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.-zxploneory drilling ‘on -f_hu aautatn cnnad!:an R

eontinental shelf ha- proven the pr:

viable quanune- of: hy s: Any pro

the resourcea £rom beneath- f.he senﬂocr off-hore Newfou

'geoguphx.e ragion. Dnmnga to- uafloor inltanatl.o

_pipelines or w&l eadq by botto;n dragqu\q or .5c9 -ring N

icebargs is one of the potan:ial problem‘ 'rhu thas. been

_ueognued uince _the ea:ly 1970 8. Hovaver, nethoa&, of

estimating. the i iceberg scour, depths ana méthod

protecung uaab-d hutallat:lonu are. still f.opicl

i reuearch.

oy l m towlng tank. coheuionless 'soil at a unifom ulope and

£ v(.ith com:roued' pxopartien was . used-
uafloor matetial. Iceberg nnde!.s 500 mm wide and a pipelinn
mode!. 122 mm dimtnx‘ ware 1nstrumentad lnd uled i.nr a tenf.
programme aimed_ primarily at examining the 1nternction of . tha
iceberg model and the:soil’ and delineating the influence of

- the scour procoﬂ- belov the inciaion depth. i ¢ .

"Pcr a horizontally scouri; le.barg the frontal : PR |

soil resistance was foigd to-ve the mjor. taetor agfecting o
= <%
. 2 %
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. NTMATIONS - e

; The ‘sfmbols, used in tms /thesis and identified
. below are in accordance with the recommendations published in
; ' the’ Canadian Geotechnical Journal (Barsvary.et al. 1980). *

. The symbols &re defined when they first appear in.the text. -°.

. ) "

A projected area of a submerged icdberg normal to the
. propelling current
. N : X
B width of the idealized iceberg, also width of the
scour N z ’

= E . . R

. = e cohesion . ' .. :
Cq T drag coefficient . - -

N uniformity Goefficient, . T

. . .- ¥ 5 3
. scour depth at any instant during scoufing

a "o ‘depth from Bottoh of scour to top of pipéline
model . sl .
D maximum depth of ‘scour . . i
"E . modulusof elasticity |’
. Fgq'~w_. ~drag force on a Gecelerating iceberg - '
acceleration due to gravity .
R height ‘of surcharged soil iffront &t wng Shetane
) during scouring i -
- a £inal height of the surcharged soil .(*
. 11qu1dity index’ &
a K aubgrade mcdulus '_
N ‘ 1 ' length of scour at ‘any inseant durlng axzounng \
; L .7 maximum length oE scour L 5
e .. 80il resistance on the front face of the xdealizah/
" iceberg A .




time

initial steady: sbate velocity of the iceberg and'
‘current veloc:.ty o _4
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-~

plastic limit

liquid limit. -

natural water content of a' sediment
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CHAPTER I

. INTRODUCTION -
1.1 General . <% .
Offshore  activity worldwide has ~ increased

dramatically in the last two decades. ’m- has come’ about

mainly as a nsult of ‘an incraaung ne-d to harvest the
-

extract, .the altarnutlva of obtaining.thnla E_rom the _seabed
is . pecoming more feasible. - Canada, with its:vast coastal
regions h . prime eumple of a’ country experienclng a

healthy growth in its offsnore- petroleun industry. The main

areas of int t at present are ‘the Canadian Arctic and the
Canadiap East -Coast con:i.nenul ahelf.

Large re of hydrocnrbonu nave/ been proven

oﬁfahore Neﬁcnundund and no-«u scotia. Further por

groqrxm hpu yieldad pron!.-.lng }dl\ilu. The qventual goal il y

e a uafa .and ordctly d.l/vulupment of t.hoaye zua Tces.

Achievlnq this ‘goal :e uires an undurltanding of the possible

d . their solutio

_hagard uﬂique to the Chnadian East Cosst- is 'the eé;onu

~
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&~ T % R = .4"..
& duiggigt; iceberg.

Icebefg -scours as deep as 6.5 m -and %

“several kilometers 1ong have been measured on the’ Eontxnental = o
. shelf (Harti! and’ Jollymore 1974). Scouring Lcabe:qs coulas

) o
. dislodge ana upxoot any bottom structure.such as) pipelines or

. '._ wenhead: ‘in the zona of “scour. 'r‘he anucauom of t_hls s

phenomenon on *affshore development along’ the Canadian East

Coast’ Tvas. recognized Eny Eneis early 1970's" (ALler” 197")
) "

Enguneer‘.xng nna qu ef the u:eberg qceut problem -is one ot

. i:he orbnnng ;e\uarch» activitxes at . Memrinl pniveruty uf'”

T " waoundland. . Sdn:e npzcts of icebe.rg lcour&nq in relatmn L s

to “the’ Bafe hunal. aepth of p\pelinaa in the .East coan

G
v vaters are eiamined’in this 1

¢+ 1.2 _scope of the Work

‘ $tudies on iceberg scours were. XnitLaEed‘ by the

Oc&an Bnglneeﬂ.ng Research group at Hmrial Univeuu:y of

Newfoundland in theearly 1970's _as part of its nandate to

address che problem of concern to the Canadian ofishore = '. ) s

industry. . & pnumina:y theory of iceberg grounding. was.

. 3 proposed by chari and Allen (1972 Refinements Jf th- .

v .oriq;nax theory and experimental ‘variﬂ.cnion, through
physical modelling of the scour proce-s for clay soil's were:
lubaequently completed (Chari 1975). ‘A comprehensive. summar: }/J’ !
of conpleted work and ‘suggestions for further research wele . |
‘given by cnlar-k’(wvs). AR excen-;on of this workK to -. R

s &he-ienless soils and Ln appucau.on $olthedeatns of sate; s




Lo d % o 12
1o . . % .

burial aeiaf.‘ns for seabed installations are reported in this
thesis. 'nug research is ‘part of a continuing programmne at - ® ’_

S ‘Memorial University to try and understgnd the iceherg scour

phenomenon and to ‘optimize. aolutions «to cope with the - ¥
. Pl 4 3
N problem. The Are{ults réported here pertain - to. physical i
i modelling. and laboratory experiments. Lo .

” The p’resant;af.i'on in  this thesis

orgamzed into six main c'hap('.ers. Chapter II

‘% Lthe - Lliteraturs related to 1cebergs‘,( the C4nadidn’

& EI continental shelf, qeotechnlcal-propex ies of ¢ matlh&

cdut mudels anﬂ-

sediments,r field data on scours, iceberg:

'y applxcabla soil mechamcs t‘neories and’ methods.,’

< Chapter IIT zﬁ\xplaxns the aims an objecpiveé of

* the ‘physical igodels used in .this tsabranl Chapter, TV

cnntains a des’cription’ of the: laboratary facuiueel\:he

types. of éxperi.ments ccnducted and’ the xnstrumentation.

- cb]ectxve of the expenments was to invéstigate

Chaptar v containa the cd px!.am.on and

presentation of expenmen;glilresults as well as an- an: ysxs

1 -of the experimencax data.. Practical appllcationd of the

results of his work “Eothe ocedns a:e also’ examined _and Y oegy

d)scussed in Chapter V. wr e i

% b Chapter VI summarizes- the. conclusions:

" contains suggestions for further work. ;
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REV.

2.1 General

T
engineering, the, term.

' erosion wxnnowing

hiar’odynamc _effects

for tht Ploughed features left on land and on

recedlng glacies and .

' CHAPTER II g
2

IEW OF ‘LLTERATURE ~

A g .

%ngineeririq, ands in pan(cular ‘xn civil

m:cur" is often used to desci‘l.he ‘the

away of, aurﬂulal sedimem’_u due to

round structunes such”as h):idge piers

Geologists have ‘used’ the same term*

1ceberga (Lewis et al.: 1979; Dredge

1982)."  As opposed.. to the conventxonal Rivil; engineering .

e
"scour", iceberg scours
_characterized by raised

like forn( in 'between. ‘

1Xterature to describe the’ ‘sane phénomefion
. (camqla : 1954), scores

Jollyroze 1974),° gouges '(Barnes et al. 1982).

nomenclature v"'scour"
standard. terminology
communiueu in canada

-Hork hops 1982) . 'rhese

are J.ong f.rough—lxka Eeac\ﬁfes usuauy
shoulders on both sides aida val].ey-
T‘he!‘e are several terms used i.n e

mlcr.ot‘g).i.ef

“(Kovacs 1972), Eurrows (Harris_ and

The

is now generally actepted as the

by the scientific’ and engineering.

to include 'All the above terms - (NRCC

scours havq been Sbserved and meanufed'

Jin- the Beaufort Sea, in tHe. Great Lakes and on the

continental shelf off

Beaufort Sea and jn'th

the’ canadlan Fast:Coast. In the

T esbet’ by

e ‘Great &akes, ice keels grounding in ..
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shalla—u/)lat.er cause_the scour, while on the Canadian East -

Coast thé:scours are primarily due to icebergs. ‘Althouch the

| scour features are similar in-all three locations, the type
(o

£ environmental driving forces causing the scour are

somewhat different in each case. . . .
3 -

A sqour may be praduced when an ice feature
| . e
Xo an area whére the water depth ig less than the

_draft of ‘the ice fﬁa\e'l.uf‘ The: |type ‘of ‘iceberg- saabea
g inte:acuon depends: ‘'on a .number of phyaical parameters ‘}hinh
will be ,discussed” laver.., aesmea‘aceuu, pook Barks have
been obsefved on the” seafloor off |{the Canadian Bast “coast”
(Fader and /th 1981), Pock’' marks are vclrcular or eu_lptu:al
deprassions or, pits of ‘the seabed and are ‘found in several
locations ,across the oceans, One suspected reason for the
formation of pock marks especially in areas where xceberga

are not common is t.h. l‘elﬁle of shallow dcpol{ts of gas from

the seabed and “the .consequent slumping .of the sedinents |,

(Egrig .and" Kirby 1977; Hovland 1983).  However on the
%tlneﬁtal shelf off Eastern Canada’the origin:of t‘he\pock

.marks has not been wau eltablished. They may, be attributed

|
Tt 1cebetqu aquattinxon the seafloor possibly due to tidal
£1uctuatiuns or ,d to a stoppin Lceberg and
K qroundinq at the 'end of a scour (Lawis ‘and Barrie 1951)\<
Lbnq scour tracks are a qr:ater hazard than pock marks on t.he\
Cam\dian contintental shelf. a2 i

\
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Icebergs are’ generalLy vexy large and {t, has been

reported (Hune 1973) that lnltruments loclted on t'he seabed

in 500 m

icebergsy

" the .draft

1ocatxon w‘here g‘ha water depd’h is™ shauower than the "

torm a accur.

| visualizea:

water in

action of ocein cirrents as long.as the wécer'

‘of ' the . ieberg. .

ocean Eloor ist

‘Baffin Bay ‘werp damaged by grounding

Icebergs’ will float and gep!ri_uy'dnft under the

deeper than

When an 1ceberg comes to a

‘eberg

com‘?ap:uany,

1cabcrg ncouring can be

as ﬂhown in Eig. q (Chari’ et al. 19801. . If the

\ hnrd sich."as: &' rock ocuterop,

the grounding

icehexg will ‘travel up-(lope uithout forming® a distirnct’ and

visible scour mark.

the ocean

case B,#igs 1.

ploughing by the 1C!ber9 combiue

This is shown in Case A of Fig. 1. If

5 B s 5
floor consis of .sediments’ and the 5o0il has

adequate bearing capacity Eo\'.suppoxt a part .of-the berg’'s

‘ weight, the scour phenomenon may be a combination of seabed

With a reimiltaneous uplift,

A third ponlbility is the utuatxon wnen

the seabed is weak and loft .in which ca-e the icsberg plowa

the .seafloor horlzontally with little %r no uplift, Cau c,

@ Pig- i

It is thu, obvious that pazamataru -uch as the

icebetg size, ita‘v locity, tha seabed :ypa, its geutechnical

px;operties

procegs. ; *

and  thy
. 1

bathymetry will influence the scour

c
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reviewed the

..Greenland (Dj,nsmm:e 1972

2.2 Icebergs. - Lot : F

While interest in icebergs has increased in

recén‘t .years, fostly due to increased offshore exploration

activities, - icebergs have .historically been a concern to

North Atlantic .nariners for many years. Peters (1979) has

istory of iceberg observations and iceberg

studies pertaining Tt the ca'nadxan east coast. Since its

fomatlon in 19}( thi Incernatsonal Ice Patrol has ‘been

regularly studyi g Lceberqs. <5ubatantia1 amountu of
scientlﬂ.c data .Lcebe:gs were alao Collected durlng the
Marion expedx.tinn (smith 1931). - . -*
o X .
-\ . S .
2.2:1 origin, s‘napes an} sizes )

The principal source of North ‘ Atlantic Lceberga -

are the 20 major tldewatzyglaciers on the Qes‘ coast oE

It is estimated Ahat .as many as

15,000 icebergs may be calved annunlly from these glaciers. -t

However, a major portion of ,these are trapped in the bays and»

coastal. indentations enroute (Fig. .2) where' they ultxmately

disintegrate.’ Only a small -fraction travel a!.l' the‘way to

the southerly latitudes. Fig. 3 shows the annual number BB

icebergs ﬂriff_lng south of latituﬂa 40°N for the period 1900

to 1980. The average vnlue is: 378 thh a standard deviation

‘of 369 1ndicat1nq a ‘wide La}iatlon in the annual Lceberg

population. ,
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Icebergs are

ually quite 'nlarga near the source

*of safbation. Tocbeids X. excess of 1000 f in length have

been rept/ted near the'Steenstrup G!.aciar around Cape” York,
West Greenland (Koll.mlyer 1980). Wwhile the 1cebergs ‘drift in O
‘the ocean ::un-ant& the process of melting alters their shape .
ity and, mass. The raf_e ‘of icabarg melting i--dependent on the '
,“ ik ! 1cabsrq compouti.on, sea watet tampeuture, curzancs,. wave .

S g 0 ﬁqtion and the weathcr cnndi.tions. Icebergs which‘ars,sitqd

alpng "ithe coaut of land -and" Labr: ""were'nmt

ot oy probamy calved . about | f.'hrnn -years auun- (Binsmore 1972),.

drifted 7low1y in the ocean currents and Lca Eieldu and have

ulua).ly a’large de in ‘mass and subsequent
change's in shape duxing Lhat p;ti.od, zelultinq in ‘Lcavergs of
s dllunlio!\\ Icebergs are eonventionally clansiﬂ.ad by
their above-water Shape . "l'hs International ice Pntrol uses a
2 cla-uiﬂcation nyatem bned ‘on estimated ‘size and -fxap?

(Murray 1969) (Table 1-and 2). . ‘The submerged volume of' the\- o, -

icebtq will- he "about seven }.Lnen the above water volume ‘on &

ch’ a unpd.en thut iceberg ice has the spme)pccific gnvit* \

) ‘lpucifh: gravlty of»‘ ea water is 1.03. . Hwever the ratio ¥

batween draft nnd z@ave—-wacar haight will not be fn t‘he uum-

tion and wu1 dagend on’ ' the shape e the 1eebarq. *

Rt

caxcunt,e,d draft tos |

5 npm:t.pd (Banthct 1976). " Allaire ().972)
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height ratios of 9:1 m‘\a ‘for simple idealized berg shapes-.-

It may thus be noticed that the' draft of an iceberg, whir:h is ”
an important parameter, in the® scgun process, e h;qmy . 8,

variable and dependent on a numbex‘ ‘of fac:ote.

2525 z Physical propert&es .

ore ‘of the asaumpuons in eva‘!.uatlng the maximum

© . depth of iceherg scqurs is thaf_ th ; ceberg does.not facture i

,or 'break' ip’.during the inte actlon with tha»saabéd.

e pumuhed information, on the ! phy:ical and engxneer;ng

T~
progerties af icebarg ice 'ia J.s.m:ed. “ Recant “tests on

samples from a grounded xgebezg (Arockl uamy et al. 1933) \

" . .gave an avarage density 0£'10.904, g/cn?. Unconfined Lo |

. ccémpression strength wad in the :‘ahqe of 4 to 10 MPa and © -

pactially confined crushing’ strength tests simulating, berg
. o ] b Rk ¢
1 impact with a semi-submersible gave values in t‘néﬂnge of 22

t6.38 UPa. " The allowable bearing capacity for soils on land

. . Y e S .
‘ringes from 0.02 MPa for seft claysto about ‘1.0 MPa for
“coipact sands and gravels (Bowles 1982). e vh?uld" thus .. ..

i S . : s

‘'« ‘appear  that the iceberg has ‘ag relatively large strengen

compared to' that of seabed soils which in the extreme may:
- have a shear strength Op to 1. 0 MPa. The ucouzan process

would .thus_ be somew‘nat similar’ to the different cases }\own

4n Fig: 1.- . > e 1
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" 2.2.3 rceberg arife .

N The.velocity of an iceberg and the kinetic energy N
it has whe‘r;"itv.touehn the seabed at the instant of grounding
will' influence the length of the Agour. The generalized
‘drift pattern of® icebergs ,in the Worth Atlantic depends
largely ‘on the ocean cﬁg;e_ptn (Dinsmore 1972) as shown in

w & ' Pig.:2. After calving, most icebergs drift along the West

Greentan) and Baffin 1g1§n_ﬂ coast where they are caudft in
the sou

asterly flowi Lnbudor'Cuxunc. The sysfem of

. écean, currents in. Baffin, Bay, Davis strait and the Labrador

. ‘S3n is the predominant. fact:ﬁ re-ultlng in the southerly
o, n\ovanenf. ‘of icebergs. In the process) of: their long trivel, a

nunher of bergs are crapped in :horel!.ne waters’™ along -the

way.  Icebergs which. finally reach the Grand Banks,

. - diser}tigrat; in days or weéks ‘under the influence of the warm

= ¥ Gulf Stream: The ’long r.em arife pattern of ' icebergl has
been gemnlly ueu a\tabnuhad over the years by various

observation and tracl{ing ptugramm- (Robe et al. 1980). .

. N . Amother type ‘of iceberg movement, which is the
. short "term drift, is of importance to o‘f!-hore operators in

§ T i 3 .
predicting the risk of a' direct, impact with stationary

drilling rigs or ships. For this reason

- objsé‘:s iqc‘h .ag

~_d:11u.ng veuela are staffed uLt.h iga obler‘p to record and
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move away froy/the path of an oncoming iceberg will depend on

the complexity of the equipment and, the weatHer conditiorfy.
The short term iceberg drift depends _on the iceberg size rand

shape, currents in the immediate vicinity of the iceberg,
P

winds, waves, sea level pressure gradients and Coriollis .

effects (El-Tahan 1980). Estimating these data is a major
task .in ':he accurate prediction of ‘iceberg .drift

(Mountain 1930) Based on the reported observations, it is

reasonable ‘to assume - maximum arbi et velocities \of 45 km/day )

for. long term a:ux (Dlnsmare 1972) anfl 1.2 m/sec for aho:t

" term drift (El- -m_mn et al. 1983). : "o v iy

23 Seabed: Eastern Canadian Continental Shelf .
The' bathymetry and feabed type are  importart

parameters in the scour process. A soft dediment would be

.more . vulnerable to. a deeper scour than. a, dense sand or

gravel. Similarly an iceberg plowing into 2 steep bank will

ground after a short travel while the scour ‘track will be

long If the bathymetry is relatively flat. these aspects

will ba reviewed belcw. % : .

B v &,

.'2.3.1 !athymetry I ¥

A b-v.hymat.ric chart of t:he Canadian East Coast is
shown in Fig.. 4. The outer mrgin of _the com:inem:al shelf

is generally taken as the 500 m isgbath.. In vater depths
@
N o
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greater than 500 m the seabed slope tends to increase quickly
with depth, along the continental ul.ope. e 200 m imbac_h'
is the 1limit of xnterest for icfberg scour conuderauons.
The width of the/dfntinental shelf is about 100 tc 300 km.
Towards the shore a longiudinal channel -eparatan a narrow

and rough inner ~shelf from a’smooth wide outer shels.
b

«Transverse troughs divide the ‘outet shelf “fato a ‘seri

discrete bank areas as idantilied in Fig. 4. The top of the
banks are,gal}etauy !J.a; w.ith_qeptha bptwaan 70 to 20?"m

(grant 1972). .It is these banks which are of interest éo the

T okl xnduutty as potantial areas foroil’, 5xplotaf.l.on and thena

banku are al.so uuscepr.ible to freq\:ent. scouring and graundxng

of 1cebergs because oE the shallorw water depths.

L« d -
2.3.2 Geotechnical propertjes. of the sediments . .
S “The length and depth of -an iceberg scour dependl

on the resistance of the seabed to the ploughing action of

.the berd? ' This resistance n quantified in nx‘m ‘of shear

and other hnical of the aeafloon.
Geotechnical ifformation for most areas of the Canadian East

Coast "is sparse. Information on ‘the general types of

. B
_ sediments as obtained from -geological gnd geocechqg(ai

sources are presented Yale‘w. A 3 e
@ = Litvin Mg Rvachev ,(1963) collected data for

identifying the seabed type primarily as an uid to ‘improve
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- the  efficiency of trawler techniques. Based on 198 -samples

it was concluded that the’ Halu.lton Bank and the Grand Banks

are mostly o of sand ionally mixed with bouman,
gravel and mud. Large mud deposits occur on the North

Newfoundland Bank and along the slopes of the Hamilton and

Grand Banks. L 55

p Slatt (1974) classiﬁed over 300 grab ‘samples
grom the Grand Banks and the North Newfoundland Bank. . Medium |
€o fine sand with particle sizes from'2 to 0.064 ‘mm weré

“identified én the ‘outer'\Grand Hanks. Landward on the inner

Grand Banks, coarse sand 'and gravél predominate. ggilt and

"clayA size sediments were found on. the North Newfoundland
Bank. O d \ -"‘ o g .

b 3 L Results ‘of gao}oqical analyll! have been
reported -(Mudie and Guuhaht 1982) of two piston® core
sanjles, 8.5 and 11.0 m lond, obtained ‘in 286 m water depth
Off te -northeast coast of 'Elfwfoundlnnd (Fig. 5). It is
inferred ‘the shear strengthe—of the sediments is relatively

f ’lov since the piston corer penetrated 11 m into the seabed. -

‘Van der Linden et a1, (i976) summarizea seismic
and ‘bottos: eampling fats; frow "the “HamiZton Bank. "x,e.
perimeter consists of a band of sediment ranging from ‘sand to
gravel. Lundwurd, qrain size decre‘ues to muddy fxne und-

"ana’ fine sandy mud from 1 to 10 m thick. The adjoining

t{o’, areas are composed of silty claya.
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—PISTON CORE LOCATION
WATER DEPTH-286
SPACING BETWEEN CORES - 200m.
. L
® . N o
DEPTHmM :‘“‘ " OLVE'GREY MUD S
1 e /enavnsn BROWN TO OLIVE MUD wm«
g 18 FINE GRAVEL
; 24 |__DARK GREY TO"GREENISH MUD WITH
24 1" LAYERS OF CLAY, SILT o8 s\AvEL
[28) | 2a| = coarseNING noxm
. \ Sh
1 N ;
e 264 \ZE1— LIGHT GREY BROWN CARBONATE MUD
al» |” 1— GREYISH OLIVE TO BROWNISH GREY
: 2c| MUD WITH GRAVELLY DR SILTY .
\ | LAYERS 8 MOTTLES
6 3
\ :
7-1 —
‘4 f | —YELLOWISH BROWN MUD WITH mmx OR
B i b\ 3 LIGHT BANDS & LAYERS OF
L& s \\ DIATOMACEOUS MUD
9+ \ >
\[ 21— FIRM LIGHT RED MUD WITH GREYISH
B SILTY TO GRAVELLY LAYERS
. 5 —— STIFF ‘BROWN GRAVELLY SANDY ‘MUD
vaud UNSORTED X
FIG. 5 LOG OF TWO PISTON CORES FROM .NOTRE DAME BAY CHANNEI..

NBHFOUNDLAND (MUDIE AND GUILBAULT 1982)
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Fillon and Harmes (1982) conducted a similar
analydis for sediments- on the Saglek™ Bank off \ northern

Labrador. A 0.1 to 2 m layer of «ud (less than 10% sand and

gravel) cove’ts the bank underlain by soft muds and compdcted

sediments. Corer penetration varied from 1 to 10 m depending
-

on sediment’strength.
et - —
Kellor (1969) summarized-the analysis of over 300

samples from 'the “North. Atlantic, and ga{ze the following

range of geotechnlcal properties for, the Canadian East Coast .

surfifcial gediments; Tx N

" Sediment type: = - - vial-marine - °
N (sand-silt sizes .
greater than

o . 6.016 ‘mm) . Cop
, Shear strength (1): 3.4 to 6.9 kPa
Water, content (w) : 50 to 100%
Saturated unit wt. 7
e we ) 3
(y“t) 14.8 to 17.1 gu/m

o Fift een- sbort core samples from the southern

Grand Banks are‘a werg tested by Geocop (1969). wate’r depth

was approx:.muterly'Qs m, core lengths .ranged from 0.38 to
1.37 m, the average length being 0.80 m. The results of

these tests are summarized below:

.
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Location: 44° "to 45°N, 52° to
' T 53.5°W
‘Sediment type: _ sand and combinations of

/7 N 3 b sand, silt, gravel:
t . 3
; Ysat?® 14 to 20 kN/m

¢ . -r 34 to 57° (from direct®
shear tests on disturbed

- samples),
' "

A series of three bore- holes: on éxe Gragd;\‘aank'a

by McClelland Engineers (1971) '(Fig, &) indicated 4 to \zs n

of dpney sand, ag the upper layer underlain by hard- silts or

tgff clays occasmnany with sand seams. A value' of ¢ = 35°

for the sand was sugges:ed which is near t'he range of" values

of = 39 .to 46° given by Geucon (1969) fcr !.he).r four cores’

closest.(12 to 23 ‘fcm away) to McClelland's borehole'number 8. ?

Based on the results of three boreholes (Fig. 6)

drilled in 1980 (Geocon 1980) in the Hibernia area of Lhe

Grand Banks, the upper 5-to 6 m was found to be dense clean -

sand with. traces of gravel, silt, clay and shells. The

degree af sediment compact].on is apparent due to the reboreed
\aigeicalties. in advancing’ the drilling. and in driving 50 mh
0.D. sampling s and split spoons. The sand was ugderlaln
by various scX 4

sand. Direct shear' tests on regopsticu:éq samples from' the

upper sand layers gave ¢ values of 36 to 40°.

he efforts requirgd to obtain vibrocore
samptes Ln\o m water depbh at Hibernia, Amos and\ Barrie

from silty clay to clayey silt ‘to silty.

i
|
;
1
i
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samples grom r.hes,a 1ocq,
ik . .oLocauon T

o Sh . Sediment types

DR L
~ Some * geote:

strait area (Fig. 2).

G} tujé

strait.
&

interest and -are. given in Table.3.

tebts on ;U/?gton core samplea from tHe Dav1s scran. dn
le;

Lo,
300 m wate;

o 11983):
 Yeat® -
, $ .

L ewith a free/(h\i pact penetrometer.
woy natufe of - the seabed. (Lewis 1381)

‘ .pgneemmeter ealred _byucklxng.

nb ‘showed thé following:
Py
al data i! alsa available

r.yo pﬂ.ston corea, “in 54(1 m water depr.hs.

(1980r .concluand that the seabed was hard -with lag gravel.

Also in‘ the Hibernia area t‘he author parncipated in tests

»aecauge of the d)emq

the

the. doad e
Tests' on V: een. ‘grab

i-ubemia é.-:ea’,'sraud Banks

medium to €ine sand poérly
. graaga’

19t021ku/m3‘- S T
Y to 32°

f'or the'.

MaeLaren Atlantic l.,x.mxted (1976)

Gra'ham and

Nixon (1979) dxserss the results. Gf t.eats ‘of g‘cm diamater

pxston ‘cores from 400 m ‘watér dept'h in ‘the aouthern Davis

Although; these va.ter depths are pxobahly tbo daep
A

o ifor iceberq scours the geotechnical properties are of genseal

Additional gedtechnical

pth h\d,the following pmpe:ues (cnm. et al.

: \

g FI 3 Sedimenr. r.ype. ,sand & s:.lt mixcures N

20 kN/m
25° (ditect :shear tests on

reccn-titutad sampl’Eh)




JParameter

TABLE 3 GEOTECHNIGAL PROPERTIES DJ

a0 4

Mchuran (1976)

PISTON CORES FROM DAVIS STRAIT

Gra‘bm and Nixon (1979)

Location -
- Water .deptl'n

Sediment type g
:Eaturacc‘d

unit weight
Water content w
Liquidity index Ip
Plastic limil w,
‘Liquid limit®  w,

-Shear strength-

:
Cohesion -’ c
Angle of ’
Internal -
Friction =

Ysat

$- 2

Da'v'il strgit’ '
i R
540 m . -t

olivc gr-y sand (SM)
to 10 cm thk. overlying ¢

darx g;’aan].lh grey mud
(cL

“pavis Strait

400 m

7
‘elay (CL) < 40%
sang and gravel
e

-, 22 kN/m3

15%

0.14 to 0.53

P T
‘17 to 31 ‘kPa
7 kPa
34°

//\_J
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| Results- of tests o samples from the strait of
-Bells Isle:(Fig. 6) during feasibiity studies for- pover cable :
crossings showed that the soil overburden was of an average
thickness of 2.2 m. It is composed of a medium dense .to
dens;, layer of sand-and gravel with cobbles and boulders
-overlying a discontinuous stratum o'f very dense glacial®till
L e bedrock. At some lpcabicns soil thickness reached 12;t0 * ..
.18 .m_ (Grden et ‘al.- 1992). 5 The Strait is in the path ofythe
Y icebarga. has water’ depthe of 44 to 120 m and ig prone to
u:eberg groundings. . & B '
paded on the available geological and
geotechnical data for the continental shelf offshore Sastern
Canada,\/n:' agasars—that \significant ‘areas are composed of

sands and gravels, while other areas consist of finer grained

/sedl.ments. To 1nvestxgm:e the scour p&:enual ata given

location - it' would be hécessary ‘%o examine the surgictal
. . sedinents in detail at tne speci{xc location to a depth of 4 .

to 5m 'bglow the: mudli.ne. i . . R f

2.3.3 Sediment Btahxlrty and bottom processes *

An understanding of “the dynamics of the
continental shelf sediments is; important . with respect to  *°
“iceberg scours sha with fespect: to The engineering design of
séabed structures. Scour’ f‘enr_ures may be gene:ully alcered

in course\of time by .erosion or deposition of material
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thereby changing the scour dimensions. usn', ,bottom

processes will influence' the geotechnxcal ptopert].es of
sediments, whidh ‘{n-<turn will influence the soil resistance
to iceberg scour or its ability to support a structure.

V In shallower  waters, tlie effect Of the}mtwm
currents and long waves' will influence the seabed stability.

Fiel§ dat‘.a on both these aspects are somewhat limited at

present. n is xeporr.ed (Lewis and Barr).e 1981) that storm

generated bottom cux’rehts 1n the beerni.a 1Dcatiun are of

« sufficient 1ntenslty to. cause lnte‘rmxttent sedxment

" transport. This is based . ChEREvEEIGHE OF e sUATIooE,

analysis of' sedxment gram sizZes and current meter

* measurementss Of the Makkevik afid Himilton Banks (ng. 4)

movement of bottom sediments gas.observed in water depths of
450m (Josenhans.and Barrie 1982). Lo

' Further field data.»woui:‘] be required before any
definite cgnclusions can be drawn on the effect of sediment
movement on iceberg stours. ’ '
4 te 3
2.4 Iceberg Scour Stjdies ok

Damage to ‘seabed fishing gear like lobster pots
by fcébergs has ‘bean a recognized fact by Newfqundla‘nd
fishermen for a long 'time. Trads-Atlantic submarine .
commu.nicacions cables 'have_ .been periodically ‘hioken by
gx‘ound&n{g icebergs, although thie cables, ‘ace normally lni-d

I
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'
alonq a circuitous route - EZ{leng bathymetri.c lows. A

ummary of the cable breaks along the shelf areas of

/Greenlami -and Newfolindland smce 1960 is contained in

i 4 i N - —
' rable 4. ; .

)

Slnce 1974 gecloglsts have, documented field data -

¢ o.on x.ceberg acours ‘through Slde scan :mnar and shallow seisnuc

surveys. Some of this work is revx;wea below. =,

- 2.4.1- side scan sMrvatioﬂs’ s

The acoustic methods used to map the ‘seafloor are
the deep’ tow, high 'resolution shallow seismic profiler and
thé 'side scan sofar. The seismic profiler is cgpapxe of
resolution to 03 m and penetration to a depth of
;pproxxmately 75 m (Josenhans 1983) in whith the scours

. . appear as U-shaped indentatiohs. . The side scan sonar uses a
£

W fish that projects a fan shaped acoustic beam from both

“sides. The swath width is about 1.5 km. Reflected echoes:,
are recorded and used to produce a plan view map of tHe
: seabed. Bottom irregularities like scours appear ,as light

: and dark lines.

s Harris’ {1974) and Harris and Jollymore (A974)

observed: iceberg scours along the Labrador Shelf. in water

depths of 155 to'275 f east of Belle Isle (Fig. 4). Scours’
of average width 30 m, maximum depth’ 6.5 m and a3 long' as

"3 km were measured. .. ’
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_TABLE 4 SUMMARY OF

Location

Year. Number of -
cable: breaks .
/ 3
. 41960 1 57 .
& &
T *s1961 Lo 1
. P
T #1963-1970 .. 19 .
I #1965-1970 B —/4'

Gustaitia (1979)
**Navigation Report 5:.5. Lord Kelvin (1961J..

. . .

77 to 209

190 to 212

Northeast of Cape
Mercy, Baffin’'Island,
Davis Strait

' EBast of Bonavista

P.ninlul(. Newfoundland

Off Cape Parewell,
Gr.onllnd

soatiror Thule,
Greenland, Baffin Bay

(14
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Van' der Linden et al. (1976) discussed iceberg
scour data gathered in 1972 and 1973 from the Hamilton Bank. N
Gouges up to 4 m deep and several -kilometers long were

measured with orientations generally in the direction of the
Labrador Current. % ’ e
] ) King (1976) reported scours 2 to 3 m deep ‘and 30 .

to 40 m wide with raised rims.in vater depths of 105 ta 120 m

g along the Laurentian Channel -and western Grand Eanks of £ the_~ -

- south coast Of Newfoundland. 5 ) &

©¢7 | Lewis et 'al. (197%) -summagized 5t ‘da‘ta_
. obtained from Saglek Bank, Labrador 4" pe York, Greenland.

B BattonT - Foatiren varying from pock’ marks o long scours .
‘ i tracks, and scours formed 'by multikealed be:gxwere observed.

Widths varied from ‘tens of meters to greater than’ 100 m, with

séour depths in thé range of a few meters. 72

’ Lewis and Barrie (1981) reported scour features

}Lhe ibernia area of the Grand Banks. . Scours as deep as )

.4 m.and from 3 to 124 m wide were measured in water depths .

up to 150 m. Two populations of scours y‘le're distinguished. d
In water depths greater than 110 .m, a denge pattern qf
degraded furrows and pits ‘exist. In water depths of 60 to
150 m fresh looking and lesu dense pntterns QE scours were-
observeq. The, deepest iceberg scour was 5.4 m although an

unconfirmed circular depxession 6.5"m deep was noted.



penetrate the 'seabed wifh the Pisces 'IV .corer were.

To supplement acoustically sensed scour data,

manned submersibles have been used to survey the seabed.
Using Piscés IV (Josenhans and ' Barrié. 1982) seabed
investigations were conducted in the Bjami wellsite area of

Makkovik Bank (water ﬂepth less than 200 m) and along the

: soythwest Harrison Bank (water depth 300 to 450 m) , Within

the near bottom current regime mveetxgated/they suggest

that older scout marks can 'be identified by the Tack Of a

fine matrix within t‘neir ridges and the lack of signifxcant

relief. Recent scours have well- ~developed ridges dp to 2'm

high with ridge slopés of 3 to 6° (measured perpendicular to -

the length of scour) and are composed of cobbles and boulders

" protruding sligKtly-from a ‘matrix ©Of silty sand. Attempts to

unsuccessful. The subsurface was too coarse x.n the udgas

‘and too compacted within the scour trough. Another method of

relative dating of the scours is by estimating the’ extent of

biological activity on'boulders and cobbles in and around the

scour. Some ice-rafted boulders were observed to have a

dense organic coating, others had a fresh surface ipdicating
more recent depmntxon. ' /

Other evidence to substantiate iceberg: L scouring

1 based on. the, obsstvations of Wrounded Bergs. ‘BarEle b/

al.‘(]_.ssz) reported an ongoing ,project to review icei;erg Lux
~ 5

and groundings from drill rig iceberg observation ‘redords "

o 3 .
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from 1973 to I976. The study area was the eastern Canadian
continental shelf from 4;)'N to 60°N. ‘Out ‘of 800 bergs, 39
‘grounding events, weje detected,in water depths ranging from
\l10 to 380 m." The process’ of icebergrseabed céntact was
. identified based on the berg's erratic and slow drift

velocities. Draft measurements were also ma%g showing some

correlation with water depth.

"2.4.2 Estimating scour depth Pt

Many_of ‘the ‘scours on’ the Canadian continental

¥ sbelf are probably relict; however insome areas the process

is stlll quxte active (Woodworth-Lynas 1983). Two' approaches
to detetmining maximum scour depth may be used. .The' First
involves periodic surveying of ‘the seafloor. Repetitive
surveys can be made to establigh recurrence intervals for
scours of different size in a particular location cr-pipeline
route (Lewis and Barrie 1981). This method has some
limitations, hazcicuxérxy its cost. Surveys ﬁecessi;at;e the
substantial expense . of ‘traineci ypersonnel; « soghisticdted
equipment and Ship time. : The field measufément gives the
size of ‘the sccﬂn:'a: the time of the survey., Sedimsnts may
be transported into. the scour by, bottom currents changing,

bottom relief. Also, there may be <an infilling Gf the

scoured trench in course of t;.me due to the’ slumping of _the

aidas. " AnUAL VAFIEEIOH 1. foebery peplLUEien Adneley is
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ndgh (Fig. 3); this probably indicates similar high variation
in annual scohr formation. Therefore several years” of
observations are required to confidently establish recurrence

intervals for scour activity.

Another approach tof c{xantify the scour problem
° 7 A
with respect to maximum scour dimensions, is to model the

scour process mathematically and -physically. »This will  be

discussed below. \i ;
; ; <
3 o )
” P s g N )

“2.5 Iceberg "Scour Hodels 4 p ]

" The modelling of any engineering problem requires

' an understanding of‘the physical process. and the associated

variables. The mechanism of iceberg sco;':’rixllg-“i_s one in which
the energy of a movxng'ipeberq' is dissipated as it plows
into a.sloping‘seabed of some type. Using this concept Chari
(1975) developed a mathematical model and verified the
geotechnical aspect of it in the laboratory.
2.5.1 chari's model . ’

An éarly attempt to evaluate iceberg"s_couri.ng

from a .mathematical perspective was that of Chari and Allen

(1972). Extensions, refinements ,and validations "of the

original theory have been well documented since then in a
' /z
nunber of publications. (Chari-and Allen 1974, Chari 1975,

Chari ahd Guha 1978, Chari and Muthukrishnaiah 1978, Chari
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1979, Chari 1980, Chari et al. 1980, Chari and Peters 1981).

The three broad 'categories of Hiceb‘erg scouring
based on seafloor <onditions were discussed earlier,
(Fig. 1).- In case C of Fig. 1, the bottom ‘sediments are

assumed soft. and yielding with the igéberg plowing

horizontally. . This 'is the worst case from consideratiods of .

the maximum scour depth.

The geotechnical data reviewed earlier mdxcates

a wide varjation in the type ‘of the seabed on Canadian
eastern. shelf. The 'mathematical’ model "deéveloped so far is

for thes extreme- condition .and for. computing the maximum

ely scour depth¥ The #idealized theoretical concept jof the

é;l‘is shown in "Fig. 7. The iceberg is treatéed as:‘a

g
rectangular prismatic block whose strength is greater than

. the soil it contacts. This implies soil failure and not ice

failure, The ‘tcetrg is assumed hydmdynamcauy stable and
[aome iditial drift velocity as it travels perpendicular

to the inclination of the Elope. As the scout 1engthens the

iceberg prcgress‘lvely cuts deeper into the slope pushing soil

ahead and to the sides in a manner similar to goil

displacement around a bulldozer blade.: The scour profile in
the wake of the meberg model consists of a depresaed central
troug‘h with raised, berms or shoulders on both sides. The
resistance to iceberg, movement is. primarily the. ‘frontal

passive resistance on the scouring face. The iceberg scoops



¢ scour BoTTOM :
; B o s ¢
P

"
FIG. 7 "IDEALIZED‘THEORETICAL CONCm OF ICEBERG
S 19 .
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out a seriés Df soil wedgas and eventually Btops vA\en the

Lavailable energy from the driving forces equals thg energy

|
used'in displacing the soil. At any instant the| Erontal

_ 1'(hra)? 27an , 1d? !
p-JT’,—B % g 29y+/ (1+m 6) . [08)]

;eslstance to the iceberg is (Chari 1979

where: - - o \

o

= s0il. ‘resistance on front face of idealizéd
icebergq. .o

Y' = ubmerged unit wejght of, soil. |

= height. of " :s0il: surcharge at any Lnstant\'dui’{\:g.

scouri.nq. E T S \\
a = dfg_t‘;;yo]f scour at any mstant during acouring. .
f/" width of idealized iceberg.
5 1 =,shear stréngth (undrained) Of soil.
o= i1/4) - (/D) ’

}v- anble of soil shear resistance‘ . "2
{
Assuning a cohesive soil, and undef uhdrained conditions, the
equation for.iceberg scour = been given as: |

w2

aw? ' en)’BL Q 2 '
5 *C % % +-1 DLB #+ rDL '[%]‘

where:'

W = weight of iceberd. v X

. V = initial velocity of icebergd - ‘ P
g = acceleration due to gravity.
= drag coefficient? N CR i

5 = density of sea




i . A e .
A = projected area of submerged iceberg’ normal to o

propeliing current. \ . Y
L = maximum length of sgour. Gl M !

H = final height of soil surcharge.

D =, maximum depth of scour: me, N -}

'8 * ‘
- The left hand Bl.de of [2] represents the energy available to
_arive ythe icebe:g. This is dependent on the. mass and

.veloczty of the iceberg and also the current ﬂrag on (thi

subrérged ‘portion 9.‘ the berg. The right hand exdé of 21 .5

r'eéresenté‘ the seabéd resistance. If is dependent on'. the

length, depth and wlgp/f scour, the surcharge dimensions, e
the effective \:nit we).qht and ‘shear strength of’the soils . . A

Lahoratery verxﬂcatiun of [Zhs\not pcsb;ble in
its exact form’ due to. the constraints in ‘séaling. soil
strength and gr:ai_Jn size. Instead, exp\eri.mem-;s ,wqre- designgd. b

to evaluate’ [1], the soil-iceberg 1nteractxve force. & .

. tilseble glass sided tank 3.5 m long, 0.75 m wide and 0.7 m -
‘deep was fabricated and fitted with a.towing carriage to

support 230 mm widé iceberg mudels. A soft“_compreésible c],ey

: i | 25050 A % "
was uged’ for the sloped sediment bed. - The total foxrce on the
‘model ‘and the soil pressures ‘on the differ:em:”faces were
continuously recorded as the n\odel was puehed at.constant e

) veloci'ty fnto the slope’ (Chari L975). ’Good. ugreen\ent yas

L

. observed between r:naorehcal and meauured ‘values of aml v

resistance. The iceberg scour model was thus found [
s N 2 oy
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satxefactcry wit‘h reapect to the mechdm.cs of so,il icebetg "
; ’ in:erg:tion. T, e g : ST
s ’ ~' ‘Eqn. °[2] was used. to predict the scour size for i =
5 e 2 :
p . aifferent combinations of field conditicns. ' Table 5,. Chari
b (1979), s’ the result 'of ome such computation’ for a 200 6N - . -
(20 million ton).iceberg: ' Similar .rehults have TBeenr,: 1 -

{ Pubfished in@t}\e forn oi cux‘ves to show the ;nﬂuence of the 3 %

‘ dividual va:xables* on. scour dept‘h (Chari and " Peteta 1981). ;

In general, aquation [2] yields scour dimenaiuns ;|.n the: same

1

ranqe as those obpervnd on the seabeﬂ. Hawever, r_he ucardity

. .~

(FENCO) <in 1975 and subpequently published 1n Kiv:

irild\ t a
. ! 2,
' . (1981:) and Kwild (1981, 1.992). . . S0 Mo

'l‘wo models uar; develuped for, pxedictzng iceberg scour

depth: ‘A dynamic m?ﬂal aﬁd a- miphni!ation model.. ‘A third

LI modal prasented’ in the report i'

,,\<-. B o




R o
N $ = 3
W = 200 GNY, a =30 m,v = 0.5 m/-ec i
 Yeat= 15 xq( .
Seabed slope Cg Ed ‘KP&)-. 3 snuurA depth v Scour Léﬂgth
5 i : ¥ + (m) ‘ )
~ ¢ 1:100 0.1 __ T 2.5 9.7 ' -0.97
= - 01 . 50.0 4.3 B 0.43
) 8.5 T 2l 15.0 1.50
- .\F 0.5 ?0-0 " 6.1 L O.Sl_.
1:1000° 0.1 7205 Y6 < 6.70
2 801 50.0 - ~. .. 1.8., 1.80
0.5 28,57 +14.5 * 14.50
0.5 ¢ 50.0 - o G 4.5
¢ N ® el .
(Chari 1979) B 4 E . -
A ® . X
. R
- = s : : :
= ? . .

6€



x

\

"modification mé

é : : " §. . 40

L4 o = 1 - ¢
E The dynamic model assumes,that the iceberg is a
rectangular prismatic block having three, degrees of Eraedoms
heave, surge and pitch. Driving forces considered are due to
wind, wave, current and pack ice. The soil resistance forces
considered are the passive pressure on the front face and' the
soil reaction cn tle base of the iceberg. Foi el sxpecksa .

range of ice velocity of 2 ‘Knots (1 m/sec), 'soil

displacements were treated as .quasi-static and ~standard
i h s g

! g & 1 e G
.méthods - of soil analysis were used.” The trial wedge mefhod

" was used to'evaluate the passive resistance on the front face

of .the 1ceberg

edting the soil as a c-¢ material. For soil

teactlon n the

se, three different approaches’ were psed:

a spring mass approach treating the soil as. an elastic

‘medium, the plastiic equilibrium ‘theory and an eiastoplastic

od.\. Results Of. the application of the
dynamic modgf are shown in Table 6. - The iceberg model
considered was 21 m wide x 122'm long x 30.5 m deep. The'ice

‘block was also i;iven an addltional driving force in‘ the form

of a gradually mweasmg ice pack force. Calculated scour

deptl]ﬂ—bindicute t.hat assumptxon teqardi’g so:.l keaetian on'

the base of r.he iceberg had, 11ttle 1nfluance on the results.

e 'r;m mnmiuuan model of FENCO aasumes the ice’
block is ,a),waya in static equilibriun during scouring. The

iceberg scour is nasumed 0 proceed ‘as ‘a com:inuqus process

Vi the dynamic model, whil.e in the minimizar_icn method the
. ~
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N : TABLE 6 lgiBB'RG SCOUR-

ICE BLOCK SIZE: .21 m WIDE x
,122°m LONG-x 30.5.m DEEP ,

SIZE GOMPUTED FROM.FENCO MODEL

* conh uv- Soil
1ty Clay

dfanilar_Soil

Cohesion

Internal friction angle
Ice - soil friction angle
Hodulus of Elasticity
Poisson's ratio

Subgrade Mulu-

u!ectivu unit weight

4.7 kPa ’

eabed slope . - vy A 9 .
rift speed 9 i 0.9-m/sec ' | -0.9 m/sec
o Gradually increasing ice pack fgEce to 730 XN/m'
s - : 5 P
. ' Scour depth, D, assuming L el m & 4.6 m
o~ elastic soil reaction - $
Seour length, L 320 m ~ 240 m
. Upward displacement: © 0.6 m g 3m
) & 4.6 m

‘. D assuming elastoplastic’
80il reaction’below ice

L 7
Upward displacement

. D assuming plastic #oil
ruction below

"
Upwlrd’diuphcum-ne T
(Kivisila 1982)°




than that from the energy model. X g

°
. modelling consists of equating t

42 .
v
L & T B ~
berg is assumed to move in individual thrusts. The iceberg
moves horizontally uaF to the energy model. Kivisild
(1981) suggeau “the minimization :olution is inapplicab].e in
soft éons. Further the method gives a scour ’izes-smallax_
The energy model given by FENCO in APOA 1975 is
/simlar to that of 'Charf and. Allen (1972), -except that
a:lditmnalbdrivj.n% forces E!%ack ice and wlnd on the iceberg
were considered in, addition to the kinetic ena:gy.

‘N6 experimental veriﬂcation of FENCO's dynamic

model appears to have been al g ions

sul:h ‘as towing an in trumenced barge into a grepared sand

slope are cont.amed the APOA report.

’
prihciple of mathematical
2

In .summary the basl
the soil resistance. These-fodels represent the pxtreme
condition of scouring and at
depths for the seabed installations.
‘

'2 5. 3? Other models

- There have been ‘efforts by others to s‘,dy the
Lo

ucour process (Abdelnour et al. 1981) however the, zeaulta are

not yet available in the open,literature. !

Al
iceberg driving.forces to

pt to camgum the safe burial .
.
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CHAPTER IIX

OBJECTIVES OF THE EXPERIMENTS
4
The primary objective of laboratory hodelling of *
iceberg scours is to establxsh the validity of those’ asbct_s
of the mathematical model which deal With the soil registance

to iceberg plowing. Chari' (1975) conducted model tests in

sq;e, cohesive soils 'using‘ 229 mm wide plexiglass
msuumented,madel in'a glass sided. testlng flume. -These

tests’ showed 'a difference b the and

forces on the' iceberg model (Fig. 8) and this difference was
agtributed “to the deformations in %he SELNF RS far ‘ahead pf
che sc\:xrxng meberq. A zone of" 8oil - disturbance was
observed well below and ahead of the laboratory model. Some .
preliminary measurement “dt t‘he pressures was Also reported
(Chan. 1975) One of the ‘implications of this observation is
that’ the theoret1031 estlm‘tes of ‘scour sizes v{aum be
conservative. A phenomenon slmn‘lar -£0, that observed in t'he
1cebetg “scour tests‘wns algo reported by Krause (1975) in
reference to Qart‘h ,moving Zr;uipme 't in loosé safids. = It was

therefore, decxded\q continue. the physical modelling of

iceberg scouxs with ‘modals af .various sizes and in >
cohesionless soils. - It was alsd felt necessary- to qu,mg
+ . -

the zone of soil disturbarice ahtad of .the plowing model.
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. 40f —o—— RECORDED BY LOAD- CELL 1
- — —o — CALCULATED FROM SEDIMENT PROPERTIES
. 30 SPEED- 0.37 FT/SEC <

»n
o
—

=)
T

TOTAL FORCE. ON MODEVL ICEBERG '(LBS).

o
-

SCOUR-LENGTH (FT)

40 sni\%- 0.52 FT/SEC =1

o
S .

l"IG 8 COMPUTED AND MEASURED TOTAL PULL ON TKE IDEALIZED
BERG, MODEL (CHkRI 1975)

/>- SRS
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It was thus decided to embed an instrumented model pipeling .
inside the soil and to measure the pressured on the pipeline
.due to iceberg scour. »
The s'cope of the experzmental work and the
different parameters used are as follous:
1. soil type o= cohesionless sand (detailed
‘ properties given later).

™ 5y Icguérg_modex size - 230 mm wide models of_e;ruer\
B tests ané new '500 min wide models
. to o )

3 . . investigate the acale effedts:

1 s . - . \
3. . Tcebery model. shape - different keel shapes to

investigate their effect on soil

resistance. ;
4. Zone of influence = measure the pressures on an
Y~ . instrumented pipeline modei to’

delineate the zone of soil
' movement. - . ’ %
The detailm of the .equipment and axpenmental

metHods used are aiscussed in the following chapter.,
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CHAPTER IV

EQUIPMENT AND EXPERIMENTAL PROCEDURES . -

4.1 Description of Apparatus

The

.qu.mmg.'{s or Bne equipment for this
rescarch wer ‘similar to those of Chari (1975) with the/
exceptions /that the soil type is diifarem: and the iceberg
model is/ larger. A towing tank with a variable speed
carriage, instrumented iceberg models, pipellne“mdell, and a 2
s0il test’ bed of reproducible properties were the other
requirements. A detailed description of me;e,compér{enu is
given below. . D
4.1.1 Towing tank . - ~

A reinforced concrete tank approximately 14 m
long x 6 m wide equipped with a tow carriage was used for .
these jtests. A plan view-and cross-section of the facility %
.re'sézwn in Fig. 9.[" The wateftight tank had a centered
divid%ng wall separatipg it-into two rectangular flumes each

3 m wide x 0.83 m deep. The top of each of the longitudinal

walls supported a guide track and ‘chaif- drive to .carry a

moving: gantry or.carriage. The gantry Erume was made out of \/
200 mm x 300 mm hollow rstangular utael beams spanning

he 6 m tank width. One énd of the steel bﬂmﬂl removable

€
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to provide combined _scora}e for up to 1400 kg of
counterweight in the form-of 6 m lengths of steel reinforcing
bar. The ballast was .required to resist an overturning
moment 7on the carriage when towing loads were high. The
reftangslar beans alsg p:uvidsé an anchoring base for

mounting the iceberg models and a soil rake system which will

be discussed later. A removable floor; of !ectional open

grating positioned between the beams ptovlded‘ a woﬁrea apd

supported the data acquisition eguipment.

The carrjage was powered by a 7.5 HP U.S.
variableé speed eélectric motor capable of constant towing
speeds of 6 to 30 cm/sec, A calibration curve’ of carriage
veloctty and motor Betting 13 gives in Piy, 10. There 'was no
messurable: dieference: i capriage ‘'speed over the range of
towing loads used'in thid research {.e. a motor a'etg.i,ng-,oi‘
1.0 corresponded to a carriage .\Zloicny of 9.5 cm/sec
regardless of the type of iceberg model towed. Power was -
uan;unek_q:om the motor through a torque converter’ to a
62 mnm diameter x 6.8 m long driveshaft. A Rorcakak: on [eesh
end of, the’ Idrxven,?fc engaged a chain track and pulled the
carriage along the tank—teagth. Carriage ‘alignment
perpendicular to the direction -of travel was maintaxnéd by

t.wc V-—groova 254 mm diameter wheels on the motor. side of tha‘

;tank and by propax‘l’ mainsaining tenaion in the chaing. .

Periodic adjustment of the alignment vas neceuary tp’

r
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minimize mechanical wear on the system. Operation of the

carriage was from a fikxed reversible switch near the motor or

. particle size was limited to 4.00 mm to provide compatability

a:portable watertight switch on a 5.m long cgble. = Carriage”
position along the tank was continuously measurej; during
experiments by way of’a pofentiometer wire stretched along

one side, which is®described later in detail in section
FddBs . oz o S
4.1.2( Soil properties P 3

i
A cohasionless dry land was used ds the’

rep:taentative uubed for the experimn

“The p‘tppert:.as of
the-stil-are given in Tehle 7. This particular typé of soil
was selected for .a number of reasons. The available
.geotechnical data for the -continental shélf summarized in ©
Chapter II, indicated a wide range of surficial sediment type
from clays to sands and gravels. The experimental work of

Chari (1975) used a soft compressible clay. To broaden that

work it was decided to use another soil unlike clay an¥ yet
similar. to the sediments on' the .shelf. Abo.ut 18 m3 of
locally available ‘masonry wmand was selected. - The maximum
with the exiut{ng uo}i pressure tranuduéerb whose se;luinq
face was about 11 mf qian;neter. A grain liza disttibution
curve for the sand is divén in Fig. 11.
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i TABLE 7 PRO;’ER’I‘IES ‘OF SOIL USED\I‘\‘A‘?. LABORATORY TESTS . %«
7 ’ .
. 1 w
Visual description* < e i * 1ight $rown cohasxe‘nvl(-s sand
Uniformity coesﬂcune Ty g . © 6,3 :
Max. grain size o LA 4.76, mm

Grain shape - angullr to subangular

‘Max. dfy density " Ymax ’ 19.7 kN/m?
Min. dry density Y N ; *15.7 ku/mi"‘\ o
!xp-r!.mantal ary Saxp T 17.1 kN/m? ’
densi . 3w % ",
w-tur content’ w o = . Approx. 0.3% (air dried)
Angle. of Futernal C . . as.sr -
friceibn at Yoyp | ik : \ ¢ o
‘:gzon direct shear 5 Wy
* "and uiux al tests) z ol ;
Soil typa - 2 3 < | sW-sM - . " L
; y y . 1 .
i E .
® . L <
~ o - f S & .
~. o .
, . o7 :
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4 1.3 }ceberg models 5

A total of aix aifferent {ebary weaels viEe s
for this research. The relevant feacuzes of each are
summafized in Fig. 12. Two model widths of 500 mm and 229 mm
were ‘used.& The maximum model width was linited by the 3 m
inside dimension of the .flume. The tank allowed a net usable
soil test bed width of 2.5 m after a strip-0.25 m wide on
both - sidws’ was };_:ovxa:&’ to makeé the tank -accessible @g

the 'm.,;u preparatidns. ' This left a l.m unal-turbe Foil

t; ut hsd on “both sidés of the 500 mm ice‘betq model to"

eliminnte any side leffects, Of the! wtank wall on the tests. |

:‘wing' tests wit}\ mpdels vidar than about SDQ mm .would
ptobably have’ tequirad rmval of t‘he con:or dividing wall.

Au md-h vex‘e constructed of. 6 m\ﬂuck 5052H32

grade aliminum: sheet, exoept: the flat plate n:ode!.'. L3 and §3.

uhich ve}a_ of 12 mm aluminum uhaet“I r addiuenal !tiffnull._

External corners andledgal were rougded to & ‘adh{s of. 6 to

“The corrolion resistant nluninum had addltionul
<

g of and 1i Au the 1cabetg models

: v 57 4
- were nade'very riqid compared to “the “soil. strainu and.

daﬂecuon. of the' mlsdnu were. negligible conpued to.

m aoﬂ. diatutbance

worst ‘scenario to be’

and leourl dent,h, wmn f.he bt _herg is vuy .ufd eollparad\ )
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the, seabed. Faces of the icgberg models had threaddd holes

to allow flush munning of “soil pressure transducers.

In order to aecemxne the mde1-gon sutface’ friction, the
surface roughness of t.he alunlnum a‘neec was qunntxtatxvely

determined. Representative samplés were cut from a similar

sheet. of alumirmm and lurface roughnaualte-tp were carried

out unng a Rank Taylor Hobson 'Talysurf 4' surface roughness

instrument. Surface undulations "had a maximum Heiqht of

""® 0.0051 mm and a maximum wnvelength of 0.64 mm." fhe ‘fesults,
o

.
of t.wo typical testa of surfa::e roughneu are sho in Fig.

18, A-Gicies of Lpezimnta were also por!ormed 8 ec'ermine

the lkin fricuon 5 bBS“ﬂ the sand and alumxnum. 'l'he teata,

2.
, were performed _in a canvanuonal 60 m_,-hea; * box at‘a

rate of displac t in Wnith the' bottom part of the:

* box was’ fitted with a block of solid Aluminum of surfage .

roughness -imna'r to the 1caberg ‘mael-. The. top .part of the
shear box was. Ei,lled with sand at t'he same, density as nled in

the oo, tes:

Normal stress xeveh of 56 to 187 kPa were

used and t al or 'hori 1 a8 were meas: 'ovn-

‘a time _perxod,q‘k'(\a min.* (Pig. 14). In al)[t.he tetti\the
_horizontal stréss tended to reagh a maximumm value n.nd 1ev-1

off. A gra’ph was drawn uf maximum tanqontial sl:xen and'

normal atrau (Plg. i
t-.o be 23'
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Two mounting frames were built to rlgldly fix the

various models to the towing ca/ge. Models Ll and L2 were

supported on’ an aluminum frame constricted of JY:) mm x 10Q mm

hollow square cross section beams. ' Details of ‘the frame and
the method of securing Ll and L2 a::e shown in Fig. 16. Both
models were fixed to the frame by a horizontal swing plate
arrangement at the Eront and back,,. 'During scouring,

horlzontal movement Parallel to the directl.on of travel was

fesisted only by  tWo compression "load, cells [operating inm

tandem. The“total horlzontal forde requlred to penetrate the
801l 'glope was ‘the sum'of the. two load gell 'measurements.
Horizontal forces HaLpeRaLEUIEE (6 “the airedtion’ of scaur
were not directly measured,: nor were vertical forces:
However, pressure txanuduce}é were‘uaed to . measure soll
Aesistance on the front, . sides, and buttom of ‘the’ icebers
models.. ‘This is further disgzssed in a 1ater .section.

, A ‘separate frame .was necessary to use the
darrover 25 mn’ models’ and the, flat, plate models. ' The

icebetgl mdals ,

.Sy sz', $3 and L3, were used.on"a—méuntj:ng

frame consttucted Of 50 Jmm - X 50 mm steel angle' and 100 .mm

eel channel (ng.. 17). The nodels" were rigi 1y “eixed
during the ekperiment. -Provisicn was mads to meapure soil

prssaures on s!. ‘and 's2 and horizontal forces on L3 And S3.
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Both iceberg model mounting frames can be
centered 'in the soil test bed by 'bolted conmections to heavy -
. ’ o
steel angles anchored’ to  the main beams of the towing
carriage. Clearance betwedn the bottom of the i&8bBerg model

and the.tank floor can be Wdjusted from 300 mm tj..o 500 mm

depending on experimental requirements.
2 " ] 5

4.1.4_ Ppigeline modei’ .
The model preane 15 ighow in Fig. 18 and 'Fig.
19,  The pipe. of ‘octagonal cross secticn,- with ‘2’ maximum
diameter of 132 mm ‘and 0.76 m long was constructed of’ 12 mm
plexiglass sheet. C It was: apsembled in 1qngu.ud1na1 sections
whose "mitered jointw were banded with c‘hlcrofurm.' The pipe
“was ' designed to be very txgld in comparison to xthe soil as

this would be the cnndition for tl

velopment of maximum
- soil pressure on its external wall." Tyreadéd holes in the

pipe wall N .~fluh’

pressure transducers
identxcal tQ those in the iceberg mode].s. .

» One end’ of 'the pipeune was rdmévable to permit
_installation s tha,t;ansylgcers and cables)~ A 38 mm diameter
X 6.m long flexible nose'(cg;iyear Plycord) on the same end

of “the -pipe was uséd to how the signal cables ahd protect

" thert P 'da‘xnag“e. The p.l.peline model ‘vas held by plywood

'wempxates at both endu \w‘hhch were in .turn bolted to an

‘alyminum frame \qchored to t.ha :anx floar. ﬁ\e depth of plpe
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FIG. 19 PHOTOGRAPH OF THE PIPELINE MODEL AFTER AN
EXPERIMENT
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. . « 3 i
burial as well as its position relacxve _to t.he scour were . &

ad)ustable. Por this study the pipallne was o:ianud w2
perpeﬁdicular to the direction of mehr and a!.xgned m that
the pipe was in the middle of the scour czack. Q;;Q/ .
4.1.5 Instrumentation . \ i e '

\\J - The, primary. re

system was to continuo

of the instrumentation ;. .. |

y monitor and record so ptlaés'urer -

and 801l resutance on the Lceberg und pipeline modelm aunng

v aac‘h experiment. Bnch experiment uquxra{ 99, to 120 aecond-

A flowchart Of the data, acquisxtion system is mown in Fig. .

20, and“a description u ‘given below. = © ol i

]

§

|

t

- : !

‘from btart to ﬂnuh with data being recorded continigusly. + " , © ° {
i

i

“side’of tné tank. "A'D.C.

nupply unit on the carriage

4 applied a constant 3.00 - volts )t  the pqtentionaur wiré

’u-:_ouqh'i:abxu soldered at 'e'ac \ ‘me vol't.age gupply 1




" 4
i
3 E »
-~ . .
i ‘ < . ™ L .
ol e
" B 66 .
o

“LINEARLY VARYING { - " | ... |PIEZOELECTRIC PRES:|- : :
- POTENFIOMETER ~ ; 's_uuqmmm_sbuczn_q' S oaeinn O
hy IS TO 'MEASURE ' SOIL" i ;
*ERENCE . CARRIAGE s ’ “PRESSURES ~ 4" -

- |PIEZOELECTRIC - LOAD
CELLS TO- MEASURE | *
HORIZONTAL  FORCES |'

. 7 "AMPLIFIERS FOR
| - PEZOELECTRIC
\__: SENSORS -

8-CHANNEL ‘REEL- .
; TO- REEL MAGNETIC |
TAPE. RECORDER TO orits
COLLECT RESULTS|

" deosT ExeeRmenT| A
“ | DATA” RETRIEVAL




." N ','. i 1 . ' . e1.

* . £or: each ex;;arxment. The' _position. of the: contact on the

- carriage. could be varied to align w.\.i:h the front edge 'of the

iceberg model. A permanent reference scale with 0. 001" m -

raduations Yas /&cached (pirallel to . the 'wire to check
/hw o e {. S i .

\

S ‘"' The sensors used in the experiments to measure
2 e

. 1oads ‘and soil pressures were piezoelectric type quartz

iy €ranaducers u\anufactured by. -Kistlef Instrument Company.

specﬂfigatlons ‘and " calibration procedures ;.

pressure sensors ineluding fhe tests. for.,cross -face

5 sen’siti'VLty for the pressure transducers ~are ecailed in

Appendlx 5. Each: gaik hadra quarts element honsed in a

g herﬁ.cally sehled /stainless steel shell: mchanical Foraen

; or sures applied to the guartz crystal caused a potential
¥ t difference across the cx‘ystal ptcportxonal- to- :he-appueﬁa
stress.’ t:Ach sensot wna used with an amplifier on wh1ch was
sét: the 1nﬂividual aensitxvity number for (‘.hat -sensor aA
%. supplied by the manufacturer. ,The D.C: voltage out':put‘ £rom
T - each ampl;.f!.er vas _reconded on ‘the '8 channel r'ecor&er.

\J. Typteal’ ampnue: Dut‘.puts ‘were 68.95 kPa/volt for the
| pressure transducers and 2.23 kN/volt .for the ‘load’ cells.

. For the experiments, _‘zthe ampunera. tape

re'cordar; x-y ploti;ary multimeter, ‘voltqge calibrator,

::;’ciuouccpe and{ power supply were qbt on cuatom buut work

" benches tent_ing on the grqting floor of the‘tbw carr,

for the load and -




e P Py e ow LB T 68
2 ' P E b i B o :
~ i e N ! 5
“y . minimize cable ‘lengths. When F_pa].ine ‘experiments were' in

| progress .the amplifiers required for the pipeline bransducers

Wwere positioned near ’che pi:pé o-reduée signal cable length.

This increased the output cable. length from the amplifier o 1 a

. tha x‘ecordel‘ bx«( to 5 m buf_ did not affect the ﬂlgnal.

< . .An oacilloscope was frequenuy \Psed to ' monitor

" re ulf.s au they were being recorded by th . tape recorder..

“This was ueful Quring the pxpeline tests a8 it provmeg( a.
visual Qisplay: of soil pressure on the pipe when the icebery
- imodel scoured near the pipe. . Following the 'expei-iment, the,
; recordem resulta‘were played back op- ‘a‘ x-y plotter with the

‘potentiometer wire voltage providing’ the_ﬁori;onca; refefence =

axi%:' . Typical-experimental wésults are presented in- . .\ -

1

“\Chapter V of this ‘thesis.
. o e,

4 -2 Prep‘f/ion of the 501.1 Test Bad

te Q method was to be Qvisw to control tha
gropnn.ies Of the m m3 .of auna tp anaurs :epeatability uf " I 7
" the aoilrpropertiea. The soil was 0.2 m déep at the shallow
\ 'end ‘and 0.6 m deep.at the, eth"er end when placed .in the 14 m x

3 ln .tank &t ‘a slope Of 1!35. One method of sample , :

raparat&on is to remove : the ™ soil prior to' each test. and

Xeplace if. by a contro).led x‘aining tachn}};ua. Thia npproach

as been, succcessfully used for placing dry cohesionles s

material of quantities less’ than I m? -for other ;}pouth:y' L, |
o g L SN 5 1L
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appuciti.on

‘Due. to the large volume of ‘'sand c&/:he

icaherg tofts tne’ raining method.was not found to be

X \ 4 ptjct_xcal. Another method of controlrlxng sand propetties fnk

l.abox‘atu:y tests .is that used by ilson and Frahklin (1971)

In a rectanqular, tank whose cross sectional area was just

léss than 1 m?; sid"was pladed  on' ‘top of a porolis Bheet

/through which was forced sufficjent atr o fluidize ‘the aoil :

anging, effective dengity. = This method pracluded

‘the .heces: ty of takinq the,, son Jout of the .tank. However, KX

t‘he cross-sectl.anal area of the" telt bed for iceberg reﬁsurch

S wh:.ch was 42"n?, was too ~1ar4'e for fluidization,

e s 7" Based -ori\experiman}‘.ntion with a numbex‘ of ‘soil

. rakes atcachad to thetowing carriage,’'a raking uyst.em which s

producea very consistent sand aa;ueiea was' designed. :The .., .

wr s, Y four prongea ‘rake and its qupport frame are shown 14 Fig.© 21

The position ‘of the rake along. thetank width “was udjusted by

» aliding the x‘ake “support arong a rigid T-shaped track on - ghe

-fowud caz:ia\;e beam.. A ‘series of. vertically spaced ‘studs ,

ox‘ the rake facint&t.ed the process Of raking down’ to Vaz’ious

ﬂradecermined haig‘htu off the tank f].oor.

o ! A ‘standirdized raking pattarn was eltabliahed R &
", making a’ set number’ of pa-sas ‘at a depth fcr conntant\- towjmg s
speeds of 95 .mm/sec. The prqcadure was t’d\»poaiciun t‘ha »

carriage as close as pos. i)»la to,che 'shallow end of the eank.

A trench was axcavate? ddwn to the. tahk: floor along the ﬁidth’
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of the tank.  The 046 m ‘wide rake: was bolted Qn‘ in its ' °
N e "
lowest position (approxxmar_ely io to 15 mm\rom ‘the floor) on

b " ane’ dlde of -ind eank leaving an unraked strip 0.25 m wide

v along the ‘edge) of t.'he sdu tedt bed, ]The carrd.age ﬁs moved
- up, and doyn_#he - tank’ raking a section 0i46 m wide x 10, to

u\m long Then the rake was kept 'at th‘e same cut dept‘h But -

noyed 75 mh towud‘me other side of the tank *d the proceqs Y
S .

G Tep; ted. ‘l‘h&e alluwed fer a’ mixxng of- the ~ao).l between the .

150.. mm-apacad rske tynea of. the first pass. - The, raké wab o
thd® movea laterally anpther 0,5'm towardas the : far side and

Sl s :
- anocher 0246 m swath" waa raked. - The process ' was continued RN el

until raking | reac’had the opposite: ‘side’ of _fhe tank. The T

o
8,

tire process mck 45 to 75 minutes.

‘Following. raxinq, \che -
N o

~ N soil vas amcothed out by hand uuing customized garden nkes. 3

¥ s '-rh‘ ﬁnal grade of 1 35 was hinluved by drawing a cedar boax'd
up and nd down’ ‘tHe slope “trimming off the ‘excess. and filling ;n s >
'mincr dapreuions as. required. ach end" of the board was

xupporr.ed by an nluminum template ‘(Fig. u)"anchored to: ch; i

two sides+ of ths inside of- the tank wall along :Ltu 14 ‘m

k.leng*h. ¥, :

o 4.3 Experimentgl Proaedure

V‘puour prqrimentar a tang P e wgs‘ o3 : for

-.conduotixg aach teit. Ptaparu:ion Eor al tast commanch.
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EN with raking and gx‘ading the soil: tesc bed as ‘detailed; in the'
previpus section. ‘The’ lceberg madal to be uaed was . ther

~bolted xn positiom. The ivatrumentatxon 8] tem was sat up

. ana checked fo: correct operation. Prelz.minnry

of ‘carriage 'poen:ion and initial.’ 1nat.tumentati n_ ‘settings’

4wy were noted. *All«instrumentation was tfiied on’at least 20

“hinutes. prior “to - the, test a8 by the. ¢

T manuals fm,— the’ various thtrumnts.— g e

F" The scour tesv was atar‘}:ed by gimultaneoualy

‘activating the fow caznage and che zacox‘d1ng system, ' The ¢

2 duration of each scgur e.xperiment was 90 to. 120 .88e.

' ‘to 4 hrs qenarally required for, the praparation prior to the . »f

S tégt.s A photogzaph ef an experimcnt in _progress i.a shown" 1n

¢ Fig. 22, ’l‘he xpebug model shown.. tn Fig. 2248 che 500 mm

P wida rectangular Ll. Another" view of }e same 1l:eberg model

S L 48 shown. m Figy 23. era #hows'’ the scour profua formed

An' the sou tdst’ ed at t‘ne end ‘of the stour tdst. Hhe
icsbetq model was stopped und the teut terminated when \:hq

: leading ‘face of the Hodel ‘was aboqt 2.0, %0 2.5"m away £rom

the end wall of the’ tank giving a max:l.mum scour 1en Eh, L, of
juat‘over .8 m and & madximum scour depth D of abom: 0 23" my ¢

he end of tha test the’ tingl position of “the carriage was. .
I

und the i turned off.
~

% 5 Dapending on paztlcular ax{arimant :-quiraﬁl _'hu.

maa-uremanca of -oi.l d-nslty and. panetration resistance ware
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FIG. 22 AN EXPERIMENT IN PROGRESS WITH ICEBERG MODEL L1



FIG. 23 SOIL TEST BED AFTER A SCOUR EXPERIMENT



. . ; !
 made inside and outside.of ‘the adur track using‘a thin- T - |
e ' walled cylinder and a hand-held penetrometer (Fig.. 24).

- other metjfods of in situ density measurement such as ‘the sand

. . cone and :ubber balloon techniquas were attempted . hut Eound

wisuitable in the dry medium denise " sana used for “theae

.experlments. Bot‘h these devicea meanure the volume oes

khown welght e ot gxcavated from a smill area of thé soi1
.and are Better siiftea to dense terlala. L g

. For-each’ scour ‘test’ !: was uaeful to record all

the pertinant datakg. atandardized check ll.st and data ;sheets

dengned 6 meet the raquirements oE che experi,me-ntr

Appgndix B is a typical set of dita- B‘heel,’sr( or one’ expeumenc.

This method was -aavantageous bekause it ‘saved time during che o Sy )

A1 tests and Tessened . the c‘hancea of dyerlooking ‘data. . The . v B s oy

experimental _resultd of soil px‘ussute ma ‘Toad fotv‘h‘he

varioua teésts ware reprcduced on standard size graph papar naio

i follovzing the 'test. and storad with the data lhaeta for| tha:

g & experiment for further analysia.

e quidea the' usual ents . of s0il 3

“and load ?rve kjcebarg m.odals 1t was necena:y to %eauure Bkl

o s

. the dimsnaiona of the aoil uurcha:ge puad ip’ (mg. 22y 1n_ gt

front of t:he Advam:ing n\odel Tha theoretical calculntion E
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these values. Initia].ly, xndividual experi.ments u;ezai
% T condusted in. which the sou test )?‘ d ‘was prepax‘ed in the ..~

-u:ugl_mann&r—a—s'—‘déscr1bed ea{-‘uer in -section. 4.
__..usu

:.ceberg mndel ‘was advanced: about ‘0. .5 m, © stopped and the

ured. The madel was aﬂvanced anar.her 0 5 m

Lt fhysically ‘m

GE Ry
- : “indiement ‘and’ the ptocess repeated for the ‘whole' scour

i length: thereby producing télatively continuous record of'

the aurchaxge dimenslons., To - anestigate ‘the “errors
. associated with stopplng and starting the iceberg mndel,

. v 3 Hasel“blad_ oam_e a v(!.th automatic rew1n¢ and: ﬂash was £i; ed to

' \ "the tcming' c;r&age. ’l'he caméra was poaitionad to photoqragh

a profile of the surcharge ‘and a’ scale’ which was’ prev:.ouuly

e Attached to the £ront.of the. igaberg " model. -ﬁhe scour: test

" was \run ccntxnuously, as for a. regular expexi.ment” ‘wit..

a.

photngraph being ohta{ned evary 4 necgﬂs,(approumucely,

£ a avi C,ry 0.4.m of “scour - length) 'rhe flash' of the ‘camera was,~

alko 3 ‘cue to mark the . voltnge on, ‘the’s potehtlometa: ‘wire,,

éuch then prcvided aifiTeference uconr length goz Jeach

surcharge heigm and J/enqth, apd the eXact scour »length were'. N




inﬁggpretxi

..The " résults of the expe




- 5,1

'main reau -

ri’qm‘ e
s’ undernand the., ]

1) Heuutement of uoil iorceu ahd sqi]/preuuteu on

b shapar'&nd sizes of icebarg model

o B . type of icabu -seabed 1nteractian.

R . of“doil

.

n the mdgl p).pefin

- embeddea. aty, affferent. 1oca:i.ens ‘relative o -the 1cebprg\ oy
n

scours 1n erder t:o delin&ate thg zone "of wqil movemenf.

. - < the ‘vicinity b ucour}ng igeberg. ST

o Y v
b 4 2
: : further ‘examihe the intaraeuon bstvaan “the’ iccuring iceb ¥g:

‘model arui the soi'l. ‘j

’l‘heeb included qualitutivé téhlu to e

examine t‘ne soll failure. pucem auociagad with the,

. hrofiie fo:mad by the luboratory slcebe: e T
i ; 'spmagrgs of some of the r:M' ressarch: |

Wer ipresen;ag earlier (Ghari and Green 1981, Greén.and Chari *

Ld g - P
‘al. 11982, Gr'a&n et a

1981, ‘Chari &

1983}, Thest. ‘rasult

= ;gg £utt*\af ai,

aa: in dpuu n this chapt




Qbservations of actual iebarg sqpurs: ‘on tha

’o: a 1ong, stta:.g'ht or, curvil.\.naar ttanch flanked oz(!xther B
.

~side by a ridqe or berm of 5011- - As dxscusued 1n section 2.4 N

nt‘:empt& have @n made to qtilize the measured physical
p:oﬁert:l.es of: icabetg scours. such .as lengt‘h and depc} to
pud;é«»_-scour frequency ‘and maximgn -scour »depr.h. However,

;2ych; ‘direct applicatian of field “scour-data may hqve inherent

ed m the e ¢ ,,and di

:‘me scuur rformed' ‘in nhe 1aboratory (ng. 23) was.

i 'ruﬁ iaboratory scout . was

,expanmemxm asurenents of .the\acour prosne were obtained '

“ - S

actuu ~scour p:ofne-fzermed dunng a@ sxperlment whne the

8 Gl T das‘hed Line 1ncucates the'.outline of the ieeberg . model during

b t." 10 the process of uccuring sna hanca this ali‘o ldentiflea the ..

Q act,nai scours r.hm: have ‘been _
g

ar_'regula'!s mérvﬁs along' the “acodx lengr.h (Fig.-'25). - Thei i -




———— " SCOUR’ PROFILE FORMED IN THE WAKE OF
i ICEBERG - MODEL L1.
PROFILE - OF SOIL TEST BED PRIOR TO SCOUR

. OuTLINE OF ICEBERG MODEL LI’

SCALE 1:125
B S o 7
FIG. 25, PROFIL!\OF SCOUR cnoss-szc'rmu pn‘kpzunxcumn TO THE.
SCOUR LENGTH ~. < ] -




'ma;’imum scour dglth. \ From the measuremeqc of 'the” ,scouz;’

~  profilé at’ “the 2 and 4am lccatiell (Fig. 25)_ ipis poauibls o

dencied the maximun’ depe.h of penetratxon of t.ha'v /ceberg
1 mogel,; however at™ the: 6 i jeross-séction ‘nE scouned ‘soil”

e Lnfilln t:heiv.nench anﬂ the actual Bcour 13 10%. dae%ex than

aximum depth of the v-ahaped scour trsnch. lnm Jar

y scoured trench is h.kely y,hapyen

on /t_he acean floer fcr a typical icgberq scour rrack. 'l'hus

t.he obse ved (and measured) field Bcout depth woul.d be an

ing ‘6f" the" scour track, whethsr it,

track. would be a’ fu’hction of the and w:.dt.h of., the

iceberg keel, the depth of ‘the scour - and :'ﬁeana'/:pn'; slope*

-7~ intérpretation 'of maximum scour depth’ thereof may not '

_représent the .actual scour depths.’

" ‘Additional onsideration: ted to ‘sediment

b dynamica agd wave induced pore wateé x f inside i:ha'@u ;

‘. bottum. . The dsgrae cf such mnusnce wi.ll depend ohi “the. age

of v_he sccur. P'urther, if bhe scour is formed in an jarea of
\ure

i antive uedme'm.aunn, the "fe may become  partially

{0 obscuredin course ot gime\ Mnsking ‘o %ﬂ.iteration of e

could have

. sgours due to

“angle of . the “soil. . . ‘ore ! £ald /dnd’the,

2 i i




\ Hibernia

-significa

Yxanple.

storms, or)

to"move sarfigial’

rapg;roxima' X

"+ situation|’

conditions

5 :and ‘g;aive

+to movenment.

‘therefore

gc‘our dime;

of .the. sc
variables |

iéek{érg 8

" of bedforms ‘such

it “influence. on the'

intrusxona of. J.he
sediments thereby chang.lng he app
as\ scours. - Water, depu. ‘in ’tha‘area iz’

n

‘Lewis and Bafrie (1981)

area of the G:ang} Bank

whi ch wou ld

: The seaf!.oor Bediments,

. conclude

(Ng.'

‘create

.apth < 1/2 wavelength)
which

. thaf inthe

-4)_ extreme winter

rance

a _shallow w‘f

\
Vs

Any field’ data on icebarg ncour dimensions must.
be viewad in. nght ‘of the fhct that. the original
n;;ans may have vb"Pn a-{terpd., The-degree of change
our d‘lmenitoné “quﬁu ‘knowledge'olflya" umber, of ",

as, noted above that. may be particul.ar to . each

or extrapolate extreme events “for' iceberg scour based solely

on the evi

5 2.2 soil reeistance‘ on iceberq model 'L1"

validate the

respect .

"prf:C\ess Wi

ical model M

denée of observed features.

>,
o' thet, sou resistance to ‘scau

:One of the objectives’ of -the experiman

'ih\a scouring

s assumed to oceur, as shawpkin Fig. 7 and. was

storm. jwave,

cons’st of: sands

rm Of “the scour prnfile,q For: -

our . Therefore, 1: ‘may’ not be prudem: f.\? predlct. N
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5 . . ¥ \ ¢
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5 I S T % i - 2
: ~  simulated in the laborg‘:ory. * The soil test hed was propax-d . %
: as described in . s’ were “cd &R

um.i.any with the 500 _mn wide rectangular k:aberq model L1,
tNC C (Rig. 12). The iceberg. mde]. was Lowed at a constant - lpeed
-of 9 5 m/uc into the 1:35 soil llope The’ mtal 'ho:ir.ontal .

lload on tha ;cebug model as well as soil? puuurea ‘on ,the

nidn and bnlu of ‘I:'hc lnoda]. were: maiurl ~' The teuulti

-ou pr'suura meauuramente are: discusnd later. A ‘typical

erg model. Ll i.

hown in E‘fq.\ 26

. e
+ . :the modal pannuud +he. sail” slope. ., The cox\e fecord is -

' ssmu.r An, form to’ the reaults abtnlnsd by Siemens (1963) 4na. : 25
Chari (1915).

S ¢ " o5 rhe nw tooth form of the load -cirve (Piq.. 26) i
. ;w}qﬂ during- tests witW®all the iceberg ————

mddels. ' The ratcheting type action of the horizontal force .

was; repeatedly obe

record arfapearll to be due to the 'successive build up and
~ failure. os uhaur surfaces within the_soil ,directly in front.

of the keberq mod-!.. . Sub-equent peaks on the force tucnrd

. are hig}_mr as ‘the model ,acouru deeper i.nr.o the a‘ou slego.
‘simua'r soil ff.uun patteins ue to a nori:énca_l.xy,:dx’_r;nciqq
© LT moay, mave bun obaerved by others. Chari (1975) reported a
"L sinilar machunilm during moqelling [of iceberg” stouring in
i acee co‘hesivs s6ils.  Siemens)(1963) used a glass sided’ tank

and a granular soil and correlatéed the appearance of failure.
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Pig .

127) witn*

yw soil “was prepared

R, a.s Iceb g moai i was positioned
) ~'}Ql.u' dépth, of 143 mm._

€0 the 1:35 u].ope (E‘ig. za-o)

; photogx‘aphs were, taken ' at edch ltaqe (Fig. 28; i-4); ':_-m-m- gl

ntagea in' which the modal was advam:ed was’ d!cideﬂ \by the
appearance of a, failure wedge in frant of t‘he 1ceberg model v \

. “as; ‘:‘xsually observed by a demax‘cated une in; front of ¥

@ ) 1ceber +, It may thus be seen t‘hat “n Piq» 27-1 there is one :

P ‘clearly identifiable. failure surface ,anq in

[27-4 the number of visualiy identifiable failife su{f‘%s s o

graduél‘ly ‘increnae'. : Conceﬁtuauy. each’ failure’»surface' may

o -
ba mennﬂed with a peak. in the force record: of Fig. “26.

’l’he failure nwchaniam in iront of an’ advanoing 1caberg n\odel

was also coneinnouq,ly teccrded ontv:ldeo- tape which ® i

of the litj fncrease. ‘and - the: ac: fauure phanomen’én e

discussed ve, - repetitiva tests: weru »conaucted tq; ‘meagure | i’

i
the totnl horizontal, load on the ‘iceberg. model Ll. \?nusd on;




' FIG. 27 ‘SOIL FAILURE ALDNG BICCESSIVB SHEAR PLANES ™"
§ ® FRONT OF EARTIIHDVING ‘'MACHINES, (SIEHENS_ISSB)




FIG. 28 SUCCESSIVE FAILURE PLANES IN FRONT OF ICEBERG
MODEL L1



mo:e than 20 rapeate.d tests and from force recotds uimilar to

|

FN that shown in Fig. 25 the qumum horizontal force of “the

iceberg model: at diflerent \qintn alo g the Buq’ur track waa
&HLE |

obtained and the curve-of maxin\um force is ghown|in !‘ig. 29.

B simulcanenuuly wn-_h load meuurement on 1ceherg

model L1, scil preuu{eu weré conéinuoualy meésuuﬂ during

and base of iceberg }wdel LY (Fxg- 30). | The prelsute
transducers were spaced on. ‘Ehe centerline of J:he front £ace
as dlready dig/;:k;x Chapter IV. -Typical rx—euuiﬁs “of the:
pressures on the front £aca of the mdal are also shown 1n

,f1gure. The measured 801l pressute was maximum near the

toe of the model and' decreaaed gradually towards Ehe €3p..
“The' variation ,of the soil -prédgure | ‘on the ‘front face ' at
,differént positions ‘along the 8 m scour | 1angm is ‘shown. in
wF1g. 31. . The géneral pat_tern Of the measired pressures’on’
\the front, face of the moddl is similar ‘o _that ‘observed for

Bcour- teits Ln

tests in clay (C‘naz.t 1975).. In those u;eb
\

\soft cohea

soils’ it .was s‘hown hat r.he ucxl :eaiscance on

. [he.:.ceberg model ‘was largely due« to ‘Ehe pnsalva soil

Tssures developed on the ‘Eront: of’ the” mdel. A nmlar

vestigatu:n ‘was undettaken -in— th;\.s reﬁea‘tch fo)‘ the case, Of

} . " If_ tHe measured pz‘eauuvas-on “the fronc” face of

‘E granular fridtional sou.
|
i

ceberg model Ll (Fig. 31) 'are assumed constant 'over thé

[

| !
ety
{® \

‘thg "&&our. tests. i Transducers' ‘were mounted on ¢ e,fmne, aide .

§
[
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L' 500 width, ;'the load on the front - face may be, computed :. -

{Pig. - 32). The ‘1oad obtuinad from’ the pressnre measurements .

on the £ront’ face 1s less than the total measured 1oad.. One’

‘of .the réasonn' or. this variation is t‘hat t‘he load determined

“from' the preuur@ueﬁuurements does’ ot account  for _the S
frictional resistance .of the soi]. on. the sigea and:base of

the lnode 15 Chaxx (1975) !hWBd friction

In cphesive 8

afieets to be; neglxglble. .’i?qx ohesxonla:s s0il the

ueglecgmg the, fﬁcr_xonal reuista‘me ef t‘he 80il,

.the 1cebg:g scour ~aquation [2] which wau presented and

Rnd icebetq dimequi.on! is ‘shown’ in Fig. 33 (Chaj and Green
1951). Ig it is assnmed “that the scouring iceberg is alwuys

neutrauy 'buoyant and if f_he ueabed material is a frictional AP 3

on. the uoi]. prenuure on .the sides will Ycause additional

utance ta .the uccmr!.ng procena. Asunming. the uail .
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'(“"D) %oy %t LB + ’% 2L + 0.17 BD?Y,
. . O ¢ 1
, In ' the sbove equation, the t is the .average shear strength

2
wve o
fa._fcng)_é__

.
along the surface of rupture and has to be evaluated in terma

£ thekrungie .of shear  resistance @-and the cver\iu‘rden

O e and ' it ‘was shown that the difference in the theoretical

estxmation of scour. depth wm\ld be..im the order of 19& when

‘the ude friction is neglected. 'rhe above ccnclusxens were

N expenmentally -verified and ‘discussed’ below.

B soil pressures were measured on the ‘gide and base

L. iceberg model L1 and conpared with the front fa;e

Pressires (Figs. 34 through 36). fThe goil pressure on the

cox‘respon T g heights. akove . the . base. The soil pressure

I pressure, | The solution of eqn. [31° is also given in E‘iq. 33"

sides ‘was ['about " 30% “of ‘that’ on the fromt face for’

measuted on the base was about 35% of the maximum front ﬂace .

prassures. * The maxtmin ebit preasure on the; front face,. side
and bottom were apprcximatgly 50, ‘18 .anda 20 kPa
respectively. . I

- " . Tests vere conduated (Fig. Jﬂf‘co detérmine the

fucu{ ahgle Detyeen the soil ‘and’ the material of the

-iceberg model. was  found' to he 23°% Ihree arbitrary

to’ determine the effect of friction. For'each’ location the

soil pressure’ digtribution on the base and the' sides was

" determined .from the pressure transducék results as given in

. points were selected’ along. the scour .length at 2, 5-and 8 m
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) 5 :
* Figs. 34 through 36... The ‘contact area between' the 5011 and
the model was determined by direct measurement in separate
s expenmenta. From. the measured ncrmal pressurea and the
pressire’ dlstributxon, ana from a knowledge of the wall

riction. the Erictianal forces on the baae and the two Bidea

were calculated and are tabulated in Table 8 e meauuned-
1oad on, the nddel 'ds cumpax'ed with the indfidual components

of the force :on the front, sides and bottom in Table. 8. 'rhe‘

) combined effect Of the tesistance on ‘the base afid sides is.in
t:he order of 10 to 14% cE t‘ne measured 'totdl.. load on  the
"“iceberg model .(5(1.;. 37).  This ‘is in conformity wrth the
theoretical caleulations. IE the components 'of load on-the
' front, base Laa Sides, -as determinéd ffom the  pressure

tr;naducer ineasurements; = are” added the result will be 'as

shown in Fig. 37. . The total measired load’ is sllqhtly'-

greater than the sum of - the loads ‘ealcitated .cEsi the
pressures. : Thi%s ig 1likely due to s0il. movement' and
“compression ' in ‘front ‘and below the scouring -iceberg model,
g e discussed-in a subdequent. sectiod: - o

4 o ;

o - < < ;
5.2.4 Thepretical .computation of goil:resistance . %
Theoretically-the resistance to the front. face.of

the iceberq model is given by egn. [1] as follows:

*»
Pf’u;&- +—§E§—+n—u+cn: o) X 11




T 5 Sl e y 3 .
TABLE G ._EFPQCT OF FRICTION ON TOTAL LOAD’ FOR:ICEBERG MODEL L1 % e
2 % v | v o » . .

S 5 . | o 5
is < e L S " Total* % of *
Scour. Soil  .Contact Equiv. x Meas..|  Total .
~ Length ;  Pr . Area - Force - tan 23° ' Forte Meas.
(m) s (xPa) (m2) - (N) (k) (eN) / Force
3 0.3 0.5 ' 0.as 0.06 . .o.8-. ' i.8 ®
N . 1" ?
‘1.8t Q.57 0.75 0532 NOiA. .« B8 F s
8 3.0 0.5, & 1s5° 0.64 . 7.8 .~ 8.2
. & ~ . S ‘ 4
5 .
: . . . & ‘ 4 = 3
2 3 z. 0.2 0.1. 0,02 .  o0.01 ‘0.8 i \ﬁ'.'ﬁ =
: 5 FYT 062 % 082500007 8T8 e e T b 5.5%
3 & .o 34a° 0.25 0.53 02227 7.8 2.9 6.0
B " . e & T '
. . ! i
& e .
o §
: Ay it ,




3 - 102

( T T T ‘\ T F S
. | 1 =e—o— 1LoAD cELL| :
8-2 —&#—<-- LOAD DUE TO FRICTION'ON SIDES = 51
\_ .| 3-e—e—. LoAD DUE T FRICTION ON BASE 5
U a—-o— LOAD anln“ FRONT FACE PRESSURE | 8

s}—a—o—- SltMOF23ANDQ g v 5 (_ M

o

sk" . A7 : s it < =i

TOTAL LOAD
»
T
| 4

SCOUR LENGT H (m)

'P!ESA 37 COMPARISOII OF THE MEASURBD TOTAL SOiL RESISTANCE ON
\4 ,'ICEBERG MODEL L1 WITH|THE FRONT, SIDE: AND BASE -

\ . COMPONENTS OF SOIL® W&ue& . \
L4 -
7 | - - ’
P

N,




g C 103
.

In the above equation if the depth of scour apd the height of

80il surcharge are known from a knowledge of the soil shear

strength _the \:heoretical resxstance of the front face 'to the

- “'scouring process may be computed.

Experiments were conducted‘in which d and h were
_ measured- at differené'pointa along the length of the.scour -
track, The Length of the surcharqe in-front (1) was also
measurérl a typica). a6k of rasuite ia pra%éntea in mg. 38,
From the 'known values of all the ‘variables in.eqn. [11-tne .
total theorstical frontal resistance P was computed. ' It was

shown in the previous section that the effect, of soil

/ friction- on th® sides and base of the model was in the order .

of 108, Thus the total théoretical resistance of the icebe’:g

model for the 1abon\o:y scour can’'be c:ljnaced and dravn as
shown in Fig. 39. N\
2 The actual measured force on the model, is 3lso

shown in Fig. 39. There is 4 mgfginal difference between, the

tvo ser.s of valua similar to the obuervations made m Fig.
‘37 where: the Sentais measured force vas compared with the, sum -’
of, the individual tealstance on the: aifferent [faces. | :
e F ) In the scour’ tests for i clay repcrted in the
Iiterature (Chari 1980) a simuat difference between comp\;ted %
and measured forces.was- reported and ‘the’ difference was ip
the order ©f 30%. " Krause' (1975) has . reported ‘a ai.mi].a:
tiehemsnols, B, Eeats with agricultural tillage equipmént “in':

< <
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* does not fail under static: conditions' it would' be n_ec'

s . .o : ’ 106

& e w . ’
loose sands. It was postulated by Chari’ (1975) that there is
a mve-ent’) sofl far ahead of the rupt.u:- plane. This was

by faing

in the ueil\

o

and by ng i in soil ure (Fig. 40). Based

on ‘these observationn a mne‘& -ou movau.nc was xde;miﬁ.od-

(Pig. 41) as 2 ¢ ].ncal. " oF.

“In the preaent aeries ‘of. teg:-\thu 5011 ‘used is

sand” but‘ tha‘.phsnome,qon i.g basically simitar to that

mvesngated by Chari (1975), " siemena. (1963) ‘and; Krause "

( 975) I't is -most 1£‘kely that tha difference observed i.n

Flg. 37 ana 39 is due to the soil comprauuion outside the
actial zone of scour. This phanomonon 1- diﬂcuued further
in regard to its impucauona- and ef!ectu on plpeli.nes buued

below tha maximum of iceberg scour in seccion 5.3, im this
chaptet.” = - 3 .
e o~ L =3 . s
There ,are several other variables which could

“ the laboratory * results and the co-pur.ac!.onu.

e effect in gou is an important’ aspect and

the iceberg is moving at a ceruin velocity, and t:he

to examine. the effect of. iceberg’ velocity on the soil
re-‘iatar\ce_. "

~ y
’,‘v 3 Two ot‘het aspectu ‘that %ould influenca th-

nsvltl are ' .the widt.h of the, .model . hnd r.he -‘nape of the v &5

!kant_al scouring | faca of t.he modax. 'nm_-

-pect_- are

dl-cuua)ed in the tollovlng_lectiunu. i Je U L el
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5.2.5 ‘Effect of towing speed

As' discussed in ‘section’2.2.3, freely floating

icebergs may achieve short term .drift velocities. up to -
'

1.2 m/sec (El:Taltan et al. 1983), During the actual scouring
R

process, the Velocit,y will gradnally decrease, Thus the rate

»of strain of soil rupture is not ‘constant.*

been studxed wy a -number -of researchers ('ﬂ-ompson 1966,

Wismer and . Luth 1972. Hux‘ﬁf -and Coyle 1972, 19733) It is

known ‘that clays are’ more \senslti}te to the speed of modal

penetration. than sands. In the aarhar serieg of experiments =

with cohighive 50115 and the 229 mm gride mdela Chari  (1975)
reported that speeds up to. 0.4 m/sec did rot influence the
s0il resistance. » It 1"3 alao documented by Murff and Coyle.
_(1972) "'that - thg veloc)ty of penetrat).on does rot infludnce
sou resistance in cohesionless sous up to abour. 10 m/aec.
However, 'in order to. examine the phenomenon in relauon to
“the \iceberg scouring;” the 500 Jmn ‘widh model. wds tegcea at;
‘different speeds/of"peneuauqn £rom 0. 05 to’ 0.20 mfsec? The
lipper }imic of the speed qas_restncte_d_by the limitationa of

the ‘laboratory ‘facilities -and ‘the. speed of the motor

cperating the tow carriage.’ . . ' - e

R A seberul ceuhs were ‘conducted and "the - results
plntted in Fig. 42. Tho normal scatter that may be, expected’

n experimental :esults “of t‘his type may be. seen, in Fig. 42’

. v j g § . @

|
|
S
i

The influénce "of, ‘speed on soil resistance has '
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There is no indication of any ‘increase or decrease in sofil”

resistance due to-a variation in the speed of penetration.

Eaud on, the! reporf.ed Fesults of similar tests in -

i
cchesionless soils for pm;ectlla penetratxon, it may be

concluded that the variation in the iceberg. ucourxng velocxty

doces not inflience tie soil resistance. . ;

'5.225‘ Influence of Lceberg mdel size S v i

-
e il scale and end effects that' may be assoc:.atad with
\ the phy!l.‘cul modauing ot any phenomencn have to ‘be
cousideredl s uubstantiate the validity, of t‘ha reuultu. The.

constraints of phy-ical -mdellan‘of the uoout proce‘u ara'

dfscuséed fin detail by “Chari -(1979). One of the physical
constraints, 16 ilie widen~of thé model éonui;féné/\aith.the
width of the test.tank. . 2 i s .

i The 1nnuenca of -udth _on loil§a1stani:e Has
bun studfed” by ” oth-rl, prlmaxuy ﬂsr é.a levelopment . df
_unage aquxpmnt }anna 1956,»simam 1963). ..Payne (1956)
used agrmultunl tim- up to 100 mm vida ‘in Various soil |
types ‘and obuzvad a linear increase in soil rauiutance when
the width of the cwad bgdy increased. sipmenn expemmenud
w!.t.h 50 to\in mm vide flat rectangular bludu and congluded
‘that’ the t: wing fcrcu anuned unaurly as” the wi.dth of r.ha
.bluda ingreaned. In . :ha pre!ent 'research, | tests  were

cemiuceed vitl; two flat plate models L3 and §3 (Mg. 12) to

'..




® .

) . . .

. detbrmine if the results obtained from the 500 mm model can 8
S be extrapolated to real icebergs. Model L3 was a‘ 500 mm wide
s “ . plate and fodel S3 was 229 mm wide. \

RN 5 -
i * Experiments were copducted sintlar to those with

7t the pznmuc model Ll and the soil renlstance to models L3

<
x . and s3 were conunously measured. The ‘soil pmpe:ues and -

tcwing speed were similar to both series of testsvand the -

Er results are summar!.zed in Fig. 43. The load on madel S3 was

= 55 to 58%".lesser than the Ioad o mcdel ‘3. ) “rhis ‘s

ST oneiatent with e fhct model $3 was 548 narrower than mode1,

B W Qe L : ‘ -

T;Ie' obiezvations fx‘g[n/the results of these. testsf

T the 500- and 229" mm models are in agreenent, with those'

>-reported by Payne (1956) and ~Siemens. (1963) for erietr

narlxoiuer‘ _{-\gdus. Soil resistance tomodel - penetration is

“directly prqu’:':.uonal ‘to model width and.tends to increase in

: . ‘a‘linear fashion'as model width ‘iréreases: | .. o * b
) » o e - .

0, - 5‘.2.7 EffectYof keel, shape “on 'the scour process 2

) IR In‘practice, icebergs ‘are of |random shape and )

° this’ should be’ ‘accountéd - fok if gimysical fiodelling of the -

'scour process .

'Erarx (1975—) discussed’ f.he influence of shape .
i { on the ‘scouf :process and :also, conduct@l umited tests with

©. " . iceberg models having rounded and chamfered keels. It 'was

o * generally concluded that while some iceberg ‘keel ‘shapes may,:
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. shapes of icebergu have not been, pyblished in ,the open

. A .
for ‘the'purpose’ of ‘anilyate,. he converted dnto an ‘equivalent
_Adealized uhape; m‘e:e research wa; needed -in this area. A

7\- discussed in Chapter’ 2 extemsive data on kesl
uf_g:atura. As a ﬂrn attempt at examining keel bhape, the
front face Of the iceberg model was inclined .30° to_the
‘iercical., _a/- lhov(n in Pj,q. "12, ‘model L2. - Tests were

conducted _to ‘measure the total. lcad and’ £y face'.c{x

' pressures on this luﬂhrg .model. 'l'l’\s results uhown in P&g. 3

. iceberg model L2 also indicited ‘slightly greater pressures

-

44 npa -the"_ ge.'load measured on models Ll and L2.

Incuning of tha keal increased ‘the Eotcu requirad to tow the

model thrcughf!ﬁ'a The cugve- of Fig. 44 are

of

_in six rate tests with .
each iodst’. - The _measured load ‘on the inclined front face .

uodel was 15 ‘to’ 35% greater than t.ha Eorce on a Model ‘with a

ve/rtx_cal front face. Also there was a noticeable increade

» %
%oil pressure on the front : face as shown by ‘Fig.' 45.

Preliminary s of soil on. -the base .of

than that on the model Ll. .

’ ‘, . Payne and Tanner (1959) conducted field 'studies
to _examine the attect of, what t] ay r:kofer to .as ‘"rake angle"
.on| |the performanc- of tillag tuols. ':'he tezm “rakq angla

ruéen to the inclination o of the front face oi ‘the cntting/

tool. ° ‘They concluded . rake anqle was . very mpazr.an\xn : o

- . A 4 N
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determining the' type of soil displacement and ' also in
determinidg the ‘magnitude and orientation of -resultant forces
acting on ‘the blade. - =
The'.prelimfnary- tests to examine keel shape that
were completed for SH4R) rruNeRTEy SHE the work of “others
(chari 1975, rayne and Tanner" 1959) reflect the significance
of keel.shape-in the scour process. Besides. affecting the

for‘ies reqguired to .scour the SOl.l and the local soil

de'fomaci'ons adjacent to the scour bcundary. ‘tHe keel Bhape

bexow‘({he maximum scour incision. This parucuxsr a!?eet of

s0il pressures below the 1ceberg Auring thescour process is

discussed ‘in the next section (5.3). 3 3 :

d © + The above observations at this time are o “be
considereéd preliminary becaise of the limited series of tests
conducted.  However, it is ‘intuitively obvious that the
forces on an inclined face ‘would be different as may be
expected even for the static case of Fetalning. vaildy
Experiments described above show up to a-35% increase in the,
total soil resistance. Under typical field conditions it may .
‘also be expected that’ the fAclination of the front facs and
the increasing ‘soil resistance in the. horizontal direction
may cause an uplift of thé entire iceberg resuiting in a
shorter scour length: Ay investigation using a sioping or

cutve‘d front for the iceberg model should also take into
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account the  tendency of th;a icebergq, to 1ift, up. These ar;
topics that should be investigated in future research.

- /  The shape of the front face and the consequent
uplift would also infl‘uenée the soil pressure below the depth
of maximum scour. This particular occurrence was p; £1%,
discussed .in section 2.1. Actual experiments were conducted

. Dy embedding pressure transducers inside ‘the’ soil fo
. fﬂeline;ate the zone-of sbil )ﬁo\;em_eﬂt. Results) of me’ag tests

are presented and discussed below. i EIRE B

5.3 Tests on the Pipeline Model
5.3.1 General o - ' ,

. " Thé& phenomenon of soil displacement and
compression oitside’ the immediate zome of iceberg scour vas
identified. and briefly discussed in the frevious séction

(Fig. 41). This phenomenon was further .examiféd ‘in detair

uing an xnutrumented pipeune model (Fig. 18 and 19) buried
/ in the soil at.various locatione ‘relative to the acouring
iceberg model. The results of those tests are presg ited and’

. discussed below.
The p‘hysicul. Eeatures of the pipnline model, th,e’
design criteria, the instrumentation and the experimental

. l:echnique were dlacusqu in Chapter w. -
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Initially it was decided to position the pipeline

model at .right, angles to the scour track with the pressure

fransducers along the center of'the sgour. Tests were also
/ 3 ¢

conducted tomeasure the soil pressure away from the

\centernne L T — extendinq Iaterally beyond

the, scour wi‘m:n :

diameter pipe by burying .it at an arbitrary, locatioh in the
tank."  The pipeline model wa
)} maximum depth ‘of Scouniat c(’s m scouy length (Fig, 46)..
Teats were completed ‘to measure ' the ‘ soil pressiré ‘on the
various sides of the pipe modél.and the results are SEennited
The flgure ahows,

in 'Fig. 46..

5 continuous recording of nozmal soil pressure on the pipe wall

as the'iceberq model scoured above. The different faces of

the. pipe are suitably identified in  the .figure. * Maximum

LS pressures wer; meaéured on faces a, B and - C which comprise
_ the Jupper - idrter Iof JEne “pipe cross section facinq the
" approaching iceberg model. It is of interest to “hote that, a
change in préggure ds felt on all the 8 sidsu of the pipgline
model, but faces A,
o an increase in soil pressure.

confine all furtjre? tests to the measurement of pressure on
* v

these three critical faces.

approximate maximum expected. soil _pressures “on the-\ 122 "o’

It was therefore decided to

. . Preliminaty tests were conduccea/t’o esc‘sbnan,che i

embedded " 117 _mln below ‘the”

for each of t‘he 8 s1des. a -

B and C are the critical faces subjected A
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"~ The expe s were dicted’ to the

maximum depth of scour "‘aap, and“the 1ocnt10n of the pipeline

pipeliﬁe model for the ﬂifterent teur.n. The depth of burial

: eltnl the daephlt lcou’ .rnnch' f£rom 10 o0 121 mm ﬁt all the 3

test 1‘5puonu. § Sm .umtad' tests, Vere also conducted 1n

which the p.;lp-lin. model was buried inlidﬁ the acour ‘zone; lt

‘“the 5 m scour, 1ong:h point apd the 1¢:ehcrg model wan Puuhgd
‘e

into. the:soty nﬁging it ds close as possibie terthe buridd

pipqme vithout. acumuy hlr.ts‘ng or gouging,— t.he pipelino

P E L H i e |
of5.1.2 Results u/talt_. on the pipeline model” =~ . \

he “fesults of all the pipeline tests. arf

-umz&zed An Figs. 48 £5° For ' the purpose {:t “easy
co-paruon and relative -vanneion« ‘the ligures are alk drawn

to the sare. ucala. Conp:ntive dilcunlan will ge made by

considering. tha pressure vn—iauod on gp- face ‘at a t.l.me for

X the thyypiqal Locaticis of ‘the pipeline. .=~

{ 49 and 50 show -the pressures on face

s W
A wheri ‘the pi‘aung was po.i:ionaq uamcpvaxy at stations

L 2 and:3, the z, s _And-7 m locations of the scoiir. track.

’Eha :orre-pond:’.ng pznlu:a readings on £ n.‘B -are givenl in :

Pig'nre- 51, 52 and 53 and finauy Piq-. 54, 55 and _56 -hav

effect of two pnan-uru -the depth ot burial. below cha'

along, £he scour length. Figure 47 shows ‘the AeaElon of 154
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FIG. 50  PIPELINE ns&




oy

B_STA.1

PG 51 PIPELINE RESUNTS, MODEL L1, B,

STATION 1

126






128




®

.
il
3
i

’ s “ ..

.
RS
- 1



C STA. 2 s g .

FIG. 55

PIPELi}']E RESULTS, MODEL L1, C, STATION 2

e

-

130



»

116

FIG. 56 ~ PIPELINE \RESULTS, MODEL L1, C, STATION - 3

Y




&

132

the pressures on the face C. Inspection and comparison Of

the pipeline (test results reveal some general patterns which

)
are identified and discussed below.

The phenomenon of soil movement outslde the .scour
zone was discussed qualitatively in section 5.2.4. Results

" i
of the tests with the model pipeline indicate that the

infl3¥nce of the scouring iceberg model extends well ahead of -

the front face and below the keel.: The pressure transducer |

on face B of the pipeline model gemerally showed the first
indication'of soil movement when the iceberg model w;a as far
awdy as 1.2 m from the pipeline station 3. The préssure on
face B increased rapidly and reached a maximum when .the
leading edge of the scouring iceberg was still -about 0.25 m
£rom the eenter of ‘the pipeling model: Maxidum pressure on

faces A and C was observed to occur when the leading edge of

‘the iceberg model- was directly above the corresponding

transducer: While the pattern of soil.pressure fluctuation
on ihe pipeline model during,.the scouring process is of

general interegt, the pxumy concern from an engineering

v).ewpoint is the maximum _pressure azariad)on the pipeline and

‘the attensation of this peak value with increasing deptn of

 burial. These aspects are disqugsed below. .

The variation of the peak pressures on faces A; B

and c ,with xncreasing depth of b 1 for the three pipeune

‘locations is ‘shown in Figs. 57, 58 and 59. It is to be 'noted

Ve
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s . ’ |- :
that thesé pressure vagdations are for the case ‘when the
transducers were directly below the centerline of, the scour
track.  Intuitively it s to be expected that' the soil
pressure will decrease in_ the deeper zones which is dlearly
eatablxuped by-tha v-rx-?txon in Figs. 57, SB‘and 59,
Further, /as the depth of scour increases there-is an\incruu_
xncx_e volune of soil that is plowed, an inerease) in 'the

hei§ht of the surcharge in front of the scouridg iceberg and

' ’
in the length of the rupture ﬁurfuca. Congeiuaritly | thets

will pe un i.nc:eaae in" the magnitude of . pressures

measured on faces A, B and C with incroulinq depth of scour
and for a given level of burial below the maximum aeo.ur'
depth. ) ) ot ) 7

; shasEeticalry, welng “tha méthod of
characteristics, Chari et al (1982) computed the cmponeﬁu
S&-the ’sou pfessure at different points along t‘he plané of
rupture. These theoretical. results’ were - coupared».vlth “the ™
pressures meadured on tHE- pipeline model and the chparilon
tis 'shown .in Fig. 60. It is to be noted that the t.h‘eoretica'l
computations are for poinu on the 91une of rupture |and Fig.

60 primaruy d-mon-t.x'at"'t‘ﬁa val;dity ofpthe measur: mem,s—of

‘the pressure dn, ‘the pipeline model wh!.c'h vas buried elaw the
: ¥

depth of . maximui scour. .Peak pressure msa‘uramenta compared

with corresponding penk theentical préssures aamo;nnte a’

decreusing soi gwra uith inqreasing depth of burial.
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The relatlnnshlp between the- measured and theoretlcal

pressures as a function of fhe relative depth of buri. (the

ratio of the depth of burial to the depth of scour at’ that

polnt) is shown in Fige It 'is seen that @as the relative

depth of bunal increnses the Boil pressure *dgops sharply up,
£ a relative depth of-0.5 beyond which the n\{ of decrease
is somewhat slower.' At a relanve depth of 0.5 the intensity
of pressire is-reduced to 30 "£o '40% of the computed
theoretical maximum pressure on the rupture surfalt. pased
on these cests xr. may be prelimxnarlly concluded that it will

be ‘desirable to bury pxpeunes below the mudline to a depth

. of 1.5 times the anticxpated maximum depth of scour at any

offshore location. - = ‘ g = 5 g

; . T
The , above conclusions are however to be

qualified. The depth of inflience discussed above is very
much dependent “on - the type Of soil.. The g'uideunes suggested

above are nppncabxe to the type of cohesionless soils “used

‘xn.these expanmencs. It is also ko be noted that the

physical and theoretical models discussed here are fo:' a

vhorizoncal plowing action in which the 1ceberg is buoyant cr
'nearly buayant, however if there i‘s a ude up of the iceberg

in the process of scouring, addxtional pressures will be |

introduced due to the resultant uplifted weight. The problem’
then becomés one of bearing \gapacity combined with gassive

soil pressure. This is a topic-for: further investigation.
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FIG. 61 REDUCTION.OF PmSURZ WITH INCREASING DEPTH
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> ' ET AL.1982)
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.. 5.3.3 Soil pressure away frdi the center line of scour
' As mentioned previously, some tests were,
conducted to. meas’ux.e the 'soil pressure Variation away £rom
the center of the scour track. ‘Results of thesa tests are
preuented in Fig. 62, whi¢h shows a ' comparison ‘between soil
preasures on the plpe}.xne model for face B at three }xfferent
1ocacions. For the twa J.ocat).ons in the 500 mm scour’ width
(B1 and B2) theFe was only a small variation % s 5011 ptesfure
- between the center ‘of the scour track and near the edde of
;he scour. _H_owever, at a short’ distance ' outsxde» the scour
track '(B3) the maximum .measured pressure was .approximately
/358 of that measured at the center of the scour..,:It is.a
well known fact both in anchor design and in research with
¢ agricultural equipment that the paasive preasu:e zone extends
laterally to:a short distdnce beyond wh:.ch the soil vitcually
~ataye Ih 1ke"in‘atts Condltion. THe:Esaults. shiowd 1B Fig. 62

v . further confirm this principle. '

. e
5.3.4, Results of tests with the. pipeline modal in the scour
b w nzon

o o ’ Some limxt¥ tests were 'condu‘étﬁ in g;:pic'h the.’
- pi.pel.].ne mdel as  embedded ai a depth shallower . than the
f Gefth of the icebirg model keel. However in these tests Ql{s‘
. iceberg model was' stopped before it could hit the pipeline.
v " - The purpose of these stestd:was to delineate the zone of soil
‘movement in front of the scouring iceberg. . The entire half

. : .. Doy .
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¥ 5 .
of the pipeline model that is exposed to the scouring iceberg

is subjected to pressures-.of different intensities as seen _

£rom Figs. 63 and 64.  The intensity of prenure at any point
would ‘be dependent on the locations of' ‘the pipeline model
with relpect to the iceberg keel. It may be seen that there

is a movement of sox‘l 2s far away as one meter as recorded by
i . . &

63 and 64.

the pressure transducers and shown in Fig

‘5.3.5. ' Effect of icaharg keel shape on’ reaults of. the\
pipetine tests. bo . ,

The &ffect OF u:eberg. Keel phapn on -the .maximum
scoyr depth was dincusséd in section 5 2.7, some limited
tests were cond:xct_ed with the iceberg model L2 fn which the
?ipe'li'ne»mdel- was buried below the maximum depth of iceberg
scour and the pressures on the different faces were measured
vuinilax:‘ to the experiments with mdel Ll. . ¥ /

* Prom the results shown in Figs. 44 and 45 it was
cpm:luded that thé soil resistance incnneu when the front
Eac'e ‘of the iceberg model was inclined. Figure 55 shows the
presbure on’ face B _Eo.t the test with model L2.: The figure_
aleo shows a comparison with the results of the tests with
model Ll. The '1ncunad k-a-i results in a‘soil pressure which

is 30% highar. Thil is .consistent wit‘h -imuut dxfferencel "

“of total forca measund on iceherg modal Ll and L2 Fur&her

.theoretical and axpcrimental work. on this  aspect is,

suggested.

o
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CHAPTER VI

SUMMARY AND CONCLUSIONS
°
P ks .
The research completed for the purpose of this
study was primarily an experimental- approach to examine the .. .
_geotechnical' aspects of the iceberg scout phenomenon. e
experimental program ccnsist.ed of qualitative observations
and- quéntifative Ltests Vand measurements. The iceflerg scour
~ process’ was physically nodelled’ in ‘the - laboratory using.
. 500 mm mde instramented Lceberg models: and a cohasmnless o
sand as the seafloor soil. A method of ‘soil test bed .
¥ _preparation to obtain tepeata‘?ility of the test sa.mp_le was
determined for the 14 m long x 3 m wide x 1 m deep towing
tank fac%lity.‘ The applicability of the theoretical iceberg |
. scour eéuaziens was verified by conducting tests with .
- ‘, prismatic models and plates of two: different sizes. The
influence of the scouring iceberg below the maximum scour
depth was exammed uging an xns\:rument 4 pipeline model which
was embedded at various Loeations felative to the’ incision Y
»" depth. 'The sauem—. obse:var.mns and conclusions from t‘he
research are as follows: i
f ," N ) 1. Laboratory tests clearly show that field
+ " |* " scours are.not/likely to retain their original form and may '

s . 8
.8 F - 5




\ be obliterated due to several environmental factors. The -

original maximum scour depth fay \be obscured in' course of
tine; depend‘n§~on the shape and width of the iéebérq Xeel,
t'he dept‘n of the scour, nhg natural slope angle of thej‘sol.l
and ‘the; dynariics ‘of the seafloor. o

2, The prlmary resxstance to" scour for che

horizontal plwxng action®of an lceberg 19 the pass\xve soil’

pressire developed on' the front face of “the, mabeég keel:,
The mechanism. of soil failure! in _Sont "of . the aﬁvancinq
iceperg model will be characterized by a series of sucgeas;ve
‘tailure planes. . TR R T
! 3. The friction component of soil resistance on
“the. eides and base for the acouring iceberg model’ 45, 50
frictional soil idnot significant compared to the total 'soil
resistance. Preliminary calculations indicate -that j.gnorinq
Tfriction effects in cohesioniess S5tTE ey result dn’ a’
,marginal overestimaticn of scour depth in the o:der of U\‘
Y4, The theoretical comp?tatlon of soil
resistance on.the iceberg model” s, about 10% less.than the

measured soil resistance.- This is attributed to.a groces_a of

s0il compression both ahead of and below the scouring iceberg

keel which' is not accgunted for in theoretical calculations.

. - *'5.  The Velacity of an'iceberg diring-scouring




5 rate effect, in the rangeuof velocities common to ice:;?ﬁi . 3
‘ a
GEm s N Ik 6. Scale and.end effects were not detdeted in ".

- these tept_s based on the evidence of two ﬂlffereﬂf. widths of\

~ . models, 229 and 500 mm. Soil resistante was hoted to be\‘

¥ directly propqrtional to model width. . 3
‘ g . , 1w 'The shape of the_iceberg keel vas datemxned
&, to 3; an importaht factor affecting soil. resxstanqe dunng ‘
" . - ’ t.h scour process’. .Inclination’ of the.keel by 30° eaused &

much as\a 35% incréase 1n soil resiatane;. %

8.

_pipelines .buried ‘even below/the~degf:h e

’

“nasimu icebetg scour will, be subjected ‘to -soil movement < '
Lo caused by the scouring process. , The critical area of ' the

pipeline subjected to maxiiun pressure is the upper qhartar

. < b
sue 7V of thep pelire facing ‘the 1ceberg. S . .
&

9. The pressure on the buried’pipelire decrease}

. 3 Ty 7
w - . i E
g, 8 “ N Based on the. experiment_s completed, ~ it ie felt

that ueveral aspects of the iceberg/acour mdeulng requnre

further research: _ : !

Ly ‘Additionu t‘heoretxcal otk is recammbnded ta v
' ‘examinp the influénces of 1ceberg,,xee1 ahape’ and seabed goil - =
%
_type. The result_).ng_forees onvtha uou Ecr \lariouu
. (..'. - “ u-
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: combinations - of- keel lhnpe md u-dllnnt type should ‘be

ed. plxticular}y as they u).a:e ‘en. ‘oyerburdes,

prqunrea{.tn the soil bcnsath the mxfm- -cmnk dept.h.

g. rurﬂmr pyxucu mdaxung is luggeutod in o

. “and" gnaaiutad. It h glao tecomandad .that rurehar uork be

dqn}' on the zone of Lnfluenca ‘oft soil pnuuu for / an

-

-upufted berg.

& (8 /3.‘

. lisu. uoi.l type and icebezg dlmanlionp and tc eompa:e ‘these

‘collect. and cor:ol.an existing’ H.ald ‘data’ ralnted to lcour )
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o . . . LT ase

o " ) LOAD CELL ' & ;
' ., o+ . SCALE: FULL SIZE
+ Kistler Model 912 Quart# Bynamic Load Cell - :
B % b E Spec: hmtions: : o b o oAt
o R‘ange~ eompression " 5000 1bs_ (2268 kg)
Resolution - 0 onz b (0.9 gm)
. ‘Overload g s, :
5 . Sensitivity (nominal) 50 pcb/lh 110 pcbllgs)
- . " Resonant " fraquency (nominal) {ho load) ' ...70,000_H:
Rigidity, 20x10~8 in/lb(lxlo Sulkeg)
2 Rise time .~ . 5 microsec
- . Linearity (zera bueed bese stuigm: .x 1% 3
ine) o, %
N Capacitance (nomxnul) oy gicohradu
Insulation resistance (mininum) ] HZ!l 5 -
- Température sensitivity'; 0.01%-per "F -
- Temperature*rangé S ., . -400° to 300°F:

side force (maXimum) 100 1bg. “(45-kg)

. :Shock’ and- vibration * 10,000 g -
cable connector, ' side coa; 3
. insulation 10§32 thread o
3 .. Case materials ; . 416 ss, 17-4PH SS .
% ¥ lleiql# s g iy 0.6 oz (17 gm)*
L <t » SR e e, )
> s ' o
A . IR / s , ]




. 300 psi egu

B m-ulut on

10-32 "THD. COAXIAL CONN.

050in  HEX
0.56in." dio. ACROSS CORNERS

2 in -20 THD, ~—

> / 5
Des PRESSURE TRANSDUCER e e
o "SCALE : FULL siZE y

Range. full scale : T 3000 psi @ 'ved .
Resoluti y § ; 0.005 psi (0.03 Kra)
Maximum prel 0 5000 psi, (34

Sensitivity (nom: ‘
Resonant £rlquency (nmnmA.L) o Bt
Rise'time

Linearity” (zero Bugd best atrlight i .
Cline) - v z 1
capac}tance (nblinal) L : glcafgtads

E 3 ] microsec

Tntio 1 ity

ature et!uut on -ennitlvir.y ¢
'Eampenture range 5 o o oew ¥ =35
Shock,. | ms pulse width. - moo g

to +l50’ F

Cage material . * ® % T e

- Height - . > w0 gd u 5 az uzm)‘

#*Model 606L 1- 1denﬂcnl to WSA exctpt for range of. 30 pui .
and max. <of'. 300, pai 1 ",
30 psi equi

-ppzoxgmexy 207 kea g g . FE
spproxinately 2068 Kpa . C =

a)
'5.5,.pcb/psi (0.8pcb/KPa),
130 kiz .
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D N . calibration Procedures =7

The: ‘general prqgedure vas to test the’ complete .

instrumentation system (F:l.g. 20) uaing'a known npuh' A -

control pressu:e and load in thg same range as those expected

for. the experiynants vas use Amplifier. and - recorder
Y v settings and signil cable ngfhs and type were the game as'y
+, fox-ine exper].ments- For th l/:md ‘cells, veriﬁ,catxan of. the

- system out,put was ‘achie! jed by us’ nq a Inscron :esung macm.ne o W

to apply pompteni.on 1gaa dire(ctly to the- senu.ng axxs of

5 load cell. ~ A stepped-increase load - o’f 0 u: N kN was

applled over. 100, to uimulﬂﬁe'qxperimem‘. condit fons:,

,the ptessux‘e_ " transdu ers pLaton activateq 0il. pressure - .
| champer @as: constrigted Qapable ef accepnng four: .

t'mns'duce:s; ‘The preesure O o o set in ‘a loaging £rame 8

\nd a ramp load of O to 100 kpa wan appued nver about 100 ' . ..
A ' »

sec, In all casns 990d, agreenent. was. oblerved between {the

Ve » mput dna our.pm-_ signalu.i 3 R

The crosstice aénsuivicy of - tne presgure oo

. transducers was, al'.so exanined.’ This vas cumpLetad ta vex‘ifyA
‘ § .7 that the so0il pxessuran recnrdsd during the actual .scour_

'vtest. vere' in fact aue- only “to t‘he nopmal’ pzeuures exerted .

by r.m soil on “the model and ot influenced by the lliding
&

Zaction of ‘the transducoz ‘face aga ¢ the sou. 'x‘hh was

i igated by -tyo.‘methodss:" Comparit:.ve sgouf “tests ‘were |
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ronducted with pressure trapedicexs flush. mounted with the
> . .
fdce of the iceberg model’ and#ith preasure’ transd\lce’!s Py b
L -
recessed approximately 4 mme e recessed trgmaducers had

the “sensing nfate coba:ed by a.thin layer ofsteel ﬂunga

. taped in piace whicn ti1ie ‘up the 4 Fm gap éhereby ensm:l.ng
+*
\J only forces m-lar toXehe .would‘be

by, the sensor

. ~ - i S * N

_No notigeable variation &f results_ wis

_cbserveﬂ ctweeh™the flqh nounted and e L
n- . :

/
x ., [ +Also.tests were’ conducted .in:.aspecially deuigned 200+ T

. a‘near box in whic‘h a pressure :tansducer was mounted’ iq a:
plate %:n ‘the ' itationury “16wer hals of t‘he box. . Thé Spper
half of the ,box.'was Exlled with sana, a normal mae"appued

and then a tangential load was' applied pulling the “topt” hug : E

of ‘tha" shear box (fnled wi.t‘h aand) aerosu the ttaneduce:‘ L

Eace. Again no‘ noticable varxati.on in preauure transducsr\ s @

cutput was detected durxng \the time when tf\a nomnl load‘was

-—applxed 'unt).l t'he top Hﬁlf the shear DOX had traVelled 1ts i
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Data Sheets. for a: scnurt‘kxperiment




. TITLE Tape

- < j ~—Enitial Ft.. . 5 e
41 Y r . Final Ft. 5 A /

J, o . R - ; A 4 .
Bk |edr. | cari | ) :

In |-Out Desc(r.iption \s/N> Position| R.S. | R.M.
SR B S R 2 >

S|o|a|a]o|n|r]wg

[ YRS S T .  :
W =

End of »ﬁal motion g o

.Start.of scour g f !

‘Start of model, motion - o e b e o . .

length )

‘. i
. » .




ICEBERG 'scpoun TESYS

Thin wall cylinder density te

-~ =
. Time of r+1ng
4 s <
Time of té\sting
(air)
Soil type " Slopé
o v . .
> .
Y . ¥
\v.‘ * 3

% L
3 e
Loe 165

- _SHEET #2

Depth ‘of soil"

below model

v

o1 of p-n-n.y Dept‘h of -

Sample Below

kg/m3
., -Surface

. {Loc. Bowl Tare S5oil+ Soil
B Wt. Tare 3 _sou.
! g g - em?
! - .
. g
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