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i = # from v‘alu.“i‘oxis angles. "ﬂ“{ il:lternatiénal : Iée ':_.l;;at,?:ol haB
i'." * s_' classif;.ed icebergs baBed ori the abov;wa~ter dimehsions as f‘ .. -
i“: ;"" _J shmm in t?%t:;le. L and acCordln:; _‘ttltxr tl,T.e above-—water shape as\ - ~; ’
[ L Eshwn J.n ta.ble 2.- Asafl.um.ng the- spec.z.ﬁic- --ggaé':.ty OE glacier— . ; a-ﬁ |
: = : J.r.'e aa 0_9. and. t}:la.t ;of seawater as J. 03 the submal.:ged vglume, ¢ -'_j ,’
“. of. an— icebe.rg“.would be hea.rlf( javen tj.mea the above—water ’-‘.“ ,.~‘
/nk,vé:iume-. e Hdwe‘ver, t‘he cr:“h.‘a,fi:~ to’ height rat.::.a ne‘t.ed th‘ be:l.n 1 ,}i
;':'{ % t.ha aama propprtitpn au:xd ,.:i.s a_,fu.nction of t;he iceb.érg Bhape: ,-j “,,1 - &
: -« ’. : Iceb%;rgs generally‘ daterle;.‘ate .1,rf tha : procesd o:Ev i : o %;
e 20 their' travel south. ~u 'I‘he procesa o:E melting~ and ero‘alcn at. N i
/ t.hg wata ].J.ne .by Qo'nstan?. u:afvela’fc_t.ion cauaes t.h.e-'.be:cga- 'to
?-H/ . b;come . unatahle ] andk ) rall.. ) ‘ Inq. t'h:.a proce*aal' s;esieral.
E ”\‘ _ Y ;protrusiona ' of ﬁme herg may als;) be brokan off. The d:‘:'aft_ o:I:
“ " :' - the i.c;eherg‘ eourd .mcreaaa by ; :aa tnuch as 50 parc;!.x;i:l A(..Bae‘y and
' ‘ ":':"‘IL :Paters 1984) whan they ~rc51L and aaauma u new stable positibn-

i, AR A This particular phencménon haa -a‘ pot.ential nonsequence in the.

i . iceberg scburlng process which will be discusbed iﬁ“‘ *later
I "..‘. & - " - - - L ) - ll\ . ”
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'rufz 2 ICEBERG cmss‘.:ucu:ou BY SHAPE ~(MURRAY 1969):_" A A

NT L Bs blacky

Steep px:ecipltous sides wrth hor:.zoutal or- flat. top. -
very aolid berg.. Iength/height r;at:.o 5_.1~ T

"‘ ~~.J’

Be o Ca

vl DRI=.aryaoegk

RS ST twin columna ot pumacles. slot extenda mto wai-.erl:lne
- 'ﬁﬁfge-central'spxre oihpyramid of - one drtmoré spires~ ““{ ;Ex}lbﬁg
- dom’inating the shapeh,lesa mass than-’dqme shaped bergs R

Horimnt.a]_. or flat topped berg wi:th Iengt‘n, to "elght
ratio 5: l " T * 2 i

. -,; h

‘! e,

A mass:;Of . glac:l.al Ace- smaller than berg,—vbut larger,
" than:a ‘growleér, dbout” “the'. size of: ’au small cottage. small

berg or l’arge growler 1.8 prqferred usage. ..,y; _: e

'.;.i_'_‘: 4 S e .

g R
S : : T
7._.'£' E - i ’ -ﬁ : - . - o
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‘ik , N K - . '.", - e i . & o i ',: o ot i amel AT
- SRR oo PR TSty "
SO 3 . . 24‘ " Iceberg, ngaéd; ' “ DA L B R 0
e E - / % B g Eecauae oEr their huge mese, even wh:.le dr:.ft:.ng at. o

i -:-_ l-ow veloc1t1_es 1cebergs carrya enormous kinetic energy. i A
. .‘ ' l direct colllslon of an 1ceberg wlth a moving ship or a fz.xed y
'i o ! ,.,noffshote ri :L.s ‘one . hazard that is well known. When the .

i "!-. ' iceberg runs 1nto shallow watere 1ta k:eel may come in contact V"J

E X ‘with ours” Such

| '-r:l'f ¥ 4:;_1 featuree have been ma.Pped and measured extenaiVely (HarrisJ )

;e ,' and Jo{lymore 1974, Lewiq and Barrie 1981) on the Canadian . .
“0 " ! Eaetemr aea‘board during t\he past decade.: The ploughing of .. 1 {1
¥ SN "" the seabed by large 1cebe‘rgs is ‘a potentIal hazard to any ¥ :ii
ol a buried inetallation auch( ae pipelines. “blow: out pteventer l ' ; i
ata.cka, a.nd foum?ationa. '. te - '_"'/.'-'_/ ‘o ’ — . ; i
_ Scouri;g o'f.the aeeabed could also bccur when an.,:' "E
o} :--lceberg‘ ro-llal over, ';;euetrates the sea.bed due to a change in : I:
' : "\.‘ _- ) the draft, and t‘.hen moves aldng ~ca.using a: gouged featute on e \ L ;
% | : ':', - t'he aeabed.; . S ' ; | !

; : l*a A rev:l.ew _of the 1iterature on the engineering i

L E % ' | evaluation of the prob].em 18 given below. /t S i

i .- e N - " : 5 T = zs, Pl Il

L. 3 R B 2 5 Iceberg Scours : .
' . : o, * e g .

a2 L There are two areae of current interest tor the

i -' a3 L] b

o.ﬁfshore petrolehm induetry where ‘seabed acouri‘ng by moving"-

K4 ¥

. ice fea.t\irea ia a potential hazatd ' In the Beaufort Sea!."‘

' . " gougee of up to l m depth have been observed in wate\deptha
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1 g ..u 't L] .'\ 0 * o |
2 * 2 4 . !‘ ‘kk Y
i > 1 13
? ; / S up to 20 m. (Barnes et al 19'?8) These gougee.'are forned' by- _&
1 0 .
} 4 a .moving ice keels ‘and: the predominant propelling force is the
: .
| 5
wind action on large areas of the ice sheet. In the La‘_brador
J
sea, . :|.ceberg scours have been obeerved in water depthe up to P
£ l}
H . it T —— _f. ol
§ - 250 m- and scourt depths of 6 5 m.have been meaeured (Harrie f// g W
’.‘P"' “ " and Jollymore 1974) using eide—eoan sonare. ' The major "_"_. . o
§ 4 T e » . " &
Wk o W propelling force for icebergs ie the drag due to the ocean: W W :
'5 A currents., e L. o - ',“ " " 1 p " ' \I ’ '
- - : There are eeveral eimilaritiee between the ice keel
. Pk e o Meesy &'
S .JL'; .ecours of the Beaufort Sea. and the iceberg ecoure of the .
! / - Youl: Labrador /ea/ However, t‘he energy balance equations are"
i ; /—:*" T l "')"f -
' e diffe_ent becauae cf the difference in t‘he type of the,'
5 dr::.ving forcee. ] The modele discuaeed below are with
v 4 a g
o, refer}ance to freely floating icebergs. . But.. t‘hey -can .-be”
,.1 B . = G easily modified for the ice keel eccure.‘ B = ;
E . Ny S X by .."-._,"..

s ‘4 - -

£ . 2.6 'Methods'\of_"-Eetima'ting Ma ximum Scaur. Depthe- o

A R Y f;tet.hod df'e‘valuating'-v'maximiim scour depths is to’

conduct . .side-scan’ and high 'ree'olution seabed'-'eurveya to

B e S . :
. Can = actually measure t e dimenez.one of t‘ne exieting featuree.
i" . ' -However, 2 major uncertainty is whether sueh features ‘are.’
: ' relict and ancient or cauaed by recent icebergs.z- Annual and .
R PO R : ’ I
1% - . 'repetitive eurveye of the eeaflocr ie one way to del,ineate Do
new and freeh ac’oura. The amcunt of infilling in a- accur and_: o
- ‘. the, effort required fcr repetitive‘_eurreya .of the same area
* ‘b- o ) :: -' ph L . .. . . . . ' :. . “_‘ i : B ‘ 5 /' ' -: . '\ ‘ . ‘ -. !
y i g v, -« -
.,llf ‘ il - o
5 ey g »."‘*‘-Mai‘%.,y
" ":_.‘F. '..\_,t PP il i l,‘
‘ e st bt aa R e T e
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. -t .

and the adhesive reaiatance on the baae and hidea.

equating the kinetic energy of the iceberg to the woﬁk done

in ploughing. an equation was - obﬂa:l,ned. ,'

initial kinatic energy,,keel width.of the iceberg, the elope

\ ‘i
the maximum ecour aeptﬁ can be obtained from thia theory.'

) .

o cf the eeabed and its average ehear.strength aﬂ'hatimation of

- BY, ) e

BX knowing the 7 4P

} é%‘1««rerMMammjﬂhmi;fT‘ ;'chtiTiF“-— s i ?le " . t f % S
‘:%w i s AT i./f;fb >3 i f. ¢
S S Jug o3 5% et 2¥es O p RNV I
% 4 R are the two leitatiqna with thia mc+hod._ The third method . .
: [ . i3 wh:.c}; 1ef the scope cf thie thesie J.e to n:Tevelcp analytical |
.'E.I ) and physical mcdcls. Scour aizes can then pe computed using . T
_E s the models for 'a glven aet of. envtronmental parameters. ;The.’ .
'é“g; ’ dieadvantages with thia method ve . the *Valldaticn ~of -the " ¥ !_\
'! . model to the real scours, the ecale effecta, anﬁ the acchracy : ) \.
A i & 2 | of the \input parameters. At " this’ time, 1t would aeem .l .
- *1T B appropriate that, all the above methcda are to. be puraged and - = $
: .? g attempte made o ihtegrate them in a suitable field prqgram.'l )
L i- i S A flow cﬁart of such an approach (Lewia and Benedict 1981) ia i
?';r,f i ' ehowm in Fig. 3. .};; T“?ﬁu_ﬁ;q:;; ‘ ﬂ;;f ﬁffi:_: : ;"3 EQ)T: é»\
X PR Analytical Modele : . b . H“‘“-a.ﬁ ™ i |
: E ' j:‘-t-; The earliest attempt ‘o ‘analyzel tae ‘acour;;;H“;f“ﬂc : }.?
‘;?‘ i 5- phenomena waa by Chari and Allen’ (1972)' Thay idealized. Ehe %" -g ﬁi
: ij;nlf- ' ideherg aa,a rectangular priam moving normal to a alpping bed F E y ‘: ;.E
!'ﬁ t?.. ' of cnheslve aedimentslof very 1owJatrength.‘ The berg.waa g 'i.t:
F'f ?i“'? asaumed to'plouqh the aeabed without‘uplift, QVercoming the : ‘_i: @
q paasive resiet.ance of the’ soil developed- on - the front face \‘f 3 l

= = . &
s Rl A i b B
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¥ coneidering the influence of - surcharge on the totel eo:l.l
r 5 ‘

; A .reeietance (Chari 1975) and- the effect of cﬂrrent drag on the

scouring J.qeberg {Char:l. and Muthukriehnaia.h 1978} ' C‘hari and

LA Green {1981) examined the effect of eide ‘friction on the

‘\ = 0]
]

g R

iceberg for acours in. coheeionleee eoile.

Lopez et al {1‘981) forﬁmlated a differential

L A
- ur . T

equation f/or the velocity of e scouring ieeberg by balancing

ey

" . the forcee of. inertia and current dr(ag with t‘he eoil
] - [ [ ‘ :‘

' & ity re'eistance :Ln order e delineate the hydrodynemic drag

o

-

. . e -
™ IR R At e
. = v

effecte\ in- the estimetion of max:i.mm? ecour depthe..' chever,

e T for analytieal convenience, the eoil reeietance and the eoil
¢ u model were approximated in this formulation.. -
;A i Il Foundation Engineering COmpany of Canadu (FENCO)

Ly

. of ice ecours. Theee “models. can: be claeeified into two broad

5 -
- = 3 -~
i 5 +

; cai’.egorie‘e, eetimation of the scour depthe due to. ice ridgee

L S

i\ '; -4 . in ﬁhel ehallow' warer region of the Beaufort Sea and ‘the

P, ! estimation of ecour deptha due to large ‘sized ice blocks euoh

S 'aa ice islands and icebergs.'

-

[

2 - : _: i :_, 'i‘l;;e firet mod.l designated by FENCO ‘asg the

A ','

. ' account the influence of the initial kinetic'energy ‘and’

i - ‘ 1
Lyt : envineﬁmental forcee euch aa winde. wegee..currenta,-and-pack

a Reflnemente to thie rnedelf have‘ been made by'

Operatore Aeeociatlon (APOA 69—1, 1975) for diffe\%’%ﬁ -.types .

Dynalrﬁic‘el Solu&ion ie a generalized todel -and’ can take into,

t

-
-

developed a variety of | models fcr the .M'ctic Petrorleum




Ll
LI Y

" E
S i han s

e Lt
.

-

R Ry v g o ] S PSR

et
3 ‘

o . = = I f
3 . B ' .- . R - . -
. 1 o . e " "
- g R e - L] » g
T PN TA N Vot -y o i e e i B . - - - s e
. . %
. . o N ;- =
i » A . N . .
. G
. .
. N . .
L + . = el . e N
S . _ H . ] .
+ - N W - . y - . .
' ' - .
. D . ] . &

. ' . . s
— R - Lt fr e e ¥ m s R em——— e amf L L - . e T . RS R6y o

17

.,'_ ice ‘f,qrceér on the scouring potential of the ice 'maaa. The

degtees, of-f’reedom, aurge, he/e, and p:l.tch. Tinree .-equat'iona

of motion '’ using _j:hree equilibrium equations were ,formulated

.'fori:ea,'f'grarity; -buoi'anuﬁr and"eciil. resiéstance 'unaer- the

.

influence of the driving forces. - ' From the known i.nd.ti.a.a.]z

£ b

P i J ,..—-"

T \

" ice mass is a rectqngular'piﬁ;sr’n flqatiné in water with three

: -conditiona,.theae equationa ware Bolved uaing the 4th order ;

P Runge-Kutta- méthod-..' The soil resiatance consiats of t.he.

_-""/
cqneidﬁf.ing- inevr]::l,al - forces due: to: motion. and. hydrqdynamj.c

fru:t:.on'. . The baae reaction was calculat.ed ua;.ng elastic. -

.
kot

plaetic and elasto ,plasta.c methoda. Results presented were
£

restricted to Beaufort Saa conditlona This analyais ahbwe

that the scour track ia very much undulated in contradictlon

L3

tp smooth variationa observed J.n .scouv aurveya. -Belection of

a proper Boil model in detrrm:l.ning t.he baae reaction aeems to

L

be cruc:l.a.l in obtaining numer:.cal stability of the eolutiqn.

The energy solution presented in the APOA report
69 1 (1975) is very a:l.mi].ar to t'nat of Chati and .Allen

(1972) * The only minor differences are the 1nc1uaion of the

s

5ide :Eriction of the soil, and the method of. determination of .

\

the . frontal res:l.stance.' 'I‘he aum \of external forcea due/to
ot ) :

wind, wave, current and pack ice ‘was equated aeparately tb

‘t.he total aoil reaiatanca ‘of the Boil at “the end of t‘he

P - s _i \ . " PN ¥ ; . R ta : N -
‘acnur._ = - i ” g ¥

"

- front&l pasaive ea.rth presaure, base reaction and ‘the side’

0
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conditlons,

" "-,:.established principles of conservation of energy._

‘ modelling‘ the phenomenon to laboratory scale.

230 mm wide plexig asd prismatic mode.‘l.e..

- . - - W .". ' . - ‘ N e -
._:x-' ) o N
' ' : .-‘ 18 '.'
./ - A
It wae concluded t,hat for the Beaufort 'Sea -

the 1nfluence of peok :Lce force predomlnatee and -

'.1s much larger than the effect‘ of kmetic energy.l

: ~';agreement betwéen the reaul‘ts of f:,he energyﬁ,moael and that of

,,.1.-

the dynamic model Was reported for Bedufort Sea conditions. T

/However',: none of these n}odel.s --tra’v.;e,‘been Verified

v -~ i 4 . - v oa
. - ' . - ,,

expérimentally. .\ ._

° . X P oo u . et
fyoe, N . i . - , s . .~ PR .o .
A ., Y. . . . . ex N . . , . R
. ' . .. e
[P M P
LS o e « -
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2 B Experimental Studies and Plgyaical Models S O

AT As mentioned earlier,kthe basic mechanism in

. :Lceberg scouring J..'S the disalpation d,f the kinetic energy in

[l

A good .

' s e, . ;—‘.--.-‘

PR

.-"‘doing work against t‘ne 5011 resrsta.nce and acoording to well

However,.
i .
-e_rél several practical difficulties 1n ~phys:Lcally

One major

B .problem is to scale the soil strengt‘h and ot.her related

"properties.:' It ‘naa been at‘gued (Chari 1980) that the energy

"ba'lance needs-no physical'“V‘erification and the only

experimental ver:ffication requxred would . be -

- for
f - . ’

. jl;h:e

'-‘"geotechnical aapect of the analytical model..; T Yoo

4

I3

Significant

a2

R St e S

" st
G vt ,
Ll e Ay Wit
SRR
.
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g

o ._l‘

."f-.Iocations 1n the soil ﬁed.-

a .ri-to be negldigible.‘

LT
P

B

regarding the feilure phenOmena

of

5011 and

f;{zceberg on the total goil reaiatance was examined an

- and clay with three - different depths.

"raaistance in both vartiealf

"prdftle

-

geotachnlcal aapecta-df interest whlch formed the baaLs-for.

su‘bseq_uenj; and also current 1nvestigatibna.

+

meanurements included the measurement of the total

“iig .

necaasary to push icebe,rg modela of three difﬁerent

into the slc:up:.ng bed,..the preasure diatfibutmna on

-

faces,

force

o rectangular prismatic models and also a

.)

'I‘he measured ao:.l

.

4 Pl Ame v

'F_ .' The Arct;c Petrclemn Operators Association (APOA)

-

'commiasianed a project in 1980 on the experimental study of

-iceberg scourﬁ (Abdelnour and Lapp 1930}

) *

expenments “were conducted ua:.ng two reqtangular prismatic

pyramid Wlth a. cone angle of 54

at three velocities intb aatura.ted fl‘at beds of- sand: s:t,lt

1 !

pressufe distribution on the nmdel front Taae and

motion,

the 30.1.1, and the n‘hape charactéristics of t’he acour

_were col].ected

f'éllst:;._ in

The reaulte were presem‘.ld in the

other.

Quantitative\ :

A

"

.The influence of velcc1ty of the :

a .theoret.ical scour ,!node].. . ; v s . . -,,‘ i . : g '

- ‘--‘-‘“‘-“-.
‘modela (w.i.dtha 520 mm and 260 mm} and an inVErted aquare

': 'I‘heae modela were puahed 5

'nd hurizontek direct.:lons of -

e

sh'ape_e _

realstan e waa <, Ml

Data on 301L=;"ﬂ

e

LY total of 110 /
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fq-l" Lt dmenaionlesa form proposed l;iy Schurlng nd"E’mQri (1964]. ) ‘
. . i = - .
: Ef- {;ﬁ«f_i Contrary to .the generally accepted -the rres 1n geotechnlcal R
,g‘_:' fﬂ‘f-;'engingering,.it was suggasbed by .Ab lhour and Lapp (19&0) p :
1 i d ."' tha.t the vefoclty of the 1cebeufés an 1nf1uence on the
2 > : -total so;.ll ’z.'eailgtall.u:e 'even in ;::ohgaicmleas ao:.la.: , i
E .' '. ' ‘..Graen (1984) conduct-q;i e;:périmeni:s .in. el 14 : 8
'? é ’ ;_P;J ; 3 “m. X 1 m 5011 tank w1th dry aan&.l Baaed on the mg&surementa
; .'il?% . ‘%'2,: of tétal soil ;%qfstance 1n'%ﬁe ?irection‘of motfon and the‘
5 i \ L pressure distributiona on.. tha ﬁront and’ aides of a- 500 mln
" :: . wide rectangular prismat:i;:; model, :i.t wa{ conclud.edl that the
L ;’ y .‘ e contributiori of.~ Bide frictiorr and baee frlc‘tJ.on t.o t.'he tctal
i .‘ g L ‘ .301..']. res:\.stance. was' ﬂeglig:.ble:s. T waa“ alao rapoi‘ted that
l" . the ':Lh-fluenca c:f ﬁt.he icgberg \;elgcity waa negl:.;ible and the.- _ :
|l 4 ._ ¥ : tota]'.‘ res:..stance v, propartional .to model w:.dth. R The ] e
i' é;lg ¥ # impéftanee of iéeberg knel shape ° ‘in determlning th? totail ' '
1} ,’ h aoi.‘t ‘resistancq wa‘a &emonstrated and fur;ther tesrting with\ X
j;}t: ::J}‘ffﬁs. .diffarent_ keal,.shaéés\ was recommendedlt f‘Testa w%ra»'$lgo: '.; )
; ¢ "‘ c;\o'n;i:;cted with.,a :pl.peline model of 122 in diamater.l. -‘i‘he :.. '.
?: model w.a.r;l instru‘mlanted with preasuriit tranaduce and burried - 7
;:g“-i.i' -?j-.at several deétﬁs in the sand bed belod the maximum scoﬁr in )
:iiﬁ:};f?iﬁti?;' orgeﬂltq del%neate the zone of sed%@ent moveme?F belaﬁ fhelgglé' "

%

acouring berg.




h . _ 5_1.11 preVJ.ous .'mveat:l.ggt.ions.: Thls will bq exama.ned further J.h ,:: ’
,- ',.“ ‘»,the experu:‘en;:;l._ wo::k a.nd diséusa.egiﬂix; éh;;“:tér‘: \}.:' Pnlthough 38 .
. "there arr::"'. B;vemi : good 'publ-lcatiana‘ in the; .-geoteéllgflc:?
j . ':" . : llteratJuzl:e‘on- -iaaéngiﬁe s;::.l i;:r‘es;sure, \mos:t ;f *these allre' for
3; - i * .“,5‘ ! caSes of relat:.vel_y 5mall wall movemanté"and for: “vart.ll::ai .c.o-r ;
ii‘ S i nearl‘y Vertlcal suai:f‘a.ca-s.‘;l The. geotechnical research ﬁoexc-
,{*'; ' neareat Lo the Qhenoménon of iceberg bcours :.a ,the movemant’
;Eﬁ- o ,'of bulldoialer. ablades in so;.ls. Even here, t.here are éé;éfal.
I : ) S ; dlfferences, uc‘h as the sloP:mg aoj.l surfaeﬁ,‘ the large
i: , e.mount of sm.l surcharge ln front of“ an J:i:ébErg-, andlthe
, 3 A three dimens:.onal shape of' the ,berg. ) Nevertiféless, a;l.l: t{le
:‘.l . . .:relevant a.nd avallable theoretical met'imds w:.ll e uaed. :Ln :
‘r .Iw analyaiug t.he experimenta,l daté. The .sa.mpla thaoriat:.c:al
. '_‘.:_ F A 3 %ethoda suq\geate;d by c:mlomb (1776), 'I‘erzaghl (1943}, Shmlda i
NE o a.nd Tnlunay (19?3), Roaanfarb and Chen (1973), and Hariaon -".
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_effect of the keel ahape J.s oue of t.he parameters J.dent.vfied B ; .;

AL . _--'-.-' ,- The purpbae of the phys:ucal models .'Ln iceberg acour N0
0o . = v 3 1{» Y .-.: E “. . "~'
i e stuﬂies F.'s.s tq understand tha soll—lceherg J.nteractlon. ' f'I,‘.hB-fl SO

. : g L1973) are ,reviewad ‘below, ‘:' £ .' T
rfﬁ 7N & o ‘ '?ha l.imit. gquilibrnium solutiqn cf CQulomb aaa.;.u.nes a. .
e, o~ ; ghea.r pla;'xa insida t]pe am.l starting frqm ‘tha tbq qf tl}e
: - & . } ‘retalning\ wall. ¥ B}' cona:ui;ring horizontal anﬂ ve‘rtical.‘ o
e o f forcea on t‘ne wédge (Fig. 4} tha l‘forca op,* the wall can be
2 : ‘L:: : computad. T‘na crit‘i al failure plana iﬂ that which requiraa




i . " . SC e . w B -, omm, G = S
: & »--.-t---.m‘x._m* '”;_::;j_':’f ...,.":.‘.__._‘.':."_':.' ";‘ \ Lol .'.’.’__‘.;_'_1‘.;..:.-.:;.-. - ,‘,.,_‘.;_. "‘:- :.‘._:..'l..'..,..'_.:_-..-_.._‘,-;,_. i N .,
% - & ‘. ":-'j:"a ; ] X : i T § L e W
| I_;._;_é. y 5 33, ’ . = \. S o W - et
?{é | P 5 3 = pr 1) . giae: oy L -
{ ; e minimum hori_zon::al force.. ’Phe asaumption ‘of . plane shsar T
1“5 ’ b surface ia not a genen:alized conditi&n.. ‘A 1arge error. is\—r}—y
{& ' - assc;clated with the Coulomb's msthod when the angle of wall -
’g m. ftlctJ.on 13 grgatet than onel th:.rd the ang}.e of internal
-.. ftiction for the 3011 (Terzagﬁi 1943)..“ ’In‘fuch' casea, ‘a {
J;ui curved aurface of faiiure ;l.shto be. consideres!._ " ] ‘- H
/ { ; ‘ ) Ths al:.d:.ng .surface can be .aqsur;l.e:d as a logarithmir;
u‘-_' E “ il spiral (Terzagh:. and Peck 1967).. In thp 1ogarithmic spiral SR g
i§ ‘ y .: method, (F:Lg._ 5),' ths sp:l.ral starting at lhe toe smoothly it
i % .' ”qoms ths .Rank:.ne s fallure surface wh:l.ch i"' mclined at ‘an. :'_
Eh—a-* J_;_ angle of 45° ¢/2 to & rnsjor ptiencipal sttass dj.rection.
% i'_:- - Tow Within the mass of the -soil represented by a ke l the sta:.a of
! - ‘ "_~sttesa s - the same ag: that i.n s semi infinite deposit .’i.n a
' ' '__v . general passive Rankine state.l 'I‘I;e sahea1::1.1:1(';'.'s,'.é.'l;.'taeeu&uaa! in this
& zone. on p],anes‘ bisect:.ng the fs-ilus-: T planes * ave zero.-u‘. "
,f . ‘Therefore, the pass{lve.earth pressu'ce on fhe pla.ne— fldl can
e . be calculaf:ed from t.he '5imple Rankxne s_,solution.. By the s
\L i :.l b na‘.'tute of the assumed failure aurface. the re‘.lltant of the _
» 5 B ,- x scil resistance P on t‘he pot‘tion gd af the falt_i‘lure surface ‘__/
I\, . . passea through t:he center of laga.rit.hmic spiral. The-entireA b 1
Y B . process is to he rapeated many timas by varying 5\9 poaition )
" of the centar of the logarit.‘hﬁic apiral on tha line dla and :
" its ext?nsinn. Th& failu.re surface w’hic‘n gives the m,inimum '_
o i bcompl.'xted resiﬂtance 1slcc:naj.dered as the critical fa:[lure
RN Imrface'-.“ Tah iy Sy L e ke ol )
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i ¥ oy Shield-e and Tolunay (197::!) ss:xggeated a' p\:‘ocedU'ce ‘to . 3
' p. . .’ calculate ‘the paaaive ea’ath preééute. coefflcien‘té whlc‘h ié o
- A R similar t.o the loganthmic apiral method.l.‘ '_H.,c’:wev;a.‘r,‘t}‘ue'r':é' in *J -
\E .' , “no nelec.’l to search ar faa.lura aurfaca 1.!1 thia method. ] Froma ' e ill
ol o -..' ; ¥s knowledge of 1thaae s atresa --conditidna at th.e soil‘l-fw-all .“.'i;' ﬂ
- . < £ 4%, Yt ] o >
. o lnterface, the angle of the"‘ﬁangent —to fa:l.lure surface “w ;t ~ j:
[l'.'::'-‘ \~‘ ‘_: .tt‘la toe of the wall‘ 'c.ar'll Ibe detetmin&d which‘ then gives a‘z f: o
- ’ specific location‘f_pr th'a. cer}tet‘ of the spfi‘ai and henf:e the .
i , 5 ':',:"".“ v entire '%f.ailure‘ autfac;e:.';"" :Il;het\s ;1.1' mass tc ‘be annlyzed is:_-’
w ¥ ' ‘ ‘.-:j 1 piral, a.nd the principal
3 " plane, wh ‘h is a va'rtical pasaing t_rqugh the :l.ntersect:.ion !
u : " of the 1oga1: Ia hmic spiral and Rankime s failure plane.~ ?roq—
1 4 : Hohr 8. cirele of stt‘ess at: the bottom of the wal]'. the angle
' .-.'v - " of faiiure autface,-"a waa calcﬁlated to! be-” ‘ ; y
" "l ‘ - Iiz. .'l.-=' ——1—- arc, © 'tl'i.
' s e v;'h;re a; is '1619' angle I?oetween failut.'e su;faca Iana the normal
) = s g Ito, the wall as ahown i:": Fig. 6.“ The mass to be ana}yzed was
3 : '-;;‘_;}' § divided into ve:tical slices and t.‘ne horixcntall and vertical
o AR equilibrium of each alice wa,s satigf‘ied.. In dolng so, R on wasu»
all verti-cal :shea;: forcé ir; t'he zqng-:was‘ i
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GURE 7° FATLURE MECHANISM E.iFOPOS.'PJf’ BY: HA.RBISON (1973)
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o

ultima.te 1oad capacity of an inclined rigid interfaca

f‘ -

e -, T linearly ttanslating :.nto a soil in a apec:if-ic direet’ion._-—

t.he plate7grouser problam in agrioultural engineering‘., 'fhia

S method is sirnilar to the Shiel&s and Tolu.nay (1973,) mathod in

-the aena«e tha.‘t l:.he‘r:e :|.s no nead to loda.te a =failur1e aurface.-

_ Shields &nd Tolunay (19?3) aa&umed tha.t the full angl,e of

p friction was'mobilized at. the moving w&ll whioh is justified

F
- & o d

when large diaplacemerlts- ara allowad. The compatible failure

*

. Burface is detemlnad .uaing Hohr 8- diay Harison (1973)

Harrison (19?3) proposed a method to analyze t.he-

5 Harrison (1973} devaloped this method bas-ically t.o analyze "

o B
LY

,aBSumed tha't the direotion of the fa.ilure aurface coincidea= &

with the direction o:E\ tranalation o:E the wall, a.nd t‘ha

L1

. mobilizgd friction ahgle would be rastricted to mximum,

soil—structure' onta.,ot' friction. . Evidence« Eor th.is

i asaumption was ahown “by. photographing the failure phenomena

L

-

; int.erface ab ‘must. mova horizontally along with the model and

Ly ac bacomes the failure plana making the raquired anglea'

)

' (90+¢) with tha extension of. the line bc The interlface ag .

K ’is treatad ‘as a ‘pet‘fectly rough rataining wall and t‘he 'ea.rth

preasu‘re ia ca.lculated uaing t‘he logarithmic apix:al me 51.

. i 1

o :1' ' when inclined platas were puahed horizontally into the aoil..
". @‘E = . i} L "
4 & ’I‘he fai}.ure mechanism according to this theory is ﬂhown in
:‘ “l."' L oy
T T -Fig. (7] The™ .equilibrium wedge abc which forma on the
(7 ;

T The, pola of the sgim;l. is located at at ad I_and‘,,aé gre,the %

-

-
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i & radii of the 5pizal. The reéultant force thus calculated was
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Tl used to comgute “the- ‘earth force on ‘the model when the

o
T

X
horizonta.l and vertical equilibrium of the - wedge abc were

i ¥ « 51 W satisfied. \ f , iy -
i

—.

B e ’

.t . . Vo
L g . 4

‘Chen, and Roaenfarb (1973) rused: the . upper.,‘pqungi

technique of limit analysiﬂ tcl pbtain,paaaive limit eartn

o preuaures. Thay followed t.he method of superpos:l.tion which

1

states “that i.E a failura \mechaniam ia descr:.bed__'by-‘n

% L - £

g indei:endent,parameters,_ t.he pasaive pressure acting .on t}me
i i e n u -y

rig:l.d wall,d:!an be expraaaed as: . Pda,
. 1 i ‘1 ’ : ' 8 -:' gl ___/"'. .

« TBgm — TH_ min- Koy (e_.,\ e, p =-8) + F
v .y = iy (‘ s ,;//) '+' .‘
= qH min qu ‘ 91';,-92/-::‘ - "" 8 | e L,

. - - oo om Wy
ot . - .

R,

b " ’ CH min K (8;,, 8'2 —""' _ 9':;_)' . t' :‘-.' ! '[2]

e . -
- . v L]
- 3 » W as )

where K K anfl K are' ure -numbers re resentin the
p,rr pa ‘pe Dl P g .

' effecta of weight, surcharge and cohesion reapectivaly. 'For'

.
-

- .

cohesionleas Bo,ila the third term is neglect.ed.x Cldsed form

"
L

expressiqn for earth preaaura coafficlenta can be der:wed

; uaing upper bound te.chnique of limit analysis method in terms

} : (3N +

- ) P

i ine - ‘,i:h'e .wall can be" -obtained._ E ISsveral fai.lure madhanismsf-

-

of: soil parameters. and independent parametera of . t.‘ne failure'
: mechani-sm. wnen theae expresaiona are. minimized with resp.ect i
to parametara (6” ,92 ,,-"-I- B } and used in the above 3

' equation. tha paasivep aarth rsesistanca P per meter length of"
LI, .- ’s
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FIGURE 8 FAILURE MECHAHISHS CONSIDERED.BY CHEN AND

B4

ROSENFARB (19731 g
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co}'nposed of rigid boddes . afxd radial shearing ‘ zohes weré

cons:.defed. . The rnecha.m.sms conaldeted by Che?i“ and Rc:senfarb

(1973) and the variation of t‘he r:esults cbta:.ned there are |

mec’hanlam and 1og—sandw1ch mechaniam gave better

[ 1

- [
i

- g . i 1

] ' L]
2,10 Objectlves of the Present Inves;t{gat:.on ’, ¥
Yt '

From the 11terature~ rav:.ew, it may be. concluded

' v
. that the. energy model is quitq? simple and offers g’cod

correlation with othet:w,mcdels. ‘The model assumeq that the

scour formation.is gradual, s-tatting _from ‘an "initial touch

iven 1n Fig. 8 and Tab\le 3. It wa—s.comcluded— that the two- -~

down by the iceberg. It has been report.ed (Lew:.s and Barr:.e i

1981) that. several pock martk :Eeatur:es have bepn obaet'ved in
" the region of ice‘berg Bcours. It has alao bean ahown (Bass

and Peters 1984} that .the draft of an iceberg could increaae

-

v

fre

<%
1
)

as a regult of tolling.” It is posa:.ble that . such bergs could

pier;:e the s‘eabed' if the water depthe were less than the ’

increaled dtaft and cause a-local depression on the seafloor.

L]
As’'an extenaz.on of the theoretical mdel of Chari (1979] -it

'waa decided -~to examine tha effect of an”’ initial aeabed

penetration by av\:'olling ice‘berg ami t.he resulting shape of

the scour track. As part of such a theoret.icnl atudyXAt wae
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also decided . to evaluate the nonlinearity effects of the
cuttent drag on a deceletating iceberg during scouring. This

part of the study is an extension to that done by.i.opez et al.

It has been shown earlier (Chari 1975, Green 1984) -

N '.l-_ha't' the ‘frolni:a]:'ahap‘e of the i_cebq;g model haJs" an effect on

the meaauted forces.' Howei'et,- the tesult-a‘ hava not been'
—

.quanti.fz.e_d. As part of this investigatidn. the experirnexitai;

.atudy :cansists of q‘uant:.fy!lng the influence of t.'he frontal

shapa of the J.ceberg on the. total so:.l rea:.stance and hence L

the computed acpur size. The tasks in this dinvestigation c¢an

s

be afnted ast T Lo E S ' . £

s 5

" ’ - : ) k- . ’ b -
1. To modify t‘he'an’alytical rodel for eatimating the maximum-

t . . . . :
scour depth uslng the principles 6f conservation of .

energy/(crxari 1979) and considering ,the' nonlineaf

veloc:.t,y of the scourli‘l'gficebarg (Lopez et al 1931) to

account for hydrodynam:.c drag forces during scouring.

-]

2. To extend the analytical model to compute the scourlng

o}

potential of an :Lcebarg uh:.ch ﬁanetratea ‘the seabad dua .

to J.natabilzl.ty (Basa ar?d Petérs 1984) a C

,_.’3;..' To axperimentally verify the effact of the frdntal shapa

of the keel on tha’ soil resiatance by hot“izontally

puahing aix qifferent Bhapes ih.o a alop:l.ng bed of sand

and {naauuting 1-.he total soil rasistance and pressure "

-

't distribution on the front far.'e along “the length of acour.

P 4

[N, DU
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& _'a":l.n the 11tera1;ure.‘_m that. of Chari (1979) in which e seabed

. of t__he _.icet_:erg tog.:cah'e’h.tpg aeabqr; e_n.nd‘._rides alo_nq-,\.a .-hatjd'.-_-

Sco oo Sl ..'—-" s At — .:_:'
B wg BT : T, o A -
H e ¥ ? N, o CHAPTER 111 oo g -
) ke ST ANALYTICAL-STUDY \ﬁ\‘
" .'.;'- - : e ol .‘ . & = 3
:.'-3;1'General_:'-, S . ”. _ & il or,

The analytical model for iceberg acouring publiahed ’/ ¥

\ . ? .
‘is aésumed to be a weak coheaive sedim,ent and the scour dept'h

.‘J..S obta;ned u.sing t.he principle of. energy .balance., 'I‘his ,

-,'model will be exﬁ!nlned\further in t.hi‘s chapter and w:..l.!. be

:“I o {

extendad to include the affect of. nonl:Lnear:.ty of the iceberg

o L

'deceleratlon. 1 t'h‘e presence o:E frlct:l.onal 50113, and the

,-- -

effect of i.n:l;tial _ seabed penetratiOn by an 1ceberg befora

I o 4 = . - - - . .
T R - . ckl - ,.

Bcour:l.ng.- . e ew T

v, - ) : . i

3 2 Mechanics of Scouring A ' R

The drift of an 1ceberg, particularly tﬁos’g with'

1arga dra.fts, is pr:l.marily due to ocean currenta. -Under

steady—ptate conditlons, the drif.t velocity can be t.aken .as

A the velodid:y of the current averaged over the dra.ft of the

icabarg._ uThere is - ne nat hydrodynamic v drag under 5 auch

S ., “

'. steady-state condj.tions. For . purposeﬁa of analysis. .Lcaberg

¥

Bcouring may bat viauallzed as one ~of the. va‘.ati@ns or_;‘

combinations shown i.n Fig. 9._ In the firati caaa, the bott.om«

T IT MRS T s e e s
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\ - - surface, grounding in\}&short d:.stapce due to the _" '
‘?a ; t;:ansformat:.on oﬁ kinatic energ‘y J.nto ;ot.entz.al /énergy i ’
, ‘ ‘visil:fle lst‘:gur r-rlr';!.r?ca ‘a.rt'a’ iikaly tc be.left on the aeabed tl.n ,: ) : ‘
': t‘.h:.a pxlo_c’:ess.-. In'the second mode. wh::ch represents. anc:ther' g b‘-l
E “extreme c‘:nndition, the 1ce‘oe:.‘r:g comes in cor;tact th‘n very ; :- . ( ._ ,
Q"i:"i.-_“...'.‘.'i_l--'n-weak seabedkac:rll and scour;: the aeabed through a horizontal \ ‘ '
% ‘(' - ploughing act:l.on.. A J.ong and dee,p acour ma'rk :i.t-. J.ikely to be ‘.f"‘ PLs. -
\ £ .4 ' ]‘_éft‘On *th& sea, f].oor.- 'I:he thJ.rd moda hhown i.n Pig. “.-'fc ia a ‘ : i
:"' s .- # .combinatiOn of the; abo;.;ej two modep in which ‘the. itceberg for.ms
“_,_ " i .‘sce.u-r trae)c ami lj.; | als“o“‘ au“;:»jectea ‘ﬁz;).nan. up].z.ft.. \i ‘ -c . %
L‘ ) ‘ ". " ‘- 'i‘.cebei:ga anre known‘tfa I“:ﬁ:éc'o‘irfé extre;i;a;ly un"atablé due " ‘ ;
. : » . o 'the‘ ;)'roceas cy.f‘ —c'ant‘um;s n;:ellt:I..ng and freq‘.‘ler!t bréa.;ci‘ng'of ‘ . L __ E
¥ : *Portions of the :.cqberg._ '1!' 15 viry common “Eor icebe]‘:*t_;;- to =‘ ;
-4 :: % rota‘te due to {:hxa instab:.li‘ty .‘amd__tdmaaaumex a.‘ newk pon‘:l.tion Rk 1
; 'l 4 - ] s -of equilihz.um w:rth*'_a diffg‘rent drafé.. 'It’ h»as baen suggested '.l\;"-'.‘._f ;
h by Basa ;nd Petera._ (l\;é'4). that 1caberg drafts could increa;sel ':‘"5-.' ';
: . , by a‘b “much aal. ‘50% when rthey' r;::'ll a.nd %eoriant ‘tO‘& mor‘g ;_. :
. ﬂ' sta‘ble poaii::ilr.:;z;.._ During such a proceaa; it ia possible .that. _~. _' ' I .
,‘ the iceberg cquld penetrate‘the -sela.bad’ ar.Ld t;hen ‘catse, a. 1qnt_;|:-:._ h_ __ j
-:: _{.:’ scour (F:I.g._ ?d_). Thi% phenomenom which waa not; con:-al:l;derad:-.»"jg,'_‘_’_’:‘ ; . *
B 1 % in pravip\;s ‘;:esearch, ‘ia nmir saxamined- and aiacuaaed in:- th:l.s .‘.. ‘ s
& | ) .At_heq_i's_.:_,' - | ¥, . . -.'.
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- i e -3 f' 3 Iceberg Scour Model iy ' - o ) ‘ N
é ;f ‘?i::il"'fﬁ when an iceberg scours inbo ‘a- gentle slope,'the ‘ .':
-ﬁ-?” "? V:l‘ TR acil sc00ped out will'“initially' pile up - in front of the ~ ‘:
3;1" .,"}i' T icaberq As the)accuring continues, ridges will be formed on f’ -
I‘ :;.-' S ‘ [ either side of t.he track.- The idealized concept of iceberg 3
{i,r - t - . acouring {Chari 1979) is lshown in: ‘PJ:.g‘t 10," J.n which 1t J.S B
.Ehf il .' i assumed that the frlcﬁlon between the Lceberédcnd tha aoil .

‘;fk n ’f can bc neglected becauae cf the 1ow ;tcength of 3011 and the : ;
- ' :5."."‘ 'Ipresence cf a thin film cf me],t water around the iceberg.
3 d {%ﬁ:“.'” ; Thun the resispance tc 'iceberé mcvemenc ia primarily- ‘the '

5 . 'i‘;u‘:' frontal re;istance gn thc".scouring facelil For icebergs.jﬁl;""'

| {f i.;{:ré‘ accurfng in soft -and” weak;seaccd aedimentsf the energy cf “the.; ;;J

~";_ :;'./ﬁ%fif icebecg was equated t; the work dcne by soil realatchce in-

§ " & ; loughing act:l.on'm the reault.:.ng equa‘ta.cn of- e;ne:.:gy balance .

h f;::?i} f' Qa; expresaed (chari 19121 in the £orm.-f‘ - ‘:. s )

L e TSI DO~ o _f_j Fq d).»-, J;p as- .. 81 0

il o e TS E 0 f 2 .D\ _ - B . Ja

1 : g wh.ef‘e:.. :'_: ‘: ,-'z_" - ':_._‘..1? }:.

e g T H,; =ma55 of the iccberg S5, o o

' - 7 » . . . > vt 20

e EUP o el L velocity of currents) B 1'" B '-'. ad ) S .

BRI T ot e 5o 1ength of scour at any i tant Tt e Pk

5 47 g - e B maximum lengtﬁtof sccur <4 % Sy :-"-' . e ow T

7 - berg ey 1 c B '._"'

\ i - s 54 +

.'-Vo &= initia]. steadyastate ve].oc:.ty of t:he Lceberg (a.lso

h . . ! . # P o L. .
N D ! g LN . el gk - '-l‘,- R L

g e . 1Pd'm drag force con.a. decelerating icaberg T Eea AW

v WL I © ._r- o
o 1

. 5, .
PR -1 4 [}

T ¥ 0 ..' : % : - i y . L
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”,'up.to about 500 kPa in the 5 m depth zone below the mudline.'

-‘:eea floor eoile.'

deptl} of acour at eny :I.neta.nt

.U§:
A

x wxdth of idealized iceberg .

s‘hear et'cength of. cohesive soil C : T

of'
[

'«.,. Y - '\

- E %
'-ﬂar terreettial eoils and the varlatlon ia even geeater for

" oa ; i o 1

Publmahed data of ehear atrength for marine

“'soile tAndersen 1976) ehow a range of valuee from neerly zero

' ""‘--At- the Hibet‘nla eite a.nd .'I.te

:eediments are ‘me

'Muggeridge

”computatio s.

.__-. ..,

u{eteadynetete klnetic enetgy of the iceberg when iE ie‘mbving

vicinity i the eurficia 1

um dense to dense sand and a aheat strength

: T"'-,,—-‘j.n:i:.‘nef range of 100 kPa- hae been genetally uaed (Rueeell and’

3 '

1981) the typicel value .for purpoeee of

ﬁ range qf 25 - 100 kPa for ahear etrengfh of

:the eeabed hns been used in this theeis..-

Eact 4

'; ; On the left eide of Eq. [3], the firet term ie the

without any relativa velocity between tha ccean curtents and

- ,'-'; The aoil ehear strength .c veriee ovetr a wide range i

L g * ] -'.——
. _' i . "n’ *
. ¢ e 39
For, eo}iee"i‘tre. 'éoile, the soil resistance P at a-ﬁ}
{nstant can be expredsed .as: S - L -
) . ; Y' (h+d)_2 B E . . g , .
. 'P= — + 2 cdB + /2 cd? ‘ 4 [4)]
' iwh:et'.e: : 1. .
; Syt = submerged unit we:.ght of soil . ;
1} 5 1
TR, = helght of. eurcharged soil at any inatant during - i-
1Y ,:'.:ecauring (thained from geometry of- ecour trench)
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the scouring -icebarg. - The second.term of Eq. [3] represents

A . L . - W
the energy due .to’the effect of the curtrents on the iceberg
: . = | ; 4

. during the 'gcouring ptocésg. s The 'drég force ‘on’ a *

: seabed. Cd may be multiplied by 1.4. Banke and Smith (1974).

" of I. 5 for icebergs pf all-sizea and shapeam Shirasawa et al"

"aasumad as a typical value for purpouea gf di#cuasion, Ehell

decelerating iceberg'can bé'ékpréssed as:

" o

‘ 'Fd:"’f%"“ - pA V= v] (V- v) 51
whetei s . . l'} A
' .Cd.T drag Cé?fiiCignF’; 3;;-_ g‘r:.« i e ; N
b’:= deﬁsity of wﬁfeé"' 3 « 1 o :ﬁ‘ g 'f"“ :
: A - PrOjected atea pf the sll.lbmerge';il ic;berg normai ‘to‘ r
> " g the propelling Gurrent . .- N

- = " . L]

Y = instantaneouaxveloc1ty of?icébefg

and the other termsﬁaa alreaﬂy dafined.

' . cd

i - dy (Bureau Veriiaa 1975) and for bodiea in contact with thez

measured drag coefficienpa of 1 2 during aubuql tcwing of

L P

pmall icebetgs. Hountain (1980) has used ‘a- drag coefficient

-in 1aboratory modals. ¥ If -a .drag coafficient of 1 D i

¥

In the abovanexpresaion. the coafficient c, can -’

ry frOm ‘0.5 to 2u0 depending on - the shape ‘of . the floating 9-:’

' k(19a4) measured dra'g coeff,icients Varying from 0.63 tc 0.91 .

‘corrasponding kinetic enangy due to the adﬂad mass cpmponentf.yyg.'

will be in the ordar of 4,5 (;%aaad and Chari 1984) Thg]f,g
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[ 8 xconsequent influence due to’' the effecb of this added masgs on., i
28 ‘ ) '
3 . v the " scour- deEth computation is negliglble and hence not - J
E w i, o 2 ft v = . .
- " ; identified. separately. in Eq. -._ES]. : . - &
l - ' From Egs. [“ ’[4]-, and . [5], the maximum scour .
depth and Yength in, cohesi\re eoils has been expresaed as:: "
!I = . - T s o4 . = & d ) 4
x ’ e ehv? - g .
[ ] %
- ga =+ 2 =2 wl {H;]_?) = S+, cDLB + ——-r- chn‘ﬁ [6]
. . . . B N 3 X 5 iy
- hﬁ i ‘- n ' (10 .D.-='_ L’-Tan ﬁ = 5 i:' . [7-] . -.‘ !
where: o Tt Sk
- F PR l. G :'\‘\ “ s T - ?' Ll - .'. s -] f L . T
o 5 Rl D & ma.ximym scour depth co‘tres’pondi.ng thma.ximum sdour ' . o
S A P B el i S T e T
- ) l\ " F3 [} e ® ' ‘ "a = ‘-g":l .:'. .l- ‘.'lt. ." !. L " 4 i:' ‘j' e, & }
- v B -=’slope angle of the seébed e | Co T ; 3 " ' ]
j o \t 2 1] i g ; < .. P T“( o 1("- B :
' P = ».° 85, W H and thé other terms as already de,fined. !," ! ' A
I ) ), -_. = ¥ L . k : ¥ . i
e = Y e A The above equations were d _ved on the assumption ~ 3
N "."l‘ o ™ £ A ':‘-
B a8 m T ~that the iceberg uelo&ity decreases lmearly fr'om a maximum, ’
Freh 1 e " ‘ A o O I - :
4 of 9 at the commendement of ecouring and theoretical curves . .
1 i - luz‘-" ‘ O. e ll. ..“- :
I @9 L. ef! maximum .scour’ depth were developed (Chqri 19'}9') o - A B
R S ) 1 -
9 4Ly paramettic analysie of the“ effect df differeﬁ variables waaa _ i
8 8 e >
& - '..“;'-__preaented by éhari and Petere {1931). Equation Le] will be ',; !
"'-;examl'ﬁed fu'cther in the folj.owing seetione. . oy “.: ! '-.' e ) ]
i ; “‘ e TR ¥, f. ’ N _ ; .. i '.. N £ LT . Tk .“ " .
¥ Rleon \ 3 4 Iceberg Velocity During Deceleration et Y # ,
. _ e ) "‘.T : “ Lopez et al (1981) examinad ~;I:he hydrodynamiq drag & }
T -.on deoelerating 1cebargs du'ring gtounding and conoluded tha.t ; {

'~b'

..";,t.he eff__'ct :l.a an ’important component in the propuleion of
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icebergas during scouring and in computing the maximum scour
depthe. A6 It was also concluded that the gouge length would be

El

: ovarestimated by 11% at worst, by asacming_a linear selocity

e during deceleration. The

simplified soll-Model-aésqmed by Lopez et al (1981) in which

the soll resistance was ‘assumed to be directly proportional
3 L t:

t5_the square of the._depth. It may be seen from éq.

-gaﬁerai factors such as the density, soil strength, depth of

¢

‘penetration.

factors are - to be taken

The dffect of theae ingo

-

o ._conaidaration in calculatxng the-soil raaiatance..

o o b ' - The velocity, variation of . decelerating icebergs can'

be obtained numerically in 1ncremental stepa

conclusicns are 'valid for the

[6] that

and aeabed slope influence the 9011 reslstance.--

Lnstead of

) considerlng a qontinuous function as done by Lopez et aJ.

5 .(1981). The residual kinetic energy of the iceberg (E t) at

'any instant may be obtained knowing the  initial kznetlc
energy of the iceberg (KE), the cumulative energy expcnded in
?; ' -overcomlng the soil resistance (E J and the .cumulative energy
E} e ladded due to the hydrodynamic drag (Bdrg

) axpreaged.aa: *\" o o i g "s B

aolved in atqps

_f.ufﬁ;'f Equaticn ESJ can be

. o L

velocity AR 19 nearly zaro*indicating that the 1caberg haa-

). This can be .

tiil' thé
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‘figure.

. 13 x :

-.come to rest aLnd the gouging process ]has been completed.

T PR

Figure 11 is the f£low ohart for the computer programme

1 X
(Appendix A). - The -velocity profile obtained ' from’ thia

iceberg motion as given by Egs. £3] and [8] is a better

“ e

repreeenta.tion /t)n the - aaeumption -of a linear velooity.

variation.
rangee of values were aaeumad aa shown in Table 4 and tha

—c Lo . ey b
reeulte are diecueaed helow. _ ik ’ .-."“3., o o o

. . o !
iy e AR e

Figure 12

"icebe,rg of 10 & 109 kg (10 million tone) during grounding ae-

obta:.nad using Eq. [8] and I:9:|a The cumulative energy

driving the“ice'berg int.o” the soil

.-resietance, and the cdnvergence of theee two at the end of-

mthe ecour mre aleo shown 1n “the., figure.‘

,'_-the oomputed velocity profile dev:.atee from the.-stra-:.ght_.:

‘valoeity profile are greater by abo’ut 12% for the values of,

ihe parameters shown in Pig. 12, ¢ W " "

'.3* ‘ui.“Th” valOcity profile

+

,vcomputed for a typical 10 x 109 kg (10 million ton) iceberg

".fer different drag coefficienta and the resulte are'hhown in"

pronounced f.or lower drug coefficients end . the variation

‘;tenda to be linear for higher drag ooefficiqnts.f A eimilnr

; ;effect notieed for the drag force iﬂ ‘3180 ahown in— the

-

For the purpose of tl're parametric analyeis," e

ehows the’ velocity variation for eﬁ_'

the, work done by the eoill.
It: is obV1oue that

The estimates of scour length using the . nonlinear

nnd the dreg force . ware

The nonlinearit}r in the velooity varintion ia rmore’

LT T iy >y
R 5 i e R e
. " E '

e W e B A ey e



B AR CT

e A

P

& 1.0 x 109 kg (10 miilion ton) iceberg., ; - -'

eariier (Chari and Peterts 1981) J HOWever, ‘the aesumption of

a 1ineat profile for the velocity will reeult in an k;

44",

L .

'F‘i'g. 14 ehowe the effect of. shear. strength oh.the

omputed maximum scour depths. " 'The -"‘maximum ‘sdoi.ir' de;_:th

-decreasea .wit}i increasing gheart strength which is to be

expected and the results- are aimilat°to t‘hoee publiahed

3

o)

-

T

'underestimation of the acour depth in the order of 11% fo*r a""

f. 4 .

- -y B

- A aimilar comparison for t'he effect ‘of” thb\‘fing

4

L aeabed slope (Fig. 15) showq that the "asaumption of :.linear '

[ -

velocity would overestimte the scour depth for ‘a steeper

+ C 2 o

seabed and will undareatimate the value 1n flatter elopee.

v - k‘

The difference :m the -cornputed reeults would be about 23% at .

: worst. ) It may be obserVed that the aeabed slope . has

" ;

'cohsfdered. il kel | 3

- /
virtually .ng effect~ on the scour .depth cqmputatione for

‘ larger ‘i-ceberge-'wl_ien thie Son)dnwds velocity variation is

» = - -1':
The analysia of the effect “of the- coefficient of "

. " LA TR
drag (Fig 16) on thei ecour dept.‘h computationa shows that the
calculated -8gout depths ara more eenaitive to the variation
in the drag coefficient t.han previously reported by Chari and ;

Petera {1981). ‘It can be sean that the aasumption of _linear

. veiocity variation teaulta in an overestimtion “for .lower

drag coefficienta and an’ undereetimation at ’nig‘her drag

coefficients. d \ o,

L
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' TABLE 4 RANGE OF PARAMETER VARIATION
' B, -
. - S > %
= L | - j L. ®
) PARAMETER - . S’I‘ANDARD REFERENCE RANGE OF .
5. . i VALUE VARIATION

P ]

] .. ‘\'. .
. b o 9 . " b i .‘_ , 9.‘ : | e : ._. -91-. . y
¥ I'ceberg Hasa (H) .2 .10 x 107 kg . 107~ 25 x 107 kg
Drift Veloc:.tj (V ) . 1.0 m/sec = - 0._.2-'-4_1.0 m/sec’
' Keel Width (8) . 20°m .10 +i30 W
b _Drag cOeffi‘ciant: '(C')" L . 0.5 - 2 .0
ol Seabed SlQpe (Tan a) - 1-500' -.::' 1100 = 1 1000
. So:.l Shear Strength {1:) mo kPa g | 25 - 100 kPa A
- ‘. 'uAngle of Internal Friction (4:) -"-': e ol 20 ° L 40°
‘ Um.t weight of Soil (-rt) - :1_5 kN/m® .- -
.o \ -
i N o t A
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' ) .-_'which ara up 'l:o 16% highe'e than earlier computations.

A PR e s iy mrotg

55

~

[ //I

A similav cdmpariami(:ts made’in Fig. 17

Cm' the
‘effact ef varying acour width on the gensitivity o gou'ge'

:deﬁth computationa. The axtended model givea scour depths

It is,

Ll

thus concluded ‘that while the aasumption of a linear velocity

"
o=

:variatlon during scouring ia ar good firat approximtion, the,

®° -true velocityr prafila i.s nonlinaar.

‘,_tha camputation of aoour depth ia

v v

i 7% .
’ _combinai‘tion af the other environmental var:.ablea, " .” T

. ::'_3& Effect Of Soi]_ Type SER - o e [ o

'-;,-\:'\'_, :" Generaxly. Surficial aeabed aedimenta arﬁ cohesive' X

and uriderconsolidated nnd the firat attampt :Ln modalling
icebe’cg scours was for- suc‘h aoils. However,

l

aedimenta are not uni‘\'eraally the uame.

tha surfic:.al

For axample, in

the Gt‘a nd Baﬁke

'_; situafed the seabed is made up of- predominantly sand and

v

gravel. g Fot‘ 8 general soil wj.th c&lgsion and friction, the.

,

aoil resisf.anca P as given by Eq. [4] hag_ to be modified by. -

considering Coulomb .8 t{'ial wedga (Fig. & 18)

4

Tha force P

L . 1

n can be expreasea aa:

‘ (W + W) sin(O + ¢) iy (F -I- 2F) coa¢
cos(6+¢+8)

.\- . L - L

cos6

'I‘hg actual deviatlon in-

region where the Hibet'nia oil field is.

. ' =
N , o .‘ . G - . ,‘_ . ‘. b

r

L

depe.ndend; _on the o
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N 56,7 -
= -

‘Whers: - MEP

l : {* I - ‘ ._1.‘ ] .I:.:‘ ; . g
‘:Wo.% weight of surcharge at ‘any 1ﬁ§t§ﬁt‘

1. 4 zcosa'coae =
‘2 s:l.n(B - B) T

lr;ﬁ:

{
.
II ‘

shear resiatance on’ the bottom of wedge g N
-—-,. j

. .. __B dcosf" N T .' o = 7 5

~ B8in(o - p) ©

3

2shear raaistance on each aide. of the wedge
(negliglble for icebergs of- larger widths)

l,-.

“‘ W ain(ﬁ«u- B) :
i tanﬂ :

R Ty ok & B 3 a_GopoL,
A b - Vo
o ._K. =

coefficient. of earth pressura at raat B R

ST =l - ain¢ (Fa Jaky 1943) 5, crhede ey et Y e

and the other terma are ‘as defined eat'l:l.et.

1

) A critical angle B o:E the fa,ilure wedge ia ohtaihed

by minim:l.z:l.ng P with reapect to B._ Tha approximation in

£, ot .

': ;ssuming a plane failure surface :I.s juatifiad as long aB,’ -_" '

- .‘.‘

'I'ha vnlua of P .as

* .n—_‘

obtained from Eq.
balance Eq. [3] and thua the pcanur dimensi-ona ‘an. be co;nputad

fof any type of se&bed aoil. 'I:his la an extenaion tq the- 3

- L -

[ 1 "9 cosp coup _‘ o "d o T B Sy Y g

.[10] can be 1ncorpora.tnd in thes ene':gy ‘\“ . s
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- 3 friction anglee in the range of 25" =

ol effect duting scouring which . ie conaidered In thee ,preaent‘ .

'1', O . .
. oo e g = e
3 9

'.,then Pfoﬂgh hor.izontally, the volume of the scooped out sell

= . o L R C FIRRST S e - -

w3 2 f = —_— e s s ~ 4 1y . t I: .
R Lo Y LT Oy O IO L e T e - e . .
;' _ L - . : . - . E I . .. . ¥ ' v
4 s .' > i

B ‘ . i = ~ o

.‘k ' "': b ' ] ‘:‘ = g = +

Al e A ' 57

1 ! f . . ’ . ' . a -~

. d P 1 The influence of the angle of internal friction of -

the eoil on the acour depth cornputations i hown in -Fig. 19,

By comparing Fig. 14 and Fig. 19 it .c¢an be seen that " the

‘fmpximum scour depthe obtained in cohe}eionleee materials with

40°, at‘e somewhat

,eimi].ar to thoae rcomputed for purely cohesive solls with_

X
‘

. undra:.ned shear strengthe in the range of 25 - 100 kPa.r
Klvisild et a1 (1982) have given an energy aolution for ice
5 . =

keel- grounding which is compared wit‘h t.he pree}gnt aolution.

't " The, scour deptha obtained uaing the mipdel propoeed here a.re

T‘hie is. %ue to the additional hydrodynamic'

?

Fie higher (Pig. 20)

model and aieo t‘ne different techniques for computing the

\.
Soy

soil resiet,ance.. i b > o e | .

5

3 6 Effect of Initial Seabed Penetratlon | X - c

Iceberge are eubjected to continuoue ablation ini

Sar -'b

of which they gain equiiipriurr;.

L

33 the proceee In such a~ e

s _
- K cogdition ‘even a very small perturbation ‘such as the in:.tial g

B

o = —=—p— + H

contact of the iceberg with the aeabed ot the breaking of ,a

%

; _'amall prot';ueion of, the iceberg would cauee it to roll with | ® "

g '.increaeed draﬂt (Fig. . Qd). ¥ Aseuming that the iceherg will'l"

i I SR
T may 'be equated uto t.he volume epread out.

,!

-! 4 - Tiee _- . "~'!- . *
., e . & D) et . CERT .

. . = "
+ - L
+ . |

% .""t'he poeeibiiity of penetra.tion into the aeabed due to an _' e
e & ~ SRt & . .

The length of g . o

frontal surcharfge et any instnnt ‘can be obtained from Fig. .2L. - _' ¢ A

Y. T

T

3
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and eXptesaed as;

where:.

K¢=

4 =

a,

g -

B‘==

2K21f + 4K.LA. + (2K 1 + 3K 1B tana) 1*\~

3.! B tana tanf - 61 BS tane = 0

2,{tana + tan g)

length 'of; front surcharge at any instant

' -

L1’

a_lop'es of surcharge_d-‘ soil and geabed \;:eapect'iqely'

initial depth ‘of "penatr:ation

and all other terms as already d’efined

'I'he above equation is- similar to that derived by C‘nati (1975)

'depth.

At any acour length 1, the ftont face aoil reaiatance'

L

4 and written as: -

P=Y Lh+s+,l.tanB]B + 2C

2

+ /2

}

o

S + 1 tan.ﬂ)B

(s + 2 tanp)

"all the terms-are au dafined earlier -

2

[y

-~

”
L}

p axcept that t.'he scour trench in thia case has an :I.n:l.t:l.al

-:I.n. cohesive eoila can be obtained by. slightly modifying Eqn.

ta

L]

-{12]‘

nd all other terms ‘a8 alteady ddfiued

4. -

'[13]

;‘ : An eq,ua!:ion of energy balant'e similar’ to Eq. [7]
. can be obtained ast ' - : ‘% T
2 = 2 = :
; MVg ~ CqpALVj . 1_jn+B+Ltans) (S+Lbanﬁ) cB[a+Ltans]2
. + = . B +
4 2 : i G tanﬂ
> B 472 cts+ng§n8)3 ( 2,+S) “s8 cB s2 _'{é
3 ° tanp Gtanp tang . tanﬂ
li‘ ' ¥ -} A . s . p
’ v v 'wheras oy g m v
- ‘_1"."" . (taii&r + ;ta{ns) - .
. [ o= 'Kz‘ ‘- I s, + L t‘apﬁ ) ‘t

bkl (0t Tt ey

e

e




Equation [13] was evaluated numerj_.gi‘;ly and the

acouy dimensions computed -for different valuesa of the

envidonmental parameters.

R N R

Figure 22 1s a typical result for the' standard

| | ! _
i reference va%uea gshown in. Table 4. It is seen that there -is ° ;:
i an up&e\: bound "su for the initi.a'l penetration depth / 3
! - : t - ' : ) 4
' coraeqp_on'ing to each iceberg' size for a gifven set of 'i

B

: ' .- parametera." From the f:l.gure, it may be geen that the iceberg
b o . ‘ will gouge the -aea floor after piercing, {f and anly if the'
- S .I - !gitial penetrat:.on Fiaa less .than this up?ef bound. If the
penet:raelion is gre:i:er 'than _thia-su.'..g.lhere ﬁil‘l be no '
pareeptible further ecouring.- In euch -a case, there is ' I_“'
likely to be a hockmark formed on the seabed. - Thie_ -

L
. phenomenon ia coneiatent with the ohservation of Lewis and

-

Ba.rr:l.e (1981) wherein actual pockmarke have been noticed ‘on .
- o "the ocean floor.. 'I‘he upper bound may be 1dent1fied in
{ 0T ®  Fig. 22 by locating the point.a where the curvea of init.:La.l' g

. penetration tend to become horizontal.

i . y .o -
1

b It mey also be -aeen from Fig. 22 that the maximum

b o oy

o ‘ acour depth is not affacted by init:t.al penetrationa leas tha.nl )

.

T - o a certain lawer bound Sl.' For initial penetration ‘balaw this

I o bound, - the ma.s_:imum scour depth will 'be as if there were no_ . i

L A .. such initial penetration. ' Envalopea “of ﬂaeeé upper and lower
‘ bound'!‘ are ghown. in Fig. 22, Such enve 10pes may be
S F e oL N - o

" F o . establiahed for any given get of para.metere.
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®
. With increasing initial depths of penetration, the
contribution of energi'"fi:ue to hydrodynamic drag effect is
reduced. This may also ‘be deduced intuitively as the solil

3 5 ' . . . .
resistance scon after penetration is directly proportional to
- !

W
4

‘the penetration depth.  Thus, with increasing initial

penetration, the lceberg will come to a stop after a shorter

traval. ‘. \ L,

: . The above effect on_the comwa_i&-

shwn in Fig. 23. from a sligl'itly differer(t perapective.. It
is seen that J.ncreaaed ahear atrength dfeereaaes the maximum
Iscour depth whin:rhn is to be anticipated. 'Hmevbr, _"th_e
magnitude of the aoil a‘hear strength has no influence when ‘
the  initial depth of penetration is larger than. the critical
fdepthl_ Similar'ly, J.f the so:.i shenr strength in; iess than a
certain. value ccrrespunding to a given initial penetration,
the depth’ of penetration haa no influence cn the, maximum
scour depth. T‘he exiatenca of such critical depths is a.lso
]demonstrated in Pig. 24 ‘in which the effeel-‘ of icebarg drift
ve}_ggi-ty ig shown, . 'I"he upper a.nd lower bound penetratiqn

L deptha are thus unigue to a given iceberg.

From an extension of the ana].ytical model, it=hae been
shown- that the velucity of an . ice‘berg dqring ‘peabad go:lging
.I‘,;, is nonlinaer. Hw&xer, its effect on the accurac}.cf the .

computations depenﬂs on the other paramet-.er,s.,.-Il-t hae been

" ahoum that. one. can establia‘n upper and lower bounds for
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-t initial penetration of the seabed by caﬁuizinﬁ icebergs for . .
_purposes’ of computing further scquring‘ 6f_tlle, seafloor.

C | ¢ The related, physical ‘model ' teéth and results are . '
i discussed in the following. chapters., . - . T e
o ) '
| ® .l . |-‘
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H . . X 1
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Do o i
> i
) E e "
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f b e .t CHAPTER-IV.; . ... T L0

S~ e
s R o h T o=

d 1L Gene al - Y e '-: . o .: 4 .-': L ™ig o3
.;--  Tha ytical model descrihed in the previoua chapter '—:-,f I %

. A

b cannot_be duplicgtad in its entiraty in the laboratcry due to

I 1imitatiuns in scaling the soil grain sfze anﬁ Shaar strength

N e .
(Chari 1975}. The analytical model ia based on two main

principi&g; anergy balanca and aoil—icebeng interacti ﬁ The

LR

concept of anargy balance needs no verificatiq ‘:;ﬂ}ﬂf
iabofatory.f he analyticql model ‘would, be fuhiy\ i ad if

the acil-iceberg interaction can be phyaically modeiled. nny

phyaical modelling of iceberg acoura will thus be a partial. \5\\i 3
e -i : I Ii - l
ned%rthaleaa a- valid model. AR I T g : y

The earlier studies hy Chari’ (19?5) were cunducted in a,'f -

tiltable, glaaa—sided flume with 23 cm (9"} wida plexiglass
N
instrumented modals and in clays of 1;10 alopa. *Green (L984)

r

conducted teats in. medium aand with 1335 alopea and 500 o
. 5 -
wide models . The present’ inveatigation iP an,extension of J*
thoss modal teats. = 5 -T by g &
'&" . 1 e ot
f s, 4 Sl 0
' . L L i
4 2 Experimantal Facilities- R o B ., b " o
4:2.1 '.rw_-‘uw_'rﬁﬂs S el T LY -*
.1'-.3 qpe towing tank ia 14 m- long. 6 m wide and 0 B m

deep and haa a central longitudinul dividing wall as shown in
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P enda o? the carriage raiia ‘to automatically stop" t‘ha carria.ge','

Fig' 25 and 26. The tawing carriage is fabricatad out 'of two
4 L
para.ltl:el hollow rectangular beams over 6 JT, 5. lengt‘h and

apaced at a claar distance of about 1. 3 m with slﬁtable cvss
beams. 'I'ha beams are ballag:ted with steel reinforcing bara

L] L) o

5, y to provide a counter-weight of 14 kN in order to ra/sist the"'

.overtdrr}ing moment whilee scouring. T‘he area between. t‘he t'do' Y

Fa A e

béama ia covered by metal griLlage and the area serves as 1,

working apace for the- :Lnstrumentation. A variable spaed 7 '5

", - ot

H.P elect.ric motor tra,nsmi_ts power through a torque con!vertar

- “" "

to a .62-. rm 'diamater'shaft spanning the length of the

“‘ éarr_iage ... The sprockets at each end of the driving shaft ate " - -

»

. 4

" connected. f_o the aprocketa cf tha supporting w‘heela by a
chaiﬁ. The carriage movement is controlled by preas tyPe, K=,

.»switchea 'fort both forward and »raverae directiona. ¢ '_I'n

addition to thesa,.. limit switchas ‘avre provi‘ded at the two-

diatanca from eithar and of the tank.' ol L -.‘ il
g ; Sl B M

4 2.2 . Icebarg Models ] SR N .' . e

L] I N

Most of the earlrer axparimental atudies (Chari.‘

1975. Abdalpour and Lapp 1980, Green 1984) have bean with'.f

'- prismatic moglels with some’ limited teating of *non—pri.amatic

baan made to furthar inveatigate the ahape affact. g L <

"ahapaa._ Thaaa atudiaa hava shown * that tha ahape has an \ '

effect on the total aoil raaiatahc& and recomandations have e - e
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FIGURE 26 A GENERAL VIEW OF THE TOWING TANK, CARRIAGE AND
MODEL
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FIGURE 28A RECTANGULAR PRISMATIC MODEL

FIGURE 28B MODEL WITH A KEEL SLOPING AT 30°
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FIGURE 28C MODEL WITH A KEEL SLOPING AT

FIGURE 28D

MODEL WITH A CURVED KEEL

60°
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FIGURE 28E MODEL WITH A CURVED KEEL DURING SCOURING

FIGURE 28F MODEL WITH A CYCLINDRICAL SHAPE DURING SCOURING



FIGURE 28F WEDGE-SHAPED MODEL

FIGURE 28H MODEL WITH A RANDOM SHAPE
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FIGURE 28I MODEL WITH A RANDOM SHAPE (NOTE THE FAILURE
WEDGES, SIMILAR TO THOSE FOR THE RECTANGULAR SHAPE)

FIGURE 28J SHAPE OF THE SCOUR TRENCH AND RAISED SHQULDERS
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I SR 'f*\. g A \ .
| .".'.'S . = 'rhése are shoWn 1n Fig. 27 ~an‘d 28. ‘The various frontal\t_keel

-..\_

_", P A ehapes were fabricated with. 6 mm aluminium eheete and bolted
CASE Nt

It
PRCOEE ' \.e. - J

SR ey T t. K

R ERERNEY ey to the front face of the existing rectangular model. N ':‘ ,"
&8 KRl . N The. rectangular model .1e \connected to a’ fL ia
\\ a4 5w 'mounting frame (Fig \29) by .means of thin swing plates with a.
T .\";1"\‘.'-4\'»“' = .

A N ‘« width slightl.y -less.- than ; 500 mm. "l‘he mountipg S me,

5 together with the iceberg model. can be lifted with a'p,,

i oy ' 'I“T‘ f;.ve@bher\different ehapee /vrgre use(in \this‘r \etigation. 2
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. . 'I'he maximum grain si‘ze of the sand J.B 4 mm which compares
‘ - well w1th the ll " diameter pressure transducer surface. -

. T . ' B . \ ”"f . '-i"l._..’.' ';
- e oyl ; . . S e e
'~" -3 ~ o T » . Lon -
‘e e R ' - Y o N s
& - y ' ! o . . . . [ S
Do T S e BRI
. RN / T 5 . . ;
oot ~.‘ \:\ ’ 11 ‘_1’_‘:. . "-: : "‘, ~
. - REPIE ) . 81 Fy 3
"' - ' , - ' '-
'from so t\-cohesiVe ‘soils to: sand and boulder’s. Char:l. (1975)
'. v -

. conducted mode'I tests in saturated silty clay slopa.s of 1 10.

- Green (1984) usedc dry cohesionless sand of le 35 sloPes for

\ tests w:.th the 590 mm w:.de models. Abdelnour & Lapp (1980)

. used level soxl su;'faces of clay, silt, and rsand under
"',F. o vsaturated rcondit-ions. . However, tests in sand do not' B
B . : | ,necessarily have to l;e under saturated co-nditions because of
‘ ‘ the easy drainage in cohesa.onless so:.ls. From considlerationsr. '
vof ease of handling, experiments for. thJ.B investigation were
S : conducted in dry sand. The use of dry sand offers the',_' '
. . . . i
o : additional adVantage of exposing the sur):harge, the fa}lure R, i
a PRI surfat:e,_ and the scour track all of which can be v:.sually 5
' observed and measured. About 18 maof dry cohesionless sand R f
’ | w1th grain size distributionl shown J.n Fig. 30 and the,

@ A properties list-ed \in 'I(able 5 was 1aid at a slope of 35.‘

a\.

The method of preparing a consistently uniform sand bed and

denslty calibration w:.ll be described\ J.n a, later sectlon. ‘» . i

o

. N , . RN :'< ' ) ,_i' ';‘,‘
. o i R . . . at . 4\:{" '.“‘ .
~-"4\.-,3 Instru!nsntation ST S e T .' ‘

One of the objectives of this invsstigation is to

‘

'

measure the total lOad nscessary to tow thl iceberg model and

nl . ,IA ' \ \ i - '°

o the px;essure distribution on ths front face of the iceberg

By \,.'. -

model.,- The sohamatic of the instrumentation is shown in

i OO S PR
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-iceberg“'model', along w:.th the mounting frame was lowered to

o Lt

:align w1th the holes in the mounting frame and bolted

- '

T

rigidly. The bottom of the J.ceberg model was generally about

v

300 mm from the tank floor 80 that the rigid floor of the

L

scouring tank did not influence th@ results o'btained..
: .‘ . All the instruments were turned on 36 minutes
before egch test to allow a warm up pzriod. . The caps of the
piezo-electric senscrs ‘were - removed, cleaned with ‘cotton

swabs.' q:lpp‘eﬂ-\ in: Tuner Degreaser and&recapped each time= thef?

;
.' . " L]
.I G : .,

were momnted through the brass holder. on the iceberg model.
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4 .
the presSure ’\tansducer and amplifier as the slightest amount e

.o

o:E dirt qt- 'hunu.dity near the. connection or ‘a twist in th'

connector produced a. drifting output voltage. The outputs

-

from the charge amplifiers were fed ‘to.. the precalibrated

. RN

~J.nput'. plugs of the tape v:ecorder. The variable D C.~ power B e
Asupply unit. wh;.ch applied a. potential,différence of 3.‘0 volts '

FRFER '

at thé" ends of the steel wire,,along the length of the tank

JERER

« was calibrated each time, using a multimeter.~ The reference :.

e e - e

1ine voltage was- connected to one of the input channels of R

the tape ;ecorder. A typical- experiment should measure ei‘ght-

Hx

parameters, two 10;5\55‘113,. fiva pressure transducers, and-~

the carriage reference voltage.; When all the instruments n
were ready to operate, the tow caroiage was mo\red in small

incremental distances such, that the bottom of the iceberg
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been desirable to measure its magm.tude. i

In fact,

Chari

(1975) and Green (1984) measured it for the reqtangular model

in clay and sand respectively. '

‘-shown in Fig. 46.

B .;- +

v

A}

Cas’ shown in Fig. 47,.x

ﬂ.-

obtained from load cell measurements.

.‘..

P fri“ction and compared W.'Lth the measured totai soil :resistance

. '. (20%) between thé iritegrated pressures and the g resistance

E

the horizontal component of the force On

b

',\.' [ the front face was computed for the maximum mobilized Wall

\

'l'here :I.s a relatiVely large difference

'I'his is in accorda ‘ce

Assuming the distribution N:""-"

e

the bottom section of t.he ekeel ib also shown in Fig._46.

‘w:.t“h the foregoing discussion about the pressure between the, .'_' ,
.}:- measurement.- Back calculations were made from the comparison : 3
: et o \ ’, : AN - \i

made in Fig. 47 and the most 1ikely pressure distribution',‘on .' v .

This is realistic and :I.n conformity with the earla.er reports '\7"'5,:.

v of Char:l (1975) and Green (1984) 'I‘he problem of earth

pressures on. curved sdrfaqes. such as the model M4 is not we11 ‘ ! |
documented' in the geotechnical ‘l.iteraturer- This is- an area = }

of 'potentiall further theoretic:; and ’experimental research. o :

, ,/" 'I'he pressur_e distribution on the umodel MS whj_ch is y ‘:':
i «’ ] cylindrical 1n plan is Fhown 1n Fig. 48. 'I‘his model is :
: swewhat dimilar to a cylindrical pile. 1The variation of'_r._ . e ’
pressure at I\four scour' 1enghts (2, 4, 6, and 8 m) for the‘ o ;

1f0ur rows of pressure vtranaducers is shown in the figure. I
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.‘ frictlon angle frorn the wall geometry and Boil parametera ';
:'_which “ave
:.However, cven in thi\s caae,
"_front :Eace,'

' negative and undereatimates the pass.l.ve resistance.

_with hls predictions were 28% higher.

seen with the results obtained from thls 1nveatigation. Aa: .
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Terzaghi (1943). For large incllnatlons of the wa.ll, if such
an assumption is made, the Horizontal component of the £orce

will be in the direction of the wall movempnt- a condition

. 1

which will not ocrur.

On the other hand.. t‘he method_ of . ",. o

-Harriaon (1973) facilitates the calculation of the mobil:.zecl

> resiatance. T
* -. o . by g *

for large inclinationa of the

then uaed in computing the “5011

computed friction angle turna cut to ‘be ; o
_“In fact, et

L | B - A e
i

a- compariaon of Harnson s (1973) own experimental results “ e

thia

A aimilar trend is

;'l'

a-lreac‘ly‘ mentioned, there-is a present‘ need to - develop a..

theory of earth. presaure for walls of 1arge
inclinationa and curved profilea..:‘ e _ . . _ ¥

* The t.heoratical expreasion for passive reaietancc'

L

'on the cylinﬁrica\ del (HS) was derived using the approach
S | 2

' of Prater {1976) in which the prassure on’ m.'l.na ahaft J.in:l.nga

has been examinad. )

‘fi. : . =

¥ ¥ * T
given aa: g Tl

. The results of horizontal force can be

i, :
1:1113

tan (a+¢) cos, a cos -f Py

-+

i T,

t.anl (at+s)

"U,

‘sin (a-ﬂ)

6 sin (a-ﬂ)

-

% . .cou & sin: cos (c:+¢) cos
. 6. 3= ain za-—pi 5 cos ‘(até+8) éL
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L T . : v LT oy '
! % - - l . . . J . ol - " . -
b ¢ L. ©° ° whete y = unit weight of sand ' ' ) :
Rt . R ~
1 ¢ D = depth of ‘cut - . .
_([ e o «a = _faJ.lure aurface :mcl:.nat:.on o horizontal
- p = 'A_e'].ope anglle of backfill. |

1 ¢ ='Internal friction of sbil . e

g . “‘ T ’ B _ v . -

. pi-' = 'u'fal'l 'frj.cti“on - C ) S, e

e ’ oL ’ . o - Y A SRR,

r . ‘to =_,-rad1ue of cylinder o ) : . '_ F.

: The abo’ve expreee:l.on can be minimized w:I.th reepeet
l _ S Lo to the: angle of inclination « of h failure eurfacer and the .
i._ E.‘ ' N ; paes;:_ve jrth preseur'e computed. Figure 56 shows that a good ) ‘
i | cq,rrela/t.- n is obtained when the mobilized friction angle ia :
i) oo ) ) I o Lo )
T LN assumed to be between "—Qand E ) o
! ; o ] 3" v - .
- ' For the wedge ehaped model (HBJ, passive Leaith-
e preeeurea developed on both faces of the wedge were \computed
and the horlzontal component in the directiam of. travel of
\ . the model was ‘calculated ueing C.'oulomb 8 method., Therte :I.s a.
Lo \ . good correlat.ion between measured and computed valuea am
- - k . .
1 ‘shown in(Fig. 57. ,
.!' . 4 - - . . . N . -

. 5.6 . Application of Experﬁental‘ lieeulte 'to "tha Scourt Hodel-l —— s

T . . Al

Reeults of laboratory testa with models of'

; S different ahapea has ehown that "the soil reaistande va.riee'

T ... with .the keel Shape: Asauming the ldealized prismatic model -
C oL ' (M1} 'ea'- the referenee, the total .forc'ee on the dther.shapes
LA . ) ' . , . . ] i 3 R . . e - .
.. wete -‘.nqrmalized‘ as 'shown, in Pig. .58.. . From thiscomparison,
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