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The genenl ucope of ‘this re-aarch is to \mderstand

t_'he pzoblem oftuanoor Lnnabuhy auo to ocean .uzfaqe

Sable-Ialand: ragionu 0

A wave ‘tank was deeiqned -nd Built’ for th: purpola gt
of mnducung laboratory. teste: with- sedinents. siuilar to g

‘‘those found on the east coast. . The tank: is “8.5" m’ lonq,

76 ‘m wide and 1.0 m deep, with .a ‘capability. of .generating

'xegular waves |of mximum heights of ‘about 0.12 m. The.wave:
1e.nga. can be’ \mzu from 0.5.m to 4 m. -rh.'xepreuenmw :

luﬂoox- was bed“{of nand about 0.4 m d:ep, mdexlyinq a’
o

effect of “reflected) vives. Refléction ‘codfficient \ s




gy 2 e wie *a

Waves with & steepness betv)een 0.04 and 0.1 caused

failure of the test.bed of fine sand when it vas in & loose ’

utate. . pressure’was ed by ‘embedding pressure i

i trlnlducsrl inside ﬂ'le aoxl. Soil failux'e ty u.qllefaction

£ was cnnfimemby the néasured preusu:eu. However, : the sand *

). cilvays atar U.ized agai 'after abi ut’ 10 6 20 mcycles;

«reauru rg 1n & denuer “goi1y’ _The: wil fallure appeats ‘to: e

Tessure buudup. 'l:hia is -more prcnounced wheh ‘the soil ds, |

'sleped.“ P

5 % In a parallel theoret.!.cal resaarch of. the ‘same

. prahlem. solutiona have been repnrted using ont‘u equationa.

% @ R . cumpariwn of. t.he meaaured wnve 1nducad pcrewaf.er pressures

t,uh the»:epoxted theoteticul leu" ahow _goud_.

] \:orrelation 1n gome -cases..

v The Preﬂent atudieu Ehaw that f.'ha aeah d will be :

_'ected to mass mcvemem: under -pecific wnve r:qnditiona.

U This £al],ure d-penda on’ the eeaflonr aediment type and its

'umgal 1nsnu state. . 'In comb ation“with the bottom | i T

'Qhe effeq’t- Of the wave- on t.he seabad could- be
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. Tﬁd'folloﬂing symbols used in this thesis are generally

I8

A uccordance -with the " : ons “of the ' Canadi

ceor.euhnmn Sucioty (anuary et a1, 1980). 'mey are a1.n'

_defined ¥hen they firs

-ppur in- thn text of the u-auu.

‘cohesion 't i v - it

effective —cohe.lon ¥

‘refleceion unau cient

undrunud shear -tungth

40 "'rwar.ez aap:h

Tt relative densit

facm, ‘,g .,g.t,., ultimate shear strength
working sl ear stress.

= ¥ .~ -'2|/L‘_. u oF s =

L: .-'_'w-\ml.engch S New 22 e,

5 weal length nf uho&ring -urfoca .

di-tumi.ng‘ na-.n: i E Mo

: [
- coefficient of vulune cunp:e-liblfity
nunbet of | -tru- cy})n during a -t.orn

W o noml fotcc

] © p. . wave inducea
' A raht!.v. to ltul. upndicions




| excess . bottnm px‘eaauxe requlred to, m,uate mags. .
ment ' Of - gedimént - i . ;







uonunencu lhel.f and sldpe ueu\ 4

~ several times," 1y. because of '

CHABTER I

NTRODUCTION

The stabxuty and Btrength of sea, bottom 5011 has

hecame o i

cal ¢ h mpic aa a zesulc

,nf me im;reaae in ou—rela"ed constrncti,on activxty ‘in the

Terzaghi (1955 e

e '[‘he complex topography of the Muusippx. Delta,

between \:he -10 m and the 54 m contm.\rs, is squeuted cc be

the Tesult of undérvater landslides, ‘even thcugh the averaga .

| slope of ‘the seabed fis’nniy ‘ahoue/\/_wgrees or 1r125

Isnepbaré 1955) ‘at the . or_her extrens, 1umplng ‘in flnd

soil'sauu:e often haa sérious conuequanaea.l

»sndes dn goft un rconeoltdat_ed cluys o£ the Miss snippx

Delta have “been in{tiated by- atcm waves,. and huye cnuned‘

‘uo flare piles hnve ,bu_kle .

offshore\platforms to avertun;

and , moved lat_arally when fo:ced ‘by mving soil (Krafe an

wa:kma 1976 ).

“A-3Tm atsal pipelihe i, ke, Ontario has - !uiled

- of sand due

to storm-vaves (Christiun ‘et al 1974).‘,5011 failure in. this |

cuue cauud t‘he pipe to float to u\e ssurface ot‘ the soil.

. T e




'.ucuqn, Hawever, similar - raaearc‘h data _for,

"usbd to ethl.na t'he effects of waves on a baﬂ of ' fine

1 '5

Otger consequences. of submarine ‘sbil, failure

reported in the 'literature’ include\broken commumeatmm. 3

cables, ‘hrckes p.lpel'irreﬁ\n ‘destroyed harbour facilitxes

|
(Terzag‘nl, 1;56). (Kraft and Watkins,: 197

Much theoretical and; experimental work has_ been:
’ﬂune o predict the behavior of co'hesxvl sedj.menca under, wave

mhesionlass sl

aails are sparse. ' The xeseafch l‘eported in this “thesis 15 an

attempt to £ill, that'gap.. This thesis includea \a summary of -

'the lz.te ture related to the stabili{y af the" sea bdttom

urider wave \10ading. The reaults reporced ‘here' are prmazuy

exps:ment_alﬁtm correlation of \:heore(:mal results

wherever appM#priate.

" The exper)mental facility ‘consists of_a. glass sided’

\
tank. a§ m long;: O, 76 m wide -and, 1.0 - deep

Waves pp to'

"'0 12.m higtf thh periods between 0.6 sac‘ ‘and 1.8 sec.: can be

|
= genel:ated id ﬂ'le tank. The ‘wave tank waa‘ calibrated and \vlas

sand

which vas placad td a tmuxneau of 40 cm} Pa,uure of both’

flai.'and sloped bottoms' dye o wavu’ wag exnminbd by

recording ‘failure depth an{ excess porewatervpressuras in‘the | |

sand bed:  The | porewater - response ing R 501l was

mgnured at diffarent depm and 1cg effects in- caising soil

.fauure are discussad. e e

i
i
4
i
¥
i

oy

1
)




- The research reported here is part of an onboing 3

. project on' seabed stability - studies recently started at - - 4.

i £y of land. A brief summary Gf tne

-areas| of further. investigation-is given at the end of the -

. @issertatiom. -

i .:'
- b.&v .
e 2 |
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CHAPTER II

LITERATURE REVIEW

. P P 8

2. 1 sloge sta‘hxlicz AnSiysis B !
e .
: S

The primary factors leading to the lnstabxlxty :k

o

8011"slopes can-be - classified as (1) those causing increased,

applied stre!% and (2] r_ho!e cauung a reducd.on in soil

s\‘.rength‘ Factors causxng increased stress on Iand i_r;clude

‘increased . unit weight of soil by wetting, added external -

loads ‘such as bu!ldings, * steepened slopes either by ‘natural
erosion or by exca_vation, and 'apélied shock loads (Dunn et al
1980). An additional factor fof marine enviroiments causing
increased stress, is wave 1osdx‘ng (Menkel 1970).

Lnas of strength .my occur by. absorption of “water,

incruaaed porewacer px‘ennure, shock of cyeclic mnds, Ereezinq

and thawing action, . loss™ of ‘cementing mterials, veathering..-

processes, and’™ exceulve thalna. 4

The rate of llide novement in a slope failyre llh!y

vary' from a few’ muummra per’ hour to very repid siides i

'which large movenents take place in; a’ few uconds.‘ Slow

slides occur i -soils’ having a plastic -stress-strain

characcerimc where® there is -no  loss of ‘stiength’ with

incresing strain, - Rapld ulldes occur- in situatinnu where

there ig an ab:upt loss of g as in action of

Pme md or a sensitive clay.

-




‘movemeits are not to be confubed with sh

_where the varled mt_eri‘ala and -, their ntrengths.cannot be -

are baaed on limit equ:libriun.‘ In this: type ‘of annlysia,

‘of equilibrium when incipient tailuro i poutulm:ed ‘along. a

of . the 50il (bunn et al1980).

" comparison with the soil shearing strength!’ Finite -element

" computer technigues are examples : of this type: of ' anhiysis,

¢ . f L
Many .slopes ex'hi‘hit = creep movements (a fey
millineters per year) on'a more-or less continuoua basis ad a

result of ‘sedsonal changes in poisture and temperaturé. -Suéh

¢ failure (bunn ét %

al 1980). ¢ . . : . e ’
Tl =

sone " alopea’cannot e readily analyzed.

Examplu #a

include ’alopes of - pLex geology, or badly weamered slopes

A s S

readily identifiea, §lopes involving ’muvi-ly

wercanuolxdated clays md shalls or 'stiff. ﬂs(Sureﬂ clﬁys are

dif ficult e.: dnalyse (Dlmn et al 11980)%

. The most common netheds ot slope- sca'mut.y analyse! )

the factor of safety is eetxmat.ed by ewining the, conditlonl

ptedeﬂned failare plane, and then: cnmpnring 'mength

necesury ‘to maintain eqauim;um with the available’ strengthw

.. ', A.second'method of slope analylin ‘is: beasdt’ o’ e

use . of the theory of elastid ity or plast{city to deumine ‘ gor

the ‘shearing stresses at cri

For. ‘exanple; the finite ‘slement method’.can:bé used to prédict

the distribution ‘of Sheafirig strésses in a 'sedinent under 3




) 9 s RE
giyen pressure distribution from assumed - deférmation -l
c'haraétarhtica for the sediment, . Under this analysis it'is,

pouible to predict the foxr}; of the hoxix!cn:ai d.!.splacements : "

and ‘the maximim ratio’of applied stress T ‘availabie strength’’
£

sat ail depths in . l:ha ami/ profile. fects prnduced by

gravity !loads, ‘on t‘ha ol and a sloping | seafloor can also- he B g 8

1ncluded\ (wrlght 1976) : s

‘A thitd apd recent nethod cf analytlcal rodel’ that

has ‘been developed to assist in eval\{ating seaficor atabi}.xty

. ' is the Layered Continua analysis (Bea and Aurora 1981). An
example of this method has heen published by Sharpery aid - o
Dunlap /(1978). It is based on ‘a rigorous  Viscoelastic’ -

't anplysis and a generalization oi the.\ method of . equ:.valent 7

S . linearization. . The prucedure accounts for (’-he effecta of

... ' soil inertla, nonlinear material damping; rate-dépendence of

_the soil propertieg; -and ‘down-8lopé movement induced by wave

-action.

owiing summury of" sTope’ stability analysis

‘ie based on Linmit equillbrium. T 1 SR med

The safety -factoz,, F.5., 'for a soil ‘slope ‘is
usually defined,as -: %

N ; =

: ) : - :

[ , S ; _ ultimate shear strength = . N - k
} . S Thy ehear strese o * N

P ; ! K il e
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