm- :“ ¢ T e .jaﬁ.ﬂ..ﬁ-mu L T vt # R e g e e, W
Pt ;I.ﬂulifurntnﬂ. PN AL SRRy "H'"'P""I'Y ﬂ‘-ﬂ' ——
T U ukaiiat ittt mnschd o A et r_ .-_ i\ P e Fol L LT L]
Lamenbil LESE 2 "'Nm.--.-rln [T ELL P ) u‘.!l-f'i-'.rpﬁrl-dri'nﬂ rn'fhﬁﬂpm;u;r.:l;:;.;w:l;f:;; .J:-H-:-“ *'I .
= =F bl BL oL
[ PO Y =

t gt -i.'

AEEUSASr--

R LE
ERPETUW PR

J- o b
i...-....-...-.--u-...--._ mardman ok amrrasaan |

. S D Flgura 4: REGISTRO DEL PEAFILADOR SOMERO |

e T e et e e

S ERSTEE MOSTRANDD UNA INTRUSION GASEOSA T A
o ST Ve e ety e |

T T T L e T e
. . " . Mg .:-.,_- .o » ._ ._: . .1 " ::" L

45



€

(" Accillas blandas pendientes
de 1*°

Deslizamienio
de Toludes

Arenas y grovos pendienies
dg 25°

Se—

Inestabilidad del
Fondo Marino

F_Corrientes Marinas

Erosién & Transporie
de los Suelos 4

e it

Tormentas”
Varioclon de 1o Marea
N

SEMIHARIO INTERKACIOWAL
DE
IKRGEKIERIA DCEANICA




I | . : '

f,’;‘“} _ BNiding weight ” :
(jari}: BO to 136 ky

ﬂ:}_ - Anvil

| f'_!li Care sampling tuba
11K & exrt 77 174 {57 mml
4 ar,: 3" 176 aun)

_"_F"_FTH'F_ :

e || B

L) -

bl

] ¥ .

Re

1

H

-

& _

o

|=.'.- Es

¥ e
LN



Anclos

Lecha  Moring—

J—M\'ﬂ 4' Mar

ﬂj L
\—Bun:u Esplorador

Unldod de Control pora
enigye ¥ muesireg

Compensedor  del Movimlenta
por Olegpe

Collorin  del- Empague

Ancls paro el hincado del Cono
WISON

Cobis  Umbilical

Coflonn del Empomue

Fijodores Expondibles

bﬁﬁﬂ la Cetda- porg:
1 presidn e inllade

« Fpircer el cong
» Hreor el cond

~vohvalz  Deslizonte

A i‘_.-j-—ﬁma fang 1a proeba  de Coho Wison

]

-—Ernpuqut- de Anzloje

i » Desinflado 75 de (3 Bx terior

wintlodn 13" ge [ extepior ;nr.xl-m. o
- -rLunq:lud inligdo 4050 13-'1)

h
e

....l

Broca pore ovonce B5 de @ extertor

Cang

Fig.3 SISTEMA WISON FARA PRUEBAS DE RESISTENCIA
A LA PENETRACION CON CONO HOLANDES



——Cobls  Umbilicel .

lel dal Mor Tuberia- de Perforacion

Am‘ﬂi}/L {
:j me Explorodor
!r Unidod de Control puru

Fijodores  Extandibley

Cala mr'ru Celdo paro:
» Dar - la presién de jnflode del eMpOGUe
» Retroer el 1ubo ce muesires

. » Hincar el tubo da mupstreg
1L r -
i L——Vulwlu Deslizante

3 T——0Gato hidrdulico pora Mincodo del Tuba She'ky [

ensova ¥y muesfren

Corpensadar  del Mowimlents
por Olmaje

Tuberio de Perfarecidn de 5 de B

b

=

Lecha Mgring ——

“

p*———Emgague de Ancloje

¢ » Desinflode, TS5-de £ exteriar

s Inflads 13" de P exlesitr mdeimo .
v longitud  del empague inflade A0- 50

P ke

2

~ Tubx  Wueshregdor
E..’ )

Broco para owvonce 85" de 0 exlerior

ERCCSEIC JE P CRL EVL PE S R LA,

H' .
I
re———Ancly dol Slaterng da Meeairsg
- Mupstregdor WIP

T

1. -.. , I_“_.II\.E‘

Fig.2  SISTEMA DE MUESTREQ [INALTERADO WIiP



e

(‘_ _> TORAUE , T

o
=

SEMINARIO INTERWACIQONAL
PE

INGENIERIA QCEANICA




Besrer cate

Ny

Hydraulle rubinr

/

Driver-drillar

o L 4_-:‘,77'_?'-___'
SR
= et T T
- " ——

-

- T— =

-
- -
.= -
T e
.-

Wargr deprh % 40-50 matres




(5>

T ™=

Chiver-deitter

ke
Solahis

Aha

LT
bk
-'I'r':{'f =




(55

o . F'l"‘ B LIS TL U AL Coardl 1St
I T i Il | P g e | LR gt
¥ Y N i Wargs ™ Tty Bowatprateg B Lovgrdgd Ay e
?' b R L & i " 1] L] ] B mrei * BT teeream
Rk S I ek el deteel e Vim e o
. vr [] wa fa 1F LoFw s e LISl B | S
- o) T — =1 - = pa [~
/ A Fale ™ e -
¢ .
B L tlina s W e e, e et o b iy *
v f,_-, H wfaeer, pe B meiitea e rncia, 4 Gl ] -
. W 1
T 3 ! I
ARLIE e B ) P
/’_u i [y RS, pA—— l--—-c-------—----—--—_._.:!tt ST
b 1 r
- 4w L BRE TR I I -
:‘-'Il TR 1) ey
.-_H 14| Wil g g el k) gy dchap, CARLE e COl
W ar] ] eeee v, LWL J
L oo | S H e ree
= =
. w{rae o
_;"Hl B el i M)
| e el ¥ i el
i | —_—
?‘H . . o Ty
L e //‘ . . DT ELT-1 S S
a""f1 —_—
pul  pl MR oy e od medes n WL b Sk B E ELE
Mo rs, IR, ok, BOn frepresing oy |
/ Nperhy, § O], bks BaOn B aAT ae el
- / 14| wfs mn, b Rl fnleks
,,/4»1 ts i
/’ Ik} 11 bl ke s
|- - I ™ . =l
v
il e —— g
—t
L e | ow J L]
-
pu) g ana fihe, denie 4 mup daned, grin, 1]
4P},
]
SLLY N T M
My ey Ut
e aib ia b
il e Jr =l =
- N
a""; —— *
FA L] LT - g B
I / il o i
I [
TIEL] halalel s o
.. f ol be He et =y
/{ —
ey g ALl mada B G, bomhiefine

Camrl, Prma i ey, ol G0 g oy dn
Toocpm ) [E0D, bbbyt o ks i WT 2

N

T

™ TNl DR TEY, oo iy b PO & I3 1 e Tl - -
I A MCH Y Cok iepd bl By Fiaer, g,
f
e rag e Ty b it b o

I

|

RN

-

=

- ban / | LA Ll 2
é FRIEN | % CaCO, el Eat Y
| ut’/;ql T AL B e
/.'-..AI‘...ll.q-—-.__.._. L 5]
Feopy, MOeWMO e B
Ll
T O B PE O AR WIEEACT B a3 Lk | (MR fL yeem D ek g gk L RATIR
tim F ohrmmmaiuinll b (A0 .gaL b o o e L b Camed A W =
Tom kLA GERE Rl [y mRadnPg

REGISTRO QE SONDED ¥ RLCSULTADDS DC PRUEBAN
KY - BT 5 BANIA DE CAMPLIME
#OLFG DO MEMCD




¢7

17 The apnlication of lahoratory and

foundations

[ E Toolan and J 8§ Coutts

Fugre (UK) Ltd

Tis paper deserilgs the applicatjon of in-gitu and

tiboratory Lest resclly Lo Lhe design of deep founda.

fiois. Whilt {hw methods deserilad n the paper
are applicabie 14 pany types of foundation, most
empliasis has been placed an ape-ended sheel pipe
piles inalalled By driving. This by of foundation
ix presenily Lthe must conunonly wsed by Lhe oll-
shora jindusizy and its desigu relics on 8 wide mnge
af soil parmelers,

The driven pile foundations of an offshore
slraciuse wust e designed bo sabisly the [ollowing
critrriat

a) The piles amd prile growps sl have suflicient
capacity B0 pezish masinun aalicipated londy
witly adeipaale Lieclors af salety,

L} The pidos aoacl pake Jrpetpes sl Tiave ecepl-
whle Toad el beelioon clurieleriatios ol
ineder foar 1T et aded baading canditioneg,

o) Fide steel arnd rroul sloesses st repnin with-
i allowabils Jinaids wander exteeme [oading
errdidions,

) Pl avuibalale pile clebvingg plant st e able
Lo install L pules to ther eeguived pens-
tratfionn witliowet oversinesning,

The Toundat i design is hased wpon soil parm-
melers decived Freeny in-siid fewly gt offphocse aoel
andigre becatony testy, (Sehoaspeet af design,
shomalsl Lo analy e vaang sl Jeast bws ol prefer-
alsly more mulheds, mieh bvsed o dilferent zogl
pacameers, Tlos peodeduee allows e rebevance of
any design moebhist Lo e prevailing wil condilions
1 b asse~ied s invercases Lhe reluability of te
linal shesien,

1t shoulad e sled cat soil Lesting and founda-
Lion engtinecring? are relatively inex pensive when’
vongied v Lo 1he tolal vesl v f an offsdiere site
invenlizalion, When viewed in Lleeme of the Lotad
casl ol a platfocin Uavir wxpiense hteomes even less
significanl, Generally time aud inaney gpent an a
PRUrous G ing aalysis b oere Uian Justilied
by the ftiers ase i foundatioa relinkilily andfor e
Comnssiucnl reduclion in fuundalivn consbreclion
wnd installaticn cusla,

in-situt data to the design of deep

[M-SITU DATA

In-sity testing methods available for use offshore
inclnde the pressiremelet, the down-the-hole vane
and the clectric cone penetrometer. The mos!
widely wsn test is the cone peneiration tesl
(CPT) and only the cesults of this in-sit test
epplied Lo pile design are considered here.

There are a number of versions of two Lagic
types of CI"T apparalus, scabed penetromalers and
down-lhe-hole peretromalers, Wilh seabaod pene
tromelers the cone and its rads are jacked inlo the
seabed withoul the peed for muking e botehole. Tu
use a dawn-the-hole penel rometer a burehele musl
firet b made to the requiced depdls, Lhe penctio-
meter is howerod te the botbom of the drillpipe
and then foveed into the il at the baso of 1tha
Borefigle, Detailed mformalion concerning e
|repebeometer bypes may be fTound in the ceclipion
literature ' +*

Tha two types of CPT apparatus described alwve
provide the same soils data. ‘They coch measure U
resistance on ihe tip and sleave of the cone o il is
farced into the soil, These are tormed the cone
cesistance (ge ) and sleeve Iriction {I} respectively,
These data may be used directly for many aspucls
of design,

OFFSIHORE LABDRATORY TESTING

On most offshore investigalions a cortain zmount
of labaratory testing is performed on location, sce
table ¥, The reasons [or perlorming Lhis v o0 ate:
a) to check on the guality of samples rocoveretl
b) Lo oblain seil parnineiers for a paelimnaey
engineering evalwalion of the site. The pur-
pose of the preliminary cogineering analyns
i$ Lo ensure that a salficienl number of bore-
hales to an adeguate depth have been
performoed bwlere the drilting veasel leaywes
‘Iuca_tinn. Thix i3 & vory necessry precaution
in view of {he high cost of mobilising an off-
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shure d;'iﬂim_.: vessel amd 1he elatprely short
winlher wintlow in soow parts aof Lhe woelkd,

APPLICATION OF OFFSUORE DATA TO
PRELIMINARY DESIGN

From the resialls of the in-situ amd laboratory tesls
ywrformmt affshure, preliminery assessments of the
Lollowind doai=n aspeects o be made:
“a) astl pile capacity - senerally preliminary
asl capacity caloulalions are bosed on the
AP an:l Launbada gLbcds in clay and 1he
AR aml CET methim in sl 2
Lj lareral pide capacity — il is possible to oblain
some inclicstion of the luleral pile capacity
and load deMNection characteristics, providing
a provious paranieler sbudy has Hoen undez-
Laken, In masl cawes this s not necessary,
since normally the taiteral loads on tha prileg
. are nol Ninalised unlil a Taiely late stoge in
the sirtctural desipn of the platform;
¢} pile drivability — soil resistance pl Urae of
driving oy be delormined from methoids
relubed Lo Lhe cone resistanee, calculuted stalic
skirt Triction and undrpined sheor streagih #:
Alsn al thi; slage of Lhe inveslgation it is pos.
gible o determine the relationship betyween Lhi
cone pegtslaee aud andrained slear strength of &
vohesive sttl. This relullensghip is given by the
formula: -~
e

N (¢

where Ny s an vmpivical cone factor determinee by o
a eorrel:bing between cone cesistance and shear + b
strepgh measured by other peeens in corresponding

"
L

Tu

Takle 1 © Sail Paiamerers derived From Labgratery Testing ,"

strata. The value of Ny wsually les between 15 an
20 fur North Sea elays, Tt should be nated that foe
Ly pical North 522 clays it is not the practice of the
authurs' company to sulblract the overburden
prossurs frein the cone resistance in equation {13,

OMSIHORE LABORATORY TESTING

As soon at possible after the relurn of che fimphey,
the unshore Iaburatory teeting 8 commenoxl, The
mujorily af #0il paramaters used in desim are
oblajned fram Lhe resalis of these hboratory tels.
Table | thows the soil porameters most commonly

" uged in degign and the test miethods from which
Lhewe resilts are olbtained.

SOLL PROFILE FOR BASIC DESIGN

"Tha lirst seage of the geotechnieal design work lar
any strueture i the preperation of the design
shear sirength profile. Great eare must be exercised
in the preparation of the design shear strength
profllesines the validity of ell desim caloulations
which follow depond on this indtial nssessment. In

< many instances the conpalations for pile capacily

. and drivabillty are mede independently far cach
+' borchelr gt a locntion or rltematively for averuge
= wnd upper wd Iower bound poil profiles. Also dif

' furent profilea may be used for different aspects of

_ dealgn.

The basic design soil profile eomprises soil pora-
mebers corredponding to undrained fuilure con-
ditions ln cobesive swil s to drained fuilute con-
ditions in cohvaiontess soil, However, for each
strakn whekher clay, sand or intermediabe moterial,

S0IL PARAMETER SYMBOL TEST
- - vlual descripiion®
‘Bulk feusity ) density tat”
Subimizrgedl density 1'
Muoisrure montent Mg moibure cantnl tet "
Undrained e Stramgth Tw wnconolideted brnrsiogd trlssial tee” [ packs) penetra-
rnelar * 1o v Tull cone *; consod itived wid alned
eriaxial il Dl niu soresues can be e ted |
Rkl Stweur Syrength c, phaslicity wahen; Moiiluce nten L remoybded triax el tesr
Hurizoatd and Yerneal Elasuc Es uncrisalicated Undrainad Uidxlal st lophe sive sl ©
Sail Liaduti g, conyohdated dianed trisxial tesl loghorionskest toill
Srrain vequued Lo motelise S0% « unconsclidated wclr sined triacial 1eac” i
of masimum sl shear stremwgth € - conol wlyied vbrained triaxial st |
{eote ve ails anly) ) . |
"Overenneolidation Radio QCA Orclomeler Wil; wnnaclidatnd undraioed trigcial teir® |
CociticienL ot Carth Presoure at RusL - hg convsolidated yndtained 1riaxial W] plaancity index
Elfeetive Shear 3 comialilated yndeained trisxial test; consolidaced drained
Strength pad et [ars & trigm [nl tost; platiichuy indhas; partlcle size Ditrdsunlon

* 01U Ieuls W dorn med b 1 anghiane gl pilghers

r v
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UNGRAIKER SHEAR STRENGTH (KN ml}
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Faguig 1: Typical sail prafie for basic doyign
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the auihors' conipany always prefrnes socandary
soil profiles Lased on effective streds parameless
wnd O results.

Froguently, 2 more complhete picture of the sail
copsdibions af 3 siee can e chinined by comlining
the profiles describort above, For exarple, the
effective sbress paramieters obtajned from consoli
whatee? tlrained gr undrained rlaxial tests may he
uzed in an undrained gdiear strength profiles, pro-
vided Hhe mealiu stress condilions can be reason-
ably cstimatod. Al extensive use is made ol the
ppyHication of CIT dala e undrgned shear
strengih in a cobiesive soil.

For the determiition ef delpn peofiles in all
tppred of soil, wll available datw, both frem in-zitn
arcd labwsratary tesling shoull bo cutsidered,
Ly at st three boeelotes Aol e crilled at
the site of an ingauctant slruclure or complex of
slructures, Thiz not only enables a6 dssessment Lo
be made of the [ateral variation of seil cunditions
Lut also allows cross corrclation Between bore-
hales Lo detenmine if anomalows data in a partieular
Lurvchole ane vulid or nol,

A typival Nosth Sea desinn soil profile which
huag taen prepared from in-sicu end faboratory test
reaults is shown in figute 1, This is 2 good example
af the way in which data from L methods and
appatulug described eaclier arw combined to form
the final profile.

Colwsive sall
The basie design profile for a cohesive soil will
include the vuriation with depth of:

a} the und mined shear strength

h)the unit weight or density

c) Lhe ingisture cuntent

The majarity of Lhe initial engincering analyses
are prepared using the data from Lhis profile, Ata -
lat.r gtans miore sophisticulsd anlyses will e per-
Foyryed using sail paramelces ohidned (odm a
spplemeatary sail poofily ineluding e results of
Loats For plasticity iades, oflectivie slbess para-
il 08 vonsclilation i, The application of
Hirse il paramelers io guateelnical losign are
o lacussod later iy this papur.

Cohesiunless soil
The Issic desion profile fof 3 coherinnles sail
wilt wrlucle the veridion aith depth of;

ay Lhe eifective anghe of inlernad feketjun, b

g the il weldht or Jensily

c) the mmyodstune conelent

My mullosls exisg for the ddebermiantion of
i sl Wi the aulhers” eckabpran ¥ enost
ven e 3 e b e hefeendne fsao ol this guses-
peLer T the pesclts of consedicned dratoe] tri-
iy [l Lssls el 15,

AXIAL MLE CAPACITY
Hefercing b yzaee 20 can D seen Ehat the

wlimite stalic capavity of ae upen-cded pipe
il Ls gven Ly

Qv XM ERA Yty {2)
wliprn
¥ = wlLingtale sbidie ragencily

fy = it bl Friction (outside pile)

A A ey — —

"

fa = shuft area of pile {outsile)
riyA, = accumuliled outside skin friction
f = ynit shaft friction {inside pile)
EfA = accumulated friction between the
inside surface of the pile shaft and
the ¢ulumn of soil insike the pila
95 = unit end Learing capacity
Aw . = vruss.sectiohal arca of steel wall at
toe ol pile
g;_.-

7 ﬁ;ﬂ T/ Y A2
1%“1 |t 1
14 141 1
1%1 P 1
124 ARt ik
"%'ﬂ’.%rw. 1Y
12»'1@5 1%
A r‘%r—_ - -:-3
12+ 1@!‘ ' A%
-1? %r —1?
A2y 14 16
1 Mér, 1% )
KEG b 1%# 1 % b
1% 120 16 )
':"‘ : *:'-

14} [1]]

Figure 2 & Cauaciry ot apenendod pipe 3l
fad unplugged (b plugged

Under cettaln conditions the aceiimulited insude
skin Iriction may cxceed the ultitate static
cupacity of the wil below the toe af the pile. The
ple then Bebaves as though it is closed ended or
phegged. b static capagity is given by:
Q=X0A, Yy,
whoere Ap = s end irazing ana

My stalie methodds fof the determidnation of
il capaeny exist, all of which provide different
weans of calewdaning the values af g, and fy, Lhe
ugiit vl besawrio g skin Ceiction respoctively, For
a pigen Hbe i sioe ench desyon et hod wll pro-
elic L eliTFerent unit valdues, 0 nal peszibbe Lo stale
i lh ewipplele conlideee thaet nne awelod s
corroel am ] all atlers aee meamevt, Toweerr, mome
Pl clesipm mcthusls are mene apprlicilale W eertain
sail eonditions than others. Bather Uan s iog
vomplele refianee on oae desjgn method It is e
ferable to analyse piles osing a varivty of methods
in an attemprl o bmckel Lhe corrocl capacity,

For any pertiular prohlem, methixds should e
chosen for their warivd theorctisgd backgroand el
depetidenee wpon clifferent sail properties. The
desitn mechods in ot coanmon use for uffshone
ueiven pilies, togeler with the sobl parameters
rapuired, pre ghown an talibes 2 onl 30 hese Labdes
cowe !t eolwosivy ikl cobesionless solls respeectively

(3
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Tollg 2 & Mile Reayn Muthotls in Cahesive Sl

_Soil f_-f[_-l_:ltltrl Wsad

Applicable Sait Types

Skin Friction

r . Ml;'lrlufl ——— —
End Beaing
YT _'I':__-.__.-_—i
APRI Mo, ?'__ £,
1i Lainblda? T
“Detut Tu
Party & Gwgin 17 -
Jaata ™! v ¢
Wijayweigiva'! 'y
Ciitical Sla:u'lo‘" u )
I A |

wnter, normilly and Nghaly
owti conse] Waled sliys

LI P
whicheyer 13 ey

heavily oweretnsolidaed Hay

uncor, narmally arel [ htfy
oyt oot licla 1ed clays

¥, OCR, Kg, ¥ all clays

<, ' &, DER all clays
K'u- PI”

¥, ¢ & OCR i clays
N

v, ¢ 4 OCA #ll cimye
K., P

¥, 4 PLLL all clays

Ky, OCR, Cg, C;t

Thg Ib v e wra g PGE £y wpaubd Pave i ot g BOrmp iy conks dated
* whon DG #nd Ky velair hawe not been waadsa g dargatly, £, Mpy bE EEbmdbed ckirectly foam e placiciny ingder

T Cpamd €, arq parnprendndivy and seciling induots raspacr terly

Table I: Fila Devign Methods in Cobesionbess Saily

——

Method Soll Para e ers Used Apglicable Soil Types |
End Braring Skin Frietaan '
APy ¥ arading ¥ grating M echesionless soil
cpT? ug O all cohesionbess goil
LR ¥ ¥ all cohsionles aail
S F —

andt jndicate the sull sonditions to which they are
most appicable,

I'héere are many oocasions when the use of an
inappropriote Jesin mecthod would lead Lo mis-
Yeadhing wxioal vapacily predictionsg, The applicalillsy
of the s i mwetlads is tliscussed in more debic:
budeawe.

Cohenive anils

APL Sethon] 1, Twor iaet [yl s oy determining Lhis
sldn Triction of driven piles in ebyy are deseribeed
in A RIEAT TEis stated inthis dovameat Lhat
Mathod 1 s suitiide fok <lipily plastic cluys swcn
as found in the Galf of Mexico'. The authors do ot
limmit Ll wwer f Miis methonl Lo hishily plastic class
and apply it Lo all eloys exoept those which are
heavily overcomsolidated, For Lhe purpozes of (ki
paper a heavily overeensalidated clay is one whizs
lias an overcopsulidation ratin (OCIR) greater thas
lwo,

v

API Method 2, 1n APT RPZ24A it is supeested that
Method 2 should be used for all elays which are
nat hiphly plastic, The authors use this method for
heavily overconsolidwed clyys itrespective of
plasticily. 1he authors do not use i Tor normally
consclidated or ligh!ly overconsoliduied eliyva,
The reasons why the anllwrs da nat fallew the

“adviee of AP REZ2A wilh regaed ta the lasticuy

of tho clay are haged oo Lrchitional LN preactive®
and recent published worls on caleulnung pite
capacity.’ "

Lamixlz Alethod, The Lambla Method has heen
devilaped mainly from tesls on piles of varied
lengih in nomally coansalidated and Vght!y owver
consolidated clays and on short piles in heavily
overconsolidated clays. For short piles in normally
consolidated clays the modified curve deseribed by
Fox® should be used. The authors use Ui Lambda
Method for the game soll condilions for which they
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ULTINATE STAFIC BEARING CAPACITY (WH) TREaLISED
0 10 b 60 a0 100 PRAFILE

NN

IR

Y eee — LN WETHDE

——— I NELHED 3

| m>— BETL EFFECTIPE TIAESY METHaD

i
. D =ev CAITICAL $TATE 501L MECHANICY
[ T EFFEGIIYL SINESS WETHED

———ee LANEOL BITHOD

VERTICLL PEKETRATICN QF PILE BELCE EQOLINE {m)}
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1
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T 1 ——

FILE OfL, 2. ]m

Fugure 3 Connparisgn o fanal cxpaciny methods for o ngrmally consglidated clay sire (efp = 0,25, F1 = 15).
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empitoy APL Methad 1, Caution must be eserciscl
when opplying thie Lanshda Metkod 1o suil profiles
which show sitdden and siznificagl increass in
phear streapth at deplh, This is ecause the nuw-thod
conlains a depth factor which sipnificanuly peduees
Liw: skin fricbion conleibulion of a deep hanl elay
slratum,

EHentive sLross vt loads, & namber of eifective

L vad mel s e 0203 Jon rpeent ]y boen
dvvilapnsd ane wre slrearly bring agaplivel to eadeul-
abv (Tl gaprnaly of offsdere pdes, Al these
methods invelve the uswe of he effecte siress pars-
swebers, ¢ and W of e oy and estuiee the
dutermination of Hwe long werm siress Tovels in the
soil arovwrsd the pile, The methods are cay Lo apply
in normally and sty overconsolidated elays and
correlabe watll will leod Lests 30 such gorla, In
hesyily overcsiselidlabind soils dillieuflies can Le
epeottntered in estimaling the vahee of the carth
pressure cocfficient, 'These ean be overcome by
ersuring that L jn-gity and laboratory Lesling pro-
prammes zllow the use of several methods 1o deter-
mine the value of this parameter, € all methoda
yield similar results, Lheo values can be adojted
wilh conficdence,

Ci*l' rwethade, A considerable amoynl of rosenrch
has been perfopmed, and v continuing, concerning -
Wi direet application of CPT resulte to the doesipm
of pilei in clay!*"* To daly, the results have been
encouraging but are not directly applicuble to the
Iaf e pipe piles uard offshore, At the preeen| time

the anlhors do ool use CPT results direetly for the .

desigh in pides of clay, However, they can Ie used
ten lebersndn e an wiadrainad shear strengdh prafile
whivh can be used i conjunclion with the appro-
Priate AN mcihed,

Camparison of metixxly. The extent of variation in
axial capacily predicled by the different design
inrihods is Qusiraled jn fipures 3 and 4, Figure 3
shows Lhe axial cameity given by AF1 Methods 1
and 2, the Lamlsda method, ond cffeclive alresa
methads for a site with normvally conselidated soil.
Figure 4 presents the rame inflormation fur a
twavily overconsoliduted site with a non-linear 3qil
Irafile, i each case the ¢nd beanor has been cony
pubed o Lhe basis ol Yry,. These flpures shiow why
AP methods shuuld e used with care,

Cerhesdonless soals
There are three Lyjues of design mothod Fob piles
i wubiestioploss 50ils, Lhose basgd g

1 grasling, eqr AT

2 measured 4, op, Meyrerhol'T and DaVHY

3 ity lesls, o, D0
AM contain barge derreds of empiricism and those
lased on gradings aml in-sile teats sugpest uprer
hl-’:lll-lli on the values af unit skin friviicns amal end
béaring, Those which involve measorod s volurs ]
s ot alyenys menlion Heniting vapibes and msume
the wser will apply his own, Fay long piles, eueh as
Unsse wsed offshote, Lhe caleulated capacity may
I pus erned more by the whkecled limits tian by
the desipn method! itself, 1t is the authots® practice
Lo Yimiting values of 1505 /m® for unit end
wewtiing and 0.3 ZMN/m? for unit skin friclion fer
ull muthods in wll coheshonless soils provido! that

such limits can be justificd un the basis of nuastred
CI[* values. This is covored undee Lhe CFF degipn
method which is deseribed luter. For steata in
which CP'T Lests have nol bBeen made the authors
use publighed limiling values which depend on
grading '

Precompression of o granular stratuy appeurs Lo
have 8 considerable eMfect on the magoeiiugdes of
shin friction and opd Deiring which can e
developud in thal soil. File design mwctliods wlinch
are Bugol on grading or torasared @ values con-
Guint Lhe implicil assumpitian Lhal the sadf hag min
been precompressed, Parl wf its effect can e in-
carparated into skin friction calculations by usins
carlh pressure coefficients (8] which are ad 1he -
upsr end af tivee suppesled runge. For most
methods K values can be selectod within (he ranpe
0.8 Lo 1,0 Mciliods ased on CPT results auto-
matically take account of preloading, since pre-
Joading alsg affieets the cono resistanae,

Comprehensive descriptions of the pile degipn
methods based on prading and mersared & are
avzilalile in pulilished litzrature 7' However,
Ihere are vory few references in Enplish on {he uae
of the CPT method for offshore piles. For thiy
reason the way in which the authors use {PT
results Lo desipn piles i deseriled Lelaw,

LFT Methad. Tn this method values of unjt end
bearing whiedl unit skin Friction are derived directly
from CFT results.

Unit end bearfug, The basle computational
Lechnigue by which the ullimate unit esd bearing
i obtained (rom a CPT profile is shown in Ligur B,
The volculated vabye is stbjercied Lo comeetian
factors baswd en prading sod degres of precom:
pressicon as shawn in figwee G, 'The unit value to be
used i the compulations i limited to 15MNfm*.

Unit skin frictien. The unit skin friction g sel
te 2ere ot mudline anyd increased lineariy Lo the
computed value at the depth 8t which laleral
dellections due 1o shear laading are small. Delow
this leval computod valuee are wsed. This proce-
dure ig wsidd Lo yecount For oy beng Lerm changics
inlaleral il stresses which may ocoewy neor senlird
due to oyelie shoar loading of Uie pile. The
computed value of uniy skin friction i3 obtained
by dividing the measured cone resislance by a
factor of 300 for piles loaded iy compression and
400 for piles subjected Lo uplifl, A limit of
0.12MN/m?E i apnlied 1o the computedt value,

Comparison of Methods. In figues 7 pile vapacitioe
comnubed by the 136V methad and CPT oethad in
sand al g bypical Narth Sea lecation ame coim|wafl.

- Dynamic Methnds

In addition 1o the static design methods for ool
sive and cubesionless soils described above,
dynainic Lechninques are avallabie fur predicing
[rile capaeity, These are Lased anan analysis of
mersurements made an pites duriog redvive tosly.

“As such they nre outside the scope of Lhis paper.

However, i showld be menlionwd that the eorp-
Jation Letween predicted capocilies and meaggred
statie capacitics is good and thoir use in conjune-
tion with slatic mrihods is invalable for jile
e bahoe,
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The ultimate unit end bearlng g™ it caleuiated from:

1+ 1l )
"_'_fI“

q, = —
)
in which:
| = gverdge ctnc retistance beltw the Toundation over & tepth which may vary batween 0.70 s 4D, yelected
in weh @ manner 1hat the Mot untavourtile ennditien iy obtained with reypact Lo the comiiuiad baafing stroy
M o»  minkdium goe resistancy recoddad balgw the [oundgation over tha same cepth of 0,70 or 40
e avarage of the onvelgpe of minimom COM resislance recnrded above the loundatlon kvel ovar a haighl of
B0, Lot lurmining this aver e, values shave the mino e m g ected under 1w 10 B0 durtg wded.
O = Qursicde diameler of pile,

WOTE: Fur an open encdod pile, 1he witimate unit end bearing of the panulus mey be asseseed dicectly Irom 1he cane
resistance {gc). 11 mwst ot eaceed the limin value.

Figura B : Computation of the glomate ynil sad Baaring ofa Dty TG & cong PANCIrRlicn It

LATERAL CAPACITY compuler program b used to roduce a curve
thawing the relationship belween shear toad and
There ane two approoches for colowlating the pite delloetion. The ultimars batend copacity i the
latezal capuctty wf o hong pile. The first bavolves Le shuar foree jlawe which pile head deflectiong
assu g ion i, o fadare, nplastic hiage farma in Lecurg jmdelerminate, The soil prrgmeters
the pile glialt below madlme, The literal capaeity «regiined for developing P=Y cupves are o iseussed
is Lhen e shear Foree ol mudline which can furn laler in this muper,
Ll dimpe gmed oovepeane Ulue suil resistaned ohiove it, 4 shoull by poted that for the majority of ofi-
The soil resistanue i a funclion of the Pussive share piles L maxioum nllowalle shear Juad is
r1t:~s.s_un.-." The seal paramelers regquined are net direetly related Lo the Lateral copacity caleu-
densiy (1], the undriined shoar strongth of clay lated Ly vitlwe approach. 1t s deleomined on e
{r_u] andgd Lhue anggle of shogring resistpoee OF gindg Luasls of precplubla deflectiong ond the stresses in
d b the stcamd upprosch Lhe godl resislanee is the pile wall dug 10 combined axiul nad lalvral
vesenibed by vonelinvar growmd speings Krnown na lancling, NMuwever, undet cetWin cibcdmst inces
P=Y cupyps. TTue pilie s depated as an elastic " heane- tha fuctor of wiloly agiinst shoar Lailuey may ba

column® agaiisd which the B—=Y corves act. A . governing, dd it should nlvays be ehocked,
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Figurr G Carrection [aetars lar tha paint eapacity of Jrlven piles lafter te Kamp)

LOAD-DEFLECTION REHAVIOUR

To estimate the load-deflection behavicur af

piles aned pilo rroups the suthory use disceste
element wechniques and elastic methods, For the
diserere oiemuenl appreach the wil is modelind as s
seties of fon-liner ground springs, Thise are
known as P=Y curves fur horizanial deflections
and T—Z curves for axal deflections. The pile is
divided inio elemeals and the celevant P—Y curve
andfgr [—2 curvs gets oncach element, A beam-
colusta computer pro2rim is used be delermine
the ke ad-deflection curve.®® Generalised nolulions
are s ailaidle for the Joad-defleclion bobavieur of a
file in 3 hoopeneont clastie cantimuum,?! ‘g uso
Livese the only sail paeameters required ace the
avorall sl moduli fue Borieontal and axinl loading,

P—Y tlurves .

It is important to eealise that P=Y clarves ore

anclly tieal (ooks undd not Tundxmental gnil proper-
Ui, Numerous furins ©f P=Y curves have been
dermed b baekfeuring geownd springs friom [atein]

Pile test results Lirogh "beam coluinn® fregranines.

For the soak condjtivns in the Notth Sez and cyche
shear laading it is the quthors' practioe Lo use the
% ewe ey listeck inorable 4. The soil parameters
reiuired Lo develop these B=Y curves e also
preseoted i able db.

Table 4 : Methods far Determining P-Y Curvas

P—% Clafes Soil Paramerers Applicstde Scil
Derivarion Ll Typw
M thoed
Matogk ® T all clays
LT

Roese, Cox & Ty Crvrensmolideled
koap™? Em Syt
Retsa, Cox & e

Koop™ T rand

Kelative Density

The P—Y cwrve camputation mellwoeds should
net Lo used bBlndly. Those listed alovve bave bacn
derved for relatively hamopencous sl canditions,
They require carcful adaptation when waed in
stratified =oil conditions. Far example the stf
clay P=Y curves' ean give a much softer rosponio
than the ‘sait clay F—Y curves' when applied Lo
the same soil purameters for conditions of lara
straing sce Tigure 8, Before finalising the P—Y
ctrves, the geotechnical consultant should
exainine thetr in the light of the deftected shape
ul the pile obizined from the Beam eolumn
analy s,
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T curves -
A varioty of Forms of T—2 corves are describaed e
the Hpepature, 08 o shape of a T2 oo s
woerersly independent of any sail parameters other
than the peak geil resi=tance as shown in figare 9. °
T'his is always determined by multiplying the unit
shin Iticlion by the shalt area of an clement o, for
the geilte Lips, the unit ond hearing Ly the bam are,
This ensures that the Tailore lood indicaled by Lhe
commiled bead . leflection curve is equal 1o the
calenlbzioed pile vapueiy, Thus e only sol] para-
melers eeduiced are aubeinaticully provicded by tie
axiad by ity coaloultitions.

1.5
1.0 -’____..-l--— —---‘--I——-—--.-_n__.._.
‘-!I'zfma‘[h’iufwt.'z‘]
05f
]
() a5 1.0 15 20 %
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o
o 05f-
e
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0 (L) 1.0 1% 14
RaTld OF zfz.

£ critical dellection
1 = uninskin friction
q % wnit & bearing

HOTE: Tho fulluwing 2,values have been ugod,

o= lmm o g imorn unin skin friction in
wdri | winel clay.

e ™ QUL lor masimumltip cesitiance in clay,

Te = 0080 Tow mmaximumm Lip resignance B g,

whierd L& pibe diameter.

Figure T : Normatiser l-Jeflection curves for Lamd
#nl clay lafter Vipaywerpiyal, -

Soil madulus for laterad loading
Ta obiuin the lterl Iad-defleetion hehaviour
from u pencealised elustic solution a sutable soil
mendudus, 15, must b estimabed,

Fur Luteradly [oaded pales in stifl elay o entic of
elasticr sl madulug to wialrained shear stoemih
of 200 uppeare appeopriole.? This relationship can
b wsnd b cunverl the shear steongLh profile into a

()

rwalile of clostie modulus versus Jopth. For gites
where the 1oil conditions are fzirly unifonn the
doetermination of an equivalent clstic madulus
causes lictle protdem. However, for more typical
Morth Sea gitcs where layers of nofmally and
heaavily everconsalidated cliys may be inler-
spersed wikh s2nd Layers the cguivalent moilulug is
not olwions.

From the Leam-column anatyses pesformesd
uging P=Y vurves, he distribulion of lateral Jis-
placements Meom the pile head w the point of
contrafloxure (Uypieally at 10 e 15 pile divnweters
[erpatly tha prile lead) will e kpovn for working
laad conditicny, Usin; these results an veuivalent
elastic modulus ean be determined from the
following ex pression:

n
IE . &,
g, =izl {1)
n
s,
im]
whera

rumber of elovations consideeoad down tw
point of contmfiexura

clastic modulus at i th elevation

latezal displacement af i th elevation at
worklng load,

1o gand strata the authors haye derived sluatle
racduli vahies from Lhe stress-strain relatlonships
cbtained from conzclidated drained Lriaxial Lests,
Analysis of several such tests gt any one sile
enatles a relattonship betweren elastic modulus snd
effective overbueden pressure to be obtained of
the form:

L -

E;
&

E, = Cv,
where
C = aconstant peculiar to the sand of o
particular sice, '
Using equation {5} an elastic modulus for wand
can be oblained al any depth for substitulion intg
aquation (4} .

(5)

Soil modulus for axial loading
Publiched data indicates that an gppropriale ralio
bt ween elastic modulus and undrained shear
strengih fot immediale seltlement caleulations for
piles in overcongulicited elays tx 400, This [y Ior
werking load tevels anct is twice Lhe value wsoel for
Literalty bomded piles, The eeasan fur this differenes
is streas level.™ For lateralty loaded piles move.
muents ate poverned larpely by the seil properiies
aleng the upper length ol the pile shaft, Frequently
the sirils mear seabed Yovel are in a state of foilure,
I vontrast, displacements of axially loaded piles
are governed rainly by the soil propuriics st the
Gp and alerg the lower length of pile shal. The
s0ilE iy Lhia Zone are relatively lightly stressed, The
work of Seed and Idriss?® which provides a telation-
ship between sirvss level and elastic meduli of
S5, indicobes Huak the factor of two menlionbad
atrave is of the covnect orler of magnitude.

in sand strata Lhe soil madulus fur akial lead|ng
is vstinabed i exuetly the zume wiy as for Jaberal
loasling, i.e, with equation {5). However, the com-
puted value of the axial modulus is always very
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much higher than Lhat wwed Tur el loadings.
Thie is tecuiee only Lthe gpper samd Layers are wsed
for lateral analyses whoreas the slrata abng the
whole leapth of th- pale shudt are included s e
axial compuiations,

Application of jn-sitn lests

P=% curves sigbabile Do determoning the Lateval
Joad-leflon T T bav e r of pules subieeled Lo
statie lnadie ecan e ublzowad dipeelly Tren the
resulls of CFLa™ Hosoever, these are of Innited
appheution Lo offahvoie Pide desizin sinee shesar oy
are generally oy clic o mature, Research s con-
tinuing an this subjeet,

As explainet proviously T—2 curves are deves
Iorpet? onn Lhe Baais of wnd skin (riclion and ugil ool
bearing bolly of which can ix ubtamned directly
Iroun Lhe resulis of CFs.

For many yrars CPT readls bave been used Lo
caleulale kong Lenm sl Ltement s of shallow founda-
tions on lend. Usoadty a pesude-rlastic approach is
uzed which imvelves the delermimation of a soil
modulus, Hawever, il is nol considuered that the
corrilaliats usml ticaleulaie this modulus can be
Appdied 1o e hung pites, sutyreteed Lo iransient
loading, whrrh are used offabore, AlL-mpls aTe
being mnde Lo develop: sintalile cormelztions.

Mew anct improved -sitn besls aro being deve-
loped L prrovile mure 1-liable- dala on which W
basis krad-doe Mectiog ralvulations, These include
advanced presadiemelers snd 8 seabed 18 developed
by Lhe puthors' parenl company which can install
large scale model piles aned peerform laderal mie lead
tesis reinodely from e soil survey vessel,

PILE DRIV ARBILITY

The abilily of the available pile driving plant Lo
inslall the yailen to the royuired preneiralion must
bz gssrssas ). Ot imparlatl sbepr s W perform wave
esjual e analyses ostnp 8 compater, The theory and
applicatiun Gf L wave «ouatwon Lo e deving
preblemns has been discibad un g pmlacr of
papers ' Y The rusibs e nocmally prescoted
as curves of hlovwcount versue soil resislanee at
time of drvinge (5H 07

T The SHLF abwny depth s determined Trom The
folluwing considerutions, 1T the sodl inside L prile
{soil Plugt remaines statienary duting driving the
SR must b madde wp of wsidie god oulsieds ric-
tion ancl wall e baearing, T this sibeation the
it of fee ingice friction whicl can be
mialrilised miany Le lineidadd Dy (he codl Lsiring
capzeily of the sodl plng. Allematively Pae sl
U may e diowacddormg drivens o which case
Che imside Trpclios mest e ol Ter of goealer than
the by cgarl boesrngz, Gienerally the il sl lachawe
in the pen et whaeh preclees least mesishmee Lo
il penetrion,

Thus sl any depth the 51000 will Le (he least of:

Sy = X0 A, 1 EfA,; + qp'ﬁw (6]
or

BB =X0"A, + q.'Ap (1
wher:

L' = anitshaf Il cboring drivig o Lside)

G = unit skl Teeetdon unme oy i insidis)

r . . : i
Up FHnttL resislanese dburing driving

Caleulation of point resislanve charing dreiving
Mw CIFT ix 2 moxdel Lowl for the pweinctrntion ol
e, The peint resistance durmg? devingd Lygp" ) miay
Iwe vabetlate-d from the cone resislanee {g. 0 When
L gl s prlugped (ar, Use inner sl plugs s cs
down with Lhe pile) Lhe unit base pesstanee may b
calenlaled by Lhe mothod shown e Mgure b, Ba
lomits are applird. Thus,

0, =ty

When fhe pule i wnplegged goe, e inner sanl
plug remsins statinnary as tae ple (1 pepetiate
the groundy the wnd resisdame st on the puke
wall annulos i Laken o e coual Lo she pure
mesistance ab Lhat deplh,

'-||;II = A,

Ll

Calculstion of shall friction during driving in
cuhusive smla

The cunlzilwabicn of skin [th-tion to lolal SHID s
calovilatea] on the basis of laboratory teat resnli.
Along the length of the pile, e sl 2t e inter-
face walh Lhe prile wall is ol ratonetd Le Tailuze Ly
every hamrser Blow, Ina cobvsne malerial tle sodl
1s compressed 1o accommotale the viotu pwe of Lthe
fahe a4 L penctrates. The displacemenl, shmnng sl
v b ko femouldd the ol amd cause exceos paone
waler peessures 16 be doveloped, Thus durings cun
Lermusus driving ina clay:

re=1r=c
whire {3 is the remoulded shenr sircogth.

1ala on the romoulded shear sirenglh of 3 clay
only become avadlabile alter the unshore teating
prupramime has Leen completoed. To produee pre
bminary estimales 6 deivelalily of(share, pestech-
nical consullants have developed cinyarical ela-
tiotships bebween undraned sicar stecngth and
unit friclion during drivie in clay, Thiss
relalionships gre based oo Lhe particalar nffshore
pibe dlrving expwerience of the peatechmical coneual
Lannd apnad Abe pruoptelary in nalune,

Even in an onshooe aboralory, 11 may jaove
inpossibde to petform sulficwent imearngful 1e
vrutbded esls in L Ginwe avalabile, Tlaiy i$ parl-
wularky the case wilth heavily overcemsolic sued
clays which may have G by geoad dosn, pe
canstiluled and pecupselidated prioe Lo ghearng.

In omder Loy ewvrenme W prodibem, Lhe authbure
pace cansiderable reliance op emoneal relation-
shipes Letwern remoulded shear stronpth oned odluer
g rbes G g soil sach as thease s lopad Dy
!'Sl:vm!:-lunamr moertlney ™ al Hewaten amd bt
chedl? Tlae remoalided shsar stoenectle aceasd i
Skemplon and Sorthey depends, onaoeelatansdep
Lol ey Oy samed prhosd te by wndd laguadily padiees
detwid fram labutatory rensueenants,

(10}

CaletValion of shall friction duting driving in
pramular simls

b g lar saah i 18 asswmeth Uhat Ue unit shaft
Frie-Lioan dharimgt driving s eguad (o U sbalie init
eliadt [riction:

=1 =[ = Oefang t1n
aud may e catenlobed wsings the o resistanee as
diseribend prreviowsly, Linits shondd Y appload tal
ru1 abhewannee should be agoade for Laterad disploci-
bl effecle, Eaprativn {11) shoeb! e appliogd ot
ull lwvels.
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CONCLUSIONS

"Thia puper has brlefly described some af Lhe waya
in awlach ol parameters chtained Jduting an off
duer aite mkestipgalion are ysed for mile desin.
Lathet tochniques nee adsy employed and there are
a nuither ol gspeencts of L Toundation desipn ol 4
Jacket whieh have nol been covercd; for vwamyple,
group aclion, ule acerptance, ungiled stalally aml
corluckor Jesipin amd Jstdiation, The pagseris by
fo ating coanpreliensive, However, i i has e
plained why edebailinl soal dats from in-silu and
Faloapatory Wosts nmsd e oldained, it will ave
arliwev el ily olyective,

Moew Henilu besting e chninsms gee wneer Jyeelop-
menl anil will mventualby Le itpoduced inko off.
shiorre UvesLipsaLions “TTesse sloald intprove e
eelealildy o0 e deterrnbnad o of te pratanwters
Ko wnsl Byl also allaw 1* =Y and T—2 curves Lo
e heswbopiedd Lo wpon U specific projeriies of
sl art 3 iven sabe. Mis ex peetadd that, in bane,
Choese acdoitiora daki witl legd to mete counene
Coundatinsi s withuul reuncing the requirad audvty
TS,
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19 Application of offshore site
investigation data to the design and
censtruction of submasine pipelines

A C Palmer
R J Brown Assoclates

I thd eondesd of elvil engimeerig 15 3 whole, 2
wakinne pipebine s bighly miosaal stpoctuee,
Sbmuad ol significant slodcbores Lo elaborate
Teriudpd s, wlicecas sulsariw pipetines are
aften placed go Ve unpreparcd staliod, jnoa pre-
vionsly-surveyed gomidar Tollioved gnly within an
aceuracy f o lew Lens af mebres, Oie can oo Uhas
with pipelines because Lthey are robugk and rolalively
Ligtit, bevnuse Lheir function dovs o) regaire Them
10 e perfoctly straighl, il lecavse fhere is
atidly rormre chotee of route. [l constiuctor of &
Pkl pif sl cloes, all Hae waee, need inforuae
Gt alaad i sen ] Uhe seudned Ty pagsce sets
it Loy eapdome wliad tnfopatinm is 00Tl ey
TI! T ahed il v ‘.Li': el E;l'l..lr abilily Lo
vlabadn sl iwation notaeally thars no sl woys
VanCr W sbep wilh v guevedds, Soietimes Lhe
cuistructor wiubd like Lo lase idurmation which
in Practice curmel be ohLlangd reotomicaily, vr
.Hrl'lalu'r.uumt b olibained al all: thal 1asy indi-
rale g dewnaml Cor e advaoecd PvestEzalinn
techuigues, Sumelimes, an Ua oLther hand, a site
invesypation ean pevide information which the

o nafrueloF sas weets Lo e eebesant, bind dogs et
Yul hpow b to nitke wee of,

Wby wesitat for e avasl of aegb FiRe enriran-
ierdak b b e g Lk Toae Bio el doe Lol eaogl
P e papac by, wd sere ey oy beebaosen
L el pas [wer cenid o Lhe Poetal pitpeet, Dl tlae
i ot b apls eed e bl opmle Lo, The owner
il Lhe epgtimeer will wanl Uy b cofiain that Lhs
ey s wanl poodend by, amd Dl noding is st
an pratheriyge unuseable mformalivn, et that there
ahe Moo i infer mainae that have fo e vk e
svely filbed al w bater sbaae, A T TR PR
Cli sty Lias b D care BTy planmed Lass
EH T IO T st Lt Lo ik e sureey witly
e agbequenl enpanaening aot censiruclion
[Tbstes. "l beast el Ticient Vg teed s wioddefine a
arvey, und sead oul sty oes L Joullew Bhe
Programme Llisally, wit®neul wby berarLion wilh,
CEwrhiap iy inbere L o, Ve besh ol the conglnie-
Linsth. Uy thieny ik, ren v a oucticlously

necurate survey ol a rosbe which o Tew hoorg'
Ry shoges 100 Lw evnn helely i Lalde For
pripeline Excepl in arems which ane alremdy waell
Koewh I avlaeme sao sl P ises are Lo e ex peciiod,
i el bagtber L goand withy Ll servey team wn
it who has eapwericnee of tesign and eun-
steuction, and who can iake a prelimicory sswss-
ment wn Lhe spot, aml use s hnowledge and
Judgeiment to revise the route and perhops aiwr
the band of data colleclid, Qe wants samoone
wlio e fevicw Che data, and say, Tur instanee:;
“Elais ik iv lieas shiepr Ve further eicd we g, I
e g it anot e TOD0, woe enaghil o bBe alile Lo
Fwrp dhe Loagiegl span iawn b 200~ which should
Lar bl winht Lisvarse Elwe Toelusst currond Dos s pol
e 10 L psrer Lhan 2 Kol == anl suill liye o
plraight bimi- o chiore g wineh e pipae Seposs
thrae wal flats. Lat's take sonee e 2unples over
tuere ',

e slandpaoint of the present ceview i that of
the wive of the inflornatien, and Wcloifoey and
rguiprent are disewssed reloively Litdle, We (il
vramine the sippilicanen of gite investiation dala
Hait dheneribne the seninaelf, Tha dlepth amd Lo
praphy e rlisensss et sl 1 Lis s fedlowed 1y
i esanb ooy of e guessions nnedved i U
dieripeheen uf the geabwal pesly 2k, I"Jrl.L]i;,,- an
egrinkle o ovmarizue pipeline sl ivealkonion
bodbeseriled o woee du Latl,

CURRENTS

Many marine pipeliones atn nel congdetely baeejod
B e seiaed gl s g pesen] b walcf LoLrents,
Hlreant varpends can panshe the pugeebioe sl vays, or
vk Tree gpomng toeacilbabe Becanae of vurpes.

sl v, e peawerabe wednnend pwavvinene wliels

coen ity e i dn a0 gieed wave oF seoir st

Tevintbes Avcurate curent information is neeie ) e
Armds these Inctors, and i thee asessmien of yon-
TR Lechnagues, In laybarge capstnigiom, for
cxamjede, 3 suspenlal span perlaps 500m kng hangds
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{zom the ginger behind the barge, and current forces
an the gpan con bt the papae signilicantly, altering
Ui peowilian at which i reaches e boliwm  and por-
T wverlowing the stinger and the moaring; svetem.

A assewstine st of the stabulily of the pope oa the
TeatLoetay Fe bl anry wdtisonabe of the ex ieeeme cogrent
choe Lo Ll Lot oo dhiring the mpe rgting W, i
ex ITen current has g bidial covampoonent, i wuves
Wcddnesed vereg ke el il ool rebl U Cokpres
nenta eoreesp ety W wiodd delt, donsily currents
frelabetl Lo bemipecsbure and salindey voeg toes) aml
turbithty eureenls gudueed iy subanaeme shides,
Lang-trrma uiesnre nuends of tidal curmenby aee not
usually avgilabie, The wsust prseedure is e st
recorling currenl maelers just abave Lhe bulbion,
and 10 leave Them w place for 2t east one ownth,
pralurdbly tonger, te tocund current veluectly and
dlirection gt 16 minuwe inteeals, The record is (oo
sl Por o refabile: harawsde analysis, aud sa
extheme etreents are uften estinuted nging metheils
derivand Trogp Ve stagstics uf exlremes, ke thiaws
vimetd Lo oatimite exreme woaves suud Caode 1L inay
Tt 0Tl et Lo b Jogieilly cemravet tooapapely sbatistics
Lo Tieel wx gpemme valtues beleoging booa deterninistbe
phe i fibos Lhe Liche, al sl posgroens
¥ e desgey curcents swhich aee wimeceis-
whily connsepalive this swbypeet Bescrves more
adtebnonn Janthe be b T gaiiond fromn nwere sopihis-
Lieaterl cumenl recocching, unless iL s possible to
fenethen the sevorcding poti] or of course (o
resluce thie vusl of meter sellnlf, fecovery, atl
data hanudling.

[amng tegorils of wave consdjbisans are tcarcely
ever availalle, vxcepnl whi-re oil industy y conpera-
bive pEogsraames fenie madataticd ships and wave
Firker Inteays b eries plaee Tor geveeal yoars, a8 41 Lhe
porihern Notth Meaoad e Gatl of Mexpeo.

P LRI weark s cand cetiomealy gt Tee esd 1ird el
reliahily roen sherl reeueds cosering unly a fuw
bl Lsbesid i1 G Dotber bo ealbinale e ok trene
stort1s frony wond meconils frome the geurest dbeoe-
orppical statisan, 2l Hoen Lo e imeade the eatere e
shesige ey, nosten vkt of Che Lo gnd foeeeasding
provalures  Densdly daiel tockaedily cuerents ane
neel et lar ool cer b coaly avcessibbe to
AU ol Uil Lhey inuy =how wpan
giennalpus Jata proinds on e ok peder ferorsds!
Ll uger eaditmaled Dy vevangeeaplic methials. An
apdinert wariming uf corbedity carrents igay be piven
by sl e Lanp by lide sy, ~tomin leanthy melene
roeOr s aised i e Taanam prataling.

]

DEFTH ANE TOFOGHAFHY OF THE SEABKD

Fopvw lebre aF ylaepiely 38 omeeded o sevied] breasion s,
Ioaletermienes the s eetnal praessure, who-h o
poper P Ll fo e wader, wherr W pgpeelime et
(e tlesdpape ] B bue seenne agtinina b B Kl aonl
eollipse, 0 eders thee ciderebab e wf e ©F e, By o
thes Batzonn. drest impeerkuatly it is o ipgsoriant
Cantor in U sesacasnent of Lhe construglion

e thal: Toe tsbarier, e Ll sorges bepsion
repstiraes] ey R Ll pripscbonse Leemilings yloess oo
awtrvprlal e vl b5 strongly depuenckent oo oy, o4
are Une Mescibulivy of o moorns systean asd Hhe
alndily fer brobd sbabion by aly naemae pusitioouyl, For
Ll | ILE] 100y e mm lh'||l]| latoaw Lhir el efoae 1s
wagtlen Comveri o vileepra phie sarseyang,

63

ey i — — —— I —
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depth measbrement technigques ane aderpuate, gl
en acvuracy of ane por cont of dopeh s guite

sl Fieient, provided thal i i combined with gy
aveurgle and rpeatable sysiem of lioelranl
conbrod, The indesdduebivm ghawes expbained the
itapecctapee of o thes)aed goview anchevahaacion
el subwey doti, which o maueatly macde vosier by
fredl tirne” bathy mctric systemns, suich as B3 gyl
“soabeam’, which provede a eanteired bathy.
aertic ehart on the somey vessol? Systeins of thye
kind are now bovoming eommersially avaitilyle

Like the suefaee of the L, the battom of vhe
sed b often rowgh, The cunliniration Lrkea up by a
pipeline on the botton is determined by ity Logu-
iraphy, and by the relative defsth au difforent point
glong the route, A uniform alupe is not very gigudu-
ant, unbess it is so seejr that the botiom iel!
might became unstabls, or that the pipeline might
glip across il Irveebarity aand edrvadure of Lhe
boltom are mueh mone impotlant, e bollom s
slightly uneven, the pipe will bend to confurm o
ity and that will induee bending strogses in the pipe
will. If the curvatome 3a meave pronoiced, the gi)we
will reat an the hisly pavints ued bridyne the valleys
helween them. forming free gpana. Ot L
imtpossibla to Cind g mube which wall not bave
sfans. They require carcful myestigation, bhatk in
th iritial design stoge andd later during consloue-
tion, and tend Lo roeguize freguent imapecbivee and
cOstly maintenance, s scides? nalengys Norlh Sea
examples domunstrale, Pend g causod by e
wrright of & frwe span may cversliess the pipe,
patticular]y doring Dydoostatie teste A sy s Mres
Lot oseillate, avd sevaere oscitlaiious may b sel up
if vortes-sltedding lgdaces flucluating byedre
ey i mic furees whose specdrn have dodsarant
Frevjuencivs wlose b nabaral benling tregueney.
Oscillatiogs of this kel nay o weithen U quipe’
vernete by weiprhb-coating Hiae it Lalls aIE this makes
Chi prigae leghiler, wliiels wrrseds Che giladionn, anst
lepdis Lu progressive rowds wf e span. Uy may
alatr cadse Breet Falitoe donage. Free spane ane
als acthijeet 1o large by Inoly foonie frces, aml gne
particulurly prune v seour and hogking by Cshog
(AR T

s waedlly possible (o avoid the brgest batuns
o Lhe botlum, such s stecep s linarine cliffs gmd
rvanes, bul Tomrh arvie v i nose paris uf the
wirld.

Figurc 1 is & map of e arva af raugh i tom
Lopraragsbey, [act of Ve seals o] clise o Narway.
Ermne 2 s u soction o aosupd wive, gl joe s a
prruafile shewnnt the con Ngzara ki Tt would L
P bt L B a pripackiene Laicd eross e woawn, Tl e
dre rebatively desmielie csaanpbes, et simaller
Fealuees bl iduee sigrimeent sy Ieer tigalamm e,
e metee bodh hall on s valterwose Tewel Bod Do
will mduce twes epans SUm g s typical North
Sea pipaehnn, o of thay, o Proper Asasaneil
ul Betidom touyless FFToets gun B gt renpined
wl avevrane know el e af Dattom Wpography, .
wilth felative herfhily iseasuzen] Te withng 00 of
Lt berr, ") Iis aeenrae ds el ligher Ui that of
votvenlinnal survey, il s el to oldan, ot
Loast wy e wacker, Din shatlos wider, hinweer,
et e profiles cas v Gl aaed: figofe 3 s
profile aeecss o submanne eeach, cxcavatel Ly 4
plonele in aclily sill, and comparison beineen
Ll fepend Tersends, ancl witdn hirect puasireinets oy
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Fryure 1: Rowgh M- D0rom da0grapshy choss e Homwegun ool

Figure I © Section IArnogl sandd wave [vorlicad exagyeration 5 11

o diver, indicates that apensicy of e prafile s
wilhin 0.Lin. This prefile was olitained by a Mcso-
Lech 120Kz prefiling echo-seunder.

A recend review o cusses o geaerud prolifem of
Lotiom roaychiness measucement 15w profitng fish
iy b dovwodd pual alwove the Botlem, s can
follaw & sowodh rajeetory williput abrupt verticul
muvement, o much more aceu rale incasuremenl of
refative dipith ran be ehied, Iecapae of pgduc-
Lion of jarallax crrer, Dation slope elfocts, e
inllueare of Gime moasuecment coopes, aml e
effect of uncerimdied oy cowmd eetgperdy, Aleobiele
clopithy A el vine s1H1 Be nee e woth g
ebisd i L Uprwnn oo kg eelies sooaudet an Chae fish,
e with o serplive prcasure teansaer, wnl the
wrlvantages of lytter fedative depsth inemsursimenis
eemuatt, wven il there wona increase in the weourmey
uf alselute deplh meashzement. A submersible
vyuipred with ineslal oayigaton and a hizh-
frec ey profiler cam Le gavd in Hee s way

“Asurvey of the Dottom topopraphy of & come
Plete pipeline route to ay gecardey of L onler of
0.tm essuciabed with pood horizontsd £ ontrol,
will ghwiouashy petcrate an rbaemeus seuanl of
aln, and will e ox penwive. An altemalive appeoach
is Lo use relatively crude hasie Lathymelrie infurmia.

Pl .i':_g o

iy Lo jdemd y aper Features ke olils and sand
wavey, to sluily themn in detail, and clboerwise noy
10 Ly Lo qoeasure Uw whole paite, bt jpstedad 1o
"wrnplet e beelloam reughaess by deiaqiled oasesune
mends ak s fow placea. One could thes corry out a
detvrmimstic analysis wf the conhuration of U
pruposed pipcbie on Lhe sample ancis, or the
bolborn roughness voulo e deseribed salisiwatly,
Ly Lhe standard divation uf depith, by 1he ilsonla.
Vi oof pacakis wml (rouths, or By the marface 2ata.
el i wl spaecroinn, amed thay cortld Tnv pace
ik Lo puapeedie dosalasis, Phis last ool is
Foveswnt am e hansiea D rigisteerniz: S ol i A
slymipies amd, wl couese i e desergeooi ol e

In

Frure X: Treach seciion obtained by high fraquency peof e
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et arfir of the e, It hag been applivd b one
sprial Lawd gipeloe problem, that of settlement
iritdue ool nes ol ferentiol thawiag of permnafrost.® In
pemeral, ol syshemadice sy of sealwil pavghe
e e to-te peew eittering the desspipne 2 age,
atel yprantalive deseription is stil) in the future,
e Lt hyretrie information peavished by
ISR RILE st lann g is suppdemen led by Wi
P bidbe ol T e olion given by o sice-scan
atmiar, whc o beceming mone yopiisticaled, Side-
st pewnnn Dy etk b [t Do dentify major
vl dn -, st b s Large Toooees st wraeekupe, and
bl s wdatrmed caliles nd existing pijaelines
An e erweanen ] interprrler can poun 2 good ides of
Hhe et of Ll Leel b,

BOT Cond sOiL: UNBUILED PIFELINES

Sape iy Does ore simtply Jowered or paldled inte
falae vy ke bl Bonng, aenl no atle b is maile Lo
Lairy theen. 3 pigelme is relatively light: a wypical
Larcre sl paguelibee his o wabinerged weight of ki fm,
wlitde wsmalt pas Bowline rightl weigh only
1O, Beegnist ol thas, Lhe influeawe of U pipe-
Tiwe oners vt o bensl Far into Lhe seabed, and liktle
si-Lilenment oweuri. Figure -1 shows w peline on the
sl bt es 3 U1 Tenn (A6 foch) piptline, welghing
AN o sand in Ehe nordhern North Sew,
seithoment mto te seabed 13 inMovncs) by Lthe
mcblerl of instnllatuon, Malling tends to provve the
Lotedd s b tlwe e, and Taying Erom @ Ly bargn
widuers e e rubed reaclioag af the onler of
I0URX, wlusi- fer Lhe bouehosn paint ut whicvh the
pripe et bhw o phee Lisd o, wind buth #ffecls el Lo
1ot vl et tean wochl oegur 1F the pips were
wan Forenbs Jeewaepeeh it plaee, Tape settbenwente
nrly nee e Py sl sedingents in tliltas gl
Ethin L abensal ¥ unnd wewbrained heaT strengch of
these ity i wsuatly he determinet by con-
venbionral sl el o hiniggoes Io oo
mskanee, aloege i phoogh oestin e deedpes b arm of g
de-lta, wivesteznt i shoowerl] part of the batbem to
Im convw et Day o ez w il was wo @0l that
rhesdipueat teehmfigoes b b e psed 1o study s
fulanc oo, ey slorwoerl el e o beluen] as
a Bimzeun Mo wilh o sdiear sirengbh ol about
1 am .

A el s Be Tierally stghle aaler the
ad b ool corepds, o by drodynone Torerg
et et ape cabealated froom the MoTison
v, weened ctieparnsd L e anl et
ciwe Il e n T~ 4 e fead= b ta agersd nwvement
privrshial bee ol tmnben 1los prpoe st B ey L
wntn b 31 paboe st Hae most v fasonealbile
coan bunebeeers oo W0C b 3 P,

Tl sompadesd Wt ol gaoasiue faleral resny by,
b= Loy bl Dl enondiae Dicbuee s the $aeil o] pdpee as
e govene] by Doulea e Diiebiean, il L asserL
Urat th propue wall b stabbe of Lhe radio of tw hori-
somlal praction 1 the yertieal reaction exerbed by
W Bl toaen lores 1ol e et o Smratingg Tateral
owction een-d Toepen b, wsspadly i Ulae par s 05 e 1.
I b cise of a0 pepe restiog on teek, this idealiza-
Lienny s o ol e, I thie g of o s restinge on
safl analerial, jL s A - ouen 00 entivism, thongh
1L Taas prevead s islactery wb prracLive. A mony
sugrlstieatorh susadvsis GFf Laaral foqiabitinee i Il
ad oyt sl e haniv, 1F the baslLon is cliy,

i

>

the drseyiptive propertios are the oo evined shyegr
strenglh and densily, The unddrauwed strengih o5
appropriste becunse wave lording is wf s sharg g
duwratinn that significant rediste bution of waer
canpul uecur, even on a small seale, 1f Ihe botlgn
is sund, the denaity, internal frictiom, cohesion aml
theyrresr o difatabey of the soil are relesant,

As far as laterul resistance Lo nuwemeat is
cumnwrned, iL s tho Loprast biyer of Ui hottom
that is most impoHant. For jnctance, sand cover|
Ly a Tow centimetres of pebbles will give the g
Toowe 1 ewsistoane? cpuite ditferonl toowial il wonl Je-
o plain sand. Some ol survey becha ez do o
sliably locate thin grface layers, and are in that
it INaequale,
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Frrw pocasuremeitls of Literl nesistanes haooe
v macke, altwangh it is a Fuiely shopie caperine
tucarey ool Tlhe execplions ane o beoe tests un
particular sites, moslly unpuldished, and the work
f Lyuans,”

S lime cesbing am s or s cur ke sdect
b severe settlements inelueed by Bgoefaction, W
wf cartinguake adings induce allernating streass
in bl geabed, which san causo Live yuore prossune 1o
increasi, Lo level ot which U effective stross s
s for pdoeed thal resistance fo shear dheformalion
Inccemes very small, word the pipeline sink s into e
Ioitom under 113 own weisht for 10 i biened, aod
tighiber than Che Do Fied sedl, heats ape b the aodi
iostirlaern Baely roesedarcl on the plossimensan cone
U vvertraded nn e effocts of vartbupakes® bt
revent iy there Bas Deen more olerest i wase-

e lupee goee fac e, T e i Scanhes e gt
Pl Eann Jepadie Jodaclong iy medanively inbease,
Pk Lk vyt o Feew a4, san Bl Chere re Tew
eyebes ol ks e for guare e st ey dlaaipabe
borie e ootheer Tuuul, dostoren telde Gps et sevenad
Brontara, soe Ul nie vl sharr stnessaes g thie se-
Bl pnrenge gs e escUlatory wgveinducaed
g an Uhe ottom increases. As Lhe cyehe
shear siress inlensily increases, pofe prossore Legine
Eor TnniTel anpr, Bont 2Lt EMae gaatne Gane b sbesnly s fosion
ol poere pvssure beging, Whether 0 Bt Une muatet-
inh e e o Lispuefaction conditions depeends un the
balanes betweent Lhe rate of ingreaso of woave hegtit
e tluepefoare e rale off icrggse af pore Jinesaaned,
st e gl Tusiat e Lot B Tl
prary pressire allooved by porrmeealnbiny, Gl s
ubn sty cumpdicdbed, and has mot yel got Tar 1t
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is made more difficult by the facl that pore
iIEssure peneration by ahea? sbress s an inherently
polinear phendanenon, o cannot ]opically tae
pidt it fonear mislely of dilfusion and sail slress
strain relalions. Wrolh' has emphasised the new)
fror care 1 ayaill modely chal violale the effeclive
s s principle. shilushs, Sherif anl Tsuchiya'?
fave pul fopwand an analytical Apale] of pare
pTvSAUrT genert o, ex presscd Ly

SUN{L = Un—g ) = {refos—2 )™ B(N)
wiwte Uy 15 a dimension s pore presseee [nor-
nedased with pespeet to the il cfhecdive
voifining prossine ), Ay i Uie dirensionlizg
reapttual pore pressure iereast in the N-TH eyche,
1y i the cychic shear sloesg appliod in the N-T1H
cvale, o b Lt neany pripgipal cffeclive stress, and
fi0) is a funetjon exressing the fael Lthal the effect
af 4 given sirrss oycle diminishes with increasing
otsl numlbeer of eycles. Epapinically, from ther
ex perimenis on Oltewa saned

BNy = B TINHRY — 046)
Thitis x relatively comples ilealisation, but is still
na! sophisticated enough Lu Allow for the ellccls
of draage.
U Ldyuelaction neods mouel wnre shiudy analytic
afly in the laborantory amd in the febl, From the
sila nvestigaljon pant of vew, it is sull net clear
which parareless ane Lhe mest significant. I usl
Lo e thought dasd only loose deposils wiaulid
fiquely, aod thad Lthe arigical parineter waold be
the voils radis or porosily.'* Loose deposits can
Lwr identified by in-£lo oome [WNELAGHITICTEr TEDIUTE-
ments.'" However, tecent work'* has shown that
even extremely tlense sand, with o relodive denaity
uf 100 per cenl, can still liquely and gencrate
mereased pore pressures, and tiel there may also
be nvolved a gpeond liquefaclion mechanism, in
which loeal iugilive pope pressnoea couge cavila-
tina. 'The tenctfeney af sand W0 leguely must be
sUrongly struclure-sensitive, and so inaalu measure-
meals are e likely 10 be approgriate than
luboralory $isls wn sampalen, which are incvitahily
sulije et ta distorbanee, partiondarly du g recesery
Ironm doevp waleT.

BOTTOM 8011 TRENCHED PIPELINES

kany marine pipwlines are lowered into the bollom,
Lo prodect themt foan damage from Mhing trawlers
and ane o and 1o redooe wive and curerent
Derred, Ll re several wayd of carrying out the
required excavation. A treneh can Lo dag by
curventiooal droliting, and the pipe then placed in
the trench: ths is anly feashbe inorelatively sialluw
waler, A second Wehnigue is W csenvale 8 Hench
hy Jebling, wfuer the pipe hoy teen laid. & sled is
malled by a buage, and pumps doive water down
MNexiblo hoses amd thruuth jels on a claw carrivl by
the sled, o eather sidoe of chee pive, sooos W oaed-
wild L lupt Lo, A Cherd opethan] e oo e cavate
the treneh wikis o plough, padbisd akog Lhe roo e
cither hwfon: or after the pyphre el @ placed on
Lhe boltom. Sevoral cutter tronching dey ors have
been develogiol, and cae is wider Treld irials at tha
time al weiting.

The efleetivenwss of cach method patutally

———r ———

varies befwern soils, hetting works besl in pu-dinn
clay. Inwand il makes a witde shallow Leeonch, with
kule slopes of anly a few deress, so that the
amonat af [ipe lowerimg acldieved in sach pous can
L thisguprisiting. & wid® Irenvh does Aot prutect
L papseliate vory affectively, and patural backfull
may he exiremely slow., Plouchs can e uwed 16
gl or claveand culler divices ape prinsaily
inuencled For sUFC eday 0 Pt g st s0agse f
deveelopment, none of e wlewe i teod s s e
tive it Fock, and aU s Be ceecs; ey Lo Biead, e
rock Ly comeentiond blalig or Ly shaped oo,
andd hen b reanade the brccoen antecidl by

drvd fings.

Flur vt andd efficiency of G wenehing e e
art determiect] by the rale v poeress anrd o -
deph ef yeneh acluesed Dy cach pass, W -Gl is
Juttedl, the rate al propress Cepuends on the feesitn
density and the anple of inierna) Idetion. Each
cuntractur has kpowledge 2o e periener al ids
owl equipae ik, But ile svetematie wark i
Becn published; an exeejiiien is the work of
Reynolds."" Flaggh deskn Fas been studie] cene
inLentively. In clay, the governing parameler « the
el vaiped fhear steenptly, which dolebmines the
chrudphl eedied Lo puabl the plough fotwacd. In
war ], severad Lhearilies] quci it pemain afsn,
but it appecars Lhat the st tmiportant Cactons ane
e in-gily densaty, pornol fricnion, ol a il
Laney qaarare er desacibilg the gendeney ol jore
pressnre 42 treg when the =il sheared rgolly,

The i pih of renchitg = rarcly more thas 2in
encvpl on bearles and in surf zones, L iy aovord-
ingly much more ugeful T Lave many shallow
sapniplos tham B few chegpr anes, and sl praviy
corers are weetd . They are wipplemented by sale
batum prefiling, which delects the goneral struc-
tare of the upper 20m of Whe bed, and reliaily
identifies Fach and major changes in sediment
flensily, Bo bt it aidy inberpeetatan botwicn cone
locatinons A repid and chean - penetiaticn
Lest of the firsl 2m of the o would be extremely
useliul. A pough can e Woesed g several ke, and
Er conbintuds reven of plaough dradght gresy n
paried imalication of Clasges e bive botion, anl =0 il
has becn suppvsted that 2 sinall plough migh te a
usrful survey dovice,

Al trenching methads gre seronsly affected by
larpe Boubbers, 'This i3 particubarky troe of itenching
along an exiating pipe, bcatse o baulder can jam
Lot woen the pripee andd a moving Jet-sled or ieneh:
i e, causing severe damagye wo Lhe jape and
U weinnl ol currosion coding. A reliubbe device
for duelectng boudders hidrien in tha top e or
iweo meles of Lhe butiom woubhd e 0f immeree
valur,

BITE INVESTIGATION FOR DRAKE F-75
FLOWLINES |

“I'tae Tallowing seetion of the paper desontay the
sile wwestigalion thal pews ided enyirenemental daa
far Lhe desgn and construction of a fHuwline
Ywndle, fram the Drake F- 76 gas well, tn GOm of
wiler in Byain Martin Channe] off Mebville Lland,
ity Ihe Canadian Arclie, The investipalion wa
carried put in the early munchs of 1977, The well
wias dritled and Lhe Ruwline construciad in the
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[ollswise year, The complete project [s described

T ebsewhere'T 1t was carrled aut for Panarctic Oila

Ll n3 o demonstration to pravide experience for

the ronstruellon of tha large offshore galhering

systems iat wall be reruined when the Droke and
el s Behls are brought into production.

Although the location wis somewhat unusual, the

invedlipgalion exemplifics some of e poinls dis-

cased carlior in this article, The survey progrunnme
arml conslouction selwdule were much complicaled
by the fact that the 523 al (he sl i3 icerovered
alzst the whob: year roued | and by coplindgus
el kness anel ex Lreeme coled D gl winter,

The geolody wl the Pkl wole it possibbe o2
clhoow the exnct well site reasonabtiy freely. It
had te b doep enough s thal the top of B well-
lend woitld by wore than 35w below the aurface;
thiz i thought 1o be the maximum deaught of the
large lve isbnds that vecasivnally drilt through
Byam buctin Channel, The route had, oy fur us
possilie, toorwet Lae Tollowing comditions:

1, dnimam length of Aowlin,

2 A suitable unsbora arca for make-up of Lhe Aow-
line butuble, which would be completed une
shore and pulled intu Lhe sea,

A, A relavively aeep shore crossing, which was

desinible to minimisc the lupgth that wiinld
necd speciut protactinm against Noating ice.

4. A Al aocd unobstracbed area around the well
site: this was necded for the finzl connection
Lo e wellhead, which involwed pulting Ul end
Gl Lhe flowline sideways and sweeung it actoss
a widde arra of the buliom,

At the start of the planning phase, there were
wvailndsle some bathyractrie data ol incident-
ally durng carlvor selstnde investigations, Wothing
was koown alwout the vermeats, Tlere had been
same offshore Jdrilking in the area, and thal hod
inclivated that the pesttom would prakalbily e soffl
clay, derivesd from dectinposed shale an the islanad
and carvial ol to sea by a seasonal river nearby,
during the short summer runoll aercd.

A Teutinagssa nee svey was carried vul b late
Januagy 1977, 1ts ohjective was 1o obtain further
mthymelric data o catry out & opograhic ey
af the shore, and to establish conteml puiots for
the seeund phase of the sirvey, A the end of the
rrcannaisszoce, and alker 4 review of saveesl alter-
rabive welihead sites andd pipeline routes, i wag
apmrecer] for eaayeeptete allenimn on the rouls
shown in fharre b,

The wegond phase of the sUrvey was carmvd out
i Marel ardd el Y977 Two sels of curment
meters wern jnsbidled, i the locutiong merked 1o
Fivure &, ard left in place from Manch 12 to
Anril 22 Fawh set consished of thpee Amlrin
recortsling tuterd, Lwer 0 Hem plaed ubput 2m
almve Uhe sewled] aod the thied jutt below the ico,
Oaly theee wf Lhe meters operaled coroeetly
throughout the reconding (ecigd; Lhis emphasises
ther pead Foar eedhumdaney T eerrenl mekor inslalla-
Lians, Tl max i cueresl reeorded was 0 2mfs,
It was nol pussitde to eeanl vurrent diveclion, -
bercauss Lhie ey fmiity of tie north magnetic pole
Hakes i fopossilde Loowse the earth's magoetic
Mokl as a refeopenes ddirection in that anca, amd in -
aibmeyuent desipn werk i had Lo e assnaned thal
the i inbimem current osecszeed i e Jeast Bvour-
alale direeLion, perpendicular e the pipe

@2
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Byam Hartin Chanpe)
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wollhead
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depths in m
Figura & ; Sus plan : Deake F-76 lawding

Dwtailed bathymetry was oblained Ly an Eds
Weatern echo sounder. Within a 300m wide
cotridor strucldling tha centre ine, soundings were
taken at 250 dpacings along seve Hnes, 50m
apael. Within & 100m vemridar straddling the
ventre line, soundings wer taken at 12.5m spacingy
elong five lines, 25m apart, This inforimation was
used in the preparatlon of detaited balliy meksic
maps. A Haylheon BT 1000 sulr-botlom sounding
winit was used Lo elitain soundings ot 23m spacings
aleng the corridor centre e it close Lo Uoe well
hewl, figod fencteation was oltaimed, 1@ about
20, The records showed no evidener of mock or
permalrost cluse 10 the sea bollom, The bottam
wus dtlso survoyed Ly an EGG side-seon senar
sirslem. "This syatein viould aal be dephayed in bhe
cuivenlianal way, bul was instead Jowered thrsagh
a hole i Hwe dee and rotated, The records dwwed a
drvadegde winnont of ve scour i shallew water,
anl nevasiunal scoumrs i derp watar,

A series of battem soil samples weny oblgined Ly
A Benthos gravit y corer, denpped foom 0.5m sheve
Une buttonn Lhe corer penelration wid usually
gl 1.5m, The temperature of thy bogttom of
vy core sample wos measured as sonsy 35 11 was
pecw ezl dl an appeosimate peeosun-maont of
thw sl stronpih was abtained by o haod-held
Torvane imsttament. | b saniple was then luggnd
aml shiippect soath for labatatory Lests, & aumteer
el Tnomefng]es swere glso o madde, to aleoul T Tarhaw
e bbb, and thepndstor abrinys were iistalied
13 mewsare the temjw ratore in Lhe seabwsd, Lo
lovane Lthe permairost Boundary . A sinular investi-
gation wag cirried oul on shore,

The seabed soil smples Luraed oul to ke
umisually uniform, and o consist ol 2 saft
highly-plastic ative-Black organic silty cluy, with
pevasiooal B leneds ot inbervids of ploul S 1m. In
figure G, Lyund Mimit and plastic hmit are plotted
apainsl Uhe shigtar-e Trom e shore, and the une
Fignke el ey measaned water cantends wl 005 aml
Imn e bgw Ui bottam: Lhoeee appeass Le be no



Applicaiton af Offatiare Site Investigetion Dola to ;Ew {esign and Consiruction af Subnarine Pipefines 201

wr =8 -0 _
- e
60 -4 ‘.., rY . . :

40+

water content w

g
[

20

n L i ] 1 1
T 1 T 1
. 200 300 400 L0

liquid 1imit
plastic limit

woDLE m below hottom
W olm below bottom

distance from shoreline m

Figure @ ; Dwvpwndance ol 5wl propartus on distaide from shong

a0 > »

syziemalic variation wilh posidion. In Migure 7,
measured undrained shear strength is plotted
against depath beeboow Lne Boiton, LTepy is svlalun.
Linl seativy, and wne had to sk LT Uiis reflecte s true
varation i shear strenpih and water content, o

if inslead the seabed i acleally honapencous with
a repubar inerease af strength with depth, wnd the 5 n th
scalter really rellects 1he millueiee of vury Ing b — {
dogrees of samphe disturliinees and emrors during "\.

testing sn Jitfavourable conditions. ‘Fhe secunhd s,
conelusion appean Lo be the correet one, and 1L s A
wity gocordingly decided to base dusipn of the Yt
share orossing on the relationship o twesn i 21
drained shear slrength and depth indicated by the
dotLed liwe i Lhe Tgure, which ia drawn through +
the wean Yalue for cavh cluster of poinis,

It was cloar Teom the resulls of e survey that
ihe bobtgn soil was exlremuly weak, with o shear
sleengih of JkN/m? . Moreaver, the labaratory
teats inedicated some degree of sentilivity, so Lhat
the remou fed shear strength was about 00 of Lhal
af 15e ganites froen the eoree, The Tlowline und le
had to Lwt i a3 decp a treach as possible from the
shore to 200 depth, so that it woold be proetected
Iroam damage by ice. A simple calulation shows
that it iz not possible 40 make @ very deep Irehch
i suelh o nanterial, eesise i will eollapse under its 3
owh welfht 1L was ataiously imporiant W avod i+
trenchinyr incthnods which would remould the \ea-
bed and Murther redaee s sirength, AfLCE exomina-
Lion of (he alfemiadives, 10 was cheeidecd oo ploaglh a
Wimely 1 5an beep {wlivh approaches e Temid ol \ "
which e Lieanch collapses) amt o design g special 19 + . » &
sloush wined woulil dlatard: the surrowmding kil as "\

Lite a3 possibile® The Irench was succesafully -
grleLipgioe ny March 1974,

I reipaspoect, L woukd have begn deslradile | @ triauial teats
during (- sIrvey Lo Carry ouf in-sitg meaArements
o Lthe shear strenglh of 1he hollom soil. Liy o varae-

updrgingd shear stregantk -'uhlz

deprh melee bOitom
-
>
*
e

-

& laldraléry shaae wane tesis

ih'i:ulr clevire operaned Trom the we above, or ' A Tlebd vane tayts
Jerhaps Ly b prcssuremenl or coae penclinmeler, Figure 7 : Uridraitied thear srrength .

A \ ) : a1 funet 1 depih
In-situ measuremen b would huave inereasied coafi- ekt buttism ™ unction ol vet
deaee in e dexign shear sirength for Hee plough
st the trench, Experience with the plough in made on Lhe stability of the submurine slopes in
Indicated Wiad the geloal steemgil ot U bl lom the area, and indicated thad thy strenglh of (e

muy i facl 19 higher thon 3kNJm?. A chock was Luttom ecuhd not e mueh less than 3kN{m? .



mG1 (fahure Site fnvestization
CONCLUSION

Ie may b eoiveliclo] that a site investipation for
alfshore pipelines should never be considersd in
Ixolation frum e rest F Lhe constuction pro-
gramma, wd Lhat cluse eollabortion will Lhe
ultimate varrs of thae datg iz esseptial if rosolrees

o to T useld effectiyely.
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Apptrediven of Gffstore Sie Investizalion Mate o the

IISCUSHION

M1 AeClellanl (A (oltand Engivwering lne): Tir Falmer
caulinweel Afdivwl copme bl conp Tegislaer wilh firgues
Facioom singe rvedn b Jagll resistaney low porasitios ) Lhere
war sbill & peatal Liliy of Hyguefaetivn, Could e enluge vn
this*

e A € Palmwer; | kave i ogeen mind on this. The varly
jupwers Gt Jguelictinn pryde [hal below, o eertain porosily
thwre a3 no pevel 1o wopey, YL reeend [avestigatlons show
thual Al appiientiv o of shoar $resees Lo sands well bvlow
Hal valure of porudty still gives fise 1o 3 o badid-up
uf prare pressarnis wtuch ouuld Bead Lo Ngeefscion, ‘Tat
rrmh? e v dn iy That @ wwery densn wapd camdiusl
isguefy, |

Mt P Lirowgiton (BNOC): | was sighly dicppoinied in .
Dy Palmer’s papeer inthal o dovs ool indicale Lhe fnfluence
of the megsured kil parameless on the desipn of the pipe-
Dot T 1€ el oo L (bt ol Ll jelllng or cultlpg tquip-
mwnt fer deing (e trepeting .1 would a3 be jnteresled Lo
know whelher the piting cquiproent un-d in the Sulf of
Mrxleo s really adeyuaie lir e mark tumrently being
wirrked out bn the Norih Sra.

Ix Pulirer: [ el that g ljscusslon of the application of
the shie data (o such probdems ox, (or exaniple, Uk Interml
relatanor of pipeline: wat Sulside the kool of my paper.
Wi wir 8 comlnnglion of what is kngwn fom sail
mechanles apslysis and feen beats that hipve been made,

Wilh regard ta teenching und jetling awst of wy
crperieniiy las bieyy with pheughs whers Lbe determiming
parameler is the und rantd stréagth, Moughsin wnd s
Nl meee complicotied atd much mort Intoresling winee
the apeed nlleca the rawe of dreinage af the sauel aod henee
[tx shelokmation gl stronplh peopertio,

Y )
_Dq_';Egn ol Constrirelion of Submartne Pipaliner 265

Mr Broughion: Hos g vibating plough been wsed In order
tu liquely Lhe gnd? - .

M, Falmar: [E fiag heen boed on lang and ere ane sontine.
vuerslul viows abaut L, 1L bas nal beeyy wried allshone lweoauso
vlbratlen indroduees g0 many ol Cliceleies i Ope cation,

As Tar s jeiting 13 concorpaed I think it sulflecs Iram
lauk of proper analyuis as it aannat be Lhst complicarcd o
phetenwaon, Al rekent there appears 1o be alor af folk.
Tore albemt L, T Lhbnk Chds iz wmomrea ghopt WAEFANLS T8 g L-
£Wv sowenlific invealigation.

Dr L If King {Redford lnstituteof Doranapraphy): [ am
curioys about the sidescan resubts inorelation 1o jceberyg
furraws whicll | shooudd Lhink swomalrl be e lirst hazagel

i1 this environment, How dovs thd deputy of these furpow
relate L the depth of burial of 1he plpe?

1ir Palmer:. We @i pected Lo Nind 1 log of evidence of ior
scour 4l the bollom of the bay But then: was almosi
nethly o b sen, Whother this 14 breawse Bt B tailie o
shell g arca, or becavse Lhe boriom s so hemily -
moulded by Tce the whole fime chat there s nonhing to be
wen we do rol Enow, hul I rgther thinhk the Tormer, The
ptpeline hax becn in gre sumemes so far, Time Wpse pholg-
Eraphs wire made overy three hawrs during the break up
perlod in July ane Avgust and all thal happred Wit onet
Lhe jor out I the bay broke up Into Jumipe. It was 30 very
quiet wnd s1ill. Then in 5epie mber the jor began to form
aaain wnd became Tand fpsi, We have to vkl and see whpt
heppens In the lopp:lerm.

The pigse Is buried wub to & depth of 20 metres, Tt (s nae
Just crenched, bt L iy protected within & core of griificial
permalroal. Bevond Lhic it 3¢ on (he bollom,




General discussion
Chairman: Dr J B Burland
Panel: Dr X L Taylor

J.de Ruiter

r

Cluirman: At the siazt of his talk Dr Palmer made
arrinteresling pomt picking wp an Mr Mulr-Wood's
opening remdr ks, We are discussing Lthe spplivation
af site investiFation data Lo design und we must
causider vory carchully Lidersd whother the way the
site investigation ream is organised is adequate Is
it sufficienlly inlegrated in general with the design
team? ;

Me J e Ruiter: [ z-vew with the point made by Dr
Falmer and it applivs in of [shore gite investigalions
in geniral and net only w pipclines, The comgosi-
tlon of the Lewm and the team leaders are
oxtreinely irmportacd and can b decidlve inthe
outeame af the linvestigation.

The warst mistais 5 Lo deline an Investigation
prodrumme in the office aliead of time without
paying dua reggaed 1 the possible vaviability of Lhe
aoil conditians, The tram leader haa to ensure that
thu eelatively short time v has ac hls disposal s
gant wizely. Tl (e onshore siluation il is hat
ensy Lo eaine back avain tf something is missed.

My aelview iy thenefore (o kegpr the proegranine
flexible, set gencral zuidelines and leave it very
much to the discriion of the peaple in charge,
proferatidy on boanl, by vary the rogiraimmee
e peding v wlaat they find.

Ty e Hnvitat ot an (o pumbaees thal can
T v gt oo Lo dl, Somebines Uwe
vgdieper Toe U v ullant must atyo represant the
oil vompany. Tiis aiten works well 1aar i1 35 pre
Fpanllis B Paives 1 reeresenbal ive ol e il conngrimy
o Loaaed wha s aware of the overall problems
valved.

There is & further Yinatation in that life un board
o dritling vesse] i pooe 1oo pleasant, In my own

ks

experience afler about two ¥ears the majority of
engineers like to move back to shore leaving it teo
the new genoralion to work offshorne,

In summary the information colleeted durng
the investigation may have an important beanng on
the interpretation of the resitits and & stropy em
will be a0 important facter in thoe overall succws
af the invesllgation,

Dr K I Taylor: 1 apree with all the polnts oude
abaut the fickl team, I would like Lo comment on
the team doing the deaign. Take for oxmple Lhe
derign of a steel jacket structure, Theee s a real
changer that (e struetural engineer will use oum-
bers for the soil and plug them into an avajlable
‘Black box', puch ps a ¥ =Y analysiv, without
unclerstandding what they ore doing, He peeds to go
back ta first principles werl exwnine what the
vurious soil parametary contribute bo the analyds,
consider over whal range of valucs they might
alually tic and how they might affect (2 perlor-
munce, AL Uw o momed oo not deiok that Lhe
strucioral cogineers really kboow what they are
tealing with, . )

In reatity the foundation desizn i an interactive
proeoess andd the stractuel enginest vimnot el the
answors withoul kaoowios somethingg ohout the
L aTE

Mr E Toalan (Fugro (LK} Lirmited)s In my puoywer |
nule ic elear that Uw P =% cvoee ol i sl
prskpwerty el shewdd neal e wsed Bloelly, Thete [s
evrtainly 2 danger in using COMpULer progrins
where a 2! Ly is plopped inand forgauien aboat

. as L generates e answers,
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TRAMSTORTT LITORAL La cantided y direccién del transporte se puede evalyar por

medio de:
Es de suma tmportancia uacer anflists del arpastre de material ! wediciones de campo -
que se efectud en una playa, etpecfalaente, s{ Ya fona a consl Il f&rmulas
derar £3 Ja beca de uhz Yaguna © de un estuarfo, o 5f se planea 1l modelos

18 construccldén de una opra marftime que mudffigque la confiqura

clfn costera.
1} NETODOS DE CAKMPQ

ql mpyimfente de 105 grancs de arend pupde darse en dos direc-

clones: uno normal y otra longltudinal a 1a playa. Los métodos directos de medicifn sirven para afustar las fir-
mules empiricas gque se han desarreilado,

La forma en gue los granos se nueven puede ser;
Es recomendable efectuar una serie de trabajos previos tales

a) En la rona de lavado y generalmente en zig zag &n direc- comp une batimetrfa, endtisis granviomdtrico, anSlisis de

" clbn de Y& incidenci{as de oleaje; o5 por arrestre, vientot locales, observacifn de oleafe y meredas y medicidin

de coarrientes.

b} Por corricntes Vitoraies provecadas por/hacia el Sngulp

fncidencia del alezje ¥ se gerera desde 1a priwera lines S5e prpcura obtener cuantificacidén de) material yue %e¢ mueve
de Tomplents hasta 1a playa., 5e produce en o] fondo ¥ en £1 fondo como en Suspensibn a 1& ver que e tomzn mediclo
por suspensidn, nes de velocidad, graficands Tineas de {gual concentracidn

y lineas de igua) velocidad en perfiies perpendiculares &

e) Por corriente de retornp, es en Suspensidn y hacla &1 mar. 12 costa. FEsts medicidn deberd cubrir coms minimo un afo,



Y]

Huestreadores Y Llrampas
Pe material en Su.peniidn

S5 vien adilamentos que captayren 0 muestray de iU n

sobamente o1 materindl en syspens fin

Los primercs son reciplentes de voelumen conogigp que se

tlerran 4 1» profyndided deseads,

Boteltas Yam poen
Botellas de ¥Yaiclp

T Por medic de BAAGUEras de succign.

Los segundos son recliplentes que 3a fnataten » ung pro
fundidad en 14 que PEFmaneCen un ciertp tlempt capturan

do 2t materiat Que PE3d per wna sbertura de arpp conge
ridy,

Hutstreador Bymbd

Rotelln ¢lreccional

». 21

My=slreadores de foando

%on trampet de volumen comocido que s& entierran hasts
#! borde superior el gue et gbierta & clerto tiempo y
¢ calcuta ) tiexpo ep que dcumpls clertor volDmenet
dx material. Fgeden ser tambos de 200 1ts.

Licolleras submarinas gradundrs,
Son pequehns estrucbures que 3¢ 3itusn perperdicelar-

mente o 13 corriante y so mide &1 tiempo #n &) que acy

mulen 11 mrens.

Eirecctidn de corrfante

FRENKTE EXPULETD



Otra manera de cudntificer al arrastre a5 por medie de cony

Mediante alteryclén del pretotipo

truccifn dr pbras #n 13 zona de estudio, ya sea por

B.1)

Espipenes &

Oragade
Loy erpigones deben construlrse eonsiderandn ¢l ancho
e 1a 1inea de recplentes. Lo sdterd mixica #¢ 0la
predicha, deben cer impermeables y deben tenef und

vida Gt1) de un ale minimo.

5n disenan pars que e) material tranaportado, re ten

en tuspensida o arrastre de fondo xd detenidn.

La cuantificecidn se Togra hictiandy batimeiriss mnles
de conttreiric y despufy con 1o que 3¢ obifenen los

volGmenes atirapadex,

E1 »etods aVters las condiciones naturates y 3010 o5
costesble »f ae pretende contbruir una extrycturs ma-

yor encima,

Ak

La cudhtificeeldn es a 1argo plazo.

b.2} Dragudo este eftodo ex cozfase y funcicns cOMO ung gran
trampa, 1 wolvmen se cukhtifica medianty Gatimetrfas,
£1 incenvenlerte 23 que &) waterial Tlega de todas di-
recciones, 5e recomiands userlo ER obras ¥u construf-

das,

,e] Mediante Erazaderes.

Lot trazagorey son particutas de arema obtenidas de) Tugar
d¢ estudin & Taf que 5e mirca, pars poderlas gseguir.  Son
efectivos para $nformer {a direce$dn &8 trensporin y algu-

nas veces 1o centidad de trantports.
L4 pueden mercar mediante mErpdon

fadlectiives &

Flupreicentes

Ly técnicy =t sembrando tes granoi marcados ¥ colec-
tarlps 3 tlempos prefijedes, vacande asT Tinead d¢ ceoncenr-

tracidn,



la recoleccian purde ser suprrficial usamdp tarictas con
dlgin adit{ep Que yp dpoFan en el foando parg fidar #1 wa-
lerial o hacifendo ngeleots en los que se annllzan fos tra-

ddores por TITIN

El conteq se hare Para 1ov fleorescéntes visualmente, las

Fadiaztivos medtante contador geiger.

Lon Tos dos métodos 3¢ pueden realizar tieabras simults -
AEds €N unts cambisndp ¢1 color ¥ #n otret Yas longityd -

dr eniyfén de ondas gammy.

Cuando se recupers con noclecs el gaste @ 1w pusde obte--

ner que:

Q+ P AYVE

donde

F = pesp volumitrice

A= Arehg de 1a zonn de transporte $e obtiene sacan

do Ta distancia det diimetrp wtyor de 13 corve de lip

conteg de valor mencr, E5 perpendliular & T3 trayec

toria d¢ 18y gramos,

¥ » vYelocided de desplazamiente, 3¢ oktiene el centro
ds 1a nube &e jssconte=o de un determinande tiempo,

Lo digtancta y el tfempo de la viembra 4l centro de

ftocontee dan 12 velocided.

E = E5ptsur'dundt ¢ da &) iramipartie. fibta capa de
arend 1v ohtiene mediante 1 conleo en capas f+ lox
niclecs, Hay gue tenkr Bp cudnbs qus parte de o3
granos mercades som cubfertos por otros naturalen

ton Yo que #1 espesor de esta Capd bdumcnia,

£ considerasosr gus s0ic ¢} matertal superior de Ya fnter
face fondomagun o3 #1 gue estd =n wovinients constante 3e
L]

puede suponer que, putde sar mis facilments remgride por

et mavimlente arbftal de laz glas,

L1 criterio de Eingtein propone uma <apn 1THite 1gusl &
¥ weres o] tumaho medip de tw srens, Este criterio es

bveno 51 no se cenpiders Ta resvspensidn,



E1 criterto de Ingle Fropong
la siguiente tably

4.01

s.e1f
2.5¢],
Lz

0

(mm)

010 D15 0.¥0  D.25 0.30 0.55

Clfmetra medig [mm)

Expeser da l§ ra

€1 criteria du las concentraciones SUPETRE que 13 tota)lded
M2} matertel an Teigensidn proaviene dul f}ndu. Le distrt-.

ducifin vereica) de dicha conceniracisn In da

|
Efpeser », KL 3 q
im

] 1 5

K #r wn <oaficiente Iﬁi;lﬂiiﬂnll

kw130 tf £itd an volumen

[ Y 7;1' §0 #5td en prsn

Nyo Ta dSatanctu parn 12 que 1a concantractiin 1 s mantiens

mediante une deduccidn erpliricy

10,

constante, {vertical]

5IwadLos

b » Subindice que indica fondo

b = Diatancia entre oragomales contigums €n 1d Ione de Tom -
plentes (L)

bo = Distancta entre ovriogonsles contigued$ en aguds profundes {1}

Ey = Eficienctin de trensports de fonde [ndimensional} + .

g * Aceleracifn de gravedad (9.8) mf!igt = 32 pieflli!} {LT’E]

; = Pendiente de 1a p1|}|

A = Coxficlente de rugesidad d&+ Manming

o = Subindice gue {ndics mgear profundal

9 " Transporte 1ltoral & 1o 1ergo de 1a Rlnya poar wnided de

l ]
l -
CH -
B -
E =
-

ancho (12177}

“toefictente adimensionsl {fSrmula #a Castanho}

Subindice que reflere nl sedimento

Yelocided del grupp de olat {LT'I]

Diivetre del malurinl

Componente dr 1o enargls del n}g;Jn Trgidente, parnlels ¥
por unidad de playa {FI™ 1)

Fiujo ¢e energle da) nlesje en 1a 20ns de romplenten



1 ' 1 )
Alturs de ois en el punio de phservactdn (L) o+ Denkfdsd del agua lHL'J

Bltura de old #n dgua Bfunda L - '
" guss yrofundas (L) I e = Densldad del xedimente (ML 31

Trarsparte 11lprz] expresado €n peso sumergidn [LT 01

Factor de preporcionatidad (sdimensignal) ] =~ Angule de 1a pendientr matuecal del sedimenmto

foeficicnte de rugosided H. 004 « ¥ x 0,010 {Castanhal
toeficiente de refrsceldn [adimensionsl!} L Ibn!h}lfz 11 NETOROS EMPIRICDS

Langitud dr onda #n e punto de phservacibn (L]
La ghtencidn de una =xpresafhn matemitics qur Tepresente &1 wonin

] d . ofundas |L
Longitud 2 anda en aquas profun iy del transports litoral, he $ido & base de correcciones empiricay

Fotencia #de) alesje tranpmitide paralelaments 2 12 pla- de coeficientes.
¥ (L/T) '
Trantporle litnr:l erpressdo €n volumen ELET"] Les investigacfones de wste tipo, 25T conp Yas fermules abipridas

son factibles de corregir aftna dat dl d
bertodo de olenfe (1) ; ] ¥ T con dates dr campo donde 34

Bplican wn wns drvea d1st¥nte o ' que originalmente fueran sphica

Teloct bital hortzantal 1 fordo lusto gates de .
elocidad svbital herfzontal en el fomdo } do5. Le correcifa generalmente ex necesarin, yo que 1ns condicio

-1
1 1 T .
romper T ola (L ) net de tameho de grano, estadistica de 1» poblscifin, densidad y

=1
¥elocided de 1 corriente TiLaral LT ) forme de material regimen de cleaie y geerorfologte son dlferentes.

velocidsd de caida de Tas particulns en quspensidn 'l
{as diferentes sprozimeciconds gue 3¢ han logrede varfen desde Vs
que comiideran solemente o) oleade predecide Yocetmente, N

Angulp de inclidencfa del oiwaje 3¢ produe Frimenie, natte

Ta5 gue considersn corriente '1torn), tamabo gy forma del grarng, otes

=13
Peso sipecificn dal mgua {FL 7} Je dittants etc.

3

Pesg wypecifico del sedimento (FL™
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Este conjunto d4 formulas tonsideran el transporle total im

diferencior 41 o5 en SuSpensifin o de fondo ¥ relecionan ta

anergis del alegje por vpldad dn Yongttud de pléyy con el ve

Tomen transporcsde

Lsta foroulas c¢ detarrollaron pdrs restlver wh problems aspe

en op intecvplp de Liempo.

¢iftet, alguney veces sop ap?enbles sTh hacer wjustes, pare

¢+ rucomendable comparar con madiciores direckas del campo ¥

ajustar Tos coeficientes o Tos exponentes.
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2.21 Cunstel Cnginceriry Frpsegrch Cenier

£V £.[.P.L propuen ;”gimlnntr urna ecwacifin similar 2 14

anteriny (F1g 2 y 3).

g, - 125 £ (3 -

e 1a que q!. ¥ E extan #n 1at mlymas unidades,

Para sistena RELFiCO

e, * 1B1? H: T ltf fen & €05 ™ [}

Fespufis PIUBUS ILI DN und wodi Ticacibn de 1a formula quedandc

Tronaports dn ploya &y pardas edbigny por dla

=3
g, = 7.5 1] F“ {5]

donde FI- ws #] factor dr flujo » lo largs ds 12 costa (en
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plei-1ikrafsegundajpie de playal y o3 proparciongl al flulo

de ernirgla F, calewlado para ;IT'II onda perifdica almple [teo-
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FosLr (&)

Lfonde

£ = energia espectfica de 1a wie = ¥ Hsz

[ =« gelerided de grupo
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LEstax exprasiones €19) y [14] estan en sistema inglés,
1.5) Komar g lpman
{151

I1 - KEt“ SENH COF o

1 trln\purle 1, w312 en peve sumergide transportado en wnidad

de tiempo,

£ es adimensional v 1guat o 0.727 Yo qw Faci1%ts a1 uzo en sis5-

tema ingtés o en Aktrice
Para convertir 11 A ¥olpmen 5 & us52

5‘ - liftt“yll' {15}

donde 1" = D.§
a.6] Castanho
o <ty T s ()
Ty e = T tan o -

a3)

doade

tll' 1e calevla de

g " T2y seno
s .2

t1 L ["r}‘lﬁl‘ H o "lil 5e
5 a obtinne da

2
s = 1,93 (107 E - E7)
E= «I,¥2 A {{L.72 e
Ae (mB) 7 (% tan &}
an pepdiente de
§ = esbplter de 1:
K= rugosidad 9.9;

o bien 3 s# pueds obtener dc
vilor de A

2.7 Larras

h‘ = Kp W T sen

Q‘ asth =n l’f;lg

0.

. fT {onda solttarin)

o8 /T (Onda sencidal)

;a)hi2
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1= Hofleo

1< .0

gera 4 cbtenido yu 21

{184)
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{215
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didmetro dlll mnierinl

20,

de Incidencla genera uhi corriente o 1o largs de esta ¥

con und yelocided relactonsda con 1n energia del oleads,
Ld 10le veloctided, descontands el efects du Toedo del
oieafe, o5 capar de provocar-un transporie en el fondo

» rasuspend=igndo el llt!ri!],

Por otra parte, 21 oleale, FOr su movimiento arbital en

‘¢l tondo tambidn vesuspende ¥ transporta las partfcwln:

cadl YeZ gue pass una ols,

Lus flrmulas siguientes consideran exto:

bh.t) Inman y Bagaold

1 - p.{z ":u}h €os oy Vi {25}

KT es adimenstonal @ lgual @ 0.28 lo que facilits

- #] urg Indizcriminado de] . sfstems dx wnidades.

El coafictaate K' considera

Et moyimiEnto prbitel es sroducido por oleaje 3in que
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1) itnur:'trlnsparti neto,

Una torrfente que se sflada al @oyimieato orbitel &1

produce drrastre neta,

La lntrﬂ!l daiznda &1 poner 11 afenu en movim{ento e

proporcioasl a:

El flu}n de energia por longityd de playy y 2 12
velocidad de friccién ralative £n ed fonde &n las

roapientes.

La ralocidad #& fricci&n &5 proporcional # 1 compe-
nente ROr1zonts? wlzfma du 10 v!lociﬁld orbital cerca
del fondo, Justamente antes de romper la ¢li.

U« gh/2 € cos h [25d/L) {271 y sa pobtfene

de 1a ttnrtk senoidal.

Eimsteln correglds . B
Q" Gy ULy Yog, 328/r) + 1,0 B

v

rr,

E1 gaste #fillda astd ¢n -Jfltg y 5 calculn gontis

darandp wt arrastre de fondo Qb

Qy.* 5= {ur/e) 2 Exp (-0.278.0vfut)
s {1+ {Eunfvlzfti1¢

Ty = ‘vzftz

T
]

0.0575 ¢

1, ¢ I, se abtienen du las Tigpuyrat 6,4 ¥ 6b an fun-
cifn da 1 5 A

h = prefundidad

r= ta semlalturs de 103 rfpples o rizox

b = ancho de }a corrfente Ytaral

D = 4idmetro de 12 artena

V o roeficiente en €l sfuerzo cortante tobal 1
debtdo a Tos rippina

{ a gafuerze cortants total {oieaje ¥ corrientel

. s wafuerzo cortante por corrienta

A s denstded relatlva
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L = couficiente determinado del ¢oeficienle

L de Chez ¥

Uyt magnitud de ta velocidad tangencial en el
fonda

¥ = velocidad de cerrirnte

FE * constante de ¥on Kerman

1 = velocidad de cfida de las partfculas

i -%;; = exponente de gistribuctidn de concen-

tracignes

¥ia l:tfp]lfz = yelocidad del gafurric :urtlnté
A 20fH * Retactfn entre el grueso de la capd

dende Gay arrastre ¥ &l tirante H,

¢] Formulas que predicen 1a corriente ¢ incluyen

las caracterfsilcas de 1z plara

€Y grupb anterior de fdrmelas supone conocer 1a
veloeldad media de I# corrients Jitoral, cosa de

diffesl obtencidn

t.l) Eagleson

.o g K, ub”d({;:n A i:ﬂ-n TEn h])

c,.2]

.3}

c.4]

.5}

Ih = facter de grupe in)

f = eoefleiente de Qarcy - Welsbach
= (2 ogyy (drHe) + 1.70)"2

KE . ﬂ;s 4 0.000%3 ai-mo axiste gransiomstrin

Galvin
Y EgnuT sen Bu; AL |
Bronpn
142
Ve ety (1, Y m 2EREGTTT o qas
Putnam

¥ o (5.57 g s/7 (m B 1T sen 2aH )

tnman y Quinn

o s Rt v (220 g R senadT 4 e 7
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Rppendix E

AR o

. Use ef Tracsrs in Harbon, €3as,
and Ozean Enpingemng

Sgruun, P 1970 “Use af rracezy 1a haibor, coastal snd
aecesn engthccting.” Fogavering Geology. Amuepdam:
Elstwie? Fublishiog Company.

Summary

This appendiz describes the vie of tracers jn
various engineering fields including ucean, harbor,
coastal and river enganeering and some special ap-
plications of tracers, €., in pollution control. Cer-
tain pectinent aspects of tracer technulepy and
methods ol anatyscs to determine drilt pattern
azpects of 1racer technology and methods of analy-
se3 te deteninine drilt pattern and quantly ace
mentioned. A Lsi of releresces and 2 special Bibli-
ography are included, che latier grvng exaraples of
literature on actual Tracer projects i varicos ticlds
of science and technulogy.

introduction

For many years methods of fracing sediments
have been sought. In the past il was ot unssual
for scicnlises to investigate the minerabogic conmpe-
neats of the sediuents 1o order to deterumng the
peesence of 4 unigue canpuonent o tatie uf wveral
components. 1 such a3 oinesal were preseat, il
could be wtilired 25 a uainral tracer, As 4n casinple
several Tormns of the meerals, horpbtende aud
augite, have been idennlicd wid vnibiced alung the
Mexican znd Culifaenian goll ceans, rospectively.
Aleng the Gulf of Mevico coast, hablemde i pres:

ent in the sedimentary assembtage from both he
Mizssissippi and the Rio Grand: rivers. Howeser,
the type of hoinblende derived [rom each of these
sources 35 guite distinctive ank can be separaizd
readily by migroseapic siudics, Therelore, posaail
wies exist for Wenhilying the source of the seds
meals for the aies belween the micuths of the toa
majur civer systems. In Califerma the presence of
augiie in the boltpin sedimcuts at Saats Buban
indicales a soune fraun civers north of Foinl Can-
ceplion, berause the sedunenis fromn the rivers cast
uf Paint Conceplion do it contain augite [Trash,
19523, Kamel (1902) uses oawusal {radoeaciies)
thariam as 2 Liasee,

The study ol natural tracer minetals ks
proven useful in fully denving 2 coneept of the
prucesies Tuntivning in a given area; howeeer, i5:
results nay be misleading. i can be staied unsqer-
vocally that the tracer murals mentivned above
are nub reprosantative of the ot seduments, Usa-
ally of all the hgary mineruls, horoblende 20l
ugite ate amwong these, representog flom | e 37
ol toral sediments, The Lieavy minerals Lave dotisi-
tivs gredter than 280 grams poo cublc ceniunelr,
wt grcater thao that of gqeasee {205 grams peroe-
Lic centimeter) amd the feldupais (2207 prams po
culoe cvntimetel) which, st cases, pishes 1y
the bulk part of the ewaieng D350 of e so1-
ments. Because of the greater density, the i1
welucity 15 greates and, therelore, thie heasy e
sl partivles acl as a larger particle of uaiez ot



fidspar, The difference in f2ll welocily illustrates
ihe cardinad sule of sedimsnt tracing: the labeled
yracer particle and the nalural sediment must pos-
5eas the same physical and hydraulic charactensticy
when exposed 10 wave or cutzent forces, For 1his

reason, ihe heavy minerals are not sabis.
factory (raceek.

Dyling of sediments had been tried in the past,
but durlng the middle 19505, two new methods of
tracing scdiment transpoct appeared  involving
tabcling sedimenis with tluorescent or radicactive
material. Both techniques involve the measure-
ment af radlation—one in the visiile specirum and
the oiker in the very short wave lengths. The for-
mer required excilation by ullraviolel Wight energy
of apprepriate wave length, while the latier is s<if-
energized, be., radicacuve, Many different tracers
are available foc each technology, Refercnce is
made to Proceedings of the 20th Intenutional
Navigurion Congress, Balumure, 1961, Section ([,
Subject 5, “Methods ol delermining sand and silt
movemenl dlong Lhe coast, it estuarics and in mar-
itime givers. Lse of mode:n fechniques such a
tadioactive isotopes, luminophores, ete.”

For the first method, & plue or resin contdine
ing & fuorescent material is painled onto Lhe in-
digenous sediments, {see Nawiman, 1960}, The sed.
iments are injected inlo the ¢nvironment, and sam-
pley obtaintd subsequently underge laboralGry
analysis to determing the cuncentrution of the
labeled particles.- Labeling for the latter method
requites ircadiation Of the raweal sediments if a
groper purily exists {1nman and Guldberg, 1955),
painting the scdiments with 2 glue of rosin contain-
ing an irradiated {excited of enogized) isulope
(Gilbert 1954), irrzdiatien of 3 simuluted (glass,
plastic o goncrele) sediteent containing a tracer
Bsolope {Putnam e1 al, 1954) or zbserpton of a
ndivactive isulope inle the surface and intetior of
a natural sediment (Krone, 1957), Other special
methods, such a3 (erang ol radivacive gases in g
cartier, exist. The sedimenls are injecled inte the
envirunment, and the concenteation of their pres.
eace i3 naade fn the dwhd by Geiger vounlers or
scintillators, While much hus been said and wiillen

a6
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concerning the hazards of tadioactive malerial, 2
well-conceived and carefully performed fadicaclive
feacer experinenl will not be detrumealal Lo any
of the living organisms using, €.g., itradiated
8c,0; {common), Rb,C0, Au 198 Ag 110, Co
60, Cr 51, etc, Table E.1 15 a comparison be-
tween-flourescent and radisagtive tracers, cutlining
advantages as well as disadvantages related 1o the
praclical apptication of the twa different tracer
techniques. No actual con figures are given, main-
by becaust the <ost of radicaclive tracers varies
greatly wilh the type af tracer 1o be employed and
the characier of the specific task 10 be underlaien.

From Table E.1 it i acted that the main
difMiculty involved in radicacuive tracing Ues in the
production and transportation of these Cracers
which, in turn, are responsible lor relatjvely high
couts. Ofren governmenl cegulations make it
almost tmposuble o use radivsctive tracets, Derec-
tien by bocrom instrument and analysis is relative-
Iy easy bul may involve ¢oring, Sainples have Lo be
snalyzed sgon after they are sccured because of
the fading qut of activily.

The main advanlage with Auoresceat tracing is
thal it iy harmless. Furthermore, il is wsually Tess
expensive because il dues not requure cumplicated
safety measures and development of wvacers. Label-
ing materials ate commnercially available at teason-
able prices (c.p.. 30.20 to $0.30 p2r pound) in
stead of haying to be aequired lrein sadistion bibo-
ratarics, amnd no safepuacds are required W frans-
purting materials. This methed has, however, ane
man dissdvanlage—aamely Lthat a1 this stage of the
development, it is based on wmpling w be fol-
lowed by laborniory analysis of doy samples inas-
muach as scapning ol wet samples is nul possible.
This is time consuming and lacks Nexiblity be-
cause i is difficull v chenge a samplng pregram
until the resulls of the sampling(>) sbrcady carried
el arc knvwa. The echnitque, however, 1may be
improved by preliminary scanaing (&g . un the sue-
vey vessel eacll), using ovens La dry Ui sampley
whether sccuted as cones, by damsheld vr scraper
of buand in patalla plates pressed towards the sur-
face of (he bottwm or by enbirely new approacles,
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Table E.1. Compatisom Batwasn Fluorucent snd Radicactive Tracing

Fluu_-mm

Radiosctive

Producition of tracers

Type of Incen

Tranpori and slorage

Dozt boun

Tracing lime

Sampling or racing

Anaiyses

AcTurscy

may be prodoced any place whese
it s petded, 0o beplth harard

a gread varety of colon; a fiowmain
colon

mistival y low, e.g., $0.5-§ 1.00/kg,

no problcms

by sceding; no problems

et ane very durable when a
resin-hke urcaformaldehyde is used
bul may conlaminate arcay of in-
Jection for years; vome gluc tracen
have limiced Lilelime depending
upar txpotune

surface of core mples have 1o be
picked up, dried amd wnalyzed in
labgratory

counting of pariicks by visual ob-
scrvation vsng ulirasiulel cnergy-
SOUILE Of by a scanning machine
with photoeleciric celly; this may
b Liborious and limc-conuming,
therelore, 1 coslly provedure

wccurasy depends upen aumber of
samples and length of cones, and
upon the accuracy of the scan-
ning procedure itwll; it o defliculi
for 1the human cpe 1 Count moreg
than 14 lracers in one amphe;
samples must be very dey before
scanning

byl on prmall scale problems

iradiation proess Al ypeciat inwialty.
oG {alomic slaliim)}; @ mumber of
afely measures occded; health -
quiremenis by goverunent

pormitiers preforred;  gral vanely
i hall Lfctime available

relatively high bedause of cont of
molapes and all Linds of safety meas-
urer which are siricily enlooced by
FOTDITHMCHE REENCKT

numeraus safegouards; special con-
tainery and storage requirementy.

Jifficubl because of walery precaunoni

a numbcr of tracers cust with half
Wetime for p-riy emssion ranging
fram a few days $a half & ycar or
morE; it B uinally ponsible 1o sciect a
traces with a hall hishme switable
for each panicular purpows

racing mus be doms by 2 boctom
imslrumcnl, € ., ECIEST CoOunILr of
santillator, which 13 moaed over Lhe
bodiorm on a skedge or wmalar device

the rexding on the geiger counter or
scinhillaiar rconding insiowmenl pives
the resols dineeuly ; calibration bawd
on probings may be necoisary; ne
furher cost on analyws

accuracy depends upan the depth of
dwlurbance or rearmngoments of
beactom material; in order Lo gel mare
oeliable dara Beyond awrfece readngs
coeey may have 1o be taben and mads
wbket (o laboratury amalswes: €201
branon based on prgbiags possabl:
wnder 3implificd canditions.

beal on Large scake problemm




such a3 underwater tracing using TV tameras, or
othes photo techniques which, however, apply to
the surface of the bottom sediments only.

Fluarescent tracings’ great advaniage lies in
the {zct that i1 can be pit in operation with shoet
notice and with little preparation in advance, Ay
varylng the color of the tracer Yabel, it ix possible
1o copducl successive teits in Lhe ame area, when
eenditions champrTuickly, without the wailing
period required for radicactive tracers. Abso, i1 is
now posxble to preduce longlived as well as
short-lived trzcery of all practical sizes needed for
grevel, ssnd, 1il¢ and <lay tracing.

Vavious Mathods of Tracing

Traeing of Pattarn

Tracing of pattern simply mesas that the
movement of the sediment is followed by dumping
and sampling in some grid syslem allowing 2 <on-
etptration versus time diagram o be drawn indi-
cating the direction and relative distance traveled
by the tracer prains. This method wffices for
many practical purposes wheie knowledge of refa-
tve magnitudes is of primary jmpartance. Publica-
tiang on this topis are numetous. The papers pube
lithed in the Proceedings of the 20eh incernationa!
Navigation Congress are typical. Exampies of pub-
ticarions of simitar nature are Hydraulic Rescarch
Station {1936), Zenkovitch, (1938): Hussell
(1960); Griesszicr and Voigt (19635).

Lhse of Tracers as Velocity Indicaloss

Thiy method utilizes 1racers as velocily indica-
tort only {(Bruun, 1967, 1969). The quaniily of
migrating suatccial is measised in traps installed on
the bollen and the average velocity of the migrat-
Ing grains is measured over a certain tine period,
which covers the time ualil inaximum cuncenisa-
lions have been passed. The total amwunl of
material s then concentrzied i an “pnaginary™
surface fayer with fhickness corresponding o the
average velocities found. This methed ¢an oaly be
operated from pertianenl sampling slations vaing

)

Lkt of Tracers in Hurbor, Cosat, and Ocean Engineering 567

special sampling equipment. Using various colors
of tracers dumped at differenl distances and dis-
tributing the layer thickness in 1the r3tio berweern
concentrations, one gets a clear picture of the mul-
timolions which take place. This method is in prin-
£iple similar Lo the method of “spatial integralion”
mentioned later,

Quantitative Tridng

Methods have been proposed to arrive at
quantitative lnierpretation of tracermeasure-
ments. The simplest method is the seepdy difution
method which utihzes 3 constant ttacer supply
over and assumes that an equitibrium concentra-
tion it oblained downstream of the injeclicn
poinf. The technical drawback of this method s
that the supply must be given lor 2 long time, This
can be overcome by time inlegration {see Crick-
moce and Lean, 1962}, but buth merhods are very
time consumiing.

The sparal integration metiwd is based on
separate evituation of the mean particle wpecd and
the depth of muvement, The disadvanlage of this
methed liea in the small coneentration whih may
oceur resulting in quesiiopable accuracy. Deter
mining the depth of 1ravel mzy requite meugulous
surveys andfoz coringy. Reference is made o Lean
ind Crickmoge {1962) and Hubbell and Sayre
(1964).

The most practical and, undoubledly, most
versatile metheds are 1hose which apply theoreti-
cal dispersion models by which a2 connection is
found between 1he transport phenomenon and the
development of concentrution distzibution. This
mathesnxtical modeling has given promising re-
sults. For details the reader is referred to the com-
prehensive thesis by De Vrica (1966),

Practical Use of Tracers

Tracers, radivactive as well o5 Muuorescent.
have nuw been in wse Tor moce thay 10 years, amd
usage i3 sLill being expanded by impuovemenls in
already existipg Nelds 4 well a5 new applicatons.
Wilization now covers a wide range of Telds, e



3%

Purt Enginecring

Right

Flgure E.1. Tracing patiern of dnft al navigation channel; planming navigation channel, i sitigabon ol sed-

menialion al navigation channel.

cluding harbur, acean, coastal and river engineer-
ing, ittaral diilt and dredging technolugy, pullu-
tiun contrul, ete,

A number of examples of tracer applications
in experinents already carried oul or suggested
applications are given in Figures E.} to E.19. In
the examples of projects already carried oul, R
indicates 1adio-active tracing and F, flurescent
tracing. Hecause some of the examples given are
only desciibed in commetcial reports, he list of
references inciudes a special section which gives a
number of examples on practical tracing peosects.

Tracing of Parternis) ardd Direction{s) _
of Sediment Transpore

This application is of great importance for
determining the location of a navlgation channel,
hachios enlrance, pier or dock. Application of Trac
ing techniyue miay result in better planning of
future maintenance of navigation clanuels,

Exainple: E-tracing on loogshore drift in the
Black Sea {USSKRY R-tracing of botlum drifi ac
Norfolk {(England}); F-tracing of longahore driff at
sevecd] places in California and Flurida. Special
tracing of sediment transport pattern al inlets was
carried ut by R-tracing on the Notth 5¢1 coast n
Denmark at Thyboroen, by B-tracing in Putiugal,

eg., at Figueira da Foz, by R-tracing in lndia of
silt transpore {at Bombay), by R-tracing i S
Francisco Buy and by F-traving at several inlets n
Florids, eg., a1 Palm HBeach Tidet, South Dake,
Worth Indet and Hidbburough Talet, Foaragmg at
Kingston, Jamaica, was undertaben to deten:
which rivees discharge sedinent in nasigation e
nels and hurber basins.

Figure E.1 explains thal a navigation ¢han-
nel, il possible, should not be built cromswine ora
sediment transport lane {unless it is protected). It
i$ also dangerous 1o build 2 navipation channel 100
close 1o rivers which discharge much sediment.

Figure E.2 showt how Iricers may be uszl
to delecrmine the location of a port on 4 littoral
drift shore the minimum gosts o maintenince
dredging.

Figure E.3 explains how jettics or breadwaters
for a harbor may be buill o protect aguwnst a
known littoral deilt pattern and liw a conlluenca
of sediment carrying rivers may be arranged o
avoid deposition of sediments,

Evaluation of the Relfative Magnitusfe of Drit in
Two Opposite Oirections

When a harboer an 3 hitoral dale shote, 2
dredping operation or 3 coastsl profeciun shall be
plenned, cnginects are often faced with the prob-

-
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Figurm E.2 Tracing of relalve magnitude of drlt on an open shore; plar;ning locanon of part on linarat ar.ft

coasl.

Sediment tmnsport

LI
J'-.-'J.‘

Sediment tranypat

Rlil-n

Sedimanl Iranport

-
ATE
o ;

Flgurs E.J. Traclng pattem of drift al ngvigatian and othar channets.

lem of determining the direction of “preduminant
drilt"™ a1 well a3 the relative magnitude of drilt in
twe directions This may be done by himudcatring
of wave action and by computatiun of Jongshore
wave enerpy based an mwtearologwal data il wave
action s the only respotsible facter for mateiial
transport, Tidal and other currenis, however, ulten
play an unpurtant cole, and even il the direction of
predominant driflt may be determined by observa-

lon of accuimulation a1 structuies extending ity
the sea, it is still very difficult Lo evaluate the rela.
tive magnitude of drifl i two direclions. Know-
ledge hereol ia of preat importance witly respect W
delermining the jovation aad exlension ol groig
protection, the dirccrion and relative lepgih and
shapes of jetnes for pratection ol an jplt on.
ltanee, the location of sand Lraps for a mavigalion
channcl, planning of by-pasting opcrations fur
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Figure E.5. which braakwalear ghquld have tha
greate length?

beach nourishment and planning of artificial nour-
izhment and other fizld operations.

Exampler, F-tracing on the Florida Atfantic in
the Padm Beach and Browzed Counties. Figure
—E4 thows how the extension of 3 groln prolec-
ton may be planned by tracer tests, Figure E.5
fow the conliguration of an inlet entrance may be
determined {by tracing and by hydraulic model ex-
perdments) and Figure E6 amd E.7 how tracing
may be helpful in planning 2 by-pasting or Lrap
MTangement,

Deterinination of the Depth up 1o Vihich Sediment
Transport Takes Placa

This is important with respect to evaluatiog
the depth up to which 2 naviparion channe! will be
disturbed by sediment transpurt, evalugong possi-
bilities for erosion and of the amounl of cver-
diedging which shuuld be upderiahen in eritical
arcy, evaivating the pussiilinies lor movenmenl of

Predominant ..-»
-._?F:Tl‘__ :.”I.'_':.: s

-

F T

1
_J:.l{: Future har -1“5.

" T =
1 I i '
Lo | E———

Figure E.6. Onwhich sida ol an inlel should the bry-
passing gand plar be instalied?

malerial dumped oflshore, evaluating the pussibill-
ties for deposit on the beach of marenal dumped
offshore for beach nourishment or far botiem sta-
buizing purposes, as af Long Branch, New Jeney,
evalizaiing origin of clfshoce depusits of sedunents
and minetals, elc,

Examplet. F-tracing at Jupiter [and, Florids,
tu determine the success of oflshare scraping o

— L

jrom

Predam inont

'
- i Jutties
drift i

Shovuline

MNaigation
charnel

Flgure E.7. Shall sand Iraps ba placed symmett
cally or asymametncally al gn entrancat
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— 30 fr, depth
coiaur

20 {1, contawr

Figura E.8, i3 ovesdupth and mainienance réerguirad
beyond the 20-toot cantour?

beach nourishrnent, F-tracing at Duluth, Lake
Supetics, for buttom slabilizing purposes, R-trac-
ing at Japanese poris to determine the limiting
depth of material movement, R-tracing at Cape
Fear River, North Carolina, to determine source of
ghoal materials. Figure EB explains how tracers
may be helpful in planning a navigation channel
znd the possible extent of maintenance dredging,
Flgure €9 how nourishment of beaches from
offshore sources may be planned. Figure E.LD
relers 1o drilt by currents at deeper waters whese
some minerals (piacers) may lend to concentrale
jie certain areas carcied by currenl concenlralivns,

Evaiuation of the Possibilities of Effectiveness of a
Dredyging Dperation

This and the performance of a dredging opera-
tion, including quantilies of redredged material,
the efficiency of agitation dredging, the deposit of
material from overflow al a hopper dredge, the
posaibility of sediment deposits by sand, gravel or
thel! dredges should be evaluated.

Exgmples, Figure E.l1 demonsizates sche-
matically R-tracing in the Thames Estuary when
some material dumped by flood current rapidly
wis carried back to the area when it was dredped.
Such situation may be avoided by application of
tracers in the spoil atea before spoiling stans {Fig-
ure E.12). On the ather land natural [idling of a
dredged area {e.g.. 3 pipcline trench may be de-
gized and the possibility for that may be looked
{ale by tracing as shuwn in Figure E.13. Figere
E14 shows how diedging in a cerlain ared may

Spoil orca

Bjﬂ,@ Wil wpoil motetiol nourith the beach?

QBMW pit
i wilt borrow pil caws beach erciion?
o

‘::‘j
. - Sl e
R Mourithmen of bortem
will marerial sray?

Figura E.9. Beach or batlom agurishmenl prob-
lems.

f?

Fecovery arem
for minerals

?

Ao

Shoceline

S

Flgure E.10. Where did minerals coma from and
where are Lhey going ?

a.
N

&

\\'“a@

yﬁp 1rt+' Spoil area
Estuary

r MNavigation channel
v\\ﬁﬁ_ﬁ

Figure E.11. Wi} spoil from dredging af navigalion
channet relurn to ihe channgl?

Oredging .
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Figura E.12. Are cummanta able to move malanal on
the boltom ¥ Which way does il go?

A B

el el gl

Figure E.14, Will materiat dredged al A by agilation
or olhar dredying operations daposi al 7

sdverscly affect dredging in another area. if dredg-
log of these two arcas is dane on Lhe same dredg-
ing coniract, the contractor may face a luss
because he cedredges Loa much material, This has
partlcular interest for agitation dredping where
poxxbilities for deposily should be evaluated
belore dredping starts.

Figure E.15 shows how maulcrial from dislant
areas may be carried down in an areate bedredged.
The dredging contractor may face a considerghle
loss If he must keep dredping material which
invades his dredging area from elsewhere.

Figure E.16 demonstrates a sidecasting oper-
ation. Sidecasting, a5 undertaken at the Lake Mara.
catbo Har, the Orinoeo River Bar, al the Pore Ever-
glades (Fr. Lauderdale, Flonda), the Cregon Intet,
Noerth Carolina on 2 miner scale, as a forerunner
for hopper dredging, and as undertaken at Gulf
Coast inlets by the U.S. Army Carps of Enginee:s
new mubiipurpine dredpe Afelarbond, has praven
to be very useful if only 2 muner part of uie
materisl migrates back t¢ the dredged channel.
The pousibility enists that the material duinped by
udecasting may furm submerged “jellies™ which

Figure E-12. Will 3 ranch dredged lor a ppalne Ea
In again? Whera should spoil be piaced?

Basln baing

\~ dredged .

e

!

i

1

1 I
-

| PR

. Materlo! migrarar 1o
dewdged paits o basin
while dredging i undertchen

Flgure E.15. Probdem of sitathon gdunng dredging
Cperanon.

decrease material transfer to the channel at the
ume time as it may be helpful in concentianng
tidal flow through the dredged channel, thereby
impraoving Mushing of material.

Figure E.17 shaws overflow [romm a3 hopper
dredge, and Figure E 18 overilows lrom 3 fand
and gravel or sheli dredge which may cause depus-
i3 in surrounding areas of the bottom, and per-
haps adversely affect fish and witdlife. Teacers may
help engineering plunnees and dredge comtraztars
tv demonstrate the possible exteal of Lhe incident
sedimeni load.

Checking ef the Most Eftective Locarion
of a Sand Drily Fence

A tand &:ift fence shoutd be locaicd where i
Caukcs maximum sccthmlation. Tracers may b2
tielpful in determining the best Tugatien as well 25
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Flgurs E.1B. Sidecasting. Will material réturn 1o channed?
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Figure E.17. Crarliow of gill-tadan water fram hopper dredge.
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Figure E.18. Cverflow of sit-laden waler irom sand and graved dredge or shell dredge.

kn determining the most effective area on the
beach for protection of drift sand,

Exemple, F-nacing on the Cuter Banks (Cape
Hatteras Mational Seashore, National Park Servige,
US. Dept. of the Interior). Figure E.19 explains
the application.

Application of Tracers in Palfubion Contraf:
Thermal, Riotoyical, Chemical and Nuclear

Tracers in liquid torm which could be Nuoges.
gent dyer hike Fluorescin, Uianium (green) or
Rhodeming & may be wsed fir determining the
Best location of inlakes and cullets for cooling
water aystems and determuning the patiern and
magnitude of pollution causedl by vutfalls contuin-
ing sewage and/ur chemical impurities, This prob-
km i3 brcoming incieasingly mote importan
because of the stilt increasig concentration uf

population and Lhe vast increase in indusiriyl,
chemical and nuctear wastes. Examples of This are
53 numergus that no patiyeular cawe should be
mentioned specificatly. The ceader is relerred to
the special list of lierature relerences.

It s unhikely that all agplicativrs hive been
menlianed. When 2 new technique is inlroduced, it
takes somic time belure it penctrates Jll btanches
of a purticular Reld, 3o mpuck may be sand tha
there is sbill much w learn, Radiougrive Teaeers
must be made easier u haidle and have uvoadoabt-
ediy expanded future application, psrticululy as
Tracers in ulfshure waters and St for pullu-
liun control. Fluorescent pravers muat be mads
smore Aegible. Spevial and slable dyes with narrow
crmssiun bands must be introduveed and cofielated
with the proper resing, glues and hasdeives. Soow
coating shuuld be hard, thereby securing 1 long
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lifetime. Others must be salt so that they wear off
In days or weeks, thereby avoading contaminalion
of lasting characizr.

Various hinds of sampling equipment exist
ranging fcom paralfia plates (used by the Universic
ty of Southern Califomnia, Las Angeles) 1o scrapers
and cores (used in Florida). As mentioned below, a
combination of sampling, recording and analysis
technique is desirable,

.Th‘ method ol analysis is probably the tech-
pique which, more than anylhing else, calls fur
improvemeni. The hwman eye is, from an optical
point of view, not very satisfactury. Most people
are able to count Iwo to three ditlerent colors by
visual counting. Dut it gers diilicult with four, par-
teularly if redfyellowforange or Bluefpresn are
tnvolved. And il 1akes much time 10 count visual-
ly. Phototlectnic scanning machines developed are
helpful but several difficulties have 10 be vvercome
Inchuding dilTiculties in correlating exitations und
dye-emmision and the correspunding need for fil-
ters which aften gzt tired” and change chiracler
after a while. Although much progress has been
recorded, we gre still in the debugging stape with
respect 1o scanning and the witimate sulutiun may
nat be solely opticul insafar as direct counning is
cuncerned, Solution and thea oplical scanning
may be a “selution.” Much has been teszed and
much remzins tu be tesicd. The developruent of
underwater TV may be very vsefud for field -
ing, purticalurly il the problem of undeswater ex-
lation of fluurescent racers 15 selued,
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YARIACION A LARGD PLAZO DE Nrvel DE MaR

defintda For un acefne
v A1 cual! Vlamaremps nivel

“Lonsidecrmgs yn Flang imiginaria,

ldral cyya ivperficie no yarig
de nar:

Este nivel, #n un ocfann real sefrird une serip 4, modq-
flcaciones Qe pOr sw duracidn chilficlrtlﬂS 'n yarig..
clenes & cartp ¥ targo plazo. . -

¢

Exta clesfficecibn obedece g1 agente Sensrador, ym s] -.
CVAIErD und aparecen Tos tipos e andas y;uicnusns.

La localizacitin det nive! d¢ mar coms Plene de reterencia

requiere del comacimienty de ung serie contfrua de madi--

clores do 1z wltura del agud, para pader {r f{ltrands lar
end i ficagigney que produzrcan

e;EAHdar§:ar.

CAUSAS™OL VARLACION DEL NIVEL DE mag

Bescartands las varfacfones prodycidas por &1 vi

I pravitscianal, termentas ¥ terrt.nto:.
fnterelenen oo e}
nivel sertan:

ente, fuer
tos factores que
cambla extacienal o Eatroordinario del
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v

a) F-:turgi prermegrificos, coms ¢ cambio de dengidag de
o celumnn dg dgud & 1o largo dat o, debidos 4 dife--
Fencipr ¢ salinidag ¥ trmperatury.
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v1ts reglido por:

*
x= i’l j;' A= J_F

dond+ 2 €5 #l nivel de referencia 0 estérico, &h cuoal--
quicr Tvger de Ya calumpn. Por 18 prezidn en #ite ni--
v¥el, Pa b presidn atmosférica yodd - 1a apoma Ve wn ©
el yoplumen lipecff!:ﬂ.

"o

Pars hacer tston cdlculos s34 reguiere disePar un nivel

astérfen Intcia? y'iu Fo, mediante 1a media-da 0% y;-.

lores nhtlnidnl lnttrfurllhtt ¥ de- ahl tl]tull} F-T3

Factores tlinltulﬂgfcns. e l:t| qrepe al -il impartun-
te o3 To preyida h:rulltric. y su efecto e puldt consl

derar gue actdn en retactidn Tinea? wn ll xupirficie det |

otllna.

Ss_a..( PL)

51 conpcemny las valares medics de Ta luﬁerfici; ?-x du’

In presidn T s2 pusde afustar yn coeficient® & ¥ pera
#n cato dado tendramox::

f553}= a ( Pa - )

Cambios susthticoyr - Bebidos a2 zumento en ¢] yolumen da
sgua del. eckuno por deglacincién, Estos cambies som no-
torios, en- cwantn g W8 increments de nivel, 4% Yas 2o
Ak an qow Ta disafnucidn d& pazq dl hiale no prvvu:l
resconsdo dx, ll tirtlll terrestra.

N

&

4} Cambios de la corteza. $1 1oy continemtes se eacmentras

e}

_:1in del efecto de $orlolis, densidad,

en morimientn provocaran un cambio de volumen en 123
cuencas ccefnicas adyacentes y =n 8lture relptiva daade
¢l centre Lerrestre.

Cambigs de las superficies geopotencfales. La asocia---
locslfzncilin ger
grifica ¥ régimen climetoVégico, produce yna supearficie
geopotencial, £sta superficie puede cumbiar d¢ um Tugar
4 atre y por 1o tanto B2 prodwce uns ¢iferencis ds wive
Tas de un Yugar & Gkro, por ¢Jemplo o1 nivel del war es
0.F m. wis alto an o mar SE1tice que en 2} Mediterrineo,

v
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MAREAE

Las wpsas de agus ockanley respenden de ung mancra comple-
Ja 2 Yax fuerzss genersdoras de maren de la tierra y los
cuerpos celestes, )

Lol efectos 62 13 Lopografia costern ¥ sobmarine, 1a refe-
rancia en Rahias y estuarios cambian Tes carecterfsticas .
de Tn mares. Por exto 13 maress debém calcularse con los

dates que provengan de) propin logar, sediante un anflisis

de 1a1 arménicas y Filtrands tas diferenciss gus provengsn

de OLTAS Cautas,

1inz11_dz4Iauilih:in_ﬁl_lns_na:2114

Las varinctones de maren signtificantes ze¢ pueden conzide--
r&r come prodecip de Yy pusi:iﬁn y rovTmientn d¢) sistuwa
$o1- tilrrl-luul.

- O=
‘;‘ . Qfl‘:—t’ﬁro‘rtﬂ #/

R <P
.I P",' —r 'F"la‘.r :T“

LA

Darwis pratentd uns teorfa de equilibrio de wareas consi-
derando un solo cuerpo generader actusnde schre una 1imina -
d% 2gua en wa cuerpo wsférico que no glry y asalizd Ip -

3)

foras d4e wquilibrio resvitanie.

EY1 sistema tierre-luna estarfa girando alrededor de un eje

caman, \
!jg A g W

£ -
r
I '
, M L 1?%“. ! .
' - d—”“—"i -__E‘q- . " - _.Ei{"_ *
Balance de Tumrzas falanca de Tyeria N
terrestrs tunar
h L3 N, A ) ) ’
WerelE @ sl - n"-;- D
—— . . - . o ..

1n diztancin 4 serls

Creten B

De estas 3 ecunclonas podemos encontrar 1a distancis £, 4
18 que ve encuentra &1 eje ctomidn del centro e 1a tierrs
y o1 parfode T de) sistems.



Ir:qlviqndu natns ezgaciomes e enzontrd gue St = 4,666
Fw, o sea mengl Que #) radio terrestre y o1 periodo es de
1.3 dlan, -

51 eate :lstenl estl gpipando ufrn:eril ‘uh eiquema comc ®l
sigufente:

AY.- Ly foerzs centrifuga de unn unidad de"masa de lgul - .

dependerfn de:
ﬁ:' ul drt

. ¥ actuarfa opueste 8 la Tunn
¥ plrtle?iientt p 1 Vines que Hliirl lul tentros -~
tnrr:stre ¥ lunnr.

waande {0 Vo ccuncifn de feerza ceatrifops serd;

for G Mo @
_,./!'

T¢ ecuacifn (&) quedarts

i)

, ¥ purito qua 1a fverza ptractive da 1 tierra ;|=

- G= z
reage Sz

LTI (D

B}.- ta fuerze etractive de 12 luna fa serfa siempre hacis
&l centra Tunar.

for Etlon = 3 (4) ()

S+ 0 la dintancia de vna particula de ngus hasta el centrg
tunar,

4

C} - La fuerza atracthva de Yo tierra 1srd silplilent.,

Fg=39
51 resplvemgs para 1 Gitima figura #n 105 componsntes
radfal y tanpgencial tepemos:

ﬁ-r-f:-f‘ Lo & ¥ fo co8 {O+(3)
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1 Aprocisande ¥ godtands h:u tErmings que no tengen un valgr
representativg,

J‘I----jl

fae - 24 g (.ﬂ;{:u_) (-:?*)‘ Sen 25
wﬂn.

Ly ruperficie r"ultnnu? PEFL Cualquier punte extaria --
dady por:

45%:. = ;fﬂiﬁi = ~_£f_q r ~J:_ giiagga)fr:iﬁ) Tew 28

integranda

o -.-__1;;_(15{:,,,)(_:})’ G ;fasaa e Q)

I

€ e1 1 constante de Integracidn que determing la canti--
dad de ngua mecesnrie pars encontrar 1a “plrf!:h de equi

Yitrio, como debe de sqr Tn wisma cantidad antes ¥ despufs
-dc s deformacidn . 'l:' i

L# wcusefdn represents un errmdu con su eje mayor IIM:TI

e Tuna,
"E1 valar mixios de #.eLorre para ’
gae” , pE0t PF OSITES o,

- ¥ eb winino para gzgo’ -0 ST B G e,

hqot.w.fqme, re d-«.s,fa-rnn
nadla

&2
5§ 1a Tuns gira tobre &1 plano ecuatorial de 1z tierrs ¥
coniiderande un punto-de absaryécién a yna Tatitud, &
debamds proyectar e1 punte de observacidn a1 plund ecuk-

torial.
J:' : Ty (0% ,ﬁ cod A %= prdjttt”rl'l
cos @ 2% = (o5 cos A
]
cos s & rost e -4
4 Y i ‘2 -4)
v} Y (3 cod fof
7= @)% ? .
7 define cuslquier f[ ¥ A

como Ts Tatited y X coms £1 &% de giro de a2 -

| I| luna qirl #1 un pllnn difarentr nl etuatarial,
. df_..u, ysewt g sen’ §-43 434 senzgd sent2d
7 -I‘ (Hl (%) [{ ﬂ . . f
fo3 A +.3 cos siau Iur.r lJ

Zonde § ws 1a declinzcifn lunae en et plun scuntorial, --

s{endo 1a miximp 2B*30",
T

- . - . e wwr M emeae.



Las mareas 3e desplazan an las :-uencas océanicas con una -
welocidad dependiente & l& grofundidad.

51 o3 1 "Ferfodo Natural® de unn cuence considarado co-
mo #1 tiempo mEcesavio purs recorrer Z2-veces 1a cusnce a
una celeridad :.I-.,

tandremds pars #1 Bedano Ablintico

largs £ ¢ 2.2 1 10

-

* pru'l'.ud'lll:- IE.BHDF

?J-n r{% * (8. XK J‘d‘. ..'I'c.,
H & 19 horaz :
Pars a) Pacifico ] L e
targo 5+ 5.1 x 107 1
prnf.lediI;'Ll.Ulﬂ . ‘

‘TR s 42 horas
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Las distancias y profundidades son ecvatorizlng,

leyprig Fries Barea en A \

E1 efecto de rotacidn provoca que wna pnd: progresbes en
un canal genere Corrientes transversales sparta de las it
¥aciones ¥ corrientes Jong!tudinates.

Fara um ¢anal de geometria regular apticando tas ecua-
tignes de continufdad, movimiente, congiderando Corlolis
¥ condiciones frontera.

Laz elevaziones y las ¢corrientes laterales y longityding
les ga regicin por:
s 2 cas LrT -K%)

w=lt tos(rT- x2) 1))
W wrV o sawlel- x2)

siendo !:H. y v funcicnas de ¥ 1a rr;cuen;:h rotacio
palerse considera 1a de 1a mnrer yK 5e determine de;

@ %2 .%l c I'{;ji
_3;3 pr."uf.“dh

como aprexsimecidn

aste lprn:l:'ill-l.‘{ﬁll funcions £§ 1 ralacidis

o L‘,f:r L. 5 'p;quel'il .
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b e a1 seat-znchy ge) canal y #
ferancis.

s et o profundidad de we-

51 de 1as tcvaciones (P suponemos que:
Veit) g ¥ siendo RFO
as corrientes tromcversales v Jongitudineles
L oz s T
=l gevel
A 4
clwpliricandn

RGN

*188 #CUNZISN represents va stipse. :

Esto significe que las corrientds de marey varfan con el -
tiempo de diveccidn y magnitud, .

Asimicmo varis Ya pxcentric'dad elfptfca con 1a profundi-«.
dad & tiempox lgquales en un punto,

Efectn de Ja Confiqurncidn terrastrm,

51 se estin generando atturas dabido a 12 fuerza streccio-

w2l de Yos currpos celestes deben generarse alturat dgua--
1¢3 al mizma tiempo. A 1a ¥er se pueds pensar Que habhri
lTugares donde sm presacte ta micima alturs en tiempos dfa-
tintos,

Las 1Tress que unen Tud Tinens de¢ 1gual &1tura som 1ipeas
de co-rengn, -

Lias de fgun) tiempo s0n Tfweas cotidates.
[ ]
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"MAREA DE TORMENTA ' 3, Entrada pequeha o tuficientomente obstruids pars
' impedir &1 fluje de warea.

Les problemss de #levacida de nivel por '-IFM:to de tormen-- I i —
tas.s¢ pueden dSyidir en varia: £a205 y considerarlos coma o ' oat utu.du
tigue: )

- ) ) PLARTA R

Ad.- Lagos cerrades y presas,

. cn
1. Canal rectangular y de profundided constants. . ? r \ -—>:’-—‘§
2. e forms regular. ! 3 s I b .
3. Pz forns semiregular, A t IR ;" nivel ectabls
1. De forms muy irregqular, , i L. é
_ _ SECCION Jrrmrrrrmrrrrrrrrfrrmmor ek S yrbmerscrrsrrreeet .
B).- Fuers de' 12 costs o #n s Pletuforms Continental. ) -+ .
1. Fondo de profundidad constante, . A).- Lagoes cerrados ¥ Fresas,
* 2. Fondo de pendiente <onstante. " "_ . 1. tana) rectengular y dr profundidad constante.
3. Ferf§1 d¢ fondo ligeramente Yrregular. ) . ’
4. Perfi) de fondo Srregutar, . Para visnto da velocidad conatante y paralelo nl ele dal
) ) . canz} Hollstrosm, Langhasr Yenligas, proponen ecusciones
€}).- En 1 11nea de corta. . : como Tuy slguientes: I
1. Linea de ¢cesta ragutap, : .
Y. Lines de costn 8135 $rregular, .
- & Lines de costn con salientes, S ) @ da = M ’ (engulo de Tn 2up.
. dz e chis) del agua)

Di.-Entre relieves de T topograftie costera,
1. Bsrreras noturales bajas B
2, Morreras neturales mesias & Ilfh".'_s) dx s.Lh {conservacién de vo-
3. Barraras potouralet altes. e .. Tumen. ""‘ﬂ.“ hal h
) - pucstnl,

E}.= BahTas y Cxtusprfos Abiertos
1. Entrada seguids de on cuerps de wguy grande y tosn

¥ |
apyimiento 1{bre del agus. - J (has)dnz b * {fondo expuesto)
. Fa .

E. Eatreda saguida da un cwerpoe de sgua pequelo y - . .
. can movimianto V5bre dul agus, P
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sy

donde S es ¢l somente de nival por yieale x is dfstencia
horizontal, 4 exfuwrzo del Hentn.?ﬁ vsfuerzto en el fondo.
h 1a profundided de) agua. .2 Varge del cans), Zesl Targn de
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Z/eg = roxte s Yy

¥ quw
/= ot .
por 1o que la scuscténfquedarfa
: 45 - . ®
o :Cth
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2.- De forme regular " valor efectivo de &1 esfuerzo para #£5th firmela sa ob-
tlene: -
51 parn #] cCoso presente usamos las fdrmuiss znterln- e E.&_A : & ( )
res x® pueden hacar considersciones como 4= 4 comn . 2 l'." o2 g Chy)

primer: aproxioycidn,
. de Tag tablax anterfores, s¢ calcols ¢l punto modul dy -.
Uns segunda zprosimactsn "r'lu heter ug-ent“ ¥ wiar donde se empieZ4n l05 clmpytos.
Jus ecvacisnes 1 y 2,
. ) 5¢ usa -
Pare reducir el rango de error qua esto 1:|p'lic| [T & :E Bl— 53 Ax 2o
pueds 1n:nrpnr|r urn té€rming ¢ 20. orden. rad

o ae v -

para calcuter &1 balance de yolunen.

Pivevsimnm du] wr g

-1

@ ir-h; +E‘H As;
;l.l .
o
@ 5:... = z A5 .
g T ) - 3.- Dr forma Ssemiregular

e pueda Froceder comd en al case anterjer.

P

" AS;= {ncremento do Alturs wn Tp Fesecceidn,

A% = o] targo de 13 seccibn.

hye = 18 altura original de 1s seccidn,

hi = 1t profandidad media #n la zaccidn, - - v
M = factor de forma gplans, ) )
{ .o piwaro de ‘1a seccibn.



4.- Ds forma muy irragular,

Pars atbbs cdsar no es poribie gefinir und diferencia
de sltures espectfaloents 51 1a dirnccidn a1 ¥imntc

#y camblamin,

§.- ¥ients incidtendo en un Engulo a? e)e mayor del reser
¥orio, )

Para yientos inctdiendo 2 wn fmguio In fdrmuls wnte-
rior s prede yisr reemplazands:

TR, PO per Wiy An

¥ resolver paradSy o sea 12 elevacibn en 12 direccidnX

5 repite para Y

&'Ax 5o iy Ay

chtenidndase AS, e T wtevacibn e )7

Las dos 1fness nodales Ped/ @y Yaul /f proporcionsn o3 -
punto podal «n &1 lugar de o 1nur;tpciﬁ‘n. -

Lo chmputos se inicing en e) puntﬂ1ﬂﬂﬂll usnde-Ja wcun-
eldn @, dende ' -

- - T- o
a ' b T “
S—— .
k|
r----- ki .......-..vrrr; y .l- ey ’r o

B).- Furra d¢ la Costa & en la Plataforme Continestal,
1. Fondt de profusdidad constante ¥ viento perpendice-
. Tar » ta costs,

E‘m{‘h tydal 3—
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$1 eata condbeddn guistiera 1 subreelevacidn por efecte de
vlento estarfs dade por 1a so0lucién da (D

5. sty @
:fﬁ +I)
Sando @ cundriticy, 1s rafz positiva provisne de:
N J-—ggﬂ'm—.t'] .
[ 24t . @
Las acvaciones @ y @ son muy :1u$llrt;-.

.- Fondg de pendisnte constanta

El case sr purdy reselver usands

Suu'KJl[ i.._]ha.u,‘ 2 @

donda -

i
*_' K = 34 x 10 coeficiente de gefurrzo por

) riwnta,
. Ry = profusdidad 1 sargen de 1a plataforma,
fe = profundidac dondy Smax efecta

{1wgar de cwpuic)

L h I
(‘ 'I, k- B
ErALGHG)
h-A/F

* Ewo considers T pp ol fonds,

"

&N

o

A = ancho de 12 glataforme contlaentsl,
Brn voipcidad méxima del yiento
& = factor de repueits

Ly acuncion @ no toma en cuents &1 efects de e, orden
debidn 1 & cwando J. tiende & c#ro.

5 sustitwimos ho= 5 4 L. abtenemos una mejor aproaima-
cifn en *a 1lpes de costa.

Et+ posible derfydr una fSrmula para evste cus® stomiendo.

Usands {2 ¥ de 1n Tigura anterior

. @

B dy -

donde
' w, e5 la pendiznte el fenda

# integrande dg % 7O Y
hasta Xen h

£} término £ 4n #) denominador ¢ la parte derecha de
19 wcuzcién zu puady aproximar en

5'1":?- @'

donda sy £3 el thrainp &5 20. ¢rden, ¢ Seu, 1% pendlente
sedis da 1o swperfictia del mgus. ¥ &5 comiidernda comstam
te., )

Con sstas wedificattones@ quedaria

skt 8 [ ]
3 O wm) (- - ) @
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51 pare wn foade de prnfundidnd tonsEante =4 ., y vian
45 ¢ prismer térming

o

pETa h/ba s ' entre 0 ¥ 1 -
Te revncién @@ queda exactn o 3

Yo ecvacifn @& en e3te caso 1irve blen como primers -

aproximacién cvando 1a pendiente del fando 2o ex muy gran-
de otre sistems de 30lveidn ex usando &

51 el visnto £3 vardable &n direccifn y velocidad se purda
nprnaillr sstituyendo wt por dlz

a_‘_ Z“I fﬂ.ffﬂx}:f!
dondr - A* X, - ’l

3.- Perfi? de fondo 1igeramentt irregulsr.fome une bygny -
sproximacidn se pueda utittzar 41 mftodo antertor o
whn 1arie de fondor de pendiente constante,

-

(_:_It

4.« Perfil dal fondo drreeguler

) i j

La prediceidn de altura pard este Caso pe resuwlts acepta--
ble, a1 hagerls dnicamente por ¢l mEtodo propesste. 59 cop
sideramos que dependiendo del tugar de generac!fin 42 una
tormenta podemos “predacir”™ #1 roamportamiento d¢ €35t2 ¥ &
Ta ver como 1v dem Familias 4% tormentas por $poce d#] ---
ifig. 5S¢ puede predecir; st sx concce Tox datpa -dl direc --
cifin de aproxiwscidn, velocidad ¥y direcctén de vienta, ve-
locidad de-traslacifin, de tormentns pazades, ¢} comporta--
miento de Yo présimes, al conoewr e} nivel de-agua y los

“dakoy de viente o» Ja Costd.

4

E.- ¥Yiente en degulo 2 1n Coste,

En las sscciones B.1, B.3 ¥y B.4 3= conslders al vien-
to normel & lié costa y constante.

£n 2.7 ¢ contiders una direccidn de viento parpendfcular
4 Ya costa como primers aproxiwacilin y despubs ¢ descompp -
Ae en companenties rarmel ¥ paraielo, para cuanda incids

. ﬂ:.lrn‘iluntl.

%4 &1 wiente ctorre poarslelamente a1 contorne de 1a - costa
¢ prodoce vne mires depceinsds batistréfica; o 1ea qQue --
#cta creads por o) ewpuie €41 sgvs o ded vianto =» Ya pla-
tafarma y que cres wn prizms en la :i:tl_.



La amplitud ¥ de hecha la creacifn de Vs marea

depende de
‘1a tapografis submaring.

Nenlmente esty #3 und weren debids a) afecto de foriol}s,

$1 a1 cambio de nivel de mar 5 14 contfderamos afectads -

por Fo fesrza da Corloiis solyments tuando hays en Vluio
peralele & 1a costa tendremor: .

Hi o RUHy 4 £ 5 @
I }'(‘:rf) 3 Civs),

¢ 3 #1 valor absolute d¢ Ta velacldad dal yientp.
#x Yu compopants ded viento perpendicolar & Tur 1{neas
hlti.?tricll.

f o2 w tengd Coriolis

Y veTocided angular terreitre
) & In latitus

fy ®1 fivdo paratelo ¥ 1e corte coande
Bos) B
}}-I iz P
»

Vo T velocidad de) agun pirul:u b laa
- . batfmlericas,

g5
$1 1a ecuacidn para & w3 dependients del tiempo s& repre
wents por:

X
Afi rxiily - _K _ Fr &
AL Y [?m.'-‘,_i"-"

siends fLy #1 components 41 viento paralelo a lox coanter-
4 "6y K debe

nos del Tendo; para X ¢l walor ex d; 1.0 x 30 " y

estar entra un reango de 1'.'?‘3 s 107"y e miwsts local --

mEnte.

Para tn intervale de tiwmpo de [contt.] weiocidad l:ﬂli.tll*
te de tiempo, la solucién de Pquedars:

b"l‘ [ 4 fhL+E,)}
Flog =] Atk Ll 4 V25 .

4

EME th45)72

* Tud Xy ]
' =

v

(1)} ¥ ¢2) corresponden § Tor tiempos indcial y final.

C).~ En 1a 1Tnea dr coite
1.- tinwa de costy recta o regulnr.
Los métodos anteriares ie pusden usav pars Yos
‘difsrentes fondos gue se presenten, 5S¢ hace Ja
consfderacibn gque, Yas barreras son To suffcien
. tamente 31tas paty impedir que £1 wgua o3 cu--
' bru, cusndo 1a zona costers & gstudllr. A U
- barreri,

Pars un Fondn da pendiente constante la wleva--
etén wn 1n coste para dup uu-n:@_' Qe qu:.dio
rint

+



€

F N N7 i N
wh,-F) 3&- @

En gereral %a perndisnte del fondo increments ripidoments
1l acercarye 3 12 nilrl. entonces pars a1 zonas de playa
s# wia @'y pars tus partes mix prn‘fundu@ pare tuandg

4#0; 11 9l fonds 1acrements ripidswentia sv pendicate --

“an pitdl rezolver por seccicnes.

Ljntl de costa lliu irraguliar.

Se necesits hacer catibracidn da VYas Férmulas con da-

“tos antariores,

LTnes d¢F costa ron saliientes

Em ectos lugares pars tener un busn dissbo tg debe en
fatizsr en vecopitar datos anterfores ¥ hacer wma bue
na cxlibracidn.

. Es necesarlo que se considere que en 15 plays ¥ lipea

coftera auments al nival de agus por al 61|nju QENETA
doe per &) wviento de s tormenta; este incretenty puse-
de ser Je 10 & 20 porciento del yalor do 5§

0}.- Entre relleves de 12 topografliaz costera

Ch-1¥

Y A S n. "‘“""*::"
P Timgak

— = — A

F
L L TR

P e e R

—
&7
.- Unn barrers nutural a3ts zerf squella que Ta scbre
elevacidn de disedn no 1legue & cubrir.

2.- 1a barrera medi2 oquelln que te slevacidn cresds -
por torments no cubre, pero 14 da dizehe s9 (fig.
dhterior). '

1.- La barrera sadiy wquella gue 1a tobreelevacién de
torments cobre.

£l caso D.1. ar frats como probtema £el capitalo C.

El Casc 0.3 s di1f1c1] de teatar, punque cunndo empie-
ce-Ta ¢levecidn de nivel 2 cubeir 1a barrera zo ueili-

te Ias formules para vertedores; despues se plerds 5ig
aificancia,

_tl oira caie s¢ tratd como vertedor 1 a4 comocen lax
#imgrylones  de 1a cvence entre Jo barrera y 1a cos «

ta. -
y Y- YTWY C,x ABYS-

£).- Bahfas y Estunrips

51 exfete urn barra que separr ol cuerps de agua del
mar, ax necesuris calevlar como #n &1 incisn pasado
%1 la sobreslevacide por tormentn va & cubrirla. Taw-
blén debe considersrae &1 fluis que sporten los rios )
¥ &1 tsmafio de Ja cusmca receptera. o

. 1
ET gesto s purde obkener da: !

Qe ¢ ANz TCR WY @D

¥ e¥ volumen

njadr @_
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“EY drea A dependerd de Aoy 0O sea,_Ta elevacign ostuar1a o
‘bahia y 4, es Ia del mar,

E] coeficiente €, se puede ajustar para cada caso; pero --
¢omo primera aproximacibén se puede consfderar, - )

ass ' : _ .



1) ASINTOTA - 1

-

2.1.2.,= LAS TRES ASINTOTAS et

Basta pl momento la teoria =;tnﬂratica ha prn;;r--

1 na kras t’-wl d.‘ dl‘trlbuﬂiﬂllﬂ’ “trml.. ‘.Intﬁ.tic.‘ da‘
»

lug que & continuaci " -
: n =20 demcribe
: ] n ExsgTEmgrta EiE caracterfab]

v

do deduce a partir de diatribucfones do la variable

cuya cola da Intarfy ps 1lipitads ¥ bigne uvna forma sxponencial
qua IH.PUIﬂG CAPTESENEAr pOT! ) ‘ )

" rix - o %ix)
i 1oy . {2.1.2.}

donda glg] es una funcifn ¢reciento da x

@

a

La expresidn deo la primera aalntots u I, para el ma

yorF wvalors

. ) ax] = np[u"“’.'"’] - t2.1.2.]

gata expresifn os denominada distribucidn doble vl
ponencial, ¥y tambifn dlstcibucifn do Flasher - Tippetk. o de Lun-
bel. '

L .
Para &l manor valof. la primera asinlota es:

tix) = 1 - =xp [}F’t’-uﬂ Co2.l A0

donds 8, U son_ ios pardpeiros de las diatribuciones.

*

gon musarcaas las tunciones’ de diseribucifn cuya =
cola superiocr tiene la forma exponanclal indicada arril:a. Intre

allas, pusdsn cltarae;

ta distrcibucidn Normal

Ty - by
Pixl = o7 J x 20 ax (1.1.5.%
. La Loglstica 1 .
) T
!{:} - w . [2-1.5-}
]
La sxponencial ’ I
- E%ﬂ -
F(zl =1 - = S f2-1.741
La dimtribucidn qamma
- - vl Uk
Fix}) =1 -¢® > kT (2.1.%.]
k=g I
L& de taibull
(2
rtli L] 1 - B o - ) ll-l.ﬁ.l



i . F

w2

La prepia distribucifn doble gxponencial pertengce

cambién a este tipo

iy —g G xmul .
%) = e . {2.1.10

La Asintota - I tiene wna funcidn de densidad agics
trica, ¥ admite valores negativos da la variable.

La forma de su funcidn de densidad es la siquients:

Fix

-1 i 2 i 4+ 1 2
¥ s VARIABLE REOUCIDA . ¥ r VARIABLE REDUCIOA

MEYUR VALOR,EC.2.2.3. MENGR VALOR,ECZZ 4

1 -

2)  ASITTOTA - II

Ba deduce a partir de funcioncs de distribugidn do
l2 variable cuya cola de interés tiende asintb4ticamente a la for
na @ )

. , P
Plx] =1 - A (] x>0 " {2.1.11.)

En el obtro extremo, las distribucionges estin Iimi-
tadas por el valer cero, '

——



. La sequnda asintata cs también denominada st~
. clfn de Frichet. La forma en que la ohtuvo este Autor en:

. . A B C e . .
: - e b2) Tox o0
t(x) = e 'x . B > o Lo 2aazy
- E. Gumhel {1.957] propuso usar.unn expresidin mic G0
geral, gue lhcluye un limite infgriﬂr E para la variabla:
-[E}B R ] "
$x) = 8 "x-g . . . o {2.1.13.0)
Ia forma de su funcidn de densidad es: ’
+rm .
o
. - .
[+] - Y
YARARLE REDUCIDA . - .
: La segqunda Asintota puede obtenerse a partir de la

 primerxa, pox medio de una transformacifn logaritmica:

.

81 ln ({x) tiene una diastribucifn Asintota - I, enw=
tonces x tiene una distribucidn Agintota - II ern su forma genas -
general (Fréchek, Ec. 2.1.12).

81 In ({x-e) ticne una dimtribuciédn Asintota - I, Lh
tnnces % tiene una distribucibn Asintata - II en su forma gqencra-’
lizada {Gupbel, Nc. 2,1.13.).

-



Lz cola de la ApIntotz ~ II es mis larga que la da
ta asfntota - I, par lo tual produces pronfiaticos mis slevados, =

Par 1o demds, la funclién de densidad es tamb{fn asinétrick pero
e pdmite valores negakivos de la variable. ‘

-

) tn a#jemplo de distribucidn aue cuople la condicidn
expresada en la rCec. (2.1,11.) en la cola de interés, es la pro—-
"pia elstribucifn de Frfchet.

3) ASINTOTA - III A

'B; deduce & partir de funcionesa de distribucidn que
son lioftadas precisamente en la cola de inter531

Cuando el interés rexjde en loas valores mayores, --
|xis£n e lmite mixino A. Las funcionea gue dan lugar a la terce
ra AsIntota, ticnen la forma sinuiente en las proximidades de ese
linite: .

A - (2.1.14.}
[+]

Fix) »1-b {A-x)€ B

Y la e!ﬁrasién correspondiente de la tercera Asinto
ta para el valor mayor es;
- c
. - —x} .
#x) = & "A-B x <A {2.1.15.)
i 51 se trata de los valores menofes, cuyo 1{mite 1ﬁ
ferior es A, la cola de la funcifn de distribucifn de la variable
dehe tener la forma, cerca de A g .
. ' c
Fix) = b {x-h} x » A {2.r.16.)

Y la expresitn corvespondicntc de la tercera Asinto

ta para ¢l valor monor e5:

C S
T #{x} = lva ‘U-A x » A (2.1.17.}

21 : ' :



d fiia A csta forma pnrtiCUIaf.de 1a tercera Aslntota se -
denomnlna gnnéralnﬂntc distribu:i?n de H&ihull, quicn la uss per -
primera vez para ¢l enflisis de ruturé de materiales cuyo l1fnite
inferior de resistencla y 4o fatliga estd reprexentado por el pari

ratro A. ' .

i

: z:tn distribuciléin tiene un interfa particular debi-
ao nl ulo axtensivo que ga ha hecho de ella en astudios de oleajeo.
Curiosamente no se la ha empleado para estudiar las propledades -
extremales minimas sino que, por el contraric, se ha utilizado la
cola ocpuesta de la distribucifn pata extrapolar a valeres grandes.
Aun mis, BU uso mia extendido no ¢z como funcifn de distribucifén
extrenal {en estudios de oleaje mdximo, ver pﬂé ejemplo €. Petraus
kas y P. Ragard, 1971; L.P. Brown ek al, 1.975%), sipo cono funcidn
de distribucidn de la variable {tambuién en estudlos de oleaje, sc
puaden citar entre otrogs a . Bretschneider, 1.965; 1. Hordestron,
1.96%; J. Battjes, 1.970; B. Pedersen, 1.97%; X, Holte, 1.973; -
eke.). Evldentementﬂ, ambos usos estdn desconectados por corpleto
de la justificacifn tefrica que ha permitide formular la Ec. -
{2.2.17.) como funciéin de Aistribucifin asintética extremal,

Lana distriburiones AsIntoka — 1II del payor y cenor
valor estin tambifn relacionadas con las correspondicntes Asfnto-
tas - I de)l mayor y menor valor, oediante transformacicnes loga-—
rIitmicas:

- ba

. 51 ln{ =] tlene una distribucibn dable expapencial,
entonces X tiens una dlstr;buciﬁn Asinteta - IIX del raycr valor.

si Inlx;h] tiene una discribucidn Asintota = [ del
mencr valor, entonces X tiene una‘distribucifn de Ueibull.

L

La forma de la funcidn de densidad de la distribuclén
de Yeibull es: 4

YrvARIAEBLE REOUZ I




SRR 2 *

Un ajemplo de distribucidn de la variable que cosdy
oo @ 1a Asintota = III del menor valer {{leibull), s 1a distrisa-
cifn Garma en su cola inferior.
En cuanpto al parﬁmatru.ﬂ, una hipbtesis bSuica jm—-

plicita en las deducciones de lak% tres Asintotas es n=constangs,

Por otra parte, la buena convergencia de las Asfntetas con sus ca
rrespondientes distribuciones extramales depende de que n tome uy
valor suficicntenente alto (ademis, natu;nlnhntc. de que la cala
da la diseribucidn Fi{x] converja a su vez con suflciente rapidc:

hacia la forma caracteristica indicada para cada Asintota),

2.1.3,- ESTINA OF LA FUNCIOH DE DISTRIRBUCION A PARTIR DL =
UNA MUESTRA P¥TRLCMAL, )

£l ajuste de una muestra exiremal puede scevir a -
dos propfisitos distintos: Por un lado, constiLvye el elencnio bi-
fice para realizar un contraste directo do la walidez del tipa do
QIgtritusidn cxtroamal plupdcsto. For ooro, una vez decidido el cf
po de distribucidn gque va a utilizarze (mediante el contraste za-—
terior o siguiendo otros criterios}, proporciona la estima do los
parimetros de esta @istribucién, ¢on la que se realizardn las ex—
trapolaciones. En general (B. Kimball, 1.960) los mé&todos consida
. rados comg mis adecuados a estos dos propSsitos no coinciden pece
sariamente.

. La eatima de la distribucién a partir de una oyes——
tra extrenal tiene dos etapas saucesivas con problemiticas especi-
ficas. La primera se rcfiere a asignar a cada valor nwestral uvna
. determinada probabilidad, denoninada generalmente *Erccuaneia AE
representacién® ya que se utilizalpnra representar el valer en --
los {comunmcnte utilizados en el anfligis de funclones de distri-
bucldq} papeles probabilisticos. Los papeles probabilisticoz  ron
gistemas coordenados que lincarizan las funciones de distribucifa,
permitiends contrastes qrificos sencillos y rdpides. Tn ¢l Aplc2i
ce I Bo trata sobre la gonstrugeldn y uso de los papeles probali-
1Isticos, y se incluyen las funciones de distribucidn qgue apata--

€en a 1o largo de este trabajo. In cuanto a la scgunda elapa, cor

A r - 4 -

4 .
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METOCDO PRACTICO DE PREVER :
578 EXTREMAL PARA EL CALCULO ‘ _ !
STRUCTURAS MARITIMAS() ' ‘

Por ENAIQUE COPEIROC DEL VILLAR

D4 ing. du Camuinot, Tunsls y Puypnoe

L{ dererminacidn de 1y #ira de ola de cdlecio or Livica ‘para of proyecio G4
fofa lina de esirecturos marilimas, Log melodol habhuzles A# Besan ®h (ormulaz am-

P-ff‘ﬂl! POCG adaglalicy & Ios ®ElUDIDS SCONODMIS0S Qua acpeaown ag I vida previsne
de fx obre, £0 ef orunwin 58 DRMIENIA uR mpicUs pora 13 OElRmodSig: ofl fo7imel
wxirenz! oo o'aace, 3 phcbir OB 13 GISDUCIEN Iracuehcesf Je ENUI23 gd oM LomhcIalt

o sl afto medra. Para ol 1B pIR un LardTLIfD Cuw 0RPEAJR Csthibemen'y oo A

durdcitn mydia O¢ los iomoorales v 1 beciantaa dn resaseagisa onl ctiae ez onl
recior dirdcciond! cscogrdo. Finamente se apica &

fdx Toma NF gm Aflaniizg w =}

Morad aspadod en San Ceprian {Logo). zana de wivcac-gn of ung gran planla ndusicial.

1. D:chlpclﬁn da] toma.

Durante lox ditimos afios, ha ¢ido publicada
una cantidad considerable de dolos de oleaje
ralerenles a lodos 195 aséancs. La gran mayo-

_1la 19 ellos consis'en en disttibuciones frecuen-
i de alluras de ola y periodes sianifizan.

celimados visualmenta por observadores a
bordo de barces, Lien en posiciores catables
{harcos melegrologicos), o en ruta (manna de
gucrra o barcos marcantes voluntarios). Tres
buenos ejempios de compilaciones de datos vi-
suzles son las "Sea and Swell Charrs” [U.S, Hy-
drographic Ofice), “QOecean *ave Stalislics™

. (Hogben and Lumb, Nalional Pevsics Lab., UK.
Y &l excalente irobajo de H. Walden “Die Eigen
 schallen der Meareswellen in Nordallantischen
Ozean™ (Drutschar Wetlerdiensi Seeweleramt
Hamburg). Fecieniemenie estan siendo publica-
dos. s2gdn un programa de la weyanizacion Me-
tecrorogica Mundial, resumenes anuales de da-
los da olcaje correspondientes a los barcos

{*) S admiaen comennzras sobie ¢ preserte artlcula,
- Gyl puadss remuntte & By Hegaemion @8 eala reeratd hasia
o 0 de scpuanbre da 1370

meteoroldgicos y a determinadas dreas marlli-
mas de parlicular interds (por gemoio, "Marine
Chmztological Summaries”™ dal Allznicp-fiona,
publicados per Gran Bretana, y el Mecilerra.
nec, a cargo de Holanda).

Es harlo {recuenia gue ei proyectista de una
pbra maritima no disponga de mas {uenies de
datos de oleaja que las mencioN2css &nida,
Coma mucho, en algunos proveclas da gran 2n-
vergadura se ha podido dispcaer d2 ua afo
para madgir las caragteristizns del olesj2 in sifu
con up registrader,

Sin embargo, ni jos resimones de unos
cuanips ahos de datos de barcos en rutd ni bns
hipototicos mecigns instrameniales delania un
ano, suministran direclamente ¢l regimen ex-
tremal de oleaje. .

Este régimen 23, gor ouza parle, improscin:
dible para un Gisedio avgcuado Cf 1as abras,
La dilicuitad de su oblencion hace que & pro-
yectista acuda, con demasiada lrecuenciy,
vigjes 1ormuins empiricas que sumimstran una
*ala de cAlculd”. La estruslara deierminisla coa
egas forulas los hace inxdantables a log me-
todos habilvales de cdicu'o econdnico, que de-



penden de 1a vida previsibla da fa obra. El sen-
lde lislco da esla "ola de cdlculo™, que no esta

7

vinculada a periodo de retorno afguno, es muy -

probtemdlico. Por gtra parte, resuila dascono-
clda ta eliciciicia inrinseca de aquellas térmu-
tas fucra de as dreas especificas en qua fueron
taradas a partir de observaciones,

En esle lrabajo se propone calcular el régi-
men axtremal de oleaje, para cuaiquier sector
direccignal, & parlir de la distribucian frecuen-
clal de elluras do ola significante en el afo
medio. Para elic se usa un pardmetro que de-

pende exclusivamente de !a duracién media de’

los temperales y 13 frecuencia de presentacidn
del oleajs en el sector direccional sscogido.

La duracién media de los lemporales gque
sobrepasan una cierla altuza de ola sbio puede
eslimarse directamenle a partir del andlisis de
la curva de estados cel mar, tal come es sirmi-
nistrada por observaciones hechas en un puato
fljo ¥ con un inlervalo de liempo reducido, Por

‘lo tanto, 12 informacidn de los barcas en ruta

no ed de utilidad a este (especto.. Sl o es, en
cambio, 1a scrainistrada par los barcos meteo-
rolégicos (tres @ una hora da intervald) o tes
registradores de oleaje colocados in sily. |

Conocida la tey de variacion de la duracién
media de temporales con 12 alturg de ola en
varias punics de la costa, algunas de las leyes
correspondientes a puntos intermedios pueden
hallarse per inlerpolacidn. A esle respecto, 1a
Informacién que suminist:a 1a red de registra-
dores de oleaje existente en !a cosla espadola
{descrita por P, Suvdrez Bores, 1973) podrla ir
rindlendo ya resultados tiles, aunque e nti-

~ merg de aifios registrado ne sea suiiciente para

confeccionar directzmenla regimenes extrema-
tes t/ables. Esa red da registradares no discri-
mina direccionas y, por tanto, su énformacién
seria Onlcamente apicable al réglmen escalar.,
Para el usa correcto de las estimas de duracién
de temporates hechas a partlr de un nGmero re-
ducido de afos vy, por tanto, no muy exaclas,
8B NEecesario conocer la forma general da la
retacidn duracidn-akura de ofa, punlo gue se
disculird mas adelante, De esle modo, se puede
ajustar 1a ley general a los dates usande, por
ejemplo, unos ejcs coordenados graduados en
forma convenienta,

Las duraciongs de temporales, dlrecrionales
0 escalares, no siempre son directaments inter-

. bolables entra lupares disiinlos da 1a cosla, Parg

juzgar la conveniencia de las inlerpolaciones es
. L]

514 ' :

-

necesario lener conocimicnie de a3 coracteri,
Heas generales de i peneracidn y desazspolls o
ios temporalcs en ol mar. Las caitas doe dens
dad de borrascas son un instrumenio muy v:
liosa a este respeclo; on un apartada foslens
3¢ muestran dos de 1ates carlas corres pondien
tes af Allintico norle,

Estas criterios da cdlcule sa han aplicad:
a una zona del NE. del Atlantico, y utilizodo.
¢n e! disodo da un nuavo puerle gue va a cors
truir en San Ciprian {Lugo} Alomina Ezpafota
Sociedad: Andnima, y Aluminic Espafol, Socie.
dad Anénlma,

Las leyes de variacidn de duracidn da tem
porales e varias directiones nan sida halladas

" en algunc: barcos meleorofdgicos da asa zons

de! gcéano. Se ha comprobads asi que ias ir.
terpoiaciones enire direcciones adyacenles, par:
un mismo lugar, ¥ entre trgares dislinlos, pars
un mismo sector direcclonal o para ¢f régimen
escalar, son perleclamante vilidas cuando se
utiliza un «iiterlo adecuada,

Las duraciones medias de los lemporales
no han side hailadas diractamenie, a parlir da
1a curva de esltacos del mar. Para cada direg-
cidn se han calculado las duraciones a zanir
del régimen extramal y la digtribugion fregran.
¢lal absolna de H, (2liura de ola signilicante},
“volviendo de! revés” el modelo estadittica. La
bondad de los resullados oblenidas constituye,
pues, ademds, una comprobacisn satisfactaria
del modelo mismo, .

Un nimaro de barcos metecroldgicoz mayor
que el existente en la egclualidad, propoiciona-
fia una red de regimenes de duracidn de lem-
porales a partir de la cual, por intelpolacitn
¥ extrapolacién, padrian eblentrse oo parims-
tros de célculo necesaries en 10cos 105 punios
deseados de la platalorma cos'era. La red ae-
lual de parcos es pobre, 3un o0 22035 priviie-
giadas como €l Atlantico norle, £27o adn z2&i ha
podido suminislyar informacion ulilizable para Ia
costa naroccidental espanicla.

La escasez de imizrmacién disnunuye, ob-
viomente, ta exactilud de 10s resciiados shieni-
dos de Ja splicacion de estos criterips. Sxisian
otras fuentes de incertidumbre, acemis, cuys
peso es, a veces, muy dilicll ¢e precisar, Bor
ejemplo, la precislén de las observacicres vi-
suvales individuales vy 21 efecto de os crmbics
genérales de clima.

Indudablemenle, a medida gue sa van estas

‘blecienda mélodos adecvados do cidigula, jran
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sambién siendo puestos a punto sistemas de
jomad da datos que, en su dia, iimentaran ague-
{los melodos. Sin embargo, mientias esos datos
jegan habra que seguir proyectando obras ma-
pimas. El tranajo que se presenta aqui describe
uh €asa en el que s& muestra cémo se puede
gxtraer utitidad practica para el disenc, de los
datos que hay disponibles “ahora”. ’

»

2. El modelo estadistico. . .

El modelo se basa an el cilculo de i2 dis-
uwibucién del vaior maximo que una variable X
fama en 4N ciertd inlervalo de tigmpa.

Sma X una variable akealoria cor upa fun-
cidn de distribugidn;

P LTI = FN

Sl al suceso X se presenta, aleatorlamente,
n veces deniro de un intervain de tiempe, la
distribucion del maximo vator que t.ma X en
ese Infervalo es; +

G = [Fix)e 21

Esta es una regla prohabilisiica elemental,
segun ta cual 1a prebabilidad de qua un suceso
aleatorio se presente todas las veces durante n
“pruebas”™, es n veces la probabilidad de quw
aquel suceso pcurra en una “prudba” cual-
quiara.

Al aplicar esta teoria al olezje aparecen
varias dificuitades.

La primera es determinar cuil es el “numers
d8 pruzbas™, n, que ocurre en la unidad de
tlempo, Esta dttima debe tomarse igual a un gi-
tlo mategroldgico, o sea, un afo. E! problema
estd en e hecho de que la funcidn de distribu-
cldén de H, na suministra itformacion alguna
sobre la duracidn del “estado de! mar® carac-
terizagder por H,. Es necesario, pues, buscar
uha conexion entre H, y duracion, prablema que
qulzd tue epreciado por primera vez por J. A
Battjes [1970).

La conexién buscada puede ser lacilitada
por €l hecho de gue H, vatia con el tiempo,
a 1o targo dol ano, describiendo una curva con-
tinua ondulada

Se puedan delinir “lemporales™ con H, 2 H.
Burante cada uno de estos “temporales” {a cur-
vo de estados del mar permanece por cncima
a8 H, como se muestra esquemdlicamente en

IUNIO LOTSO

@9 -
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VA

4

) .. a4 ' ) t
¢l dibuje antericr. L2 duracidn de esos iempo-
rales es variable y susceplible ds medida Se
puede hablar de la duracidon medra d2 105 lem-
porales gque superan cierta allura de ola, ¢t (H,]).
Es obvio que esa duracion media aumenia a
disminuir H,.

La slluvacidn descrita arriba pude reduciisd
2 un fendmene con dos sucescs posiblas: Ja
presentacién de un 1emporal [#, 2 H), 0 su no
apaiicién, El numero tolal ¢y weces que &l tem-
poral “padria® presantarsa e&n i aho, es la
duracién del aig dividica por 1a durzeién me-
dia de=! temptral correspondients, Ese as et
*namatc de pruebzs”. La prebabilidad de ore-
sentacion de un lemporal [H, > A en una
“prueba"” cualguiera, Bs precisamenle &l por-
cenlaje del tiempo toial &n qua se soZrepasa H,
¢ sed, [1— F {H)].

La probabilidad o2& que &l leinpaial (M, L W)

no 58 presenie en el aha es!

| o, = o, | a2
donde: - ..._-—L l-[ =n
o2
{r(rr,) mn horza) (L

@ (H,) es la probabilidad de gue H, sea el
méximo estado del mar en el afg, s declr, la
distribucion extremal de H .

El periodo de retorno de M, es:

1
TW,] = (2.4

1 [F M 0"

Para vatores da T {H,) igunles ¢ superiares
a upos diaz anos, ia expresion auterior pugde
ser sustituida por el periodg de retornd da 1:s
excedencias de H,!

1
T, W) -— (2.5
Al —FH )

313
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E! segundo problema es la aleatoriedad de
lay "pruebas®™, La teoria que permile formular
la eguaclan (2.5) requicre que todas laz “prue-
bas™ sean estadisticamecie independientes, |o
que significa que tgs 1emparates apiresen alea-
torizmenie. Esta es una hipotesis dudosa para
valores medios y bayos de H,, peroc parece co-
rrecta para los valgres etevados de H,, gue sdlo
ocurren muy raramente. Esos va'gres son pregi-
gamente, 105 que interasan 3 el2tios de la daes-
cripeion estadistica de valores exlremos, A esta
tespecto, E. Gumbel {1957) comenta que, @n
distribuciones formadas con valores mutuaman-
te depandigntes, la influencia de esa indepen-
gencla se anuila para vatores grandes de 1a va-
rlabte, E! mismo aulor presenta una demostra-
¢ién, debida a G. 8. Watsen (1954), de aquella
afirmacion, demosirazidén ~ae es vilida para
la distribucidn asintélica del mayor valor da
ung variable ilimitada,

La hipdlesis de alealnriedad en la presenla-
cién de lemporales excepcionales puede, por
tanto, ser adoplada ¢on coafianza.,

1

3, Carscterizacién de ciros modelos mediante
al parametra “n".

Et célcula det régimen exlremal de oleajs
por medio del pardmatro “n", 13! como se de-
fing en ta ecupciin {2.3), es aplicania a otros
madolos estadislicos sugeridos previamenie.

K. G. Nofte {1973), en un estudio compara-
tivo exbhaustivo, analiza cince modelos que pra-
dicen el poriodo ce ratarno de alluras de ola
Individuales. Despugs de hacer correccionas
on aigunos de ellos, este autor encuentra que
todos dan resultados muy similares, La aplica-
cldn de 108 modetos a olturas de old significan-
tes es inmediala. Sin embargo, el lipo de datos
que deben ser introducidos an los modeslos co-
rregidos 125 restan considerablementg aplicabi-
tidad practlica.

Los ilamzdos por Nelle *modelos da tem-
poral™ sa adaptan parlicutarmente bien a ser
-caracterizados medianle el parametro n. Estos
modelos consideran {as ailuras de ola agru-
padas en “lemporales®, como $€ ha hecho en
l& seccidn 2, Los modeios tiznen bisicamenic
la misma estruciura. Un modelo d2 esle tipo
puede ser descrile como siguo;

Supongamos que el 2ho madio conligre X
termporales que sobrepasan un cierto limite In-

516

lerior, H,. La luncién de distribugcidn =ua
wtiliza en el modelo, §(H.), €5 l1a prchas -
de presemiacion de una altura ce cia $ic°
canl@ mayer Que H, en ¢ iemporal maai
perloda de retorno es definido cemo = i1
valo medio de tiempa enire lemporaes :
superan H,:

! 1
T W=

LS,

Sa demuestra lichmenta que el gerigd=
relormd de A, no cambia, cualquiara cue s
el limite inlerior M, escogido, sempr-a o
H, < H,.. Por tanto, podemns escoger H, = >
con Io cual lodos los lempoerates infericrag 3.
quedan excliuides de la estadistica,

Segin esto, S{H,) =1y ) = numers -
lemporaies superiores a A, en el ano maz

1
e

L pueds ser hailaco a partir de la dusas’s
media de 0% lemporales.

7801t —F (i, )}
)= =0t —F K
i}

Por lo 1anto:
1

T{,) -
apt—Fi

Que coinclde con la ecuaclén (25).

4. Estimaclédn co n,

La duracldn media do temooralas exirzz-
dinarics no puede ser caraclerizad:
cuadamentie promediando los valares c©
duracignes seqin fuerpn (eQ.5tracas, Jel-
precisamenta a la rareza Ge SuU priseriasiit
Sin embargo, si se pudiera estzbluser .2
de variagidn de t{H.,} con H, a panir c» :r
lemporaies mas abundantes en los ragistrig, i
rodria exirapolar esa ley 2 valores supericiz
de H,.

ta estima de 1a duracicn mediz de =m0
jales puade abordarse de dos lormas:

L]
(1" A
opy
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4.1, Esiima direcla,

So ha indicado ya como puede eslimarse H,
a partit da fa curva de estados det mar. -

Los oObSEIvaziunes visudles suministradas
por barcos en futa dentro de una cierlta area,
no pucden ser ulilizadas con este propdsilo, ya
que SU situecidn e inlervalo varian aleatoria-
merte y no s@ [acilitan con Jos dalos dg oleaje
publicados.

5 sa realizan medidas instrumantales in sity,
o1 empa disponible es necesariamente coro y
Ias duraciones medias estimaaas constiluyen
soI0 (espoclalmente si se pretende discriminar
direcclones) una aproximacién grosera,

La unlidad de los vatores ohtenidos asl, ay-
meni2 considerablemente si se congce de an-
Iemanc 12 forma ge 12 relacion de ! (H,) con H,,
Parg Caraclerizar esa relacion, - ha ulilizado
itformacién de tos harcoi meleoralogicos apii-
cando ! método de estima indirecta como 18
caipone & continuacion, ]

42 Estima Indirecta, -’ . .

1

S! so dispone de una muestra extremal d»>
M, sulicientemente amplia, en un punto dado,
I2 funcion de disiribucién extramal 4 (4.} pue-
de s2r estimada a parlir de aquélla y 1a ecua-
¢lén (2.2} permite calcular 7 can 13 expresion:

(L)

La apticacidn de esia ecuacién a varios sec-
tores direccionales, gn 105 barces metecrolégi-
cos del Atldntico NE, progorciona una relacion

. aproximadamente csponencial entre n ¥y H,,

para valgres allos de H,, como se mostrar
&n un apartado posleriar.

§. Curvas de diserio. . .' ‘

E) uso de la funcién de disiribucidn exire-
mel, O (A}, para el disedo de gbras marilimas,
ho consiste en caicular directaménia con la ai-
tura de ola correspondiente @ un periodo de
retorno igual a la vida prevista de la obra, La
funcidn que debe usarse en el disedio es la qua
da la probabilidad de que una cierta altura da
Ma H, no sea superada en 1a vida de la 03ra, N,

JUNIO 1078

"Eso funcion es:
—

i@,tﬂ,l = [F Ot} ¥ (5.1}

La funcién ¢, {H,) prede inlroducirsz en los
calcuics eccndmicos usados habilualmenia para
delgrminar la allura de ola gphima, 56 -usta
d2mostrar fachmente que ¢l use da v, (4.} es
eqrivaiente a ta aplicacion de! crilerio ds rigs-
go, tal como ha s'do delinido, per ejemala, gor
A_ Court (1953), a ta distribucién ealremal & {H, I-

Dada una vida previsibic de 1a chra ¥, y un
riesgo adotlido F-de gue ta attura de ola s:igni-
licante de ciiculo H, sea sobrepnsadd durante
gquella vida, el periodo de relorna corfespon-
diente 3 H, es;

L

52

T, -
. —kh{l—A

Para vatores altos de N y bajos de R, coma
es habitual, la expresidgn anterior converge an:

N

- ‘ TH,) = — (5.3}
. A

Por otra parte, utilizanda 1a ecuacién 2.5
para ¢l periodg de retorno da la aistribuzsicn gi-
tremal v {(H,) (valida, comna 3¢ adeirt'd. pa:a
valwes de N superiores a unas diaz afes):

T . 1
AL

(5.4)
n[l—F(H]I

Iguatando las dos expresiones anteriores, se
gbiiena;
"R

FiH) =1— 5

. o N

v

Por otra pare, cuando se utillza la furcidn
&y {H,), 1a probabilidad corresgondiente a H,,
A, ex:

Row Lo fF (H,)]=¥ (5.0

Esta expresién puede sushiuirse de rodd
andlogo ¥ con 1A misma sondicidn que s& LS
al regmplazar {2.4) por [2.5):

= nHIt-F(H‘}] (5-7)

L1k
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De donde:
[ ,
FH) =
- an

gue ‘s 1a misma expresién {5.5).

8. Aplicacion del mélodo a la costa NW es-
padaola

L

8.1, Datos disponibles y criterio da célculo.

Las Onleas fuentes de daios de oleaje rele-
rentes a la cosla NW espancta que han podido
encontrarse, son resamencs de observaciones
visuales realizadas en barcos en ruta. De entre
sllos, tiene especial inlerds fa publicacion de
1a Qrganizacion Meteoroloz’~a Mundial "Masing
Ciimalolggical Summaries for the Eastern North
Atlantic™ [Met. Inst, UK. En «ila s presentan
datos relerentes a determinadas &reas reducis
das da especial Interes, Una ae eslas areas, de-
nominada numerc 4, esld sityada proxima a la
costa N gallega {lig. 2. y proporciona 13 serie
de nalos mis complela y especifica gue puede
cblenarse, hazta al momenla, de |z zana rela-
1lva al proyeclo de San Cipridn.

Los dalos ge la O.M.M. sirven para confec-
clonar regimenes oe altura de ola signiticanta
en cualquier secltor direccional escogida. Sin
embargo, 1as duracrones (pedias ge 1058 lempo-
rales no puegan ser gbienidas de esta inlorma-
clén por rezcnes expucstas anleriorments, La

gblancién directa del regimen exiremal, a partie:

de observacionss, no ha sido empleada por dos
molives: Primero, el numerc de afps publica-
gos es cxcesivamenle corto, Segundo, ias aliu-
rad da cla mayores no guedarian adecuadamen-
te represeniacdas, debigo a 1a costumbpre de 105

«.. barcos da desviar su ruta para ewtar el en¢uan-

tro can el ndcleo de IS tempgorales. La impof-
tancia de estc Gllimo punio ha sido subrayada
par N, Hogban {1874}

La solucidn adoptada fue el calcular las du-
racicnes de lemporales correspondientes a £l
gunos punigs del Attantico NE. donde eslan si-
tvadas permanentemenle 195 Harcos meweorold-

gices |, 1, X (ordenados d2 N a S). El tarco X

estd a la mising a'tura qQue =f &rea 4 ¥ uoos 70
despiazado hacia el W. Lgs resultadps obteni-

do3 han servido para estimar &l lipo de relacion
entre H, ¥y t(H,), ¥ para ver la megida de Ja

*
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‘de oleaje). En camgio. €l rango supearior

variacion de ias duraciones entre 103 fLod
correspencicnics a los fres barcos. Do 20
hanm extraido conclusiongs en cuanto o 2§ 2
faciones que deben ophicarse al area 4. <
eslas duraciones ¥ {0s rejimenea ce H | el
calculado tas curvas de diseno &, (H.)

Las disiripuciones F{H,} hon sido caie
das, parg cuatro seclofes gireccionales, o2 -
sumen de diez afos publicado por H. V.22
{1964).

Los datos de H. Walden constlivven “'3 =
tribucidn rle! sistema de aleaje deminanie
cada instante”. Esto guiere docir que, c.z-
una determinada obsesrvacion de un barss
ferencia entre dos o mas trefés de ota o+

(L]

(f e

tos simultineamente &0 varias diresgionz ;.
se tigne en cuenta el iren con mayor M |
tratamierto de ios datos permite drvidir = =
py total del afo en cuatro paries, cada u~2 C
rrespondiendo 4 un seCior difeccional, Po- 2
10, estas disiribuciones gireccionates de ~. -
represenlan Iz verdadera prcbabiidad ca @
rrencia de 1os valores inleriores de H, 2z

aee

wp Lwowh

e
4

ciatmenle on 125 direggitnes Con manof 2 -

lores de A esri descrilo adecuadaments, 3 ¢ -
sus probabingades no van referidas al @ a™o
total det afo, Esta dispasicion del conju=13
datps es favorable a la aplicacidn del —z2i2
exlremal propucsto, ¢omn 52 verd mads av:z 27
Los daics de lpg “Marine fiimatmuosina
maries” son el misma g,

En las tiguras 1, 2, 3. 4 ¥y 5 sg muesi-z5 7
ragimenes direccigna'es y escaler coriastl
dientes al barco K, ausiados por una ¢ "2
cisn da Weibull, Esla distnpucidn #s. 522, ©
demestrago J. A, 250023 (1970F con sonL
tps inslrumemales, 11 mas inZicadt oo
terizar 103 regumene: ©2 allura #2 TRy -
canlelen al Alara b =~ mmepeel Doz o,
tualizarse que Q3 royimenes rADJj2CIs It
Baltjes eran escalares ¥ s c@sconece, po- 1’
to, si algunos regimenes dircecignales co2ls
prescatar dpsviaciones pecutiares, Da hgz-1
biern todos las reqimeres esclares gl IDiT
BN eS¢ 1rah10 s& awiicd Lol ung L0 i .
sorprondaenta @ 1g cisonacgioh ne Wen . -
algungs fegnnenes GUECSICAMES v! TURIT S
punios mos 5o poronsn Sefviars? oo ¢ Ti
dercis acnnrat, Lg SLANOSSAND 5 eoid t
peenlianidan ieal S pludes Sy et nra b
Feccion 0 5 &5 U QoLamign aoma2nis I3,
do @ Ja baja cdraclenz..on PSSy o0 1

k] In
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purdos, que han sndn CalEuiadol CON LN Do es
M el L

1& Pl did - a0 o
En las Liuras s& sedala con “Cambhio de
Codign™ 2 105 LUNIAS TOML INANOenics a H -

aw D Moy IT w4, a0 aufoy detren

drsecharce (e 1a e =77 e,

LEOS

L jeas PGtk

e e
peES S8 NI CGEmosirds) ool al ehliZarss un 2o-

digo diferenie cueands H, sUpErl 50l valores,
ol cbagrvador sulre una inliuenci subjeliva que
s# lraduca en yna drstorygn dpreciable de la
frecusncia alribuids & 303 valores.

Los regimanes exiremales da H, han sido
pbienidos a partlir ¢e los dalcs publicades en
Taplicher Weltarbarich [Hel, Inst, Alemania
Qccidanlaly. Eslas publicaciones surminislran 1a
iGrmacidn de oleaw de s barcot malearald-
gicos con intarva.ps do tres horas. Para (a can-
isccidn de 103 reqimenes, so nan cxaminacy los
parey corresponcienies & I@CINUeyy  aRcy.
Qcesicnaimenia aparncen errores de codilicas
£k Bn o5 paries, por 10 Cusl 4B reaizd un con-
Irasta d# aguwlla inlarmacion con 18 publicada
en The Dajiy ¥ eatner Gaposm (Mgl gL, Gran
Brelaka), que ens s&ii horas ge INTErvaI0,. Las
Cantas melearoloqicas Que Mguran en los parles
lueren iambidn consuttagdas sn oS casos dus
dosos. ) ’

En tas liguras & 7, B, 9 v 10 sa muesiran 1os
dlacinuevs maumos valorey de H, reqisirados
an al barco K, para 1as cudlro dirgceianes v s
canjunto. La probahiidad de £z reseatacion as-
cogida o3 la re: smendada por E. Gumbel [1575).
82 Eglima de las duraciones de lemporains
en ka3 barcox maleoroidgicod.,

Wilizando 1a ecuvacidn [4.1}, 3a han calcu
lado taa duracignes de temporales para 105 cua-
tro weclores, W, N, E., 5. y st conjunta, &n ol
barco ¥, Para comparar 1as duracignes da tem-
paralgs en ios dialintas diracciones, 1 oebe Ser
dividido por ia [reguencia ga prosentacion, I,
de la 2ltura do Cla domnanid &n t.idl direcs
cidn, ya que:

- r
]w‘! [ ——
-I

€n 1a ligura 11 s« han representado las cur-
vas M -dutacidn {esia (iuma reprasentada por:
n .« Brsd

gl er———

Pl .

lvyre 1ers L T

&

La cduracldn de los temporales sumenia, en
ol barco K, segun ¢l ordan 5., E, M., W. El régi-
MeEn eScalar etupa una positidn oilermegia,
Para caracterizar las distnbuciocnes estrentaies
84 han ullEade (a3 Curvas Gue melor ausian
ol conjunio de datos, Wrazadas a senlutuento.
El grado da precision dg (25 GBServalinnes i
Suamy NG ALORE A procediTudnioct mas agh-
hedoa,

Para efectuar una comprebacion de 1a con-
vaniencia da utlizar interpdaciones cuanda sa
quiere caracterizar dreSciares ntermedias, sa
ha wilizadg un secter de 45° cenirada en o KE.
El interts co esa s=cior directional estnba en
W pepel lendamental dentra €21 proyecls ge
San Cipridgn, Debido A 13 pecubdr conligaration
doe los fondos €n lorno & ia &nsenadad de San
Cipndh, e cleaje 08- 2913 CaeCCion cufmrmesr-
12 upg cQREENLraZIan Que INSISMENta NoiADl e
mentd SU Allure 80 la $one e las Julyres digues
de abrivd.

En tas liguias 12 ¥ 13 se¢ muesiran lay cis-
irlbucion=s sosouta ¥ esiremal og H, para ¢l
NE. (459 en £l barcD K. La curva de duraciores
correspand.ent® so Ra safaladd a (ratos en da
hguza 13%. Eb resultado es muy sahslaciong, les
rnlanda en cuwnia wl orden de axazlied g8 ios
dalos.,

Un segundo grupo de cal-uos 58 relicrg a
18 variegion gde 05 reg'menas ge Odysacion can
o cambio de iugar en &l Seeand, Las bgurcs 14
y 15 muesian las distribuciones 22 M ara tas
dirscciones W, ¥ E., ¥ para el requmen excalyr,
en los barcos { vy 4 En fas higurss 20 a 28 apa-
recen los correspondi=nics 2!l exlrEMaiol.
En 1as liguras 26, 27 y 20 se comparan lat du-
racionas del régimen escalar ¥y da las direcs
ciones W, y £, en las barces 1, J, .

Segun puade apieciarse, pada el régimen
B5calar y 13 direccian W, 1as durasignes aumene
1an en of 3eniigo ), J, K, 0 que NQ Qourrs 4n
¢ olezje dei E.

La eieccidn de esle conjunis do cifecciones
pbedece 8 su importancia en San Ciprian. Las
rasuitadas obtemidos dan ocaumeon x aprocaar
cimo af orden de vanacion de 122 durdcranes,
tanle en las disinlas direccionea del barco K
Larma &N urkd misma direccion paca 1os 1ras
barcos, I, J, X, es coherents con el régimen ca-
facteriglico det desarrolio de 195 lemporaies
an & Afldntico Morle,

sie
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Bl ot a v v ren e mTe At =" Lag catas de densidad de borrascas son un
. Pk, 7 LA ki dn RN O e 4 . Inztrumentn de gran utilidad a ese respecic. En
' . Egs fAguras 25 y 30 se han dbvjado dos sanaa,

. : . corraspandienies at Alldntico Morte. En ellas se
. 1 L. L. ha represenlade el_nilmeru da cenirps o8 Do
: r ' rraycay gue han aparecida, durant® cuareniz
afgs, an )08 cuadrodod de una red de 59, Los
datos han sldo tomados ce L, W. Pallakx {1851},
o La seQunoa carta muésira tas degietiones mas
intengas, por debajo da 930 mb. A partir oa
8503 daios e han trazodo meglingas de ceniros
de boarrascds, mosirando areas de concanira-
cifin gw 4303 cenlros y, por tanto, indicando la
magnitud relativa ge frecueensia e intansiand de
vienics an logas direcciones. El usp da cartas
de densidad ds borfascas fue sugerids pear
o Hpk b A. Shvester f1956), con 8t tin-de delerminar 12
™+ 1 meel I T direccién pradominantes ce framporie de arena
LT biiﬁ*—-ml J TIME  en as costas.
S s Lk e, ke Y WPk e P .+ Los cenlrog principaiey de conceatracian da
. borrascas £3tAn, como pucce verse, jurto & ly-
a R - landia, Groanlandia y ta tosta W. ¢anadianas,
) Las holingay decrecen, sn gensral, hacia o1 5
¥ migo tambidn hacla ef E.

Las durtciones de o9 tenpOrales eatin if-
gadas direclaments a’la longitud de tetch ocu-
pado por B viento, ¥ la persistencla de este
fillma, Cuanda 1as borrascas S8 musven -
Juiende cierlas traygciorias sobee los océanos,
ta duraciin de 1ps temporales g8 suserior ha- o
tla o final de esos caminoas. La dizposicion de
a3 isplneas supiera ¥Ya !as caraclernslicas ge-
nerales oo estas treyeciorias, En et Altiniico
MHorle 108 caniros de haja prosien S2 dingen de
W. a E., a veces con camporients Sur: desge fas

ANk

i
=
E

—_ o |

i IF; ::..-' - f dreas de concentracion, donda se larman g3-
et SIS 'i"' .I.i::j —_’—L-,"a‘lll-m- nes2imente, hacia el gonlinente eurcpso. La i+
Pt I g, A I i s i e - pura 30 a5 expacisimants Elara 3 respecty,
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Do estas consideraciones se desprende que
ta duracion de los mayores temeorales {régimen
escalar) que afeclan a tos barcos !, J, K, esta-
;bR precisamenle en esta socuancia creciente,
pbedeciendo 3! comportamieato general de los
centros de baja presion. Esto se ve confirmad
an 108 resultados de 1a figura 26, Los tempara-
ies del W. participan, obviamente, de las mis-
mas caracteristicas gun mas ace:.‘uadas, como
aparece en la ligura 27 consecuenlemente.

El comportamienio da (o3 lemporales del E.

tiene explicacién observands que, en la figu- '

ra 29, Eparece un area de concenlracian do
parrascios sobre Espafia. Esle hace incrementar
1a frecuencia de vienits de cumpenente E. en
el barco X {100 por 143 por encima de o Co-
rrespondienla al barco J {9.2 por 100) y casi
tan aita coma en ! (16,5 por 1601,

S8 da mayor intensidad de vientos fuertes
. enJ que en K y en / que an J, como se deduce
de 1a figura 30 y se relleja en regimenes extre-
maies més elevados en €l orden K, J, I Sl em-
bargo,.en la ligura 28 rtas duraciones esiin en
orden {, K, J. La maver persistencia del vienlo
del E. en X, |unte con un feich mis largo con-
liere mayores duraciones a Igs temporales alll
que ‘en J, a igtral cliura de ot significante. Esta
secipencia no podia praverse claramenia de an-
temano, con s310 la informesidn de lag Hgue
ras 29 y 3), pero ésta 5! Indica gue podian es-
perarse snomalias respecto al orden de los
regirmenes escalares del W. Siguiendo estos ra-
zonamientos, la secusncia de duraciones para
lga distintas direcciones, en ¢l barco K, queda
expticada Inmediatamenta a Ja vista da las
cartas, ) .

8.2. Lalfey de varfacién de t(H,).

Sa ha visto en ias liguras antericres que
los valores da lf . representados en un papet

semifogaritmice contra la altura de ota, descri-
ben Jineas reclas. Esic supone una ralacidn ex-
ponencial enlre ambas variables,

‘En realidad, las reclas han sido trazadas

suslituyendo, con vna gran zproximacidn, lineas

que presentan una ligera curvatura, La razén de
Que ta relzcidn enlre n y H, sea muy aproxima-
damenta exponencial para valores alios de M,
{el tactor constanie / no aitera la 1orma de la

felacidn), estd en dos peculiaridades Je las dis-

ribucignes F (H,) ¥ & (H,}). Una de eilas es qua

. IUNIO 19768 . .

¢ {H,):

l\@

103 regimenes extremales 4 (M ) trazados 2 tra-
veés do la nube ce datos, en pacel conle expi-
roncial, se aproxima notablemcnie a la linez
recla en lodos 05 Cc2505; en muchos de ellos.
comg puede Lprecisrse claramen:2, 1a lines reg-
ta da un ajusle tolaimente saus!aclonn,

Lta distribucion dobie exgonencial (o asin-
tola 1} es:

- I1,’--—-" [
(Hy)} = o™ " '

B3] &, &, prrdmeiros o la
disisibucitn,

Por otro 12do, se han caracterizadg las cis-
Aribuciones de H,. mediante 1a ley de ."-'ml:su!l
' ogua t:ane la tornia.

i, —af _
FiH,)=t—e™ & |8.3.2] A, B, C, patzmulios

flg k2 distribucién,

Ambas expresiones sgn reiacignadas me-
diante ta formuta (2.1):

&N, = [FiH s

Para valores elevados de M., F(H,) »3 cor--

cano a fa unldad y la expresidn anierior con-

. Verge em;

(H,) o= 21 - FTHe}] 633

Sustituyendo las distribuciones £ (H,) ¥

H, — A H —2
In tn) = — —
5 b

Ahorg bien, en !odas las distribuciones a2

- Welbu!l sjustadas, el pardmelro C resulta ser
. muy cercano a la unidad. Aparace la siguienta

relacidn aproximada:

' b= aB—AD
nin) = H, +
b8 . ba

5.3

El uthizar esta aproximacién estd perfectz-
mente justificada dentro del orden de precisicn
en que los dalos dispenibles nos cermitan fic-
varnes, Por un lado, ¢ ajusie de 135 distribucio-
nes de Weibull 85 hace “a sentimeanla”, por o
cual & valor exacto de sus paramelres €v diz-
culicle, siendo sclamenta conslapte la aproaxis

oL 5T7

(£.3.8)



maclén de C a la unidad en todos los cases.
Por otro, 1a precision que puede esperarse de
igs obseérvaciones extremales visuales no jus-
tiflca el'usar un mélndo matematico de ajuste
de [a nube de punlos para caracterizar $ {(H,).
En el apartzda siguienie se discute ta in-

fluencia en los resultados de ulllizar una ex- -

presidon aproximada para n. .

Dea la relacion aproximadamente exponencial
haltada se deriva una inlerpretacidn interesante:
la rdpida disminucién de la duracidn de jos
temporales al aumentar H, inplica la existencia

de un cierig limile fisica al crecimienlo de la -

eltura de ola significante,

6.4, Sensibilidad oa las predicclones
exsramales a los cambios def pardmetro n,
" El parlodo de retorng da A, viene dado por
la expresién {2.5) sizmpre que valga. més de

unos diez abos, Introduciendo en eila ia dis-

tribucidn de Weibu!l (68.3.2) cbteremos:
) ;H.—AF
AT (H, e

s 8

Recordando gus C es muy carcano a ta pni-
ded, s& puedes escribir:
H, oA+ Binjn-TiH,)
Litlifzando dos valores dilerentes de a (ny, r.)
ge oblienen, para un mismo gerlodo de relc:-

no ¥, dos vaiores ge H, (H,, H.): g

-  Hy = A+8in{n-T
Hy = A+ Bla{ng-T)
Hestando:

El marror #n el valor de H, que se predice
cuando, en la ecuacién [2.1]), se usa 1,65 ve-
¢es n en lugar de r es, para €l mismo pariado

de relorno, igual a % . Si se toma tres veces n,

ol efror e6 casi Igual a 8.'5 es e! valor de H,
¢an probabilidad 0.63. Los valures de 8 en los
reglmanes F (H,) obtenidos para el barca K son
155 m, 1,25 m, 1,70 m, 1,15 m y 1.24 m para
los regimenes esczlar, E., W, N. y S, respe::-
tvamanta.’

" -para n

@

"+ Se concluye que la sensibilidad

dicciones a cambios peguencos en

- baja. Fsta conclusion es de imac™
siva en |a aplicabitidad del meéioza,

aulorizzr e uso de expresiones 2

frapolaciones da n entra distintos p
recclones, )

Las curvas de disefp para agy
en San Clpridn han sido calcutadss

ce tgs 2
n & -
| bt Rt
Jgdames
pros-Tz

'oma para utilizar interpolazicnzs o

untss o

' §.5. Célculo de las curvas de disedo,

a profor
a nan:’

las distribuciones de H, perfenecienias 2 -2

{figura 29}, medianta la ecuracion {5,
.racienas de temporaies han sido e

partir de las halladas para e barc

1), Lés
S.lf_ﬁ'==

-.u.-_..

o X. =

figura 31 s8 muestran 1as curvas corress oo

" tes al régimen escatar y ci sestor N
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Las duracienes sorrespondientas zl ré:.-

escalar han sido lomadas ligerameanie g,z

que en £l barca K, v para el ME., &!gair'ferz

en conjecuencia, con la posicien
ambos lugares.

6.6. Limitaciones del método,

Es convenienta pasar revisia &

72,ENE

-’

revemenis

las yimitaciones propias’da la aplizanisén 23 .
sislemas da cdlcule expuestos al con;umis

cdatos utilizados,

Les fuentes de# incertidumbre eatér‘ bis:z

BE'I-'fST.-l DE OE.‘H:& FUBLD



mentc en 12 calidad y cantidad de [os datos con(;? frabajado inlensamente en [a verificacidn de 13
flabitidad de 1as eslimas wvisuaes de 4,

a l

que 30 lmbn;m _

El nimero de observaciones con que s con-
wecionan (38 dislribuciones extremales es un
primmes laclor a tene en cuenla, cuando se ob-
pencn tas duraciones de temporales por el mé-
wda indirecto ulilizade aqui. Cuando el nimero
do observaciones cambia, exisle una variacion
sislemadiica de 1a pendiente de 1a recta ajusta-
d3. Nimeros progresivamente mayores produ- -
cen pendienies en disminucian, to gue implica
predlccmne: mds canservadoras a mayoer es-
casez da datos. Esto no deja ce ser trangulli-
2ador, pero da valor al esiuverzo empleada en
ia obhtencion de wna mayor cantidad de datos.

W. Potter {1949) verificd este hecho utilizando

yna enorme cantidad de regisleas de lluvias
en U.S.A A parlir de un cierle nJmero, fa va-
raclén de 1a pendiente se hageé despreciable,

El nimerc de afos ulilizado en este trabajo,

Idfe;lnueu’e. gy bueno dentro de los eslandares
usuales [(ver, nor ejemple, H, Thom (1970}, ©

P. Sudrez Bores (1973)). Sin embargn, deba ser

mejorado a medida gue haya mayor numero
d# dates disponibles. . i

. El segundo punto a observar.ce refiera al
uso de la distribucion de VWeibull. Al contrario
de 10 que alirmaba recieniemente B, Pedarsen
{1971), laa exirapclaciones- producidas por Ia
ey de Weibull son ailamente sensibles a 1a va-
rlacién del pardmetro A, ajusizado a sentimiento.
Por esta razdén, es sumamenle importanta e! as-
tablecer ua critario que liomogeinice 1a 2aligad
de los zjustes, El criterio adoptado en esle tra-

bajo ha side ajustar €l rango de H, medias y -

bajas {con un limite inferior de 1 m, aproxima-
damente), y dar mengs peso a las mas escasas
oi:servaciones de los valores alles de H,,

La bordad de este procedimiaﬁrln. coma sa
.comenld en la seccidn 6.1, estd ‘bien compro-
. bada para regimenes escalares (en el E. dal
Allintico Norte al menos). Sin embargo, no sa
ha hecka hastz et momento una comgprobagién
slstemdtica semejante, con datos instrumenta-
les, para Iz3 distribuciones direccionales. La ca-
lldad da Io3 resuitados dependerd de Iz adecua-
¢lén de aquella hipétesis a esos regimenes di-
reccionates, Podemos argumentar que, de mo-
mento, no disponemos de una hipdlesis mejor.

La calldad de las observaciones visuales da
8llura de ola signiticante canstituye olro tema
Oe discusion, El tema ha side abordado en va-
riasg publicaclones. N. Hogben [1863), que ha

. .

IUNIO l97e .

llegz
a :nnclu..mnea francamonle oplimistas ol regs
pects, cuande tos observadores han sidy pon-
venienlemente enlrenados. Parliends de la hi-
ndtr::sm de wna homogeneidad de resullados
cuando se pramedian un gran nomero ds ghser-
vaciones visuaies, N. Nordestrom {1259} ha hus-
cado una correlacion sislematica entrg.la H,

-eshmada visualmente ¥ la H: ; real, E! resulta::n

* gbienido por..ste auter es 1a relacian:

: Hig= 163 }"J"HI
. LM....-_—...&.--.—- .
Esta relacién no ha sido conlirmada por la

"' comprobacién que hemos hecho en los- bar-

cas !y J. Los dalos instrumentales publicadgs

- por L. Draper and M. Whitaker {155) y por .
L. Draper and E. Squire (1957} han sido repre-
" sentados, junto con 1a seria de datcs visuales

compiiada por H. Walden (1864), en la figura 32.

" La relacién resultanie resulta ser:

Hyy = 1,024 109
- . T e g e e,

Esta ecuacién debe preferirse para sn uso

" .en &l barco K, por rzzones de similitud {es tam-

bién un. bBarga meleoroidgico ¥y usa silemas
idénticas) y proximidad geogratica,

D e et foe e TR

R e —  —

. ] o iiiuln!
Mk, M LA, o Ry n,u-mnu- = T v e i

En cuanio a ta precisidn de las observacio-
nes visuales de valores exlraordinarios de H,,
28 puede aduglr una comprobacion satisfactos
rfa de N. Hogben {1969). En esie punto, came
en los anieriores, fos proyectistas no codemcs
adeptar olro punto de vista que @l pragmético:
mientras no haya olros daigs, aguellos son “los
mejores” y tendremos que disedar con ellgs,



Serd sumameante Interesante el qomprohar.@'curruspnndienrus a lugares o seciores direcgio-

con medidas hechas sobre 2 curva real de es-
tados del mar, la relagion “aproximadamente
axpanencial” entre n y H_ para vatores allos de
esla gitima. E< un t8ma que piensd zbargarse
#n un futuro préximo por sw importancia en &l
proceso de calcule.

El conocimicnto de los lactores que aporian
Incertidumbre 2 1a aplicacion de estos matodos,
permile ir mejorands el uso.¢de eslos vilimos a
medida que haya mejores datos disponibles.
Por ¢ momenlg, glgunas comparacionss hechas
¢on los resullados oblenidod en San Clpridn
son satisfactorias:

En 1o direccidn NE., un estudio realizado
pura San Cipridn por L. Draper {Inslitule of
Oceanographic Sclence, U.K.) a partir daj régi-
men exiremal de vientgs {elak.iado por al Bri-
tish Meteorological Cifice) proporciona los re-
sultacios siguientes, para un periodo de retornn
de cincuenta anos: Aplicando e méledo de pre-
visién de Bretschneider (revisado en 1970),
"M, = 11,5 m; aplicando ei métoda del 1QS.,
13,5 m. El resuitado gblanido en este trabsjo
ha sida {tip. 31, grobabiidad 0,37), H, = 11,1 m.

En el esludio efegiuada par L, Draper, a los
inconwenienles que plantea la calidad de los
dales se une la problematica delimilacion de
folches y asignacion de curacidn a los vientas.
Resulta, pues, confortanle, ver cémo los resul-
tados son comparabies a pesar de todag las
tuentes de lnexactitud que han sido sefialadas.

: 3

v

7. Conclusiones.

"7.1. La distribucidn exiremat de H, puede

gar calgulada a partir de 1a disibugion de H,,

para cualquier sector diraccignal, cuando se

congce [a duracion mecha de {os temdorales y

la frecuencia ga presentzcion dgel cleae domi-

nanle en ese seclor.

7.2. Se demuestra que esas mismas condi-
clongs sirven para caracterizar otros modelos
exiremales e oleaje establegidos anterior-
mente.

7.3. Los duraciones medias de lemporales,
t{H,), pueden ser eitimadas directamente, a
partle do ta curva de estados de! mar, g indi-
rectamente cuando se ccnoce la distribucion
extremal. Conocidps 1os vatnres da f [H,) en va-
rios puntos 2al oceang o en varnos sectores di-
recclonales da un misme lugar, fas duragiones

530

nales inlermedies (0 adyacenles) puecen osli-
marse por interpolacion (o extrapotacion).

7.4, Para jurgar fa conveniencia ce intar-
peiaciones o exltrapolaciones, es netesstio ¢o-
nocer 1as caracterislicas generzies del cesarro-
li¢ de los lemporales en & mar. Las caras c=
densidad de borrascas son un insirumenio Gl
a este respecio,

7.5, La rmacién entre H, y n= ch
. _ tir)
es, ajproximadamenie, expanencial, para wz2!

res alios de H,, en las direcciones ¥y tarsgs

. matecroldgicos del E. del Alléntice Nerle, cug

han sido ulilizados en esie trabajo, Esla reia-

- ¢idn, extrapoladga, constituya un limite fisiga ar

cracimiento de la zltlura de ola significame da’

duzacién disminuye ripidaments al crezer H.).

7.6. La senslbilidad de jas distritucioras
exiramales calculadas, a cambius pegusdas en

- gl parametra o, es muy baja. Esle hecns oa va-

lor practico = las interpolaciones .y exiregpo.a-

ciones, .
7.7. 8e rusomienda el uso de las curses

du disedo &, {F,] para efectuar igs calew:oy
econamicos que proporgionan la ola de caloy!

- antima, .

INTERVENCIONES EN EL TRABAID ~

= ok
45 hatzt

La oponiunidac, nada sortienta,
dedicado un tiempo ¥ estuerzo en desarretizr
un métado originai de caicule del olezie exte-
mal, gplicable en San Cipridn, se debe al cuntd
de vista progresivo d2 Victoriang Fernancez Zu-
puy ¥y William Brennan, inganieros ressiasatiss
gdel proyeclo por parle de Inlecsza. La cus.ioa-
cién de los resuitadas ha sido gosicie lguze-
mente gracias a su entusiasma profesisnal, Ls
discusiones dg William sobre & conianido =22
artlcuio han sido también de gran vaar prac-
tico.

E! pratesor H Dnrre*tem {KNLI, Pziges 2o
Jos} ha revisado el trabajo original, sLiriencs
comentarios Interesantes. Asimismao, 123 o
versaciones manlenidas, duranle gl pericgs o2
busqueda de datos, con M. Heghen (Mzl. Fove,
Lak., UK.}, L Draper {ins!, Ocean, &:z. 'ln"""l-
ley, UKD ¥ M. Tann {tns:. OQ¢ean, Sc, sunism,
LK.}, proporcionarcn una inf@rmacién vaissa
sobre varios aspectes del tema.

REVIST.L DE OBRAS PUBLICAS
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Precipitacion cakla sn vn ibrvalo de empes.

. MNag ¥ M. Dutta (1951] wshron |3 Asinkgle-]|
eh un wiludio da pracliplacusnes misimas dodan,
e ln apacdin G0 mongdn, dendtn de 13 Cvence
ded rba Garsicar, SIn embarge. E. Gumbsdl {1858)
proed quee 1d Aalnlota-l ppuktaba mepor I3 mcma
v de dalox. A Jenkieagn 19351 gar otra pers,
Chrrpuld o5 majores muntes con e Asedoly
pary b2 miama pracipitackin en perlodos oy ura
hore, un dis ¥y coatre fins Pn Marselts, HApaies ¥
Trpeli. Puede guhalaran gque laa Asiaroias- y Il
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Lersadarabdergris mis ehewndos. £n le tigura 2.7 3
do g rplarencia (17) a8 posds ver como in Aslne
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nclones diarlas masimas e Madrid, v wn b ligo-
m SAY S la velema refenbhcis sb DDRMETTE R
wha Asinioiad tembidén pusde Ajviier Teen & lag
maximay pracipisciones mensugles & bas Llanas

{Coanca)]. »

M. Barte st {1547 oillizd la Asintole-l carn o
tjusts on Tan miaimasforesiones gtmen iz e
anualey gn Bergen, Moruegi. Perg pars 14 miyma
vrrable metida 4n Marselia, A Jenkimaon (1855]
MAconlrs mds kfibscs In Ashucte-H.

A, Court (1957) ullizd con dxilo e AsnloLE-|
af etlwilar o pelecidades man/mas cel venio
[madipy #n Gnce minylog) en 25 sdlationes o4
Estacos Unicdem 1. BaW [1501) vt Lamblgn 1o Axin-
Wikl pard Ia velolided mdeima de viEndo e
Hang-Fongd, ¥ H. Willlngham {1564] peta midximeg
rachay gl viento en Ausialin. A Oevenport (1H60)
Peropcts VERhES S Tuncden o SigiTBULLiN COma
mitoda salindar gk anddsiE edtrema el vients
#n Imx pormas canadianses. Para Mo Thom, #n yas
weria da mindios o veloridad mazime del riento
80 diafnlad pariss o6 giobo (1956 1060, 1940,
1580, 1964, 1577 ha emplesdo sempes Ly Agin
Wil A Jookingen (1955 smpled e AR E-TH
para Ia mazima veloeidad media norarla dat viento
an Trienta Por ptra pans, an b gurs 335 da la
reenciy {12) peede WSS GLE UNE AnnOtgd
ajuriaria blan & (nd mdximas v2loCidades radlay
diariny an Walladolid.

E Gombal (1) viflzd por primers vel Li
AslnicAad pars of iy saleme e svenkiay
Rovidhes, Cetpuds, 13 mbna henclgn oa distribue-
clén ha #ida Fmpleada 2n vna muliiud da cason
raforenley & Aoy americancs por W, Poller | 1049,
8 st y H. Agge 11550, A Carkar (1851, y K
Qumbal (1955 webrdr olrow A Banham [ V50 1am-
Bin 1a aplicd con redincos salisfeciordos m How
e Husrn Felanda,  Shuh {1082 & China 5in em-

batgo, 1. Bermier [1§34) Enconivd que 1a Asintgiell
AroaoiCiahiba MEorFL AuIFY Farm (B mMATmpn
mvariday chatins del Ahn an Rhawnfatign, de' Co-
rpds wn Bucs Canyon y del Dhogrsn wn Ak
duetre. A Jenkinsor [TH35) em2ed immbien )
Ayinteta-11 paty Letle Arever, paro pretedd il Asire
toia-lll purm W no Cennecheyl

L, 51 Dwnis (19590 prosuso wiilizar 1p Asinteiy-t
al andlxiy gxiremsl de la sfiurs on 2'a pgmdicars
P, Sudrez Boroe {1874) smpled e57a ciblnbucish
o &l muale de vAnEs MUEN AL ErltymRiEE CF gk
lurl dr ola aomel-camy eThmadid pata punios o
la ¢osta rapahs'a pod med s de e$uT op OF OTEv
Mih a parlir de catlad DRromelnsgs v g AnEL
de vignio. H. Thom {1979 preling, en chmb.o. is
AMMHOLA- I BErA Zjutian 121 2Derektitorey mdnimas
snudies o8 bE/C2S MEten O NS 5 Ieddes en
Alldntice ¥ Paoifies. €1 avttet A Dresanie Wateo
(E. Gopmirz, 1878) obiuvo,en glgunsy Dafcoy me-
Imardgioe del AlldMics Hore, Mmussicap sae=g-
W mids L gas Que bt vtifzadat por Thom ¢ com
Bl AP salnladiodios Lan b Asinlglel Fof
otte parte, &0 um wTiCule porienor al resefada
ahitre M. S5t Durvia [15973] s daclend parhdaria de
In Azinioln -l por e3UMar dud, 3CgUn LU X7 e
win, la Arlpigin OB prECECMWHE RiCELiETEAlE
[11F ]

Coimd pudrde varer, 58 ha Gagads & 104 tice
oM resLACO) PAME PR MW warlt'y E1 werdnd
qua, entra kg Lspanod O las AiniTias. han oo
NGIG URE CikguA mihSGA |os gue han {nlenlzdn
wilficar gue las condizioras wn que {0 decucica
'a Asintols #3f0QCs corm doebelsezuin G Exing-
mis 58 salitacEn pn of CRLG CORITEND BN QuE AT
la wstd empleands, Eping ientas on joatlicecds,
por 2 JomEd, na han dde scomgetados par sl
ald debido {eéemo gl verd mas 22e'a7e) 2 yne
inatprwtacedn srrones de la spice=:keed On s
BCLACIGn Enlamal g 1aL vAnabies gechisitda

L pergrplinad de mutorer que han empleada
lax Asifiolas sx han Ihilacy o #legr enire 2llas
e BErde con & Crlnsm FHnci il dgings
Oa RH MEOF @ pEor Busdt 8 In muesics exiremal
dobpponibite. Falo ha [erminade por eodocdr 4 ldy
ire3 Axiniatas en o COmMpa OFF dord BPMNIETR
clonds B 133 ERndE A iduakthd O chTnioee
ot 0fras funiomes Or duzinbuetidn & Ix forz os
probar cudl oe megor arusie A fan mosategs. Pusde
afirmasse gue #8le purle dE visie &5 gb COMNARY
o e actusidad. Come epempdd Suede Clllrgs wn
Sormeniang ¢ J. Dkrmet, qua 0 1958 [E) habg
puptkcacy wn Brlicuip sobre 18 ApTicacidn de ia
Aginicdad w avenidas MNuvlales Mlviman ¢ o0 o
#hg 193] [T) phia & ebf 4 lg Ofemln Qui &4 D
Wribke Racin Chda WO am huscidn e o
esvibguita, para o Cull b mkd Comesradnte oy
dikpond de un ampfe ersenal de luncione i de Fis-
bribrthdn que prober. Concluys que M debe con-
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cadwte wn patetl eypecid & Imn Asimioies, v G
oirme funciores. como Bor gempio I3 Log-Hormai,
dan an OCAMDNEL Mol Buiies.

Ea wain Ry, ponde mencionarse {5 M esludio
compardlive ranaliiado por ol Grupn o4 Trabajo
Fedwral a0k Mdiguiar dif Trkwancis s O % Bvend s
(Watar Council. 1).5.4 ) en gue t& com-
pargron lmy Oitrbuckenes Agintctad. Asinlots-U,
Log Nowmel, Log-Pearkof-ll, Gamma-il ¥y Haren,
oon mybdd dae 10 mpaiires exiramales, En ol campes
Or mshelis ertremaMd b olgae, G034 wjemphin
Tecrended Ou b5 mapna Wedencla puethrt verie o
lan ralermnciay [24) (Asniole-l y Weibull) L L]
[Mormad ¥ WaibuD}, .

Tn fates sriercionin oo PRtnbe SN extramal
wn bhakt & los mivivgs CONIEQUMiog CON MUERLIER
<a yalcrey wairemey, M3 distintoa aAat®y han op-
iado por b0 i by S0 Cribivics Uiguies:

1. Seleccidn 3 pirir de raviay musatrad
axtrampiay de M varisbig an cunﬂ_ﬂn.

Ea rioope acuely heicitn ge gigtnibution gue
oyt Bjusies Od M SOnURG J8 morkliEE, ¥ ik
hncidn S emplea an lodes i Cascl COrespone
dignies 3 Bquats varlabie. Obvigminie. mEle punls
i wWisla party Wnplicdemants da supore T Cads

vurdatin tipbcilica poiee un misma Hpo de dis-

T irdtwggedn grhemal en r.al'l-lqullr lnc.lllul:ldn. )

L Esecclia pas tocra ik lll'r-nll

Exte crilerdn, witriciomenta cosylstico, party di
Mrparelf Gull wnE mitma varinbly potds &0 oincl
plte SOCPEAT Lipgy W pmanle Jureniey o gl
brulibyy witremyd 40 lotalirsrchang dntedide. S -
Coge #0 Cada Cyao RQUSllE funcidn que di uwn
inmjar Bjuaie & W iouesira exizamal daponible.

A womtinuacn e SEDEte T comvenlencts de
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31, El dvtime oa K9 dor orltaripy wisloa (i
wlecciin Catwishop) b Wdudabiemeae comindo,
egho GVE 0 Pawnta TR Bitn i teducie o Anfisly
wxlrgrmal Ox Cada cual & una fubina de lantecy
ralativameants lhocH da MEcanizer wihyendt ormde-
Adorry ¥ OEM pEcidsd b ROGiH & COrMRE o=
nel QEErEisy S evvhargy, un domert AndEkh
da fop rHUlledos 8 que putde liggarsd Co0 sl
Licnic B MUEL e qua su 430 ux g la vl esliviac
wordg Cista vy punlo S8 ridla Mebrken ¥ MR eEnAR
prgrean Derde b perapachive inganigri.

Apn ol fupren scwpindar como willdos loa e
farioy Rabiupen da Bondad de ghate due beies
pnlioravamaly L boleldag del recorridy Musstrel
hwnmﬂw'tummulﬂm,

#Hica Criikrioy MO don CApRCEE S pROpOrCinhEr, B
PErHr it wny SOI8 MWettrs URE SMeCcdn da FOO
aslisfaciorly wn In prichen ClbnSa Wy oM
axtrapoiat sguela FOD. Ly cazom anld #n que, DA
{03 lamaton muesirabes gue SO0 Corientes sn Ie
Teakciad, Ray MEAMmEnly vanion Wes deybvekog
o FDO guar 50N EapacEs da Propovcionat gjvales
o bendrdes My dimdarey. E32s lynciney toman
yalo'es muy préalmos sk largo del recorrlds de
toy valores MuisEliraes. pavp M 3 It apoladay
Plaktcn f pnplamendy produciendo (EEA-
Wdos muy diicrintes 5l ol de e penindos de
relamen requetidol ususlmens pars ot veo pric-
1Mo, En qulod Casod [Que BoA I3 RO miy bien
ek b warepcson) no ex Faitbertmpnts permintiy
o reataar 1 piecchdn snlmg funcionar con el solo
crli#rio de Lna ENqQuaEne Jierenctn antte Ing Bon-
Wiy calcuiaday dr ks mjvates: Erna ditgrdncax
marOres aon perisciementy atiboddes o Ly W
Tabdy warsblilidad ahink mycairay dishintan de the
miuma poblacidn .

Fers mophigy ur casg rpal 35 han Iomads So3
ussira getrgmaiey de sllurs Se ol sigrelicarta,
philenidy medianie m#iodos de preiakin pare Chbo
T Machehaca (ViZeays! ¥ Valenciy l'.nmrdu ca P,
Sudter Borpn, I En oy QUi 2 L oy mEE
bra ¢l repullato da liu:.lu visGalmante smoas

Mutsiras, represeniadas tegon metodedegia de B
. Gumbed |T#58), con funcrss da dyidbucion Adin- -

b, Ashiste-dl, Anindota N, Weltull § Log-Hor-
mal. Todow low susies son aceplabbee aegan los
ponlrestes ealadisticon habiigbhies, al-than weldlin

“piquirtay Qulgrknisg slrg abcs. Ea ta lugura 1 80

comparsa 193 Exirepolacoongd COrFEL DO risa B
Ima diatintas disinituziones. Las diterenciyg, ol tavnl
dr ok parinda’ da rglormg glualey (por cjempln,
T = 500 ahos; FEesgo di sLpdrdCion an 5 afea =
= A0 pow 1D0) 200 AWy grondes, HASMEnte (vare
o0 proporgisn Con lat dierencias #itre ko ajvnies.
Ea lan importants tx rapgrcuslén qua supons, 4n
proyecion ¢ oiuay madtiman, I3 ditferincia gnim
Ml tximag, T W INDEnkED que luevies s Ol
hecwr wsg praclico de estos MSullades ng podda
parmitiree g hacer 8 ehbeccion anirg 2 gig! ribu-
clores con al 300G crilenio de 18 paguetins Olle-
rrrcies en iy bondsd de ppumllon spexiex, Fana
raslicar en yie CO30 Une tleccken razonabie, s
negRILio weudir & DIFg tipo de criterp,

Cusncy su ADize wn criteio reckonsl pare ol
Ay, gue ToN0A a0 cuenis {8 fiabiflded vadable
48 W eatimy mutstral & b lerga de dw Ango oE
waloris (12 y 14], sa desschan 40d remod 0 W00
miremos dal MeCouTide msitrad. E1 recoemic fowirs-
rnd restamy (T o sfecivo) e s corts ¥ fewvila,
pivr lantg, aon mis suacerible ca sy astriche-
imanis alulade por wn emple Wmero de FOO o-
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de i) Lmetcy myrtirdes Mehityael ¥ R Besion
o Axir3paias reslIBEDE 8 pAtipdas de rHnn
Lombun hobituatey (Wptndrer H MENTE A on
mtn Ox magmigd M Tamadn mectstral. SAgun ea
cerriente). i meloy bondad de sjusle M prapor-
A W criterky iphde de siagccidn oe FOOE cuvan-
O A% Snpiie wna pONF MU LGS almadamEnty,

12 Ei ofro oe fox criterlos menclonadoy en
o #parede gnterior [ Aeleccidn B pariy OF T
Fah Bz as srivgmiale de s rafiapds 40 L
o), lempoca hay produckdo hasia sl Menmento
HEcciones 1abislaciorias 4 pUEEr da Que, COMO BE
. wnrd m conbnuacidn, o5tk 60 una popcidn MoNnce
nvorabha.

Un case algnific alhad Gus o3 Intzrepanin comen-
e, & wste tuspecio, #5 ¢ Atlvdla camasratlvo d-
tpd0 antariarmaniy (31 &0 gue BF Compass ol com-
POrATiEAD On kB WACIORET O dinbucién Eon
10 mpesres exiremalds coraspandienlis & mvanl-
ot Mureinled £ Grupo df Trabajs Fadaral eacoqld
Ila dhtribuewin Log-Pasrsondl por ser | que me-
jored [mhdedes o Bl Ged E=no gl CONUnla Oa
mirkiras, Slo pmbprgG. BYunos afow mis lardg {B)
olrcE diorey compatkron sgualls funcidn con s
Padrdar-11, con gt s g oirey 2T mypedlt 53 wximi-

Fa'E3 FEAETRCienTey B 13 fHEes Cirtimas de s 7
Iro coRbfenIes, ¥ conclyeron qui te diELRIUEIBD

Feara0n-dil proparsions Mmajords sivaies ¥ detb,
pov WA, agr prsfante & 14 Sdra. 51 gmiey gl

trackares lompran vEXAKE MWy proaimos an lae

scifipotacionns, 4l probiems planiesdo sdnz s
FpATINIE puElc qui GRS un punks de vitia prbe-
beo o 110 08 yma u B fungldn danis ARt Edie
muy 1imiares v, dasde el puslc da cle tednch,
o debw dvidaris que m1ls tipd dy basqueds de
FDOr vdlo preterde Hegar 4 ung sprorkmickin mm-

pleics du in deatiteeodn fial Sin embango, 4

irche lax srirppoidchines producides pof las S
irinuclones Pearson-|ll ¥ Log-Pearsondll divergen
xmplizmants, prigingndo repercusicons IMpolan-
e WM R0 prictics dimtm ca loy pariodoy &
relome riusies, Por lemo, W probleme o4 selet-
chan anbe wHni rexla crocisl,

Ea podrian clizr clroy casos anhi2pod w sle
Ottma, Mo pantca gutt 12 metodologis #n b0 eo-
hua'mrde eath on caming i proporchmar agles
cheried fiatlop, Por @ Conltand, & medids quy we
e SrpOran nuavay fyANES ¥ Muskvas THMLIrAY B
m tHudioy compardirod, I Cvona o bavodnig
wi pheando da yung gibtAbuCkin B oire S8 R Fede
I résimenty caslica, detgracladamenta mlojsda
dal drreably protxig ONTRgEE QU helta CaR-
randa o resulizokes WA W SeberT ATk PR -
wvp & W raatdad,

La raiz cad problema sxid en b epllcackn de
b Eribieicd de bovaisd Ga puale. Log criteriod
Mrallih G uwie, ¥ M partcolar oy 4w s0fien
by, vl ek Ol Pl probabiistico, smplean pars

MATO tFP

# Nl todot lot punios mussirgle 7 4 igusided
e condiCumes. Exhy 00 08 Crrinmg subl BOmatioo
A WYL polencipimenie paporianies. Powde o
masirargs tAsiimonie (12 ¢ 14) gues 1a linbiliZad o
lay esimnid muppyirahes da luncian e disifdwcian
fab Y pulbndrd, T U YIRS 4 W Lo S reco-
mide de valores meesirdlin, En ol case 0f Muks-
troos alpaloMos {de 109 Qu Las uktifes exreme-
laa 10N gn gerral CaEOd HPicos), la Fabdidea
[apmtatitn” epparddl o e yelores Estimasing
metanin sl mueihiet, 8 K velores ealey e (2
pobtlacion] de 1a probabitided mussienl 23 mirima
wn M canbo dy e SSiibuchin de la pOCiACion
Wik = 05 y omimryy hitin ambaz ook O
sfip FOF W fanta, Jupanieado gue ls muerina ob-
terTa fnpe tn famafio gobiciealy, wA 18 Jane oF
Ty cofrpapondienizy & e probabiidades
muEiray pesden tiitogulrae dod mplonkl 8-
rthriptca

= Una reme "taniral®, dondg by probablids-
ot My irgley conviuyen wne bl d (4=
gin erideng g€ vLustio] LpeoKiMmeEcion -
patida da | probabilidades da |4 pobla-
clan, . .
- = Devs zoNgy, YModds & ambay colny du g
% yurie de puntes fueiltaies, donda 1y spro-
" ximachin wipareda sy posre oy, POF WAED,
" wx'sH una shvads probablided O 2ol L2a

7 probabBidader MaNSNAlEL EHESSMER R

piing cesylageonies il Firl THEDECIG B 1A%
de 1a poblscian La miwatorlggnd oy 148

wviaciGnas no axchrys 1y exiplenchs oo un
108 en alaa, A0 pOr Ly dagbribucebn b

nomds), ampigeda en (17 7 Y4 pard maabrar |

In axlztencls da |y diperson).

5§ ¢ conpey preaments o Lipo gy FOO ace-
cusdy, 1M Eriterka efichZ e Alushe cong st Bn S
minar 1oy don zonay =idremas de bals Mabdida=,
wjustanso sddo ta zomp central, Cusnds [Como ¥
ol EEW) b Tonk el o porpblemsy airts el
aMerin e mverguar Sl 8 @ npo de FoD kCe-
cuadn, § alectos de extrapolas en ursy de los ¢
santidos H exwdin d!i'l.'-ﬂm,pw'l.mmu_ de Lxa
colis dv jom punios MAHLIFR'ES DrOpOorcimd LY
criniD o OTan hHEAS priclics. Para probpr
converdancls de derarmnisdo lipo de FOO, cyarga
an dispong da un chrle pamehe de musliray e
torint, B0 vith con eouele Juncibn el LFWTA TEAR-
iref” do Su0 A wnm O l0F mussires y 4 DELECR B
randEnchl <o laa colad mussiraley shivatas on #!
welE) fodrtspondmie M Rantg en SVE G il
sLlrapokieks In KOO, S o oonpanlo o CEM DHe-
NaE WTH SHpersitn alestors foemianco con Wl
aE? inioada enfes)] w7 fovno & i FOD dlugiads,
Ae My Faz0n pury FeCharer sua FOQ, For of cone
wario, g EDO op revhide of ow obaerve BHSEIRELIC-
dad e 3 serisciones O Jar cofpl. A AveciTa
g M0 ¥Eya dEponivhos da mryor mimam p fee

mafa e Asniirez ¥ 08 peaben Moy HEos O
FOD, & uzz on #ate coiferfo 0 ernirandy progre-
Svamarde ko reioiREcs hicie Ja gisiribeCion resd
e la pobiackon, pard cads rpcdlsbls wriscy.

Una venly|s adicionst del critere propoesip
a3t #h gue permpe enalizar allsdameme cads
coln ge by FDO. L comvemimnciy pricics O cen-
rar 81 endliyy en Ly cote de inlitks pars g kx-
Irapalacionm #3114 &n que, en ocasienes, M lipo
da FOD que sn comporii min sdecusdaMinte an
s wdrapoletbones hiCd un zanlco, i dsants
el Ml Adecyusdn path Antrapolar hatla Bl Rentica
opuitio, Esle lue ol resulieds ablends o0 18 rg-
fErenChl (120, domde =l Erilerio di strcosdn Quk 9
£3l) Ithlncn Hep Emphraco faHMACtormmands a0
In 3L Citn s FOIT pare | ¥edabla sPurs de clg
mighifichnie jeoa myedirda casl conlinued, Qua ine
clupan sigunss peculisiidades pue 4a dicarin
wula e ave) Cunndp B¢ de o casn eal, kon ok
Wriow “romencionates ™ de ashechtn, beiadoy an
la bonded def mjuste broto B Ig Yoralidad o rgeo-
rido Masexirgl, pon Sobk I Inask 5

En custquisr cang, ¥ Crilerip g $hettdn prp-
Puetio precien dal pse de vn cleHo ramere o
mueyired dizlining e la méama varibale. Fars come
seQUir diixs ekt pusde Sperams 8 dos

LT

4

o4 El‘e;lunr mediclones u-n un cherty Mlu'd&
mnte #0 Hempa mwey Birger pary conpgulr e -

. I=a Arowklinx de lemafio scepiabde, Exto ¥, #0 -

netal, laviable, & nlvel préclico, cusrndy B Irate de
selpccionar FOD dxiramal. Ressipria, #n cambio,
sbordatia pad W FOD ng sviremel an o G0 e
bastani ey varigbhes de Inlgris,

2. Tomar mpsatras pulbvidusisse gn W0 tirtn
imem o puites. Exin opciin resuly e exs-
quily 9w fa enlerion, ¥ £5 la onlly di liex des

aboedatla pare glaielouciones axitpmuains. Bin 2me

bargo, &8 pyecisy lomuler 1 hipdlanis pravig de
e iy v rlabie wh cusylkn sigus ol mivmg hpo de
FOr it wiedos by Jugated frussirepdry, 3 bien I3
hipiirly S8 que cads varleble sbedece B Ia mig-
ma FOO on clalquler lugar &5 una genmralizacion
o, rezuity g Cambed raronable i RUpOneT
exichEn Zongh de COMPOrlEnmient o Motnog e,
wntra da Ins chales In variable ol slgue A Mirmo
Hpo da FOD, Ca'o aupong effabiscer (4 iz
infnaciin evire bpos ~cRadlicon” A iiiey de
e Chfd rasiabie. En W onbiriminaciin, v Kgico
BAOnn Ui o com ponembnio edagistico diferen-
clpl dnire squallion Heers mespondy § Casbios sws-
Earariphid ih fa coneithocity fulcs e by wirisbils;
de ol 1 dimominechen slusive o clng, ESbe bpde
Irsls Hre dnpinada con busn resgllado o0 [(12) ul
raslize Ly sdvcchin (alvdide svien| da FOD s La
mibizry oo 0by pighificany: Wtbrecheon G0N oo
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ol "Swel™ an el lugar de Obsarvacitn ¥ en los
rANGOL 59 St ce 0l Lomukderados.

E# resumen, g considers inviabis 18 wiegtn
de FDU gatremal n parier de ona $oly muesieg gx-
trrmidl y 2in plre inldemacign sdicional, pEo resh
ta abordabis la BRCTCION cunnca t# JiESnE o8
A0 PTERD O FASIFaY exfidmaieg OF If Moama
variale y pe wiiliza # erilerio da gfeecdn gue ha
grdd SPopuenic, junid Con by hipdirgis 39 diienen.
Clacitn chmitics
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