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. .7 lon.carada’s eastern seaboard where hydyocarbon ddfosits -

have now been determined, the operational hazards are. numerous.

Damage by icebergs ‘to inecauanons on nnd in the ocean ;xocr s one, 7

of the major threats. i understanding of the mer’acuon ofan
Leebetg with the continental ahelf durface sediment durirg the
l . protess of grojnding fs needed fo'establish safe design standards
o Bodkom sttistien dy oétshors drilling operitiogs. xnowlgdgg
of uéhgrgs', thelr size, shape nn’d drife, is still very limited ané
go 15 the efigtneeting belmviaur aa . sur{ﬂce déditnent ‘of, the oceans.
In thsnthesiﬁ, nhe hehuviaur of landcebérg of 1dealized
shape is nnalyzrd w‘hﬂe it grounds ina unifnm slope of very weak“v |
atid conpressible sedinent. - An expression was dertved for the

& R theoretical size 6f the scour that could be.caused and this was

VR by lap y

& tu:able towing: tonk was fnbrlcuted 1n uktch a 9" wide
ploxtilas fiodel of the- ueau:e} dceberg was tested.’ Fordes and .

L . pressurrs on the. model were meagured during :hh-.g{fcess of its
‘scouriﬁg into an .x:muauy eedimaued slope. The - £rontal soil /\/

resistnnce wasg; found to be the’ predommamg force coufirming the

assuipttons wade. * Sotl failure vas. dnminsntly Loeal. £ Asil
front vf abcnt 5 feet was u'(d/er com’pressiun durtﬂ‘g\the guuging A
process’and u aisilisr phenamenun éas- aleo. noticed below the maximm |

scour depth. . About BDZ‘pf the, pushing ‘effort Vias conputed o be .
: ¢ il g
. - = b S 3
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" NOTATIONS . ¥y, W

The synbols used in this thesis generally Sonfirm tq |
those suggested by the %me'xmn Socfety of Civil Engineering. (Nomén-

clature for ‘soil mechanics, Journa}, of' the_ 5011 mechanics division,

y
June 1962)- and are defined when [they firse appear | jin the texty This |

1list will serve as a gcnersl tefexelu:e and guide

Iy =  Projected aremof an iceberg normal to wind/current, crogs-

sectional area-at the wvater line.:

a acceleration .

B = width of an iceberg scour track, width of an idealized .

e Leeberg i
Lev = soileshestor . | &, i, ©
e = Loﬂﬁ:ru;:ure adh'e;xon/ L ol et %
:v = coefffclent of conéuiid#ti}n ¥ L Z e e
. - X coeffictent of drag (flitd/wind)” i :
b5 v d&p[l;, maxinum scou'r dépth - S . 2

d = any representative dej th usually an 1n:smediate scour depth

* initial void ratio |

‘v e "= , final void ratio 5
B = force due to soil reZistBnce‘ ‘
3 g . T accalamtxon due r.g tavity
S i [ B - axim height of s rchaxged sofl

K .= any re'presentative 1gh

Bl



o
Xy 'Kz constants

length, maxyaus length of gouge ,

T
|
= any represen:ative gouge Iength
= nmximum 1eng:h of soil'!nrcharge in fmnt of an 1L eby
= any representstive 1ax\gn| of the surchds g
s 5

mass

force due to soil presgure

coefficient Yof passive soil pressure S

“eats ot sediment deposition n .
shes force” ‘ ' ’

= time 2
= degree of consoiidation of ‘a sediment deposit

excess hydxostatic prJBBure 1n pore vater .*

average degree of consel1datson % 8 Nestabat deposit '

scouring. T : e

velocity of soildn front of an iceberg e AEX

" weight of an 1neh=xg, ueigh: of soi1 particlz -

weight of soil vedge ; -

any representative depth

lope of surcharged soil- - -~ o

s18pe f a sedinent - deposit

i Shit watght” of sail, .

suhmergeé Qnirweighc oF ‘satl.
& el us vared ¥ TR LT

anglk of soil/structure friction

velocity, veloeity of sn 1ceberg at the commencement of




coefficient] o

shear stress m‘bau B :

angle of imlinlstian of ‘the sou uedge to the horizcn[él

scale rstlo of a mc‘vdel i

irimtiox\

deneiry of any mealum in which a bndy moves
e

 shéar strength of soil

angle of internal friction in soil .




CHAPTER. " 1

o} InTRoDUGETION %

. zngn}ee:m use"mh problens usually arjse out of an mmJ\

¢tate |rreed of 1ndustry and are mostly unique be ause of theix envir-
onment. 'Study of lcebergs in recent yéars is one sich example.’ The
search for mineral resoutces on the continental shelvés and’Slopes * N
has resulted in a spL:rE of ocean en.g‘ineetli?g EagenEay since the late ' :
~“nihetéen fifties. Withan ares mearly 2k fnes the Land su}f_gce. the .

_ocean’enviromment is|vast, invarfably hostile and varied. Winds, vayes

" tides atd currents re youally £ be conténded with 1n Wofrion’ & |

all the other pr §lens ‘encountered on land, . On’Ganada's eastéfn

) .-xeseam‘ activlty 10 o at. Hemuthl

y of
gL / e st
een on the speciul problams of I‘.his/ ‘egion. ' lcebexg’

as been £ these.’

2 Newfaunaland has

TYPES OF ICERER! rakm:

. Ths ypes' of threut by 1:ebergs in genem 4n be r:ls'ssified
las (mé 1 = P “ s R a3

o

1., To navigation - a’direct collision with a moving ship,

(R A offafiore struckures - a direct. collision with a 4

. " fixed or semifixed offshore drill' rig, and -

-Te ocean, bo::on ‘nstallations - through scuurlng and

bottom drageis icebergs. . . : :




oS

DIRECT .
| COLLISION: |2

DRILL:
RGS. |

L

: : [ - gc\ga\{ae g

. TOWING

: Lot | ‘vvérsvzn.'-
| e | e

N

[cHANGE  COURSE]
" | DERENDING .ON | ./
iCg. PATROL | b |
. [¢akecast

" LOGATE. v .. 1 ‘
* | BEHIND- HIGH ;
| BANKS, ol




i relatty /{mmab:llity. Evenl 1 the g is s mobile 4E11] ehip, the

nnd XElnstalled after the berg moves efi.

Navigation: The real'th:eat to navigauon from 1cehergs vas, |

'dmons:m ed -i[u the 'T!,tanic' di!as:et of 1912, when 1517. 1rves’

were lost. \resul:ed !n [he femation of ‘the Int mutinnul Ice.

Patrol mafnly zo\gaﬁn the fshxys sailing across| the teeterg alley in

L |
the Grand Banks reglo\; 4 forewarned smp o}
and steer clear of theu ¢eurae.
\

Dfisho!a installatio

are more vulnerable to col‘llsiqn with icébu'gs hecause of their

p!c:ass of disman:lGE apd|moving nuay erom'the. in:ebezg path_takes

same loumm, r;he 14ss 1s repur:edly estimateds S19% at abou:

40,000 .dauns per day. fomp pf the solutions suggestedlg to puvegx:

4

.the culuaxen off ‘e mf:xn' b wiyi ey of Fakiunee g 1ncldﬂ's\

15 Dgﬂecting “the zcebezp from the, collison cours€}
»2: Deelguing the rig so that it can be quickly ﬁoved\

3. Making the offshore instullltian string enough to

H'l\'.hstllld collision forces lnd

4. Locating phe 9pen;‘m within a ‘suitsble bunded '

prccac:mn

Detaued stud!.eu have already been done a: Hemcrill Univetnicy

- to-denonstrate that icebergs could be deflected off the collision
; . - L S i) P
coudse by ‘applying a.i aﬂrefﬁﬁ\il'm:u, This/method
. A T e e .
v R . 7 ¥

+ | Num¥rals 1a : Tefér to
\bibliography. : i° g

thus w.::h for icebergs

n Oifaere 1nscauauo€: such ot rigs N




;f'r/

seems -to have met wit lpp1451lble suceess

L
by some oil companies -

during the latest drilling seagon.

The p:eseh&ﬂves’:iggnon 1s c¢

oncerned
with the fcebérg ik, sea bed\msmi

gtyma’ anete ;,. blowout

our. marks a::ribu:ed £o feebergs.

Atlantic west: of ttm Béttich Tsics
egil coast shcvy mcks“ #8,

belteved casiend by dcebergs.

I
rea Lljusands of years ago, It thus appears fxom
thede :epérts that sc <

of the geom&xphoxnguu ‘(eaturea‘of the sea

the mechanic ak séebe

gnf.}.un, 1: appears thdt no research hds. ):een done :111 recantly cn\

dictd

the dﬂasxn

» v\
them to be: Locate

safely dn




FiG,"2: ~ SIDE'SCAN SONAR IMAGE OF ICEBERG scowARKs
ty THE NORTHEASTERN COAST OF NEW OUNDLAND

P (From Harris And dllymoxe’




presentation 1 a firstlstep tovards:this goal-and is confined to:

‘ thene of this discussion.

" one & whete an’ iceberg plnughs inzo a sediment slope, spréads shie

1. Studying the !.mpiica:xons of the problem in reference

to the cTrre.nt state-of-the-art o,

al

Icebergs} thetr shape, size a'nd propelling, forces, \

~* b) , The engineering pxéﬁezues of the sea flgor surtice’”

‘deposits; and 5 LR

c) The 1ceberg—sediment inlexacr.icn.

By g Develcping an nnnlyticnl model for ‘an 1deauzed iceberg

’scourﬁng into soft ahd v!ak sediment, and’

. 3. Testing the annyucal model ‘after designing a

“suitable test facility. . . " S
. he safety of the, sea bed 1ns£ullations is’ the main

Deep scours are 1ikely when the icsbery is
rigld 1 comparilcm vith the dedinent. ' In fact this would be the

‘actual situation, for most areas of the continental shelf.

icebergs are huge in mass, generu].ly veighing millions f

" tons and travel at relatively low u‘{elm:i:ias in tha range of 0. ﬁiknote

(0.42 £t/séc) ‘to' 1 knot.(1.68 fe/sec).. The ac‘iauripg potential of "

an 1ce}ae}g is' primarily’ from its Kineti enargy. At these. low veloci-u
enzial energy of the hg:g through a rise :

ties: any gain in thi
fn'it4 level greacly educes’ the scouring capacity, Such a possibiiiey |

© will be shown, to be unjikely when an-iceberg interacts with very soft’

The " phenoienon will be considered as .

gouged soll in. front and r.n ﬂ"xe aide and disslpates Ats. entite kiner_ic

enedyy’ a8 11: slawly ‘ploughs deepeh_ '['he l:oniequent interm:tinn

between the sediment and t_hg 1cebé: uill: be pnalyzed. .
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*. T CHAPTER II_ ;
STATE-OF-THE-ART AND' REVIEW O P : v
SPEST = ,
- . A g B

" Engineering re‘seal:ch on, dcebergs+1s 4 relatively m._)L'e] ared.

The' general charadtertatica of loebergs Wil . therefore be reviened

in detail. Some the available data on the englaeering pmpuues

‘mechanics o8 soil movément and cm.:sng with tillage equipman!_ which”
pvagel ! L

bears sofie - ¢ b1l to iceberg
) g . it & ’ ’ e

EARLY STUDIES ‘ON ICEBERGS

desmp::yfmmu ferent shapes and ‘aleg_the dangers 1n llppraach
1ng tog eTbse to an iceberg are described in this work. Bergdgele -

obue:ved grounded in 40 lnd 50 fatho “waters.. In a more sc, nﬁific i

It 1s knoun ﬂmt ilshermen identified iert
gre{mds i?zgﬂtmjded berse. Dmnge to

alvlyea recognized threat. - F e B P e

e Iiah/{g and,aeﬁ{ng :

od traps. by icebezga was V3
=

T Forngtion of

(487

& Taternational ice t?t‘}'ol 14 1914 may be
‘said”’ ‘to be. :he flrs: n:ep 1n the" study of 'ifeb

erg drife; shape;

toy” g
size and draft. Though' the Ice Pa:ml vas ptimnrily lncended to warn




¥ . a i - ¥ 8 ¥
£ ships sailing thedogh the Lcebarg-intestad vaters, thé U.5. Oceano- -

gnpmc,depucmen: which apera?&s e e Pa:r9 - cond;mv.;ng._

.sciem:i smdzes correlating the berg movement vlth the-ocean W, .

. v .+ currests and vinds. The Marion exjedition repoit’ 76 18 a significant - R

" B o

i . sarly cnnlribution 1n this effun: fallaued b} ocher.peptodteal.

p\lblications. “ . F
o i Fig) 4 tsa o of_the Nortlivest & ]
s nk@muz. téeberg-drift puths "and um/m::r Loration le.use \
gt . .. ar 1@ along. the dgetierg alley. The need or} understanding \
: By

-

//"_ﬂﬂ\/ s :
=" the mgver:eﬂ,z ng iokiiaing for safe of i
[DEg _ i

P

or ones?16% mlocated between the

o
&
H
@
&
B
-
3
B
B
H
&
.0
i 8
4
&
o

disr_hhlge, aceo\mting for nbout 851 of t‘he bergs :euchlng the |

-~ Newfouhdland coast, East Creenland gla:iera account f?t"loz of the

nusbers and: the remaining Ez are sadd to cume prod?® Ndrtharn Elles

Lok // mere [toland. While the estinates af the berg cognt dumped 1..m the

32,55, 62170
!

ganjrall} agxéed :ha: a vast mqnbet are 'permariently’ gtmmded near.

“oceafi varies' fion xstoou £0'40,000 mgs per yest n 48

their birth ﬁlac:, A large pexcem-ga are /rspped m tha bsy! nnd
A

rador coasts.  An avernge p

“In bnnn s of’ the Bafﬂn Taland and
‘Qﬂ

;r;{u th

of z 500 1 ebergs’ per year™
/
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. ths ,mtematianal Tce Patrﬂl record

of e ) p
. the nurthern tip of Lahradar, nearly,l 006 bergq are seean Belle )

isle and an averng: of Amf peaking armmd 1,000 during severe ice
years reach the Grand Danks uffNevfoundland

77

“Fig. 4 1s adapted from
of the berg count croséing the

48th parallel. The southérn edge

.:gc_cxand Banks, where the Gulf
sneam' £lous, 15" the init up towhich icebergs are a threit in any
ymber.’_-,' - . %

Icebegg production:
Y814 of study. g

Glaclers originate from snow accumuiation which
ccv)\solidate and’ form a nucleus.
/whue the forces of gravity causé the edges of the'sheet to creep

fotward and outward along palhs of least resistance Greenland.

. .glaclers are,; s,au ‘to be r;pm ice s[reams flowing at a rate of about

35 to 60 feet ‘per day with wide front:s~ The mean tidal range along

the West Greenland coast 1s°! between 6:2.and 10.5 feet and the -

nariagn 10.1 to 17:5 feac._'iihe glacxer‘%léw comes out of thie fjords
into,the sea dnd;at: spring tidesabout ‘twice 3 month the end breaks
‘off An’ grear calving (Fig. 5).

Iceber? czlving has been brcadly
32,70

classtited 1nto four :ypes.'

L. The largesl; fecherietas calved when the Eront ‘end of a
glaciat nutlet enters water ‘deep enough to float it. The end of the

glaqier iﬂ Blouly raised by tl\e buoyancy of water and is then torn

loose.

ey 2o

18 subj ebted

projection.

The sgcond type of calving oceurs, vhen :he glacter front

to faster disintegration in air fntming 8 tﬂe-like

This 'is nubseque,\:xy indexmined by sed water, h[reaks off

-Glaciers and glagier movement form a separate

These Anexease in thickiess” and mass .0
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Other £5 rds have u.simils: topography.
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usually wilh a grea: noise-and then bobs up and down_ till an equilibrium’

is reached. ; g g . :
: i

3. Sometimes the underwater portion disintegrates faster

than the abovewawy\}j:r'tion and the giacier breaks off when the' ..

)
Projectling weight s Juffictent to cause a fracture. The berg: then

" plunges beneath, bobs up and down and| reaches equilibrium.

4

. gas explqration progran.  The draft ge 'ice 15Tands is generally in the -

‘4. The fourth, type of c‘alviﬂg 1s cgused by pleces of ice
breaking - off and ialling from’ the -upper hody of. tJle \glacier. This
results in the smallesr. of the bergs. |

Generally wonce calved the bergy are contained inside the

fjords and are packed row'upon row. It has been stated” that an

ice dan'ts forned at the' fjord mouths by the jamming of -1cghe:gs.
Aﬁprméimately ten tinesa yéar, without e e tl:xe icebergs start
mm.{‘g ot into.the ‘sea in-traths, slowly at first and ¢hen atéaln
an xnuedime‘ksyeed of 5 to 8 les per hour acconpanied by a thunder- -
ing nnise. This phenumenon eemed offahoat 15 attributed to the- ”
breaking of the ice dan by, the, pentup iceberg meltvater and, the. subse-
. quent diséfiargelsE bergs 1ith the baye .

lte Tdlands:, Ice islands are formed by the combination Of land -
fast ice and.glacier ice. ﬂes;-a;s&; comnon’ in the Beaufort Sea and *
are’ beldeved to cone fmm  the Elleamer Toland fee’shelf. Ice islands

465

havraeen reported grounded ’°~ in the Beaufort Sea and Bn the' Alnskan

:ontinental shelf. . This problem is of ‘concern to ‘the Arctic 011 and

100 to'150 feet range which is'less than a quarter of \;Qof some of

shallower

v . i .
the Atlantic icebergs and hence’ they ground in relative!




waters. to .
“hatarctic Téebergs: ft. 15 relevant to mention here that icebergs

| are also calved in the Satarctiz:” g, & 1n:n coaparison:or Che

to’p&gﬁaphy of the Antarctic'and Greenland glaciers, The Greenland
dcecap is belteved to be couprised of tuo o three done,shapes with the

edge conuined vithin'the land mass while the Antarctic fcecap s

one hugé miss overfloving into the sea. “Sumers are also belleved less
* severe in Annr:uc. These glaciers therefore fiow and spiend over

“ large auﬁ"serun being fracfured. ‘A huge tabular shape is character-

fstic of hntarerie hergs. Teebergs of hntarctic origin, 60 niles wide

and zos niles 1nng. have Been observed o repar:ed3 *However, they-
“Have not 5o far bden cofsidered any threat fo c;v}unuon! as the
.dh_f: pé:h‘ .nf these bergs does mot cross any major commercial .
shlpp:hfg lanes ..'d':ha resource potential of the Antarctic Ls still

to be explored ;

PHYSICAL P'KDPEIFIES OF ICEBERGS: . ' b - H

The Lpectﬂc gravity of an dceberg varies depend.in; on the

. relative denge of consolidation &t the parent. glacter. The vnlds

*1.{: the structpre ‘of snow yucipiza(:1 in the g].lcler {eglons conum 2

. . |
of snow ncn\m\ln;m lnd cm(aoudation, this air

aih, In the [proé

is trapped inside nnd finally hacwes part of the’ glnc!er structure:’
10

" Teeberg \ce thus contatns ugniﬁcmt quantity of er\trapped atx!

é astimuzed varying from 7 to-15 petcent. As‘the bérg drifts.and -
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GREENLAND GLACIER
- TOPOGRAPHY

T 7t

ANTARCTIC

) = ¢ -
FlG‘ 6.~ COMPA(W_SONVOF AROTIC AND, ANTARCTIC GLACIER CAPS

‘Note~the { of the glacier edge into the sea
T g AR ."(Adapted from Suith’®)
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k_ebarg grounding 15 1td d'{aft. ~When a berg Hith an'ava‘:age sp&tiﬂc w

% . L6
porontey, Sglacted danntdal® s specifi¢ gravity as low ds 0.6 upto -
0.905, compared-to 0.92 for frozen e vater.  An iﬂj,?gvm\,race-?
the entire glacier Eron:, top’to bottom and hence the-spe fic gravity
& may vary over'a wide ange. For ‘m?bergsgthu float on the Labrador

and l«gwfnundland‘cuns an_average specitic gravicy of 0.89 is. _ "

_gencrally ‘assumed feasonable.-~Dafa on the/strength of icebergs were . | . .

not noticed in the liter‘ature efanined. “Linited feson compressive
strength of eylindrical speciner conducted at room cemper!tnre gt S

(about 70°F) showed a value of about 180 p.a 1.

,rcmm éus‘strICATlon - SHAP.E, HEIGHT AND DRAFT . . | "
Leeberga' vary very gr'eLtly‘ in form and size. Views from .
two ditectiéns of typical icebergs with'their’ prominent dmensxon's"_

dTershoun th Figy 7. No twp beq!'ate alike. . The .shgpe’ aE an

iceberg will change as ic drifts diéintegvates and ralls over. 'Even

a particulat 1cebexg vlawed fron varioss angles otten 1poks dﬂferen:.

After cbserving a. nmnhst crf iceherga, the International Ice Patrol

btnudiy classiﬂed icebe'rgs ‘based on the size and abnve-'water shape

These clgssi (o and their: sug) Sted draft to height ratios are

© given 1n11$h1'es x'z'o

One. o( the major,. gaume:em in either iceberg to\ring or. - SO

gravi:y ot 0. 89. floats. in sea water of gpecific gravity 1.03, the, { PR

.volme of the’ berg Ilidden below, would Be. nearly 7' tlmes the above-

ater pnrtion. Hoveyer, the draft in ltel.ltion to the exponed A

-height depends on the shape’ of the be:g. While @ primnatie block

3 . 5 : .




TABLE 1

ICEBERG TYPES Bt STZETS ©

< Less. than 200 ft.

200 to 40D £¢,- -

"L - large

400, to 700 f-t«

VL - very large Wore than 700 ft.

§ X ¢ B, the above-viter dtriens o
. 1ght fall fnto. twoN_
icns, the larger one.

1s, dsed.

could have a draft of 7 times its hedght, a pyranidalNperg will

. i : | W Apid
only have'a draft almost egual to its heilght.

“Based on observations, the i e Fatrol

e diaft/height ratios’ for bergs of different shape (mne ux)

LA Theurar.icnl rar_!os ot draft to beight for s:uue 1ceb=rgs

" of regular Ehapes vere cfmpucea by. Aunn’. These are. reproduced m )




%5 TYPE

B - Blocky

. D - Dome
W f

P - Pinnacled

T ~ Tabular-

Bergy BLt

Grovler

: ((nunaea (dumed)
; | .
% i’yramidul /

* Panmacle
Winged of |

DK - Drydock |.

i mu: b4
ICEBERG TYPES BY smz“ -

_DESCRIPTION .- . nT

, top, very solfd ‘berg, length/height tatio 5:1,
the vater line or close’to it.

Large smooth rounded top, solid type betg.
Large central spire or pyramid of one or more
spires dominating the shape; less massive than

dome’shaped bergs of siniler dimensions.

Horizontal ‘or flat-topped berg with leng:h/
height ratio of

A mass of ° glaclal ice smaller than a berg but
larger than a growler; ,about the &:

small cottage, small berg or 1axge’$w1er is
preferzed usuage .

"4 mass.of ‘glacial ice ‘that has dalve
of 1s the Terains of a berg.
height and 20.ft length.

Less than.8 ft

- TAmE 111 i ;

Steep’ precipitous sides with horizontal or flat .

Eroded such that a large U-shaped slot is formed
with tvin colymns or pinnacles, slot extends into

L fron.a berg




FIG, /2 ,- PHOTOGRAPHS OF A TABULAR ICEBERG

Estimated Dimensions:

Height 170 ft.
Length 1100 ft.
Width = 950 ft.
Draft 700 ft.

Weight = 20-25 million tons



E1G, 7b.,- PHOTOGRAPHS OF A PINNACLED CRESCENT ICEBERG

This berg is crescent shaped in plan
Estimated Dimensions:

Height = 170 ft.
Length = 700 ft.
width = 400 ft.
Draft = 450 ft

Weight 3-3.5 million tons



FIG. /..~ PHOTOGRAPHS OF A DOME SHAPED ICEBERG

Estimated Dimensions:

Height = 40 ft.
Length = 200 ft.
Width = 100 ft.
Draft = 150 ft.
Weight = 50-70 thousand

tons
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F1G. 7 d,- PHOTOGRAPHS OF A MULTI-PINNACLED ICEBERG

Estimated Dimensions:

Height = 90 ft.
Length = 300 ft.
width = 100 ft.
Draft = 200 ft.

Weight 150-200 thousand tons



F1G. 7 e - PHOTOGRAPHS OF A DRYDOCKED

Estimated Dimensions:

ICEBERG

250 ft.
570 ft.
300 ft.
300 ft.
1’-2 million toms

23



F1G., 7 £~ PHOTOGRAPHS OF A PINNACLED ICEBERG
The general shape of the berg is pyramid with a
pinnacle on top.
Estimated Dimensions:

Height = 200 ft.
Length = 650 ft.
Wwidth = 450 ft.
praft = 300 ft.

Weight 4-5 million tons



TABLE 1V

fi o

COMPUTED -DRAFT/HEIGHT RATIOS FOR REGULAR®SHAPED’ ICEBERGS '

25

XCE PhTOL -

cuasstFreation |

ASSUMED SHAPE

" CALGILATED

Blocky or

Tabular » .

“Pianacled

Half
Ellipsoid

I

Rectangular|

Croes

Py

.,Q:[E[E‘[?Bﬂ@

Inverted' T
Star

Deep dry
dock 1

Deep dry
dock 1T

Shallow
dry dock T

Shailow
dryedock 11

Pinnacled
dty dock

Ellipsoid

Domed
* Eylinder
-,
Diamond

MEASURED ", -
DRAFT/HEIGHT -
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its overall shape. ~. A berg which has not deteriorated is Likely to be
blocky with a higher dxan/y\eighi :a:;lo while ene in the 1asr_ stages

to hhve small ratios. ©

of decay is nzsx

ICEBERG DRIFT
s

S Icebergs are propelled by the combined effect [of ocean
currents, wind, wind -generated currents and'tidal curents. However' '

otean turrents have a greater inflysnce particulatly gn deep drateed

bergs.

" Ockan circulation in the Northwest Atlanti

clrculalim in the.Northwest Ar.laﬂtic is shown in Fig. 3. The East

Greenland Curfent 1s a polar current’having its origin in the Afctic

Ocean anfl £lows south along the, East Greenland coast as far as Cape
Fa'r:well At this point. it mlxes wlth the wam Atlanr.ic Iminger

Curtent ind the :esuxung West? Greenland Curzent flows north along

o the west coast of Greenland ui.th velncl.'.ies of about 1 knot and

steadily‘loses volune thiough weswatd branching. Tife main strean |

continhes| into Batefn Bay T S T
Island folming the Baffin Tsland Current. Part of this current enters
the Hudso St‘ra‘ic‘alnng’ the northern side and Legves by 'the
ééuthem i‘rlg. The Labrador Curr:nt is fnmed anElucnce

of the so d. ~flowing Baffinhsland Current \[vi:h the wescmrd brandying

of the Eas| retnland Current and [he cold flow from"thfﬁudsm\ Stra: t.

The resulting strean flows in two components, one £rigid on the coast

‘side and the other slightly varmer on the affshore stde vith ar axts

parallel td the’ jental slope, These

ate zsv.linad

“Th¢ pattern of oce.m'




till -the current reaches the Grand Banks where it'divides into two
‘branches. Oie branch £lows south along the ‘Avalon peninsula of
Newfoundland and the othar. usually the mjc: branch, flows atong

L the eastern edge of the Grsnd Banks. . A portion of the ftigid cormpo-

*. hent flows thid gh the Straif of Belle Tsle.
R | Iceberg drift ﬁce ergsat- Tast-Greenland-origin drift southe'.

! vards along'the coast to Cape Farevell and ke then caught in the ]

West Greenland current and drift north. A few escape acrose the
; - <.

*Davis Stralt to Baffin Island and the Labrador coast and jofn the matn

strean dfiftiqg south. ‘Usually East Greenland bergs dlsintegrate o
rapidly while they drift in the warm west Gregpland Current. West

Greenland bergs are prodigiaus in number and huge in size. After
caming’ out of the fords they travel up the West Greepland coast and

‘arund to the western side of| Baffin Bay, Bergs are seen on’the

" Baffin, Island coast throughout. 'the year. . South SF Hudet gtrate they

‘becone scarce by December due ‘to heavy disintegration during the

préceding: sunmer and early fall. Later, i)zuteétcd’ by the colder s

teaperature and advanclog sea ice) “bergs fros Bsffln Bay move gouth
and berg Zounts along the Labradnr cosst reach a peak by May-Jupe.” A
of the Baffin

number of ‘bergs are elimlnn:ed by. being drlven o

Island Labradq\-—c:xrren: P the open sea vhere they quickly

dis‘integrate. Th: Hudson Strait, the Stralt of Belle l'ale and

n(her 1!\dentntions alm\g the coa]kt (tap a numher of 1cebergs.

- Wind and wind generated currents also 1n£1u|e|ﬂ:e the iceherg

mévenent. Smlth7 eatinated ehaf a noderate to fresh wind (15 to 20

continuously fof a day.or two will induce movement

-m.p.h.)- blowiny

L H
~sd p " .




of vater |layer's up to200 feet déep, the mean velocity being that at

80 feet Tep h.. Icebergs with deep Wraft and-propelled by .ocean ' I

c%rrénts are‘usually ot fnfluenced by a“8drect’.wind force vhile

those in their last stages with smaller drafts more ‘susceptible

to the direct influence of vinds.

‘to about’ ’eO N lntitude‘,wher

warm Gul# Strdam vater qulck]g: disihtagrates them. Occasinnally

icebergs | have been sighted pear the Azores, the’ British Isies anid

Bernuda, but this 1s a very far phenomEncn asenrelng ey, &

exce_puomuy bad ‘ice vears. * Fig. § shows some 0f - these freak iceberg

s

sightingss - Tt -

Drift forces: As discussed earlier, an iceberg moves under the

. cumbined effect of the océan currents. vind, Iw-md genersced curren[s

" and tidavl currents. Under a steady .state therg wlll be no force

fle 1ceberg Andthe direcdon of the iteberg motisn will e along ' R

the resultsnt of all thé exte;rgal fordes. ‘The total force on a berg

can be wri‘x:te_ns‘r',s's': ’ .. E o 3 § 6 E

) IF=0=Ma TR et T B e
where. IF = Sum bf an gxcemai ‘Lor:es - ‘

M = Mass of the berg and

a = agceleration.

The' hydxodyﬁamlc drag on an imersed body can-Be in gene:al

expre»sed st

1. o2
=ilg
B =igCaeAv.




where-, \ Fo= force . ’

©, = the drag coefficient which depen.ds on the shape of
the.body and the medium -~ )

o =.Density of the wéilim !
37 : A = Area exposed normal to' the wind/current R |

Vo= Relgtive velagity betuben the body”anid wmd/'curren:

The efienr_ of the earth‘s tﬂtatinn is ac:o\}nzed’"!ar (Coriolis sffect)

either “tmplicitly in the motion of the’ fluld or explictily i.n the
t : motion of the icéberg. The cesilvanisdisediion oF notion canle

£ound £ron’ " yrinn&ples of elef entary fechanics, g !

“Sea ice also plays sopgsgole in dnfluencisg’ the iceberg it
'Vf g

< Fast ice is known to "hold 1ceberss’® smmnary for. one or more

wéhsons and such icebergs may ‘taken 2 or 3 years after calving to

reach the NewEoundland shores. Ieebergs are also known to move

along'the Baffin Island coaét with the protection pdck fce. The
. 1nfluenrn of pack dce 6n iceberg, GELEE. his ot been défined. Kovacs
has concluded that the Force exértéd by sea icé on ice Talands is

" possibly the major compopent in supplying theé energy to induce such’

long scours in what are compatatively strong sediments., Other .

‘reported observations’ attribute the grounding of those same islands

prinarilysto their kifetic energy. The énly reference found in the -y

Iiterature regarding North Atlantic bergs is by Milne’? vhere'he .

stated that icebergs have maintained courses at variance with wind,
® ] /

\ surface cufrents or fee push. This hagbeen confirmed many times-

or\ally by yeuple fam[iliat with 1ceberg behaviour. ’

i}




' ElGu 8.~ UNUSUAL ICEBERG &;Ismmqs‘

pted from refprence #76)
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' : ~ ? :
= , ” : ICEBERG DETERIORATION. * . . L.

L ". .lcthergs are subjected fo deterioration in three’C ways: e

1. ‘melting, 2. ern‘sliﬁ?’ by, waves, swells and rain, and 3. . calving.
- o _ ALL .the three methods ‘are usually at work in ditferent degrees.
‘Melting pyocesses are aivays at- vorl| on a1l Leefergs, bit they are
slowest in winter and are ‘speeded up durlng warher months and also

as the icebers arifts further south. -Melt wa:br can usually farigend

Cal1 Jvzr the iceberg in tracks hut melting pr?ceeds fastest ‘at’ the’

water \une VWashing by waves and ocean swell/ds’ ‘the most effective . .

of the drsi:mme agLnté. fa ‘thie seas contfnuéusly vash Back and

w B forth, irrdgularities of berg are enlarged apd valleys are

" efoded whichgrow larger till this becomes-p prominent feature as cai . -
be ';seen ;.n most\of th: bergs in thedr last stages. M'elting and ]
‘erosion set up‘st rains in the berg which r AulEB in prmimnces And

' averhanging ledges D £alt m-Ly.' This upspts the scability and
causes the berp to ml\L Crisscross wate Tihe sarki lesn 30 Acebergs e

are a clear eviience of Polling: Durtng fhe travel fron Greenland

Lo‘j‘:he Grand Banks; the deterioration profess redu.;:es an‘iceberg to

Lo § about % £ 'of 1ts ‘orfginal height and abdut one Falf of its ‘otiginar® [
: voline. ‘Thd Faté .of vastage is mekmum fear the. Grand Banka in thé
GVLf Stream where the disintegration g gearly six tines faster than
in the cold Aretie, va:+rs. ’ i

“of icebergs, using

Artifj.eial d : Artificial]

B o ¥
dynsml:g, themw 510, “ and even'incendfary bnmhs7s'7ﬁA has so far.not. :

| proved very siiccessful. z .




"presented by 1iag*® ‘and Noorsay and §izienski

grain siz

PROPERTIES OF 'simm\lunz SOIL #EPOSITS
5 v

The bulk of publishe Litetatute on submarine soils is
oriented tovards e geology of the oceans. Althaugh aevernl il

fims have collected infornation:

Loratt i and
i
on the engineering behavicur of .sha floor sediments, relatively tele
is- .!vnllxble -through pubu:nuon . Most of the ynpublished- dita are
JCR proprietory. # " . &

Reviews of the state-of-the-art of marline soil Lchanxcs

3 Sumnarize -most of

the published matéerial in’ this field.| The characteristigs of the -
ocean floor surface sediments relevant|to the present study will be

discussed below.

\
ttu;tl\r : When a‘sinking particl of weight 4 arri\las atiine Vi

‘surface of ‘a sediment deposit (Flg. 91 1 tends to settlé in ‘the ‘most

stable position, but as soon a& 'éhe parti, 1e tnuches the deposit, :he .

esion betweer the purclcle and sedment at the firet éim; of

contact resists further movanent of use par! 1c1e The resisting

couple n due to adhesiun 18 1ndepemlenl of dne grain size while the

; %ver:urnlng cuuple M{ = W't decreases as th “Fourth” "power;of | the

This accounts for the /zarylng void ratios with grai‘n

- gizé. Ar/v;lhratiun of disturbance cnusesa it b8 the:

particleu Iem.gm mmed this lyye pf ‘struchure’ as. "mems:able

;/4 diftexent: gize and

He also experinented with Erushed quar

measuxed the-vold ratios aite:




FiG, 9i~ THE CONCEPT-OF METASTABLE SEDIMENT
2 : (From Terzaght’%)

3!




Y -
o b v , :
\ . | A
. - 3 . | % =
/ 34
- \\' s TABLEV-_\' i ! . F o
| " VoID RATIO VARIATION WITH GRAIN SIzE'* "~ | °° . -
GRAIN SIZE | . 700-250 , 100-20 . . 20-6; . 6-2 ' Less than 2 k
(MICRONS) |\ . # . .
Void ratio e\ ) o L%
“after’ sedi]nem:ation 1.0 1.21 2.23 [ 2.51 2.66
Vold-ratio e\ N o . : -8
after vibration| 067" " .0.80 1.l0 1is0 . 2.16
‘Ratio e | \ 0.67. 0.66, 0.40 0.58 0481 i
) 4
. , §
i
A VEE\'I 20 Bnd 6 microns d to the 1 silt Elze

are\most sensitive to distuﬂmnce. At h!gher grain ‘sizes :he initial

Mol N void\ratio s low while:at higher initial void Tatios the gedinent.

campo ed of £ine grafoed size particies exhibits grsater cohesion,

The shearlng resistance T at any point in the suhmerged e

Vo sedtnent) s given by \‘ ’ * g >
.rf-c+(yz-n) Tané e LAY
where = cohesidn .

‘¥ submerged unit fieight oh\e sediment




* at any depth z increases by ¥'z | resulting in liquifaction dnd Flow of

grain size. Flovs of this type on gentle alopes result in fan shapad

Point of contact to the water. Consequently N AR LS et

the soil. Huuevrz, this'is :empotary. The f1dw of dediment is
followed by expulsion of excess water and gradual increase in :ouanli-

dation. "The time requited for the recovery [is related Eb-the perme

ub‘llity and grain size of the pAr(icle._ The distance to.which the ™

sedtment can travel during llqulfacllun Increases with’ decreaslng

deposits. -However, £his:does not assume the'character of a turbidity
éurrent as the liquifaction is folloved by an increase in, vucnslty
due to the expulsion of water.. After [esting several samples, Flan
et ‘135 and th:erknrn And Faﬂg have come to a similar conclusién

on the stricture and type of otean floor surface 'deposg:s‘.

Consolidation: The degree of consolidarion U of & sediment:

© deposit |has been defined’as.

T | e ek N
L e

or . u-y';(‘l—u) .

When the. excess pa{-e Lzz;:er pressure u = 0, I:he degree of

consolidation s 1. The variatiod of the pare water pressure in the . J

- so0il and the total strése ‘cart b represented as shown in Fig. 10, 0

the average degree of comsolidation of the deposit is defined:as
g U=area® /Avea (A +A) %
Lo P P «

- The progressive consolidation of such a_sedirent with time = *




" s low as 8 1b/efts beposter 360 foet thtck with such Giopertiee

where C'=

¥ ="average submerged ynit weight Jf sofl

¥, = /it velght of water, \md

| ¢, = coefficient of consolidjtién.

The Golutdon of the above equation®® \te shown in'Fig. 11.°-

‘It can be stated that'
Vg

\.\ ; 1.7 If sedtientation takes place {3 an ocean environ-

men( at a constant: rate, the degree of cunsolidxtln

decreases with ' |

1nc§eusing time,- This naturally inplies that ‘the syrface Bediment

qul\qluays be highly undutcnnuulidar_;d.

- the value of

\ “ 2. 1If sedimentation.stops at any time
\ A
T ‘dncreases’as shown by the rising curves.matked t)/C.

nan environ-

_ ment where sedimzntatian ‘has ceabed; the mackrial: w&}l gra: ually

‘reach nomn consolidation. '

cirves matked T \desnel\d very neeply and cunsequenl:ly \:he sheant
reaiatance. stends c\e be almost 1ﬂdependen: of depth and close to

cohesion c.: Metastable suils are said] to show very 1arga wlume

dacr#ase du.ti‘pg shear, Shear sttengths of gome of the-sediments

“measured in che.Gule ot Haxicoz and: the Nofth Pacific Ocean”> were

were found 1n aome locatioms. Keller' ‘a-tests’? o North ‘AtTantic”
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sedinents shoved that sedimént with strengche less than 7¢ lb/sfe +

" are common in/ghts avea.’

though experiments by Vey and: Nelson 8l as assess the ;
environmental effects of the ocean on.the abear strength of the sedi-
ments’ dd not yield cnncluslve results, these r_ests appesred to
indicdte that the frictianal component of the shear decreased with
»il}cr.easing environmental pressure. o]

N k whue the h\fomhtion on,ocean floot‘sedt.ments p’t present

is still very limited it appeaz‘é reasonable to infer :h.-.: the. surfnce k
deposits are generglly 1tke,1yv to be, highly comyre,ssible uith low

stiear streng:hs.

Meyerhof has. shown that dhe critic

tinuous-alopes cari be expressed as | o e {

o
L S sswvames [
Borgg 5
where " B' = slope of the deposit’ (radiaps) < R
¢ = cohesion o
¥ £ unit weight of the sotll.and’ 4 :%. @@
"D = depth-of the sediment. .

For a valué of c even as; small as ‘10 1/ste;]p vould pe
1 3 . . : %
[L35 feet.on a 1:500 slope. Thus the ocean floor sediments in spite
. . of 'bethg weak, could retain 1:500 and flatter slopes i:mnmo‘n to the

continental shelves, '

. North A:me; serlime‘\ts . On the basis-of analysis of nearly

200 sanples and £loi uther published data, xener“ summarized the

general enginaering 'propettles of Yorth Amn:n surface deposits.

.-Figs. 13, 14 énd 15 were z#dzuwn from Kellet s dm'.a and show the
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- SURFACE" SEDIMENTS

(From ‘Kellor

T
5 o~y ® 25
W !

\
\




NP

:to be similar whil

b sr_udies af ‘the same

2 AR _ Sang v at,

‘vaziation of ‘the natural water content, wet ynit weight and shear .

's::eng:h.. It is to bﬂcaunioned chat this 1b ‘highly gensralized

lnformation based on :ept‘esencatiﬂ_ data, Even for uubnerisl soils

where there is easy accéss to visual inspection and. sampling, a

i comprehensive smax‘y‘uf this type is very difficult to’ prepare as

the soll properties vary greatly from place to plnne.v The sediment
type on the Labrador coaat along a small stretch of about 30 mi.les
varled £rom“rock outcrop to very "eofr, and loosa mud as cbserved
during the Dawson cruise. 'Jhe valués fof the entire North Atlantic
xepreser'med in Figs. 13-15 éan be constdered reuscnsbly accurate for
use {n any preliminary analysis. In _the final’ sotution of probléns

relating to s syecific ares, de:auea study of that ‘avea fs necessary.

Geological aspects of the nedimentn én. the Newfoundland and Labrador '
68.

\continental shElf are now belrg researched ac:tvely. Slatt amd Lev

unalyzzd the (axture of the !.ahradar shelf sedimem‘.s and Elﬂ!sif!ed
thoseNas sfnd—;sll‘t—ulay and gilty-sand. It is leamt (S}ut:_~'persnnnl
comnunicdnions) thet on the Labrador shelf, the silt r,ont:ént 0063 mm* '
£ 0.004 mm)\varies from 15 to 70% and clay (Less chari 0,004 mm)

he Northern Newfcundllnd shelf sediments E:L said

from 1 to 30%.

the Gtmd Banks nze predominantly suvel (cunser

* than 2 mm) and sand \3 €0 0.063 m) " Sinilar. studiss by Aviloy .

showed that the Neufoun | 1and n‘nd Labrador Ehelf surface deposits vary

. in texture from c).ﬂy to -rocks. Gran: conducnerl exrensive gedphysical

ea and ‘proved pud. deposic of sp to 328 feet

(100 me:en) in’ some apeas. Those studies showed tha: the she_lf

eedimen:s were tm-{n.l and rewoxked in'a’ number of places. il

P
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) 4 ) 3 43
) N The range of geogéci\nxnal
w2 . as pumarized by Winterkotn and Fang® D
3 ‘ " below. X
[ 3
; : “ TABLE VI , :
GEO’[ECHNICAL DATA ON -MARINE CLAYS
Clay content (Léss, than 2 nictons)
“siae '
Sand . .o ] Less than 10%. .
Inaitu motstire - - . v 60-150%. p i
“Activity PI(Clﬂ); content w 0.33 - 1.33 f
1d ratio ) ‘v 7 '[ « 3 .0.5=0,8 4l
. . Sansitivity E ; ’ - T )
- SEDIMENT RESISTANCE TO GROUNDING ICEBERGS . | -,
- LS e

Iub&g gougin] can'be vmauud as’a process (Fi.g 205,

- wiiere an lcsberg drifts aldng, comes to'a soil bank or slope and
“ploughs tnto the slope hortzontally without significant change Ln
T elevation: xcehexg suouring.atazes oa the sediment surfuce and’ may
extend fimally 10 to 20 feet ‘be1di at the endlof the' travel. From
. " the presenély'ivauabl'e Kknowledge, uamenc‘su in this depth range
can be-assuned to,be soft-and-veak. This sediment will offer reststancs
to the moving 1c,ebera in Hinilly bringing the berg ta o stop,
In 651l mechanicd'literature, earth pressure problems are

| . ¢ . =
classified aé active and passive cases. Ever since'Coulomb first

fornulated the linit equilfbrium ‘sclutions, earth pregsure problems = -




P

sty salutilm %5, the method of siices®® and the inite element

- solution’

“ those from other’ types of slution. ' The con_inhon for the passive . .
" case for & vertical vall 1s reproduced in Tab

.can be concluded that for smsll angles of wall friction the

]
«
'S

S\
Dn rigid retnining walls have been studied in great detail\ The
ccm'entional uclve and passiva earth pxessur: situations n\'e

dlustrated in Flg. lﬁ. _The front of an 1ceh=rg movins into\a’ -. 2 U5 ®

sediment.slope 16 sinilar to the inward movement ‘of & rigid r&:ainmg

\

ualjl uhen ‘the earth pressure is passive. } {
The Lipit equiltbriun solutiod of Coulomb assumes a s\ear - ]
“plene inside the doil starting from the toe of the :eiaanxng wall. By ° |

consxdumg tha equillhrium of the wedge (Fig. ]7) the force on the - ’
vall' can be computed.  Asspmption Of a plane shear surface is hcuﬁ er o
not a ganer.sliﬁed solution. It is also kn@wﬂs that the f:ilu're .

suface would be curved when there 18 frigtion betyeen the wall and \ Y L
soil, Grnphitul prucedureu such as the logulthmic spixal metfiod and\ - I "
friction citcle menhad are nvaillble to de(emlne the suxface of iheﬂr

During the coutee Of Htodiss fn eArth predsure pmblems, pmceduu.‘.

such, as thie numerlcally tncegrated slip 1ine method %, the lindc
2247 have akl been applied to obtaln @ general solutiom.

When there is fio waxi_ frtcrdon, the aolu.tltma“ by all trese methggs'_
‘con‘vuge with Couléub's results. For angles of skig.friction less
than one ‘third the soll internal friction, the e:r};n dsuning a °

lioe shear ol rface is xepnrted73 nu to ba signifitﬂqt‘ Chen and

Rasenfarh cumputedvﬂw earth presuure ce:f(il:igm‘.u insming w Lt

difietant -failure mechlnisms (Fig. 18) .and l:wmpared the results with

Te VII. from which it
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TABLE VII

| PASSIVE PRESSURE COEFFICIENTS Ko

Mechanien i Sokalovikil
PG @ @@ (el e
!“l..kl 1;41
g ‘\‘1.56 1.56
&.67‘ 1.66
2.04 2.04
2.6l 2.55
20 3.53 3..15 "312.7 3:19 ° 3,17 3,19 3.64
30 ! 3.00 3.00 6.38 . ’L.BO 3.00 3.01 3.0.0
15 498 471 - 6.6l 671 497 62
30 "'10.10 74’ 7.37 7.10 8.31 .7 6.55 -
w00 a0 a6l ie.-_l'o 15,40 4,60 4.67 - 4.60
20 11.80 ) 10.10  17.70 23.60 lbviﬂ le.SD‘ 9.69
22.7;). c - 18.20

B 5t 40 7 92,60

| 67.90.

20.90

_computation’ by Couloub’

method gives results which urL comparable to

that ‘given by the more copplicated slip line method.
uu(da DISPLACEMENTS 1IN FARTH PRESSURES. PROBLEHS

Conventional civil enginebring desigps are based on the
failure loads which, in the case of retaining walls,correspond to
the development of the first failure burface. Deformations beyond

. By & : [
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the first' slip are not of intkrest in design. .Large displn:amznt .

1o sotlls was examined for the ki‘“ time in’ ;gucuuuqi engir)eexing

“in the study of the forces on moving plough-shares and blades. Soil |

82" to.solve"the problem by ..

néchantes theory was applaed by Wells
considering the’ passive p:essu:e on the front. It was proposed ‘that

a series of fszgu:e planes develop. as the ‘tool moves forward (Fig; 19).
Payrie® and ‘Shone’! messured ‘the foxces on model tillege equipment

and’ obae:ved ‘that the variatfon was.in the forn of a wave. Selig and
Nelson® also cane .to similar conclisions after obtainin al:ill/J
graphic records of. the total. force;  Stemens®! built a glase sided bin
and using highiyeed photography ﬂhserved failore patterns. Effects

of tool speed®’; varidtion of tool angle’® and variation of soil types
have also beep lnvestigated. . ) i

In a level surface, the force on a moving blade was due to

% : v A .
the passive earth. resistance and wig in & wave form corresponding o

the ‘failure of the soil, subsequent mobilization of strength and’ the
davelapmenr. of the next failure surface. Speed wa found to influence
the tes‘.stance i coheeive dotls uhile granular’ materials vers not
’1n£1uenced by the soil cutting rate, It has'also been Dbaekved that

the nccumul.ation of the soil surcha:ge in front of [he blade reached -

an equilﬂ):ium after a short travel.

‘The irnnt ‘face of an, 1ceherg scouring 1nto the ocean béd s

likely to ‘beimg. similarly to & scraper or bulldozer blade, The solid
shape.of an ceberg uamd’haue‘ve'r influence the total force and. the
type of soit snrchurge in froit. The sloping bad, .r.hA miovenent of,

the Lcebetg urgler’ dte own momgiitun and the lov strength of the sediment
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are the other variations whose effects on iceberg grounding will have
to be exanmined. s g
s -

F16, 19.- SOIL FAILURE ALONG SUCCESSIVE SHEAR PLANES |
’ "IN FRONT® OF EARTHMOVING MACHINES- =" .
) (From sumens‘ﬁg\ )
. ol

S




_.The general shape of an iceberg can .z‘bu; be described

. . - CHAPTER III- 2 .. %
S \ ASALYTICAL MODEL \ =~ | e

random. Data'gn ocean floor surface dgpom-.'p.xuwlmy strength

and cén-oudma properties are limited. The vumhen which atfec,

the mbeq scquring prum are m It is, ti . )

. A\
to mfke a-ninber af uum&:mm m formulating a theoretifal model -,

t the present time, the only methed of verLfying

“B\ﬂ Airfr }Yu fleld .
te_of the -tReoretical md}‘qu tory .

>, models could be. extended tu\\a‘vex most. of ' the v.rnble' cicountered
1, EA

" for iceberg gougir

‘these

observations at a later s

k
R
)
¥
%

gr'g,l"‘l:ebo_f' ;mnd tng. X

\
txanu with nvmna:-uc dtuit. Gtmmdlng of o

nnly when 1t meets a bmk or slope.\ Uniforn s

1:1000,similar to those exilt!.u; the continent i'.nuc are. -

conaidered and the berg moveaent assuned to be nnml to the slope:
dutin; the. grounding process. The udmé\g i .mm:nm be loose Jand

* weak with shear stremgtha of shoue so n/.t\ . The 1de: iceberg-
N\




e

F16, 20,-,THE' 4DEALIZED ICEBERG IN THE PROCESS _ :

OF SCOURING




TE R g

W

e 2w

¥

)

soil"interface i¢ ‘assumed to be smooth.

" VERTICAL Movpuwr oF'Icanm DURING GROUNDING K ‘5 .

P AL

G, " conirg to res:»' .qa

LA stgtd bodymoving stezdily yith an tnicial veloclty V

A,
peint on Y.ha Flope where the gailﬂln the

pntantial energy- ok the body equals 1ts m:m Rinetic erergy. 'me

body up Lhe slope (Fig. 21) can be computed.’

. ; " IE W = The weight of the body,

& o . e*- slope angle, " e
V'S the dnitial velm:.tty, and
B = coefficient Er mmcn along the su

g B T The  deceloration = W cosf)?
5 ’ w

(V dnsB )

e S neceleraum{ force = G n3§3+u sgng) (—

M SER o5’ 8

o8 I zg(;x'naT- YeosB)

Equanlun [e] cﬂnnnt b‘ spmied ditectly// £o the 1cebzrg
= “u‘:‘o?g}em aince in Tesbats, 1o bipyant Foud Tt entife wetght’ of the N

b g,does not come into uc:im in the potentiah enetgy’ qowpucabinm :
Lo , . R ring to ug. 2, 1: A is the area of crusé “section of  the

‘iceberg at the wacex aurhce and Y, the unit t(eight of water, the

height z-to H.hich the berg uould Lheuzaticall% rha be'fore completely
. 5

s converting its kiner.ic energy can be computed rom: . . D &
Fen o, e ) e ‘ A BT ..
s - W ! ‘

o \\.“m w ]




" vhere W= the vcight ‘of. the berg;

V= rhe indtial valccity of the berg am-i

- the acceleration due to gravity

F6 & one million e spherical o travelling at 1 f:lgec

" this rise wnuld be about 4.5 feet and fnr a blor.k){ berg of the same

\500 feet lung and 250 feet wide, it ‘would be 4.2 feet. Every'

foot use ‘of- a blocky berg car‘responds 6 fictaaba e #oii pressure
e S _ s 5 i
of 64°1b/sft 1f-the pntire base is in contact with the soil. This S
 pressire would however be far gréater for bcher shapes and .aleo fox

blocky bergd w{,)r.h anly paxr. oE the biase™1n contact with the sou

as wnuld hnppeﬂwhen the berg starts x:xnvéll,lng up a slope. A rise

in level Of the ardex‘ of 5 feet 1s, huwevex, not: U.kely because 4

1arge pcrtibn of :he ocean. su:ﬁace sedmen:s -are very weak and

compresslble 1ncspable of carrying these beAring pressures. -

Observatinns on the sea floor uupport the sasumptiun of a

rev seen w!.:h

hotiwntnl trnvel D{ an lceberg., Long gouge tracks .

rntsed shoulders on either side which o ‘be clused Dnly ‘when the

berg shears through nnd spreads the soil in fromt and aroundw

Further, with thie \presan: Lack of knowledge Bbout, iceberg

grclmding it would be prudent to: Locat the ocean botton ‘structures

Since

at a depth where“the effect of icéberg scour ds.not feu.
- nnximum scour depths would occur vlen the huaynnc berg travels,

- homon:auy into ‘the ‘slope; calcuintionl bgsed on- sunh an aeL\mlﬂ:lun 3

would: be safe fot the bottum atructure.
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o THE PRELL\?IA‘RY MopEL. - o
" T+ . For simplicity, the effect of the displaced soil and the

wnsequan: surcharge in front of the 1ceherg has been neglected a

the first approxiiation. The idealized betg cén be assuned to be (;t

[ subjected to a passive soil resistance of the front fm:e, a cangequ,n ;

force on the sides due to a ‘passive soil pressure on G sidea ai
abasal shear fasistance as-showi in Fig. 20i

"The _passive earth pressure can be cmupul:ed as} .

. S LRy T YA +zc/N_

‘passive earth preaa’dt‘g at !

any -depth belarr the_soil' snrface. o 2
¥ o= submerged unit ‘weight of ‘the &oil,

© = Goheston in thesodl, - . .0

an? @t 8, and,

sngle of 1m'.srnl1 frictien in the soLl. "

Assuning ‘the soil to be PaRm— negle:ting the effect
ef 4 which ig:considered very smll. the force Py on’ thé ftont face ',

" of the ldealixed betg of uidth B can be cmwuted ae

\ ’ l-~dra[1,'d+z.c] i, m e fn)
. g "The. restotance on’the two Eideu would be i i
. - 2 -z[% Sd i.(y'd\uc)]u veve [12] 8 !
uiere = length.of confact. at ithe sides with the slope,

u - coefﬂJnnc of fricgion heweeu the sou and b:rg.

The hnsll ﬁhenr S wlll be

C§ B - e 1131




oy T If B is,the angle Of the slupe\t_h} depthi d.can be ée);presee‘g

d=gTang . . A
“The sork done iay‘ ‘the resisting rfoi»ces along the ie:{guh'u:
the [ghuge ean be ‘squated fo the 1n!,t151 kineuc energy of " the, iceberg
uhith‘rtgsn%l:s'in the following expressicn o )
w? J_l_BlTnnB(V 3% AC) ag+ [rl W heyd jk.ﬂ.c.dLv\
75 3 .
. f % 5. L.TaﬁBTY*‘k?ﬁ’ﬁ‘;— be)dn +>J12 TanB(y' £ Tan8 + dc)udL

& P S J L.B.c.d2
"e’ L B TanBly' £ Tang + 4e#Ik + Tangly' £ Tan + 4e 2]

L = L Sl (e

2 3 L2 R N |

ST - ) 4
T : + T8 Bt B}
. A3 Bl “

= 1B.LD (y'D +Zc)+Ln(]_+'kc)u-}L B.c.
Lz 3 i v o

where -, W = the weight of the berg, .
. Ty e tee ‘vgiotity at the comencenent of gTugiﬁg‘;”
S L e the total gouge length, ! : : ';'
L D < the. £inal ‘gouge depth and ‘other symbola’ as defined -
éazue\r. 3

on a nlose: examination, this slmplified exprsssion is

- seen to over zsu.matg the resistlng Eurces. “The pteesure on :he sLdes

ceuld ’ue .zero, nctive ot at-rest, but. not pusslve a8 'the sidég do not




push the ‘soil aty fvurther..‘ The contribution’of the aitive pressure, ., -

on the s:‘Ld;s‘in resisting the fu’r\isrd movement of the berg would be
negligible as the iceberg is continuously lubricated and friction is

_virthally absemc. TFurcher, §f the dcebers, moyes iith a constant draft !
Srenoue sureray Ny mmavae pu-;suza. T T be any

basal shear, : . .

= if tth 1s the case. then, 1t ds more realisr_ic to, constder

the zquilibxium of & snil wedge, r_ontinunnﬁly sheared oo pushnd in

£ront of the idealized berg: The helght of the suil suruharge can

be eileuldred assumlng that the scoured Bediment Eettles to a simple

geamemc siupe’ in front and' the sides ‘of the iceberg.

- SOIL DISPLACED BY A GOUGING ICEBERG y \ ' -

An 1dea11md 1ceberg progressively scourins mo xlsmpe

. wDuld ‘bite deeper as it advances into the sou. T‘he sail removed n 1

¥ . front would flow around the front edge and slope down fmn\ (he berg

body: The slope to vhich the. dlsplaced so1l settles would ‘depend on-;

tes, physical propertieﬁ. The ‘gouged — uould have a’ central

g ﬂeymuon with ralsed side ridges ‘and .én outward slope from the ridge -/ 7

1 top. Fig. 23 1s o representation of such a concept.

Let £ = slope’ of the ocean surfnce sediment,

Las slope of the diuplaced uu,

| B =-width of iceberg,

\J: = length Gf the gouge at any Hrstant during gouging

= the corresponditg depth'of the gouge;
ik B

V. H g A ‘,




- SURCHARGE OF DISPLACED SOIL AROUND AN IDEALIZED®
‘ICEBERG e Rtk SR




il

3 Ai e . .
2, = length of the surcharge'in front of the iceberg,

height of the surcharge ‘at.the front face of the
[ o ®

berg.
From Fig. 23,

The volume of soil scoired EFSTQRFE

Volume of soil'in front ™ = QR’M‘NGKM

)
Assuming o cha,nge in the volume of the scoured material,

b Volume EFSTQRFE = Volume (EQNGE + FRMKF)
- {

+ Volume QRMNGKE ........ [15]7

' .. = 2 (EN'NGE) + N'M'RQGKYM'
, N | g
EFSTQRFE, =

£.B.DY s .

[ie]

2(EN'NGE) = 2(%s EN'NN'. GG') = 2(1sEN 'QQt (e )Ge) . -
Ly 3 —-‘;—T

(0= ra) B () hcoss
. ’ ¢ L TcosB TR

Cehfe #ap? eota
3% :

u'u'ﬁqcﬁi'- =% QN' _cc'.qx{
5 e, ® ”"‘1 . h.cosB.B
osB

. LlhB % t
Al 5 . 25w .
Fron [15] % 284 = b2 +2)% cota + 2308
3 R ) s L

o v[xs]

—T]

T PubTanok Tanf Ky 0 . e ¥

.59

The volune of soil spread oh the sides = EQNGE + FRMKF .




) ] K 60
: i
o 7. From Flg. 23] LERAY
Equation [19) can be rewritten, as
. 28D = "1‘(1 @ D7 cota + "1 1P
| i = P 2 3" bl
# o cr2K l+axu. +(zxﬁ. +3Ki.ajam)1 = 32°dIBTan o= 0
sesay, 1207
i T the final gouge length 1.l = the corresponding length

]
. of the suz#harge 1n front, nnd D, = ‘the Einal gouge depth,
. : pes = | . i |
2.4 2 3 v I8 ST 2
2](1 L1v>.+ b‘l{l L L1 Y (ZK’ LT+ 3K1LB TW)L! %
\ !

—-JLDBTunu-O

. from which Ly c!n I\e solved 1n terms of L._ “ e &
K Edb:L_minm OF THE SHEARED SOTL WEDGE o
. - F14.:24 ‘shoud the 1déalized Lceberg 1n the ‘p(ucens of . .

. gouging and: the sheating vedge of sediment (Fig.'24 b) in frone. The,

R scoured ‘sediment‘ will not be sssumed to contiibuta any.shear resistance
as 1t 1s remolded and would not be aet:led for sufficient enough time.
to regun its strengeh befo:e-being noved ‘agatn, by the dceberg.

- ‘F{owl’lg. 2% (8) d + h A x s;.. 8 = Tan o

v @i+hy e [22]

" o e x, 1
. TR . P """ (cose, tan @ + sin 0) 5 i

%jcos6 Tap B+ d = x; sin ©

A ol GRS - cor 0 Tan B |
X : sijie | = |
| I

IEF 4 the ‘total so1l resistance

- welght of the wedge of Boil -
> F




(o -

F1G, 24,- ASSUMED. TYPE OF. SOIL FAINURE IN' FRONT OF. AN
——— IDEALIZED ICEBERG R




S = shear resistance le\g the failure plane|
TN = norinal reactlon on the inclined surface
- S'= the shear. resistande on each side

T¢* the shear strength of the.soil,

i

resolving the forces along the X and ¥ axes,
ge= | A

P =S cos ®+Nsim@+28

Ncoso-w +258'+ssine

W =y

B cos X
(cos 6 tan g + sin @
=05 dux) cos 8) T [

= ba?

N=_1 I;y"(nw&fn'
s \

cos ©

cos &
(cos 6 tan 6 + In ©
tod% con 0 3 Tgd.B sin'0 :|
)

+

(pin @ - cos 0 tan B) (8in 8= cos @ tan'f

" Feom (241 ana [26] . %

dnrt

'!'(?H'd)
T In6 - cos & . [r..!n gy co8 0+ e[ 4B

'[’.d cos @,
056 . tan B)

cos ©
{cos 8. tan o + sin 5t Gin 6

4.8, oo gl congo

_(e1n @ - cos B.tan-§) (sin ® - cos B.tan B) _




cy'+ay’e[ stne
2 (cos @ tand + sin @ |

B epeein cos © + . sin’e )
97| 5In 6 ~ cos 6 tan'B _cos 6 (sin 6 - cos 0 Ean B)

. |
+ \'Edz[sin 0 +cos @ I

340 0 = cos & tan B
Tan o and Tai B being very small, tha abiva equa:iﬂn can
be uwrin n 2p |
2l

1(Ma)zn+1dn(me+meurfa(1+co:s>

- (273

b &

(14 cot-0) . 7u... [26]

CE 2
kb %8 +ardn+ T8
- n 70

AN-EQUATION FOR TCEBERG GOUGE-STZE

The work done by the sediment resistance P, as the iceberg

moves forward and develops a’serles of failure wedges, can be’equated
to the -initial kinetic energy of the iceberg and expressed-as
v w J Pag
B ‘ .
‘ I[M E+27fd9+1d(l+uo[8)ld1 55
ain Za

:To-make the above expr‘esstnn casily integrable; can ba
apv;oxsmnzed to vary linearly vith d and written as
. h = (constant K,)" d

and .d = 2 Tan B




w?
2

28.

“durlg the ice‘herg deceleracien

. 2
F 1-(:1-172 BL+TDLE  + T DL (1, (5 8)
i

sin 20

ey . o §léhe weight of the berg

V = ‘the velokigy of the berg at the commenceme

the ‘scouring

and the other terms are as defined earlier: , .

1f © = 45°, equation [30] reduces.to sy o
oyt p)? BU BB 2 T 0L veenen [31.
e £ £ 3 it BB :

This eq\m:i\m ignoves. the energy input from curcents and winde
This nspect}‘lu dtscussad ot page 70. ;

F!gs. 25 and 26.ure:two'gets of solutions of the xbnve

equation for'a set of “hssimed sqll froperties 'Fig. 25 ‘represents the

variation. of the gouge length with the W Yatio.' As can be anticipated

: B s "
the length of scour is longer with:flattet slopes for a given kinetic
enérgy. B W e

. gy 26 shovs the varistfen of :he maximuin gouge depth. it B

1s noted thdt deeper scours occur-in s:ez«per slopes. Thé sediment

resistance ‘incredses’as. the sqnl(e of thé depth and the wotk done {s
a linear’function of the 1=ngth Scours 1n steep Slopes therefore

tend to be deep and short in lemgth. : Y oy

The €ffect of the variations in the wet -dénsity of the sedi-

“uent and slsp the shear stremgth is shovn dn these figures. The, mcour =

sizé is mote sensitive to a.change in the’ sotl densuy and to a

lesser degree to-the variation i the shear s:tengzh.

To'verify the error in assuning a linear variation for h,

gouge_ lengths wex‘e compu:ed by a mimerical Integration of equ-:mn [29]




P

" VELOCITY = I Fi/SEC

* LENGTH OF GOUGE (THOUSAND égEY) -

L= A
—— . e
236 %676, . 106 . 150 . 200
A . f W WEIGHT OF BERS (THOUSHD Tons)
)' o Py BERG WIDTH (FEET) E

" Fxs | 25.- THEORETICAL iCEBERG GOUGE LENGTHS




L

@

~

o

* GOUGE ‘DEPTH (FEET) ,

o




- THe approxination results in souge lengths whlch are longer by about

.. 2. e » error, 1 the eifect "3 sufchdrge vere ntglecud llto;ether,

dtpenda on I:he ulope to vhi:h the displlced sedinent eettle-. Zven

I The efforz requxma to. a.cczleute :he suil vedgg in f‘nmt

|
At ‘the noving” k:utg was neglected u the previcus szc(ion. In fact-

veldeity V,, “IE.Vy is, !he valan:ity ‘of ‘thé berg at any“instln: of ﬂ.mu,
ty b ¢

The: welght of the uu geuued fn tine 1’.. R

Accem‘han -
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Assuning.® = v‘.s", equauon[n]cg‘é be weitten s .
. Energy -=/"‘ B tan B I - 2 £2)2d8
. e e Y R S T y
. gE, o v T2 0 30 .o

“Hihe Pt cai . 2 f
% sifce £ = U7, energy dissipated = /2. y' B.D.V.L..... [33]
< pig + 4 6 g 3
T Sincé Vi u'su'a'uy smsll; the wotk ddme in .‘czexeum‘g the

s011 18 neglizible :umputed with the Anitlal kinetic cnergy of the! ;

- togberg-and can be neglected..

* DRIVING FORCE DUE" 0 6TNER EWIRONMENTAL PARAMETERS “

g esr_ablished- s (‘

ce al_l have the potehtial to feed

bund, curreits, md

energy into the system durlng the déebery grounding pmcess. In the, °

free, floating mode —_— due: o these mtm—a:‘ r:uultlng ina steady

sta:e, mctio‘n. The’ cuuplmg of t_hsse dlfferen? purama:eu withan
.fceberg is still not well “understood, | 1c‘ebéigs"ére dtfferent froin

sormal floating objects bel:ause of \:he\,pzesence of ‘an envelrpe ot
‘melt water ihtch alunys naves with the bcrg. The mode. of transfer '

of fot:es to_an iceberg lhtoug’t‘{ this =nve1upe 19 8ti11 not, well’: N

Cufrent dl’ﬁs
{»asisunce there. 16" a differentinl vzlm:i:y be:v::n :]an berg epd the

'When an hehetg decelarates due tgthe ‘sedinent
¥

’ ,prupelung r:un‘ent Hhich !nduces & fluid drug on ‘the ue}eg?‘, Thegrati-’

 be conceived as_causing ‘a scour deepét than that computed

fmm' only the initial kine:ic energy conliden:iuna.

e’




© Vo BERGVELOCITY

/ F16.27,% S01L VELOCNTY 1N ERONT OF A-MOVING
"t ICEBERG y o\ o .

AT L,
+ - (From Sotine™h),
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. The BD“. affem a pasdlve resistance ta' the movement nf

an iceberg and_when the bexg finally comes .to a stop due to dissxpamm i

. of 1ts: mml kinetic enetgy, the fluid.drag wm duse Farthér movaient '~
of: the berg 1if this S~ large: enpugh to ‘overcorie the sediment ° L

zesiﬂtancc.. An fceberg” weighing 2 million tons would be approxinately

300 £e uic’l Ld 750 £¢ long ac the witet sirface with a:total height

of LOD fr. ‘It Ls knawn from vbsetvatian! hat an i:eberg 1s bilge

shaped and a uidth of about 100 ft at the’ hm:r.am 1s rs4listic in .

scour dep:h computatiunL In'a s}ope of .1:500 this-berg uould gauge

a depth ‘of 3.8 ft u l:he sedime has a lesicy ‘of 100 lh/sft and

a.shear strength of 50,1b/aft. 1}.e ol resistance"};ex‘ unde width for

ca depth qI’LS ft Hnul be .about 0.314 tons: | The drag force 17 an (he

. o f
berg. can cﬂmputed uslng equation[2],  .-°x
F-lscAcu\v % o &0 8 » & 5 oo

But the ‘évaluation’ cf the. coefficient L wmch depends primaxily on

the shape,: is dtfﬂcu‘l:, Budlnger esctmazed the ‘range of C4

betueen 0.2 and 1,6 and psed’a e o, o 2 4n.hié calculation
Assumlng a value of 0.3 for cd. and a current veloctty oi 1 fi/aec, !
he force per unit wldth on the sol} vould be about 0.14 tons.. 1f, | t _— -
hiv}iever, the dxfg forge is gre‘a:exj‘in any par:icular auuunqn, thq_

" corresponding depth at Yhich the soil has an equal i:nls:ancs.«ulll in Fa

: o S it
be ;ne nimu scour defth. ) . “" fE R

i\ Tee push:' The. 1ntazaction of ‘sed ice with-1c bergs and enel L 0
effkt of dee push’ on icebr;rgs/l! anu to be eatn\:ltshed. The only A

’ rec#rd g source 18 that of Mi1ne®? 1n HLEH RevERGE BE icebetgs

B 1naepend m: of the fee flelds 1s repﬁrted‘ Sea ice thrug,




EE . g 7
1 B 3 i %
to be an inpocrart force in theigroundtng of fce {slands 1h the

i Beaufort Sea.' Kovacs and Mellor"’ computed the maximum fce chrust ;
i x |
by conudering the Fruahing stréngth of an.ice shee[ on an ice

‘island. The stiength of sea Lce was taken as 400 Yo/ag, 't and

* < that of soil tp be Be\:ueen’ 500 aud xzoo 1b/skt. Ullng a slmllax
approach and: assuming a & £ thick dee ‘shedt wuh a conservative -
- crushiag s:rength’ of 200 ib/sq. fii., the maximum ice thrust pu .

fout width of the sh=4t can be calculated a8, 51, 43 ‘tons.: In a

, soil of the’ :ype assumed 1n this investigatinn, this fnrce weuld]

cortespnnd to a gouge depth of aboit 75 feet. Gnuges of this size
have nct beennoticed. in ‘the li\geruure surveyed.

| | .
also\qunsldered the pnssibillty of uxmq stiest ‘o 104 ‘shakts uhich "

Kovacs and He)ldr .

in turn’is transfarred to an ice h!lund as a Lhruat ’l“he wind force .

on an 1ce sheet dépehds od its ruughness. the preaence of ridges,

um‘-:he size of - lhe sheet. Infarms(ian ‘on’ all thése varis\hles ’with
particular reiotence to 1ce fields aroundlan 1ceherg and. the matual
ﬂxﬁemcnlnn at the sea lcc - iceberg Furfece 1s-absent. l{uwevu, if

 dce push 1s 3 fofce to be recngnized the theoreticsl expressinn i

for the gouge size 1g srill valid \Au the propelli’ng forcus can be”

grouped with.the" klnetin energy to cnnstimte the .pubh and. the ccrree- ®

 ponding, resistance of ‘the. 8611 to bring the harg t6 Test can be '

cogputed.




ruunded or were

.Froude number -_V._

CHAPTER 1v By B

QUIPMZHT DESTGN. AND' EXPER!M'ENTAL PROCEDURE *

n Lhe progess nf groundxng and sl:an the ocean floor’

seen Btreun all amund.' After. the

rks proved unsuccéssful, it was

model ul&ere a model of the

ce
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where L is the'length and suffixes p and m refer to _u.é
prototypé dnd model, respectively.

5
% i se s_;n:e[_l

(mnn x acnlernuan) -
Toass % agcgleration) .~ 3

4 e L If an iceberg is modelled to a scale of 1:100, the shear
“strength of the podel sedimént has to be scaled dowd by 100.° Scaling
an ocean sediment with s shear stxengen of30 1b/sft to O n{/Jﬁ

does not seea to be easily Eunible. The wet density and the patticle

slz: ni ‘the -eu hrc also pot easily scalable l:cnrdln; to r.he laws ot s I

\
i ide. :A‘verification, oi}qﬁn’\[n] in it exact foful
‘practicable 17’ laboratory model L»n the soil property is

scaleg,” ¢ . ' -

e,




could be studied. These experiments could be zxpented to provide

LN © 7 actpal gouging. - - R

. OBJHCTIVES OF THE ABORATORY EXPERIMENTS

The aims of laboratory experiments tn l}ae light of the .

suggested amlyticnl model can, Lhere(ora, be dﬂln:d a

.7l To measure the préssure ‘and'dts variatian o the dtfferent
*faces of a_blocky berg while 1t scurs into a‘sedi.men[ of loy shear .7 .
“'strength, and to detetmine ‘the predonigance p\i these pressure,

2,

TG meagure the wm fopce on this model during gouping

and compare the ‘measurement uith the computed vnlues‘

T 7 " 3."To cbserve the soil mbvemest in front of the berg in order ’

to decide the type of soll faildre and ' . ThE omet E RS R

4. To observe the gouge shape and- type -of soil £low ngﬁd the

EXPERTNENTAL AND DESIGN REQUIREMENTS

2 g

v
iczberg drift veloci:es, ¢
'.1\\. S !




tatal force on the model,:  and - SR

Sui:nble provisitn to' u\aserve and ° renord :Le 611, movement

around the model b:rg & s

I Cowtng tank: A towing tank of steel’17'-0" long, 2'6" vide
and 2¢ 3" deep [ q;wsions taternal) was fabricated anotpurar.ing

most ‘of the abuve requlrements. A substantial pnrtionl Tfhis research

had to be. devated to cunstruccing.1nstrumenting and, proving the. zeazi

Preliminary ‘quilicative tests were conducted in'a 18" vide

system,

test tank... ~ - o B j- . |
Fig .28-5hows a p‘IAn vlew “and an .elevation of the facui:y.

Dne long side of ‘the tank was of l/Z" Lhick cle-’u’ plate glnus and’ e
the nqlm three sides qu buttom were of 1/4" mild steel plate, The. - -
entire weight of the tank was caxrled by three 5" by 3" I sections ]
y i
ugh cliannels 3" by 1T spaced 2 6 inervals. To-sednee the

berfding . movements and de(lecr_lcné the beans overhangal their supports.

by 18 inches. One of the’ supports’ vas & hinge and’ nnnther was a R \\

! modified 8 Tun hydraylde jack which facilitar.ed the tilting “of the “tank-

- about r.he hiuge. “Two ‘Antermediate pcr:al type suppur:s ‘on ‘the 1o||g

siides of the. ‘tank vere added uf]er the 1n1tial test, to prevent S

excessive’ deflection of the’ glass plate, Al joints vere bolted for

casy dismncung 1F there. vas a. need to change. the soil sample’ and

-also .to fq-&cil-xut; sasy hund)lng while moving.

“thetr lengr.h to clrry a moving r.rollay. The trclley (ar _carrisge) vas
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Ty

. iceberg model vas suppur}from :ne Eiotley chrough s/e“ steelbars | ) '

i nil gt anbnn sile

: P ’ ’ - .

_— . g
nade aut of l” oy Bw}upported on 4 wheels' (Fig. 29)." The | p

and alao pus!yad £ron b{zhma by.a verth:al framé sade of Lsg:By 3/8"

flat buru, ngnuy fixed ‘to the cmnay. ‘This ensuted that_the

nodel vas he!d F1g1d vhtle being pushed fato the slope. .The carnase . I

was pulled bylai ASA chain no. 60. A load cell (Mg 29) attached at

the. Junction becaeen chie chatn and the_ cmiage registered the total
pull on the mndel- A \mt.luble spesd L5 'H.Py U Vari-speed motor ',
vith s spaed range of . 1 to 92'R.P.M. was used for drtving :he chafn,
The carrtage speeds could be varied from 0.2 -£o' 2. 2 feet per second. -
Limit uultch:g;at the €0 ends of the tank prevented” the carriage

from driving tiirough.
: 5 s

I ¢ E
P‘R‘EPAMTIO‘N 0;’ ‘THE SED!HEN‘T SEOPE '
w The propenles ‘of the soil used will be given in Chapter %,
It was ‘felt thzt this Hcil ‘when mixed Et\d settled in water, wil’.h the
cank 14 & :41..:94 posttion, vould, tesult in'a sloping’ sediment sample
Df lovl llf!nglhs\- 'Th.e lde; of Cilling thé tank to form t‘he .slnpes e
Use” evolved after”trials with'alenall plesiglas tob. During the course
of the'fabrication and crial runa, 1" Vias noted in the literatuie

that onle 0 sed & .mun tank: f6f s:ud{es of wave effects on

conumux slopes. . Doyl lowered the forvard end to form the slope

=10 prepare the sediient slope, the tank vasgiret. cilted to .

thie requitéd slope, the soil vas mixed thoroughly into a thick slurry
nires slope, ! e =

using ‘steel rakes aud 'alioved.to settle for 48 hours. Agitatioh with - :
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. compressed air jets uss‘ adopted periodically w;mnever 1t vés felt '
“that ‘the botton layers vers cansolidntlng. _¥hen’ this eype of mixing
i e

vas done the time for .euxmn: ‘1t to be it Lesat 967k 164 Touie,

* This vas mainly becauﬁé f the.use 6f more vater duridg air _]EtLing

' whizh rasulted in & Lhinne: slurry Ble greater c{me for “ttlh\g to

. the req'ulred donsx:y .;nd strengths. Air agitated* uedlmenl: was itéo - °.
weak to retain lhe slnpe after 48 hours. Fig. 30 shows the tank in
the tilted vosiéton wuh the secvif& 5011 iA\few hours before’ eve:y‘

3 expex!.mem’.. the tank was righted to the forizon tel pasition which ,

!Esulted 1n a s'lcpln; sedime_m. bed (Tig. 31). . = E

"' ICEBERG MQDELS : [f t5 g, A s P £ %

M Eanis I S S

i . X3 " 3
o lupreedgl The teberg model as 9" vide by 18" Tong by 17" deep and

~ bade out, of. 5’ ehick plexiglas. ¢ of the exper!ments were conducted

with the ideulizad shaze (Fig 32). mmued ahservu:ionu vere made -

o tun Other Ehuyes of the same uverall dimenﬂ\one (Fig. .33, 34).
\

,_mé'rRUMEm‘ATiQN 2 S .
The selection of & suitable. preasureyurtng device involved -
- considerable tine aﬂ gebre, Onevof the experimehtal ohjecr_tves bfal

"to measyre ‘the Pressure on the different faces of the model. On a sou

" slope” of. 1:10, the maxinun Expected experdmental ‘goige depti was

bout § inches.” It was-essential that r.ha pressure t!anadu:ars Le Y

T and have a good .degree nf reaoluﬂnn. "Pi:mn pteuur: :mnslscura“
/. hag

dismeter of only’ 0.2 Anches aad” dlffeunt varieties.of :hue are

available for various jiestute rangés starting Exon 0.07'pst. . Bet,on




FI1G, 29,- PHOTOGRAPH OF THE CARRIAGE ON TOP OF THE TEST TANK
This photograph also shows the guide rails, the iceberg model, load link,
chain driteand amplifiers.

~
o
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FIG, 33.- PHOTOGRAPH OF THE MODEL M2 WITH A ROUNDED TOE

The brass holders and a pressure transducer can be
seen in the foreground



F1G. 34.,- PHOWOGRAPH OF THE MODEL M3 WITH A TWISTED
——  AND INCLINED FRONT FACE.



. S 5
= actyal use in the

" they. could 't be vaed An . = Oy
T kger cons!denble frthet, search and tials. af 16 ent
5 oy X,
* ntsmncxveu to keap che an: aw, 1: 8 declded 2 ua_e,'K stier™

sbrasion during testing in the ta a lnmbnnce in
. “ i . BN

have

TErontMof the gouge were not &

X \:een‘uned suczes'sfuuy o £luld’m
'\

tz p’,ezo—elect < ;xanndu xs B The e.were 0.5 i ch /d}umete

£ty of 10\times’ the
/ rAted range (woez) 0£.30 ps.l with a remu

these crapaducers were piezo—el r.ttlc,. th% mm'l elect \:ﬁurge

of 0,003 psi. ;Because
Gould be grouide before startin fhe expu}mam and the' inyrease in .

| the. edihitn presirs cois: be :?c;;m:. e a:ourlng progiessed.

Each of thase gavges had o “be- used 1. cambi ci R TEh.a .chA‘rge
and &u: o

mvllﬂer which made the]

A xeucxaim on the nu'mbe: ni n’!neducers thﬂl‘. cauld be nsed. -lt ould
be ideal to mount transducers on all the faces oi the mudel lnrl.

mensure th:ir relatlve 1nf1uence under identical experimentsl

conéiuans. However, s thie was an expensive\yropouition pud

amnunled tu $1100 Per ‘gauge (trlnlﬂucer ‘and emylifier). it vas decided

§ unifurm ii{ulatlon 6f “the, expermenux coniditions. Huss holdars ve e

13 Aiffsxen: polats ou the model and the ‘transqueets qgre screwad

1
|
. to obseive Aeparufely ‘the presa(ufes on each face . of " nm model wm-. - g

o xn until the bc?ms £lush with ths plexigln shee: of the mudalA nenir

of the‘apecxication. calibration- dnvd m\mung are.given in Apgendbt D

ers, . dnft1al reslts wen




- frustrar in’g‘!.y‘» nan-unﬂ&(m, 3

A de:.u'ed' exmlnagion,of the syu'm

and® ehe-sau caused the wigml ms:mg. This'pmuem s siibse- L

w

mnauxng t :J arabilize

6 by,
quently i A

be:m Tunning che axperill!nts. The
Kistler q.mu force 1ink I‘.ype 932’

N a-chnrge smylifier. The pmblem of t

. ‘

L]
samngs and a].su

umife to prevent memge oﬁ’ charge.

A slider was uttuhed to

by umrd,mg the vnlmge veriatton

B |

tal 3 pull vas mea ured by a f
(Fig./29) E co' 1n!tion wm,

penc,‘u:e 8 nbil r.y fot, the i

to fong lasds?. " 8N
. e
e 7/Arriugg and ‘moved on a resist-

dtfterenc 'aezae‘q and. scum{gﬂ

end ider for different speed |

thoquruag
.travelled vas plotted on a

3 .,
ind voltage on the m:dinatn‘-

'Lymé'

l:hann:ls and &

- The valtuge ch;;éga which rapresen
|

"l’air:hild' ':'ypev wal used ‘to) g:nant.e signals at 1 tacond mm'u

truvelled by

the, distunct

v plotter, whh .tinealong :hs absciu

The callb\j;tlun curve as\gshown in Fig. 35

pReg




3 , B g 12

A : 2
o ] 87 L
voltagz at_the slider,” “pull from the Yoad link;hnd output of th C A

E i pressure ‘transducers wa’ke ;ecnxded on the. F.M. channels 1‘{{1“ et

. i i .

' pulses &t intervals of one mmd vere. récorded on' the direct. record-
AN mg charmél. The exact expe § w11 e : : .

10\ succeeding section of this chaptet. Recorded sigials vere

back and plotted one channél at’a time:on Hewlet: Pur_kard R

X=y¥ ;;mm‘ model 7001-A; The instrumentutlon lyot!m 18 shown 1

Fig. 3% with a sehanatl diagram 1n Fig. 37. An

}nmma tecording:

system usad duang tha{trhl nms "“fh -the ‘Pn—.nn transinoxs is

also shown in theidfagram. . )

DBTTBRHINATZON' OF SOIL, RTLES
b : e

as described in an eaflier contéxt.. Because of-the very low strength

A \ Lia looe state of ‘th seumenc u ¥as' not posaiple to & Jiny.
». \ o
\mdisturbed sample for &{;engzh da:eminmm o Witk sofle of ehta L
* type; in-situ‘s‘trel\g[h e rminnuon such 'as vage shes{r tests arebest. .. . \j |

nwdei NF 2350 2

ﬂ ‘suitedn (A laborsr.ory van aheaz

| ama’epereimns aiea”sré’ shova 1o\l b8 The Sowat TastdEsey SN L St g

“anes were RUER hy 1/2 in., bh\ Kthq 16w strength soils Of the',

by 1" ht.was fabricated | |

i :ype used hm, “Epecial vane z" &

te a- direct reading of ‘the’

L. - ‘out of DOZ'_‘sasinh suel. ] (ac}
[

on the angles of

. < was cUbnmi (Fig. 39). /u conbihation i h\\ he é:nndnd ipring no 2,
. : \ ;

g "'shear -:reng:ﬁ;

twist \o%l tnlluu. the vane' * 2N
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E1G, 38.- PHOTOGRAPH OF THE MODIFIED VANE SHEAR
APPARATUS




]wms rd’ FLUSH WiTH
'S0 SURFACE)




. oL R i 93 .
% L . N
"N LY Yaupplded by the manuiuctuze!s. . L I

g ai the so1l dven for e bulk density de:emlnations 3

' . had m)\ye 2” with ‘great care. Alum:nfum moisture cups 2 5 mch
. ‘ diameter_ ,pcnverted inth thinivalled ‘tubes 1.75tnch Tongs i /
, . f . cu:t}ng out fhe bottom, These :u\bes weré pushed into the ‘soil. w'hug
Lt " R, “he cube vas st1]] iffe1de thelsoil, khe botton was casefully eovered by
/*/ : O G itingd  sauate place werdags. The tue uith /(he plate vas carefully E y
L d taken:out, the .top levelled and the veigh:s detemined. Great cauion T a
.. v " Hadi ba exedeised to prevent’ pnsaible (_:cmpressiun of the sofl fnto
- the tube, ; s :
SRS T S .
(g A QUALMIYE nnsh‘m}nmns? . s
v i

T
e

;;aaun,-,pf the-ine soll.

=

riable speed DG

Totor wag usea to"push a carriage on

\ffodels of eferent- ‘ghapes wg:e supported from this 7




e BT w
3 - : mixed with the soil in'a pwdered ﬁam (ga@ing 200 sieve). ‘l'ha
'sou movement was cleuzly seen when ‘yiewed m ultxa-voilet ughr
zhrough the quartz glaas. Howéver, photography wiel ultra—vaile( -
3 o X light was not succeuf@ﬂ,.&a\ﬁte of tria]s with different types af
: filters, withuu: Bpendi,ng :oo much further time 6n t‘.r:{als in this,
ddrection,. 1t vas' decided to intmduce refersace bands hsing a clay
L of contrasting soleniz Series ’nf photqg!‘-lphs were taken of the
“‘ennre experiment at an 1nterval of one second between exposures.

G Fauur_e surfaces vere seen at the end uf all the expgriments excepr.‘

one out of a tétal'of six. e ,

1 movenment using the fluorescent material .

. e - ‘a - CEH Tan t
— ' EXPERIMENTAL PROCEDURE . ' 2O E e L

£, _The period aliowed for the soil-to settle vas about 2 days, ©

B but thd preparation such as tiléing the tank, draining out water,
mixing the soil and ngaln 1en.1ng 1n water took: adduiunal time

;

énd only two Axpetlments per week cpnld be ‘performed, Hhue} the

diration o‘f the ‘actual axperiment i 1 gan i ban 30 seconds’ Even a

minor regulted 1in,a Eepetition of the entire series of operatibons

and hence, an elaborte! chuk st was yetdtted,before conmencing

“efich exper:lment. o o " .

” The test tank was first tlll‘ed to the tequired 'slope

- (Gormally 1:10) .arid the-vater kds dradned E11only 27 Feintneds "
_ ) on top .of ‘the dotl, Using steel rakes, the sample was thoroughly
worked :111 1: becane a uitform alurry. This. slurry.was alloved




- to settle for about 12 hours till oS reiasow veastousty »
* padiiad level, Water fron the-labotatory faucet Was then ‘alloved
to flow inta the tank in vety Fine spray 411 the us:er level % 2
" teached about 12" ‘above the sediment Bed, enough to keep' the
w11 Gu avrieEgON Free th . Fank wag, righted.” I¢ vas found by
trial that a period of 24 hours had to elapse before ;ﬁe soil-vater

tempefaturés equalized to enable the transducer signal stability,

'This also allowed thelsediment to gain in shear stremgthi At the. end
of this period, a cfadle was lowered into the ‘tank with the/hodified

" varie shear uppa\'atus mounted on. 1, “The cradle could be foved

. along the tank to differenz positions and shear strengtlf was
verified at ditferent pointa along the path of the modfl” “berg Sotl |

RS o and vatex temgetn:uxes verp also checked at different phiate; The '

" charge ‘anpliFiers werd glloved to.varn up for about 1/2 hour and

I'the transducers were checkgd for stabilityi “The gk was then

.righted to the horuontai poshiun slovly, avoiding any collapse’

. ) of slope due to wave action, The check itst was vérified and the
experimen: was run and the ‘signals: recorded on-the tape recorder.”
fecorded signsle weke played har;k for” anaxysis. _‘ |

‘A descriftion of the experiment types and the results are

“presented in'the flollowing chapter.
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. The ‘experimentel programd can be div Into. three majdr
jareas. o b . ; g

5 s 2 Developmenr. of a mezhud o pmpmng 3

ﬂlﬁ:fbt s@imenﬂ«“
bed with sinilar low strength cha:scteriatics RGN e ;(
2. Quantitarive tests carried out on a 1abg:q:ory el ’
stmilar to that used in the theoretical analyitssand mg‘a‘sur.e:‘\evnc’ y
of the total éurée :equmé to.pish the modei Im_;o the ‘seldim_ant‘_a?d ')

the soil. Pressures exerted on the model, and . ) &

3. Qualitative tests - observation of :m I‘.ype of goil

failure and confimation of the guuge track’ shape.

Thesa ﬂbservatinns were:. Latl&d out 1n two tanks.

LA ey e Iarge tank ag part of chF quantitative tests

*

ety e mr&uausily and: yhere .1t was possible to dayise

b) In a small mnk where shapes and oil cauld be inter-

techniques to, study soil movement during.the tdsty = . © .+

PREPARATION OF SEDIMENT BED - R o e B T g *'

7 S0il: The soil used ln a-u rhe Experiments of this izweutigatlcm

was madelling clay, 'Tﬁ! physical ahd classiﬁdatjion p!opertles of

_this soil are ‘shownin Table VIIL The grain size distribition curve"
-'is shown fm Fig. 4l. T e Chagei T ;

~ p
The settlement characteristic-of the soil wag observed




e ¥ . TABLE VIIL

PHYSICAL “AND CLASSIFECATION PROPERTIES OF r!\z SOIL' SAMPLE /1

\
. Brown,

3 m .
Liquid Liate. i 37.5%. . .
PlastkelLinft o © 19.%8% . - oy B :
Plasticity Index - 18.02+ .
Clay content (less -. . | | \ e
‘than 2 mictons) - AT T

sae. .. U ez

Sand

Specific Gravity. g
of Solids .. S 20798 .

Wet Density ’ * '108.35 1b/st
Ineitu moisture

void ratio

% Clay mingtals
S S Firdberor Guaite; Fgldspar and
Kaolinite' - ;

".during the cansoudmon of the’slurry and.a settlement cutve as.

Bhwn‘in Fig. 42°was drawn. “The consolidation Has—-%l ﬂiter 48 huuts,

“iiind-1t took nearly 7'days for the bettlencnt, cyrve to become asymptotic,
Strength Tests; A simary of the shear. rests with the modified

vang shear spparatus is shown h-Fp. 43: These redults cover the
;esu conducted during the entire investlgacinn, ln:ludinF those done |

durlng the cﬂal runs and show the range of vnrllbility of the soil
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 VANE SHEAR




" " the séd1 pressure was of ptlmsry —— 'ro check mts, a s:raln

"was measured ‘as 12 micto inches/inch vhén bhe model was subjected

—_ -a

s:rangth The pmfilea falling um&ﬁ the envelopa are realistic
-

of Such sqdimented deposits,and stmitar td. those obtaned by Doy1e™.

Indtvidusl Proftles vere used to find the average: shear ‘strength in

the ﬁam'putation (Fig. 44). . . L E

QUANTITATIVE TESTS * & L -

Plexiglas models. made nntrnf %" thick sheetd were used in .

all the tests, to lpproxl.mate to.the low coefficient nf frict{m 2

between focberg and soil, ‘The rxgmﬁ'y Sf - this model relative’to

gauge waé mounted on . the front "fack: of the model and 1F was towed |

inte,a 1:10 seiiiglope. “Ihe stfratn at Ty SPLATASHE |
va L1 oF o atrals *

€5 maximum, thrust. - This represénts’ a negligible deflection of
e s ; 28

108 micro inches af the c'enn—'g of/Eke front, face of the model,

>

confirming 1t to be - 'gm compared 49, th soil.

i " The regular qunntitaﬁive tests were three cypes. In the

first serfel the model was: toved :hmugh a - level sedimen: deposiz

and the pressufe on the front and ‘the Lo{%h\puu were S

set of raw data as obtulneﬂ Etom the platter 4s shown 1|| Fig. 454

Thi! marim: was to ve‘rify the bethvlour'v( ‘the soil of very low

streﬂgtl\ in refeunce ta exparimenr_s with blndes in subaerial soils

those obtained for blade by Neloon> _and S “{u
N et N

In the second cype of expe(!.méhcstWe moda{ was towed into

rTeported. in the literaturé.” The rgamlts ob:atm!d vere sLmihr_te

+ a slope of i: 10 at six’ different nodel sp%eds. &l“he vuriable speed motor




e seour depthy to understand quulitativcly the presadres outside the model

-+ was set-at 0.5, 1,0, 1.5, Z 0, 2.5 and 3.0 an:ings. The corres—
panding speeds werL read from the calibration chart of the motor.”

The Tlifferant ‘motor settings of the motor w re clwsan as refuence R

o o

_ fom of easy 1ity of the settings. The <7 ™ ”
. loyestand highest carriage spesd were. respectively, 9,38 ond 1. 16 ft/sec. - .

‘The presbires on-the front face and the total pu)l on the model were

recorde_ Typlcgg raw data for this sxperinent are shown’in F1$ 46

The pressure transducer was at a ﬁeigh: of 1 1/8 inch from the bottom. Ve

If the soil slope’is drasn to scale the position of the modei-at any i
s ; J T e——

instant can be located (Fig. 47) and the variation of the pressure on ,

the [front face can be represented as shon. The mieasured pulls on the
g ) § Y o .

nodel fof 'the'different speeds compiled from the recorded ‘data are

shown, in Hig. 4

\ In.the sane defies of experinfnts at a motor setting of 3,
pressures on the side of the model and front face were compared to 4
- deternine zheir relative, magnitudes (Fig. 49) by conducting a'test

in. vhich one transducer was placed on _the front and the othera on i,

“the side. Stnilar l:ampaziaun was made’ om{ressure on the hot:nm ) 7

of the model. and results were obtaired a5 i Fig 502 A change in"

the ilcpe of t‘:\a sotl to 1:20 showed. the geuging process. to be similar -

except that me gouge' !depth and the corresponding resistance o :he acdel
del

ess. It yas, therefore, concluded that the affect, of the vafiution T

! E 3 2
nf; ¢ slope need ot be* !xsmlned in further detati: . i 4

! Pressure nransdnce:s vere mounted o’ Emle, which was. fixed

~ .
/| to the|base othha tank *lnslde the soil at 2 level belo\v the expecterl - .

shen it \ag pulled into - the slope. Rl ol Boadie)

N\ \~:m,- e




exeT-st |t [\ O] [exerose

P

T

CE(IN) -

/
T

. ‘VANE 'snsm grasnsm wes/soFT) |-
: 5500 182025, .|

el S i N

=)
T
l

e

n

DEPTH BELOW SOIL SUR|

S

o\
R

sms' SCOUR TRACK




T
I

SHfiateases

T
L

i
EXPT

EVEL

1

NG

o
Q

1 1
:&%
=

E1G. U45.~ RAW DATA OF TOTAL PULL
SOIL SURFACE

-
I
&

AND PRESSURE FROM THE EXPERIMENT IN A LEVEL



T T =3 TIIT 1
n EXPT:- 56
| LA
= SLOPE v
1
Zq \ N T oAD CELL
2hn
0N W
c':g I ,V' M — TIME ~1|SEC/ INCH
VY] carridce INERTIA & FRICTION
e
zo M\N\/\
So i L o is \
DI EREBRAR=SSESCan PRESSURE TRANSDUCER # 3
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ElG, 47, -'Pﬁessuas vm;muu oN THE \FRg
B ODEL

ing pressure distributions are sh
* of surcharge as indicated by the
pressure 1s zero.
-
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- JOTAL: FORCE' MODEL (LBS)

— N “ :
: T
.
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One set, of results abtatted from these _;}
Fig. 51, pressure m.{de the soil gnd,uhiy 1;c}eued a3 the
Wodel soame) Kioger:ts the Thcatian of the transducers, re:éb\m.i a
i W, e 650 G e et (- Skt b Ve Liomiludie.

and’ r.,h!n dropped luddenly as soon as the toe crossed. When the

mudel moved nmy fm‘r.he sdy locati the preas\u:e

again. - This typ. ot' :‘ sts vas umued toa mn; of anly three,

though* 1t would have b en deatrable to repeat them. x‘h the trials’
of these ex}gumem two mnaduma placed |1nside ‘the soil.atd « © +

/ ot functlon due to the entry of motsture at the cable Junctdon.

frfme was ‘a further possibility.that the leads connecting the trans-
ducers- and the amplifidrs vould foul the woving model and drown the
vl-pl.tfiers.: After weighing ‘the ronstrafit of Eime and the cost of
e dgutpmedt L& ¥k, Felt-pradent liait this tybe of experiment.

In m{m«r’ experiment of.this type, a pressure :un.dude‘r was placed

n the sotl at & dlstance of 7.8'feet in front of the model, factng
gy Just above the lével oi ek bokton eige. Tts transducer sensed
“4a tacrease 1n prassurh vhes the model vas 6EL11'5 feet avay; The
preasute | gradudnty increased to a'maximun of 0:25 p.s.i. whes the

+ model n.uuy stopped at a a(u,ncemf 0.34 feet 1n_front. of the

ttm!ducet. o he < . C -

QUM.ITATI‘(B OBSERVATIONS. ~ . ¢ S

v» : HMain Tanl

+t soil in frnﬂt u*‘ the mdgl was nl:nrved clelely to flnd the flil.ura

‘ Apltt.;tn in l’.he soil . -Out Of a total of 23 uperiment(, ﬂm failure




B - “ . \
pattern in ‘the soil "las noticed only in five (Figs. Sz—gb)'. These
Were ‘in the Iom of a Ve‘!y fine and short lines and a failure
surface Hhich could be J.mngined to be a continultlou of thEHE
Linds appeared ¢o seart at angles betiseen 25° and 20 vith the’
hotfzontal at the. tos dnd meet the sediment/vater interface at 437 to

45°, After completion of the ‘observations in front of the model, the

tank was tilr_ed,‘:he water wag’ drained and the soil surface was profiled &

hy measuring the depths uf the soil su:iace from the :sp oi the tank,

A ‘compute plot of the contours and the cross sectian pmfi]és are

shown {n Figs. 57,to 60. “The surcharged nuil in front.of the vodel.
vas, fan shaped as. shown in Fig. 61'and 62. There was flow of

sluny not only. into the scour xucl\bu: t6 the si:de of the tank

g, Hidal side wall effeét ean be noticed in Tig. 60, sl

Small Tank: xpériménts in'the gmall tak wefe. for the'purpose , :*

of underscandmg the soil movement in front and below the model.’

. Lo
_ The sun in these tests was'level. 'In the ‘fit]st set of experi-

fients, mndels of . five shnpea were :esced with Vﬁrtlcal

bands in che sau and the arperimenc was phntogxlphed t l aecand

; ‘intervals. Theae exper {nents clearly shaued a np»/zmem’. 1n. the soil

farx ahiegd of the model, but the. vertical Mvement of the soil
near the modél could pot, be'clearly seen, | In tha second type

of experiment, horizontal les were laid,’ Preparing this .

" redutred great care, Slurrles of two dxfféren: colours were pour:

throigh.a fuinel taklng care not to ddsturb the hyet below” “hil

lay‘Lng the one sbmﬁe. The positxon of the model m this Eype uf

test at the’ comnencenent, nlddlf nd em{ of the experinent are Shown'-




. . S 8 Ate
in Figs, 63 to 65 ‘for clay'and in Figs. 66 to 68 for sand:. Prepara-
tlon of the sand sazple which contained 94% sand size’(0.06 to 2.0 m)
particles with dn efiective size of 0. 13 mm and \lnifomity cneff‘i—

cl_e_ht of 3.85, was relatlvely easy and “as 1aid dry., ,:rhe enure ol

sequencé of photographs were-analyzed by laying on them an overlay .

of -the £irst position, éf the model and drawing the planes along

vhich shuring of the soil nppeured to opcur- (Pigs. 69,70). In

addition.to the compression, of the soil ln fron:, he experiment with

the clay soil shnwed that thele was a compression of

‘below (Ae_ toe of the modél s seen from te last coloured band. |
In ‘the exvériments conducted on four othet " shapes (Fig. 0

~failure pnttems were noticed at the end of three expatiments and

these aré shoinn in Flge: 72 1o 4.’

% g amlysis of these ‘resulta and discusiion follow 1h th\e

néxt chapter, ,




~HEIGHT ABOVE BOTTOM E‘né_s,oir MQDELJIN)'

EIG 52.- OBSERVED PATTEEN OF SOIL FAILURE Y' IDEALIZED

HEIGHT ABOVE BOTTOM EDGE OF MODEL (IN}

ICEBERG MODEL

" i sl s .
22 20 18 IS I4 2 10 8 .86 4‘ 20
DISTANCE N FR’ONT GF MODEL (|N)\

SHAPE - TEST 2
he.1lines observed were very faint. . The| continucus 3
: m\e AB vas drawn by noting a slight-dffference in’ . -

zhe colour of the sedment above and hcl v ‘the. 1ine -

Hy 1 . —

! o S E);PT sz
IGH

NAL sou. SLoPE

. ICEBERG MODEL

20(|a 6 ia 12 10 6 6 4 2 0,
| DISTANCE IN FRONT OF MODEL (N} i o

EiG. 53, OBSERVED: PATf N OF son_ FAILURE: = IDEALIZED - v,
T SHAPE.- e % :
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El1G. 56.- OBSERVED PATTERN OF SOIL FAILURE IN FRONT
OF MODEL M2
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L 6Lass sipE oF Tank

E1G, 6l.- PLAN VIEW OF THE SHAPE OF SOIL FLOW

E1G, 62.- PHOTOGRAPH OF THE SOIL FLOW AROUND A
LABORATORY GOUGE TRACK
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E16, 63.- PHOTOGRAPH OF THE SMALL MODEL AT THE START
OF THE TEST IN CLAY

Note the position of the coloured line nearest the toe

G, B4.- PHOTOGRAPH OF THE SMALL MODEL DURING THE TEST
IN CLAY

Note the compression of the soil as seen by the
lowering of the last coloured line



F_LQ‘_EE“ PHOTOGRAPH OF THE SMALL MODEL AT THE Eb
THE TEST IN CLAY

ND OF
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E1G, 66.- PHOTOGRAPH OF THE SMALL MODEL AT THE START
OF THE TEST IN SAND

E1G, 67.- PHOTOGRAPH OF THE SMALL MODEL DURING THE TEST
N SAND



E1G, 68.- PHOTOGRAPH OF THE SMALL MODEL AT THE END OF
THE TEST IN SAND

128
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MODEL
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G

ANALYSXS OF THE QMALL MODEL TEST IN SAND

' OVERLAY~ SAND SAMPLE
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EIG. 72.- PHOTOGRAPHS §
FRONT OF THE
TOE

i

ING THE SOIL FAILURE IN
WIDE MODEL WITH CHAMFERED
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E1G, 73.- PHOTQGRAPH SHOWING THE SOIL FAILURE IN FRONT OF
THE 2" WIDE MODEL WITH ROUNDED TOE



F1G, 74,- PHOTOGRAPH SHOWING THE SOIL FAILURE IN FRONT
OF THE MODEL WITH A ROUNDED FRONT



AT priiarily t6,vefify some of the concepts proposed in the analytical

“CHAPTER ' VI

e . DISCUSSION OF RESULTS

A& has been stated in ‘the previous chapter the experiments,

inéluded both quantitative ari quanthve tests and utilized two
different fanks, a large one for both types of fests andwa very iy

i.  oné used for qualitative work; The aim of these experiments.was

fnoded. - In dis'cussmg':he' xesulcsf’:a obtaina :uncluluon, tests

that connm a similar observa:lon w1l be grouped mgeth 3 nnd thns, B

there uiu be some inevltuh*e leaping from quslltutive to quAnti[ -

tive tésts and the work in large or snall tanks durmg the. dlscussion.

It {s hoped that this will not lead to any ambiguity or confusion

3

yre
.SCOUR! Pml{xisﬁs, &

¥ i

“The atn of the measurement uf the scour prvfl}.e was‘to.
conpare the shape of the e ith that tepﬂrled fron £1d1d observaz
tions, ‘Gouge tracks on the ocean floor have been observed to havp T i,

raised shoulders on either:side., Measurements in the laboratory-

/ ) L :
identified the scour clearly but the Gides slipped-as soon as the . - S
* model ‘moved ' férvard resulting in a divergn}g ridge (note Fig. 60).

s ‘ :
i -’rma can be expected in a yejk 301l of the type ‘uséd In the expe‘:i e

f J- mea A}imil.gr. process in the-ocehn would result m agouge "y o w7 U
N 5 ey

F"!@“w?’ﬁi“n ui‘ljz b r»i the depth nued by the scoured, > .
] .

‘material and thus) thg gouge bo:tom wxu uoc be hﬂrtzontnl‘ Gouge’




* depths observed in siich soils by

- and this was observed bo:h in the big tunk and the small tank, The

-represen:-:}}é maximum depth.  If tracks vere bsérved in soils-of

low strength vith diverging ridges, ‘they can’be interpreted as icebdrg

scogr marks, Th?is can be distinguished téom submarine slumps which

wculd diverge down. the slope.

SOTL MOVEMENT IN FRONT OF THE MODEL

"ot % Results of thege teats shoued that the frontal registange w0

the model prednminated. "So11 movement occurrad far aheard of the model

;nuure of the soilin front of the ‘model as observed iﬂ the bl cank

‘was locali, However, the’failure surface’appeared to seart at flat

‘an'gles from the toe of the moéiel 'me' skin friction at the face needs

a closer exami.nnticn before n:trlbur_ing the flat nngles to the low

strength of Jthe’ suil, ¢ i 8

'Friction berusen the uoil and model: An 1¢eberg suxiace s

ton:lnuously lubricated by the melt, \wagér which forms’an envelope, all

rﬂund( Ini an xnteu:unn with the soil the lcebarg saﬂ interface

can be considered a frictionless !urface.

No simple me:hod Cﬂuld‘ be devlsed to verify the frictiJﬂ between
the sotl and plexlglas surface r.hough.such measurementg. dre cnncmme
T
and destzable. Meyerhot! concluded chat the skin' Erletion can

be berter expressed ds ratios of ‘the soil s‘trnc:ure adhesdion

- to the soil l:ohegiun “a ‘it ah(vatds ge ehe angle of skin frion

“tion to the, angieiof ol interral friction" ‘m For movtli steel

agail:rl.\.cohesivs soils these values were given'as a = 0.1 to'0.3 and
g g ‘ &S ey < 4 S

KA




A | 8 = 0.4.to 0.6,
$ - .
'ln a cohesive snil with a cohesion of 1.8 1b/sq.in. and ‘,

an angle ' af mzemal friction fof 2 5 to 4°, Witney®® measuted R |

a

- the sdhesien bem:en glass and soil as 0.2 1b/sq. 1n‘ For'a medtum
sand with'a density of 106 1b/ft and an angle of {ntbinal fric:lan

of 34°, Nelson> measured the angle of friction between a glass Soitics

\and the soil as 9°. For a soil with a cohesive strength of 179—1b{sq‘.1n.,
" and a .coefficient of friction é.iDS, for a steel blade, Wisener and
Luth® neasured the adhesion as 0142 ié/sq.xnw e

The outcrop of :he passive failyre surface appeared to

intersect the ground.at an angle of 39°. This suggests’C? that the

s0il.would have a, truz angle of ‘friction of 12%.
The: effect cf friction betweed the model and l:he soil is-a

facr_or uhlch would 1*fluence the failire par.tsrn and the passxve pres-

sures. The s1light curvature of the failure surfaces at the toe of the

model. mdicaczs the presence of frictien althnugh of small magnitude.

: As d—lscu,ssed éarller, the soil adhesion snd ftlction would depend oni’

}
the oi] strength, The soil used in thése experiments had a lm."sh’ear

strength in the range’ of 0.007 to 0.125 psi, 1t was T TR .
thie ‘effect of wall fzictzon would ‘be Emall,

- Iypes 'of shear £ailurs 1o sotlg: Shear’ fatlures in snils are : i
classiﬁ.zd as general shear, punching shear and' 1ocal shear fsilute 80 e

(th. 75) A general shear failure is characterized by a wel.

failure pline extending to the soil slrtace. The dtzain in the so1l

i 1s preceeded by a'plastic flow. 'In punching shear’ the soil outside .

the stressed area remains v and the . #

" punches through the /soil, 1In the local shear failure, plastic. ol i




GENERAL SHEAR

CELG. 750 MODES OF SOIL SHEAR FAILURE N FOUNDATIONS
S P (reon vmcma




3 e . o
yielding of the soil is preceeded'by large strains. The failure
surfaces start at. the edge uf the structure but end within the

501l mass’ The soil :ompreasmn normal to the lnading of the e:ruqr.ura

fs significant,

Lucal Sy & trannitional mode between i ;
Ang shear and general shear allires, © The' relative compresslhillty : ‘

of che sn‘il, the geametry of thé structure and the 1uading condittoms

g!nemuy Influence the type of the shear. fatlure.

¢ was not possible, to clearly distingulsh sny. soilnove
nent during the expetinentsin the big tank, while the model vas
‘moving. Movement of the’ 801l below the maximum gouge Level, and_

extending far ahead of ‘the conyeéntional zone of shear vas noticad

at the end of the experime:lx:s. The failure appeared fo start at

very flat angles at'the toe, but appeared to'meet the surface at

steeper angles‘of almost 45°.  From these patterns it is concluded .

that the 'fatlure of the soil 1m frout of the model was highly local,

almost ‘amounting to a punching shéar.

¢ :
In the experimeénts with clay soil in the small tank, soil

both in the horlzul\tai and -

movement was seen in front.of the 7

vertical directions. The plane of-Bhear fatlure appem—ed ts start

at 31 ac the ‘toe and quickly. becasie oteep and met the surface at

The fatlure wedge fn, front appeared to be 1n conformlty.with’
the assumption of & Cnuxqmb wedge, inapite

the failure being local.
However, movement of the soll outside thils .zone was seen.

- This ‘was”
particilarly noticed a'nske toe of the model vhere the last horizontal

coloyred, mark which was orlglnally at a slightly highTr level than

the: to¢ could be seen ‘betng pxog:gsslvely cmpmsea and! puuhed down;

f o
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In the !xperimenis‘ with sand, again in the uﬂ;all tank,
ﬂuysxs of ‘tie photographs by the overlay method shawed a curve
J fer the Frontal bedge ac che coe which is common in walls with T
stgnticant sn!1~wall Fetorien, T et Gotablished that the A
- n:cepted difference 1n behaviodr in loose dry-sand and vet clay
ntill sppuem S SN

Transducers placed: 1n51de tbe so1l below the level of.

che model, duptng the uantitarive tests in the large tank, regiatered
an.increase in pressure Aas. LhE model npproached closer, !eﬂcf\ing a

peak when the leading edge was Just above the transducers. This

L T 'Llenrly due to a compres‘si;:n‘ﬂf the: soil which extended. = '
below the level: of thid stous, ‘6 La wost probsile kAT thi push

2 ‘ from the model was. tranmitted to the soil shead' thrafigh the

o )tnclined face of che shear plane of the frontal vetge (Fig, 76)
Yesulting in the cumpxesnonlgf the soi1” ahead a8 well ss below
the model. .The transducer placed ingtde the aoil shead of the model

" recorded. pressur? i\\craase when the model was 'S fest avay. A soll

front of this nagnitude was in motion in'front of the mnving ‘model.
Shear strengr_h measyred 1nelde u-,e gouge track shoved a

slight ‘dnerease (Fig. 44) over that. messured before the cxperincat

% at the same depth and trmed .thia other, on a”

GF  the sodl. .

SOIL PRESSURE ON THE'SIDES AND BOTTOM

5 i
. o In the experiments. to detérmine the soil pressure on the.

#1des, cransdicéts #4 12, and f6 were placed on ‘the side of the model

i 9,0 i
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ua,._Zﬁ_._ r.om:EPnJm. SOIL MoVEMEm IN- FRONT -OF THE.
). IDEALIZED BERG




and the transducer #3°uas on the front face (Figs 49). The st e
pressure on the side|vas about 58% of ‘that on the m‘.\: face. The,
active/passive pressure ratios depend on the type and the strength
N ©of the soil. e RET LA R H : i 53
"‘ It was nn:iced r.hal:\r.he displsced soil flowed around the !
model and there was slurry formation. . The shear sttength of thE soil
'1!\dlcnted 8 low adhesinn bebween zhe mndel and the Bnil.- Thi! Coupled "
with the pressures on the sidu led to the canclusian ‘that "the resiatance
4, to. the furward movement olf the- mndel was mstly from the eront Face.
Presoure vatiations on che bcttﬂm e shown xn Fig. 50.
The %Y plane shovs nle v.xxa:zm of the pressure with tine. The' . -
Y-z plane gives the pressute distribution on the berg ‘at_different
“h ' time intervals and-1s cuanted with ;he pressure on the front.-

The unlforu: 1ncrease 1n pressure, on the base of the model

8 fax, back ax 76 contirmed the fomatipn-of 5 m,;{; betow
o fhe' model and 2 canaeq)m\t T L  pressure on the RS
: botto’ face. s ; \
. \\

FTOTAL FORCE- ON_THE HDPEL

B Sim:e the ptanuu\‘el o the sides and base’ can be conaldered

not :ontributing uny reststance to. the wovenent of themodel, thg
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pressure. The theoretical expression derived for the analytical -

model can' be used to compute the resistance and this can be
verified with the measured values, but the height of the displaced
501l has tg be knowi before calculating the fotal resistande.

Soil Syrcharge: At the " of each the soil

1ine vas marked on the. glass. face of the big:tank., At the _ena-nf‘

the experiment the actual depth-of the .gouge, the height.of the

surcharge and its shape in front of the model were’ observed and

57

measuréd. ' In their experifents with agricultural blades, Nelson
and Pn;pesl repurned that the soil uurcha:geléLtalned an equilibri\.;m
when it reached “the blade top. The soil was Found to fiow around

qr;d above the blade, thus, mJintaining a constant. surcharge. Nelson a
- measured its shape in cohesfonless voils which waé as shown in

Flg. 77, 'The depth of cut vas. conatant ‘fn those ex_peﬂme"{:}s, | For.
.an l.ceberg grounding in a’ u}xifo;xy. slope the depth of: cut inereasés
gndu.ixyl_ Unlike the tillags equiphent vhers the height of the
blade'is festricted, the height of an, ‘iceberg .extends far above the '
5011 surface thus offering unlimited support in the vertical-dffection,

The iurcharge in front of a gtcunding Leeberg 1s not likely. to teach

an equilib‘rlum ;
f ©In the}nhorﬂto{; npertistayitth eha 1dealized shape, " the
suzchargd due to, the S0t flow osk the shape of 3 fan as_shown n

, 1. 61" The gouged sofl slid up the model faée. and curléd forvard .
as 4t reached the top, The hetghe oF the lurcharge vas'a mx;hm :
‘at.a short dmancL in Eont of ‘the’model. ; B

L
It was mot fesalble to meagure the suxchnrga at. different
& 5
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5 - . E
points during the experiment though this would have been desirable.

If the surcharge ls assuned to vary Ninearly, it can be calcibated

; 7 . . ;
st any inteimedipte potnt from thy mesdured value at they end,of

the test. However, this will lead to errors of large mgnl:ude

“at the heglnnlng of the test. The surcharge at'the end of the

experiment was nearly 64% o vhe gouge depth for a 7 foot scour

length. fTo-calculate the ate fore correctly,

equation [21] was used and with the measired values as’boundary

cundithn curves as shown in Fig. 78 were drawn from which the

_From the kinown gougé depth, the

ce-on_the model
soil surchargg and the average ghear strength, the theoretical .
frontal*solil resistance was computed and compared with the measured

pull recorded by the load cell. The computed.forces were found

to be less than. il neasuted valuss (Figs. 79-82) by 29 to 34%.

This proved that  the Botl was being cnmpreaaed in front of the

model and the force was reduced by a third in the nempreusion process.

To furcher confirn the phenonenon of soil compresston, one expertpens i
was conducted Hith a 9" wide by 19" long Plexiglas plate and the
forces vera measured.’ A camﬁarisau_ of the couptitad @id o—
pulls showed a dfffexeén‘?’{lﬁig’:;'a of aboyt 257 touards the end :

of the ‘experiment.

buring the iimllzation of this thesis, ‘an abstract of -
work ﬂune 1n Gemny came to attention, F.xyerlmet\ta were said. to

haye. been <Dnducted uith a harlzenmlly pus!’led model elr,th-vurklng

machina. It was tepott:erl that 30%° of ‘the effnr: was lost in—:awpscting
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- SURCHARGE IN SAND FOR A 12" WIDE BLADE
©_ (From Ng!so:|157) '
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cm;r' le:ldn wasiigood

*parti m.

the’soil, . T‘h’is cnincldel vith the fi.ndlng- here of a dlfference
benieen measured and cmyut.ed pulls dne to a zone of comptelu!.on
in fronz of lhe soil.! The exact zx‘pezl-en(.l :onditlons and detiﬂi

of ‘the Gemn wrk 18 not known yet.

The total force ori; the' jndex vas' also conbuted from the

\'e:orded pressures on frﬂnt. face fron the pral ure varintian ‘and

integration ovei the Eron* face of the model. Zl’he-e forces were

: s{merimposed on the measured pulls and it was found that the ' .

t el Satnring bf all the expe ) but

as the lengr_h of gouge mcruued the™ forces computed from me
pr‘ass}lt!. readi_.n;- verg. less' by about, 15%.- .trom :he limired numbsr
of pressure readings on the front, judging the variation of the
f;re-me 1s subjective. But’ dl:se coupuutlun substantiate :1-=

reltability of the other results.

rreer or woveLlsvmd 1 |

Strain rate effect is a much researfhied topic in cohesive

sgils. To yerify this effect fu the:soil, used in thls investigation,

. 1
: :he r:o:u force on the mdel was umrded i:‘(ix diﬂnrent apsed.a

The forca at ‘speed sst:lng was ou; oE curraluion_ Thig

ple hnd A Vel shear stis gch vu'ying from alet 1 pis.f.

at { surfade to lbuuz 2.5 p. inches while

~
th: other u-pl.u had shear slreng‘bhu 1.4 the range nf 5 to 7 p.s.f.

at this depth lnd !ﬁ‘ul the. soil re!l-tnnc: in this nq:arlmut was




@ 1dealized\one cofisidered hete and 1o invariably randon.

very low! g . ’

vy For the range of speeds tested, mo'well defined xaée effect !

was seen on’the soil resistince. §onne’ ¥ observed that' the. total

- fcrce on blades increased with speed for velncities gream{ than
2.5 fe;c/sec (about 1.5 kaote) and the. fored ¥as ‘alnost undforn ~

within this range: - L Fi e

The average ‘drift veldcity for icebergs can be considered

to.be In the reglon of 1,25 feet/sec (about 0.75knots) and for .-

velocities of “this magnitude the effect of speed is considered
| . ; oy

ot to jnﬂnencel\ﬂm- sediment resistance.

SHAPE EFFECTS., L .

The  shape of an icéberg pay. b': far from that ;g the
A propei”
extension of the hbnutory model to the actu!l groum\ing can be
dorieonly aftet s:udying the effect of different shapes. .
Qualitative tests in the small’ tank with four-different
shapes showed that the soil movement,was similatvtu{t}l\n:vcl.zse‘rved

with the {dealized shape.  Published resuits.of experiments with

4nclined blades eould be' used. to

-logically:dnfer ‘the’ shape- effects
1n teeberg gropnding.” S

5 J Pl‘yne and ’l‘unnerez canducted fleld studies to detemlne the “

) shlpe of Boil disturbance in front of biades of different 1ncmnat1ms. ¥

" For bladee of mcunacum grehm— than 120° the type of fa[nure was

i
ds shown' in Fig. 85.a,




£

.'a twisted front fncg.

Hettiaracchi et a1’ 'mfarml after preliminary observi—

tlons that for inteffaces inclined- 'gI'EIL‘fl' thai 90°, ‘a sofl wedge
ABC (Fig. 85b) was formed in fromt. Pho(o'raphic observations of

Imrxinm38 showed tﬁu actual fomtlon of these wedges (Plg- 85e)

.
for a sahd with § varying between ’zs “and 30°.

Fornation of sintlar vedges in’ front of grounding icebergs
: cm)ld “be: cuncelved as converting the lnl:e!flce to an, aquivulem:

idealized shape

Allure surfaceu vere oburved uith, the three
smaller models (;l-'!g. 71-73) of different shapes, In the model

wikh the toe chamfered at 45°, the shear plane Started ac the top

edge of the chamfer, . The inelined surface 1eshif acted as a contin-

uation of the shear surface. In the model with a rounded toe and
"ené one with & rounded. froat, the fallure nu;hc.e appeared o5 atart
very near the intergection 5% the base ud the vertical face of the
sodel. : : #
The failure surface observed in'the big tank with'the
model havir;g a rourded toe (ste. sa.) also. efhacty s ‘observations.
N M :eqr_s were cnrlld\lct!d Hl:ll Mn—pl’imtlc nndelx. Assum-

ing ‘these £o b 1dealtzed into equivllem: prisnatic shape; the

measured and computed total force on ‘the model were comparad (Figs. 86,
(st ) !

“87). No conclusions could be drawn from these limicéd observations,

but cwm:dn :ha end: of thz :e.:, the menauud puu was gmar.er by

37% far che model wxrh zaunded toe and by about ‘207 for " ‘the: model ‘Ti:h
Further work would be nquh-d beme duumg

ay: m’m .xm on bhe. effect of mpe. F

5
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| shape 1s" very comnon at the botton of a berg.

satd to be-a mixture of sand, silt and clay,. but,no

- cha:ta. g

APPLICATION' OF THE.RESULTS TO THE OCEAN ENVIRONMENT

i fhf analytical model of e xn:arpc:iun of an iceberg with
the_continental shelf deposits was .fcmuiace‘i assuning idealized
conditions. Actuﬂl prufiles of icebergs Ehow that :he Wldth of
an iceberg 1s not ccnstant below the uater line.  An ellipsoidnl

Tn the computations.’

"' of iceberg gouge size:the effecci\-“e width of the.berg that comes

| in contact with the sedimen: has to be taken guu account and not
the wj.dth at the vater line: In.this thesis, a widéh of 100 feet-
was assumed {n all the illustrative calculations as this. appeared-

to be reausﬁf.é at the soll-iceberg Intertace. , The"only recorded :

{ Gbssrvation of gouge tracks off the NewFoundland Gpast iiah by

Harcissand Juuymare”‘ Ihis revealed thae the gouge widths were

an average of 100 feet (30 neterl) and: the maximm length and depl:h

of the’ observed traitks were about.9850 feet: (3 Km) and 21 feet (é 5m,

respec:l\&ely. including the shouldet height

_ However, these maximum .

measureients were not £ron e sape track and the height ‘of the ’

shouldérs was' mot reported. The sedime&t type in.this area vas

' data on ‘the

engineering propertics were given: The slope in this region varied,

£ron 2 steep 1: 100 0 g6l fiat. 1: 1000 as computed from the pachy -
d tcebugé of 20.niTlion tons are not uncommon héar Belle
Tole vhers Havris, and Jotimore dtd thetr survéy, Assuning the .

sedimeﬂc to be 'weak; with a shéar atre‘ngth of %0 \1:9& and. bulk

La




_would be about 17.7 feet.and hence, including the houlderd, the

e Rpeme v 2
total depth could be very close to .the revnrtgd observayions, These

densl[y of 100 4h/¢£:, the lheoxetlcal gouge size can be- comput/
using the analylicul model. On a 111000 sxope the maxtmun gml;
length would be ahout 7800 feet. The assumed drlft velocity

Ltk e Sinflarly, the R g e L o 11100 sl,épe

hedght ‘of which depends on the slope of the surcharged :sr}‘i(l, the © - 3

prelininary calculations show that the ptoposed analyyical model -
is not unrealtstic.” When more fleld data are aviilable together

7 F | “ . |-
with the other ‘parameters such as the soll propert§ and the slope,

a proper -correlation {s possible.

The ccntinental shelves of Newfous

f1and and Labrador -

consist'of .a number of raised banks and tffe slope 1$ not {iniform as

idealized. Submarink cablesdre laid uglder the protectiod of theser

. natural banks in the ocean, and it {s /generally believed that i 2 4

cables 1a1d In tnie mariner, are, less susceptible to dariage’ rhrrugh

!cnuring 1ceherg Pernanent qr/zémz permanent {nstallations such

- as pipe lines could perhapa be/buried in'a trench, far below the

expected scour dépths, 01l/ells are normally plugged with & - &
blowout preventer stack which might extenfi even up to 15 foet
above the, ocen vfjm ¢ It 1s learnt that some of the blowout . 4
préventer stacke ﬁ exploration:vells in the Labrador ‘sea were.
severely demagdd, through teobergs noving aéxoéé. A possible

solutio this type of danage 18 to 1ocata the:drilling wells

in, the Yiceberg: shadow' *of a natural- bml' Bunded protection




Canstruction of such.a bund would necessirate a detailed ‘knowledge
| of the 501l bearing capacity, its,consolidation characteristics
| © ' and also the wave and current-action on thé bund material. Tt is

‘theréfore not Feasible to-examine this proposal in this thesis

w3 in detail. However,.from this research it -appéars, that such, bunds

coyld be efféctive in ézappf.ng and grounding deep-drafted bergs.
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. |/ cHAPTER VIT

SUMMARY AND' CONCLUSIONS

Scouring of the ocean bed by icebergs 1f of regional *

{interest in the Northwest Atlantic offshore afd/has attracted

“attention.recently with the promising finds/of natural gas.' A

‘number of factors Such as currents, winds

bathymetry of 'the ocean and the type of /

céberg size, the

‘diment- influence the s
scouring ynenoﬁ.e'nm. Marine geocechn§ 1g still in the develéping : !

" process and so is the ‘understanding gf the shape, drift and size

of icehergs. o ' / e

This thesis was ru:://‘ted to a study of the mechaniés of

the 's0il-iceberg interaction,//The ehape of an. iceberg was idealized:

. K o :
i o and assuning a Uniformly—5taping cantinenfal shelf with a deposic g

of. very veak, ‘sedihent yHosé properties were assumed determinables
L an expresaion vas dgfived for the size of ‘the scour track that the

idealized berg gduld cause., The gouging process ts primarfly one
J + The gouglng (p ;

of a horizonpAl ploughing of the idealized berg into the sediment
slope. |TKe. resistance té. the berg. mn:im!l 1s a frontal passive.

- [ , soil esistance. Thé efféct of the aurcharge of the displaced Aoil

signific;m: atid, tie bR, CakE LHEG AEcoUE.

A labnrntury tank was designed to enable a study ;o be made

of the mechanics of iceberg !conring. This caikc can be tiltel up.

to a slope of 1:10 and sloping beds.of g611 can be convanieitly laid




" Apart from the determination of the soil properties for
3 N ' < - & g

each expériment, the regular test program was both qualitative and

quantitative. Observations at the end of the experinents showed
'a ‘fallure pattern in the soil which vas local, and there was . 1

" movement of the soil far ahead of the model. This was confirmed : et

.© by placlng pressure transducers in the sofl. A soil front of about,

5 feet was under compression and the soil below the toe of the model

was also urder compression. ’Pn'u_uuu; measured on'the differcnt -
faces of the model showed that the presdure on the base ‘lncreas.ed
"due to the increased bioyaney of the slurry forned in.the process
of scouring. . The pressure on ne sides.was active. -These pressnm.} !

were considered lnnlgnlfican: in offering resistance to the-iceberg

novenent. . s &% %

A _-,:wp-rx.-ou of the anzly_tlusllly computed frontal soil
rebistancs wEifi the messured pulis, shoved the couputed vained 4o
be less by’és to 34%. It was concluded that icebergs scouring
in sediments of 10% ahear streagth expend-about a.'third of the
effort in compressing the soil. ctus gouge uhgm; are, therefore, -

4 Ifkely to be less than the computed lengths, but the sotl be

"'the fceberg would be to some movement. Bottom

will thezefore have to be located below the computed maximin scour

- depths. It is felt that the lceberg pugh 18 Ecansuttted th the soil

2 dhead th:nugh the shear plane.of the wedge m front. To ae:emm

the zone of m.cvemenl A4 teins of the gougs -;u, !xperim:ntn with




Tescs on models in the speed ranges of 0.36 ft/sec to

1.16 ft/scc showed that the model speed has no effect onthe rotal,

soil resistafice.

< Limited measurepents on sodsle Gf different shape showed

160

=

'r.hat an iceberg could be converted into an equivalent 1deanzed shnpe.

Further confirmative work s needed in ‘this area before any final

conclusion can be drawn.

A smaller tank vas fabricated to obtfain jualitative under

tanding of the soil movement with models of diifar_en} shapes.
' ments with :1{;3 idealized shape confimmed the“soil movement in front
' and below the hodel.. Tests with four sther podels shoved failure
planes wiich appeared to start from the Junetion of th‘e‘fr\;\:tmfiace
.and tlie bottom edge of . the model.. 3

Research on iceberg scouring 1s still in its inigfal phase

and this vork has deal€'ulth’ one spectalized aspect of the. problem.

" Data on the. continental shelf surface depoaits “and their engineering

P ;
properties are at present Liniced. Much of tiié pregent -reserch can

be cons ez?d speculativé unless the engineering prapernes of rhe\
surface deposits of the Labrador sea .and also the behaviour of an \
dctusl ‘berg in these deposits afe,detérmined. Co

From this reséarch, ‘1t 1a felt that the following eveas

are to bh’exantned beford a safs design standard for. sea bottom “struc-

' euten cuu.ld be suggested:

i

T Laboratoss irseriants with vodels of bigger sizes ‘to

determine the scaling effect, par[iculurly In reference to the zone .

" of soil novenent below the- scour bottom.. 2 <

Experi-




S — . (Had : ’ o X "

2 ) oF " 2. Further. ’vaerine\nts with models of dlffe'unl shapes, . ,7
5 ' "3. Fleld studiés vhere icebergs of maneuverable sizes i 5
: ~ could be.towed and artificlally, gtb\mdgd/in preglect-d locations, Sl
' 4. Assesgment of the: techn ‘ to construct bunds around 3

i botren atructurds of to use matural featuren’ such as, banks on the . 4 ‘%

“ocean floor. Efforts in A AR o VAL NG ekt y;;p R

+ . the icebergs avay from damaging the blowoyt preventer stacks which

" project out fram’ the,ocean moor.

§ 5. Am,nux mn!u. of the l:ab"g Bodl tn(:nctim
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SPECIFICATIONS OF THE KISTLER QUARTZ

PRESSURE TRANSDUCERS, MODEL 606-L
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.. Préssure_range, full scale ..- 30 pai @ o
: Resolution ... i . 270,005 psi
. . 300 psi

3% Maximum pressure .
Sensitivity (nominal): .
.~Resonant frequency .
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. 3130 kiiz

3.0 microseconds
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‘s . e s LN h special eelection
Temper efs, e <0,03%/°F. ¢

2 Temperatiire range -350°. to +450°F
Shock ‘and vibratdon c.. 1000 .

+ coaxtal, 10-32

Cable, connector
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*Case material,
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time constant, s : I

mmu.
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