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g exparimsntal ralulf.s Hax'a axtx’apolnteli to’ the scour model.

o ’ ABSTRACT: . C - - o
Fai 'rhe d!.-c’ovety of- oil.and_gas in zhe xcebarq

xnfnt‘d wut. s ott the ‘coast of vewteundlana Lnbrxdor

has generated ihcreased ‘interest in xcabugp " There is-d-

need to Eind lolutiani to potant_xnl icebltg huards ul ordar

to. optimiz

‘the groduction !chemen. ‘This th&si! is n

uonnnuacion of e_he nngoing reazarcﬁ on g _tul:hnlcal npect

_of J.ceberg aceun. y

. ’I'he -enr,lier analytical model has bdarl axtgnded tcl

incorporate, ‘the nununau velocity of the' icabeg.g dux‘ing

scouring. 'xhiu n,udy examinea .the: gcpu:ing potent.ial of

ana ‘penetrate the uabad “pefore | .couzsng. Por a given
icgberg, if such mhiax penstrauon depth. is more than a

cartam ipper bound, only. a pockllark ‘will be.left on thee

.For- inieial penatration depths ‘shaller than a

r me reuuhxng maximom scour depth vuula
bé as 1{ there were.no “dnitial penucmcion of the seafloor.
The inﬂvancn of : xael shape on “the maximum depth

gongnd by an J.d erg ‘was studied experimentally six nbdall

of, different’ Xeel. shape’ wete‘,inltru\nentad u;xd -pushed

'ho;noxicény ihto’ 'Lepin'g ‘sana bed/ The. measured front

face :esxatance :or, ewh mdel " waa uorrulated with “the

aompuced valuug using ava;luhle theorqticu msthodl. ‘The

“icebergs which rollbdue o instability,. incrg se their drage; '
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notat:.on adopteﬂ An : this thesis 15

'The symbo).s ate defined ac their ﬂne appearance.’ nwever,

project ea of t‘he subme:ged ideberg nomal t:o the -
pmpening urrents.

s héight of sutcharged goil ut’ any Lnuant during
(obtainad Eroln ‘the geometry of scour. crenqn
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CHAPTER T °

INTRODUCTION

4 scouring the

blawout pr vam:er of explernv_nry wallu

utacku

| ’»C
An esth‘l\a‘te oF “tHe! safe burial ‘depth “for “séabiotion *




S A inbes gf yénrs and " eatablish " ;c'oh:m‘gl

probab\l).r_iel of varia 8

. analyticnl quela .

R small c)lunk procrusion- brea)g o£!, xendeung the berg _'

‘unétabile, Suc‘h bsrga roll ovsr “in. ordet to: aetai.n ‘a




[ %
“position’ of equiliBrium reaulting in a changé of the draft

which in turn ‘could cause a. penecrution of the 1ceberq into -

)
. the scouring gotential, o such ieeberga.

the seafloor. An ion has_been for studying

. The experimental study. in ths 1n‘;estxqatiun is

maximun. scopr: depth.. - Six ‘different idealized shapés-of the

* iceberg ‘were' pushed horizontally into a’ sloping’'sand bed.

i imhe sotal deil \resistance 3"wc'n n. the model. and, the

prebsure distr:.bution an the £runt face Df the model wetn

accing on. the front face ‘of the model in t.he experiment is

compared with ‘éoil. resistance gomputed -from theoretical
" methods: - Ty P 1 i
i .y . . o . o o 1

St ° 1.3 ‘Organization.of the Thesis : ors wy
: YiIn chapter II of. this thesis, i brief review is:

given of the'origin and distribution of icevergs..'A getailed

rev!.ew of the. 1Ltergv.u:‘e 1s prasentad on ‘the analytical and

expsrimem:al n\odelling of iceberg scouts.

dabaﬂed 'ﬂeacrxpuon -of the i

“In chapter 'ux

o aahaile - 66 Yatsteing 1 given. <.The ' ‘eitanded analytical

mdal is pl‘esenteﬂ .and the rEBull:s theteof discussad.

dimed at studying \:he influence, of icebel:g keel shape on the 5

conunuousxy monitored: .The component of the soil vesistance -

«




: this investigauon.

and ins




| completed-on -

many of -which nave

‘related to-the

iceberg 'p_rop.léix.

-their

3 Origh; of Iceberg:




coveting u. u-pm.n of ‘the n!‘igin of xc-barq-, their size,

“the iceberg Erom ths pa:enz qlacier occurs due to
: tongna of ‘tne" qlu:hr (sum, 1931) “The. icebergs. drift .

I.ab dor cm.nt and mve ~awund the eutern [lank Df 'ﬁhl
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'ABLE 1 ICEBERG CLASSIFICATION BY SIZE (MURRAY 1969).°

-:;ungti\ -

| Tabuldr berg * . : . :
8= small- gl i i T am00.
M= mealum., ” ] 8 y - ~'7300 0 700, -+

L - iarge g ST ety Y 03 L y700.




Bncv Ptuipuou-
very solid ‘ber

“in g o gu:u
..remains. of a ber




¥ 2.4 Iceberq, Hazards®
, 24 Lceberg Hazards

ae'cahée of: their’ Huge mass, even, while drifting at

oy veloclt:ms icebergs. ‘carty. enormous kingtic energy. i

direct collialcn of an icéberg with'a moving ship or’ a fixed :

icebarg runs. into shallow wa

features‘ have been mqpped ami meauured extenn.vely (Harri

s pipellnes, blow" oirt pyave_ntec

o

::eharg muu over. penetratss the.. saabed ﬂue o a c'hange in.

the* draft

Ad. then ‘moves aldng «causing a. gcuged fedture on

- “the® aeabed.' ) Yh oS w. b

‘__ A review of. . ‘the litera:ure on the Enqineering

evaluation "of tha problem is qiven below. g o

T 2.5 Iceberg Scour! b

’!'hare .ate’ twa ‘aveas : of current interest: tor tha,

s its keel may. cote in contact.

with mm seabad cauling long' acouen” on' the sefbed, Such'

and Jollymore 1974; Lewiq and Barrie 1981) ‘on tha Canadiun’

cffshmre tig is ‘one haza:d that is well Xnown. . Whén. the’

\

Eastem aeaboard during t\ne pust decade. .The. ploug’hing .-

fou'hore SiErotemn 1ndustry where ‘seabed acourmg by movmg-»

i:e featdres La a pctential huzarﬂ‘ In t'he Beaufort Sea

geuges of up to 1 n ﬂapth 'have béen observed in watex_depth




up to 20 m_ (Barnes et al 1978): These gouges. are formed by

moving ice keels and the predominant propelling force. is the
wind action on large areas of the ice sheet. In the Labrador
. g ° R .

sea,. iceberg scours have. been ‘ohae:ved-in water depths up to

250" m. ahd * scour depths of 6.5 m.Thave teen neagured - (Ratris ff

and Jollymote 1974) usinq atgusacan sonars. 'K‘he m;or.f
propelling force for icebetqa 1u the drag dua to t:he ocean:

| curdents. . : 8 : +

o - . ) s
Theve ate: several similavities between the. ice keel

scours of the Beaufort Sea. and the iceberg scours of the .

However. the enetgy balance equationa are’_

bﬂcnuss uf the‘dxfference in, the typ! of r_he
drxvzng forces- The, models dxscusaed belaw are with

refer\ance to frealy Eloating icebergs. But.. they can.-be

e easily mdified for the ice keel scours.

2.6 " Methods of Ebtimating Maxinui Scout. Deptha -

'One method Of- evaluatirg maximim icpu};‘dapths is to
conduct .side-sca: gr;d high resolution seabed surveys to
"actually measure ¢ ;v -dimensions ‘of the existing fe'atliyes.
Hwever,‘ a mé»jor uncettainty is wﬁec);er such features are

telict and am:!.em: Gr caused by recent iceberga./ Annual ‘and

_repetitive aucveys of t‘hu seafloct is one way to delineate

new and fresh scours’, The amoum: of infilling in a scour-. and

+ ' the; effort vequired for repetitiva‘ survaya .of the same aréa

s




o are the two: i.imicaciqns with ‘this e

- appropn.ate that, all:the ‘above

-“phenonefia wxs by C‘hau and’ Allen (1972). They idealized tn

.,id'ebgrg' ‘as

- of r.ha seabed ‘and” it avevags shear utrength

. w‘hic‘h isv the icope af ﬂ\is theais is to develop analyticql

*ana phiysical models. 'Scoift ‘sizes can then ba computed using ,

the 'models for a glven Eet of. envi‘!‘cnmental paramﬂ:eta. Thc -

" aisadvantages -with this method avé,the validation. ‘of .the

model o the Yeal. ucour‘s, the scale effects, and the- acc\xracy

‘of the \input parameters. _At " tnis thne, it would seem

ethods ate to'be pursued and

s a'ttempts made to mceg;a'ce‘ them. in a suitable " field prqq:am.

A flw chatt of Buch an approach (Lewi! and Benedict 1981) s

& rectangular pri,am moving notml to a slpping bed

“of, .cohe 'swe edlmsn s Of vety low ;trsngth. The bng wa\a .

,_uuumad to plaugh the ueabad withouc uplm;, overcominq the

passive teslsta ee of the suu developed ‘on - e.he frone facg

and t'he adhealve reaiutﬂ ::e cn t.he baae End tida’u.

aquating “tne kinetic energy of the ice‘berq o “tne- worx :

in ploughinq

inLtinl kinetie anargy,‘ keel width of the ieébatg, f_he slope "

: wmmn of..

tha mximum séourt dapth “cAn by obtained e:om this’ theory

“By, kncw ng’ the
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e

“model: have been made by

r Refinements to thi,

“considering the influence of - surcharge on thé tocal uou’

.resiutance 1char1 1975) and the effect of currenc d\:aq on the’

'scouting". “iaebery {(Chari and Muchukcxahmiuh 1978). Chari add
Green (1981) examined the " effect of sidé’ friction ‘on the
Lceberg for scours in cohesionless’ soils.

Leyez at al ‘(r981) foﬂl}\llated differential

:quation Eor he velocity of a scouring J.cebe:g by balancing

the forces of. inertia and current drag with che soil’

resistance in order -to" delineahe the hydmdynamc drag

effects in tha esu«nation of maximun‘\\ scour depthn Howevet,

_for_analytical convenience; “the soil resiutanca and the spil
. model vere apprcximated in this formulation.

Foindation Engineering Company of Canada. u*zuco)

types

Oparaturs Asaociation (APOA 69-1, 1975 for d;zfe:%;%z
of ice acouzs. These moduls can- be classified into two ‘nroad
categoria‘54 entin\ation of t.he scour depths due .to ice ridges
in, the shallw wau:er “region of t‘he Beaufort saa and the

estimation of scome depcha dse to.lavge ‘sized ice blocks sich

E .-me £ieat mod,].

DynAn\xdal Solution 1- a; genegauzed model -and’ can ‘take into

account the influencn ofthe initlal kitetic energy ‘and’

envim‘ﬁm«ncaa forces suu‘h as wlnds. “wives, aurventu, and pack

dev'elépe“d a variety .of models fov the: Atctic' pa:wleum“'

deaignated'hy FENCO ‘as t'l‘e‘
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.’.ice 'forces on the scouring potential of the ice mass. The

" ice mass is a rectangular 'prism floating in water With three

degtecs, of - freedom, surge, hedve, and pitch. Three equations

of motion '

'smg _three equilibrlum equations’ weve formulated

considcﬂ/ ng inevtial £otces due: to: motion.and hydrodynamic
£orces,'qravity, ‘puoyancy and 86il resistance under the
influence of the driving forces: - ' From. the known initial’
,conditxona, these squatiuns were :solved using the 4th order’
_nunge-xu:ca méthod. The sotl resistance consists of t‘he.
. frontal palsive slut‘h plessure, base reactiun»und the side

fru:ticn._ The baae reaction - was calculatid usxng ela!ti.c,

® plaatic and elaste p.l.asti.c methods . Rest_xlt! presented were

:astncced to ‘Beaufort Sea condltions. " guds’ snilyaie’ shbve
that the ‘scour tratk is’very much unduluted in contradiction
t smooth Vatfations observed ‘i scuur surveys. Selection of
a proper ‘8611 nodel in detarmining the base reaction sesris to

'be ctucial ih ubbaini.ng ‘numerical st.abilx.ty of the solutiqn.«

The: energy  solution Preserited in the APOA Teport. .
59‘—1 (1975) )s_very simi}gr to -that: of Chati anq Allen
(1971) ‘ The only minot diifetenees afe the inclusion of ‘the

side !ricti.on of the 5011, and Lhe method of datefmination of

the ftontal teliﬂtlnca.’ ’l‘he lum\of exceml fc!‘ﬂes due

wind, ‘wave, cuttant and pack’ ice ‘was equated sepﬂtatély to
‘the total’soll resistance Of the soil at ‘the nd of the

scour.




‘of 'these - models - have.

. "g!otec'hnic&l aspact of the analytical ‘modél.

of silty c1ay. )

of kinetx.c energy. %

vheep

fz:o iy wide plexig asd prismatlc mmuls ;

It was c‘on"elu'ded ‘that - for tne Eeaufort sea-

A good

‘ffica ion - req\xxred wouldA b_e‘ for  the

Chari (1975) deeigrled a. td {1tdble glass lided tank
136 xw.ong. 0.75 m: se and 0.7 m ‘desp m ‘prepats. 1:10 alopesA

Se eral experimehtb “weve aonduc:ed ‘dsing

Significant




, . at three velocities into latutut&d ﬂl'ﬂt bex

regarding t‘he_ ailure {:hennmena 0f s0il and! pther.

N geote_chn a[ a!pect! Sf im‘.Etest whxuh fermed the 'bas s for

Lrhseq_uens. and atso "current 1nveutiga_tibnu. Quanti acwe\

. using Coulomb'a tr

theoretical sco podel-

;‘ha Arccic Petroleum Operatcru Aasoclation (APOA)

. cm!lmlaniﬂned a prnject in 1950 onr t'he experimnn’tal ltudy of

iceberg uco\:rs (Abdelnout and, Lapp 19807

experipents “ware condicted usirig. cwu ze:tungulat

models - (widénis szo ‘mm_ana 260 mm) and an inverted squue K

I
 pyramid, 'with a cone anglé of 54t Tha!e mdelu were' pushed

of" uami . silt

‘ana clly wxm mu. difier nt 4ept‘ha- Data on soi‘_

dix‘ectio

A wtu of 110" .

O‘f

profile were collactad-. : ’l'hg result were - pxen::ted in (:he




-cane‘:az‘y 0 the g'enex—a‘ny

Y Gao wical
an;naering, it- was squasbed ya{hour ‘aﬂa ‘Lapp (1980)

! tha(: the ve[uclty oE r_‘he iceb has afr 1nf1uence on’ the.

-t‘otal sol.l‘ résxstanne seven in co‘he i.unl.eas goils

.Green’ (1934) condu

: négiiqims. Tt was aldo reported that

o model wxdth. . The

di.fierent keel shapea waa x‘econ\mandad. i ’l‘alts were' ala

y),peline model of 122 Tm di.an\ete .’l‘hé

_model'vas instrumented with: preasure transduce;

ang burrled




. of bull fozer, bladae in’ goifs.,

* and Toxunay (1973),

'retaming wall

7 nqazly verucal The ¢

nearest to the' phenomeno of

d:.fference», auc'n \as. the sxopmg so;

three dl.menslonal shape of'"the hetq. Nevert‘heless,

analyzing the

exper)msnf_al ‘datd.

Rosenfatb atld C‘hen (1973,

uava) are Féviewed below. °

all ‘the

By conuidcring harizoncal and vetucal

forces on . the, wadqe (N.g. 4) ‘the forca on th. wall- cun be

computed.




" be caleulated from the simple Rankine s_/solution.

1its- ektension.
o CREe

C
& mininiin horlzontal force. Theé aauumpeion of plane sheu ¥

surface is not: a qeneralixed condition:

A large ervor
assocxated th‘h the Coulcmb s method when ¢ha angle ‘of wall’,
frxcuon io' greater “than | ‘one thira the angle Of, intsrnal

f!‘xcti.on for; the.’ ‘80&1 (Terzag‘kﬁ. 1943) In suc’h' casss, a

ocutved Suifane ot faiiure is to be. considered. 5

The sliding surface can be - -agsuned as a logarithmic

spiral _(rerzaghi and Peck 1957)
iy

met'hod .

- (Fig. 5), th sp:u-al surnng at; he toe ‘smoothly:

,;oma the .Rankme s fanure surface which ‘ip xncuned at -an

‘angle ‘of 45°

/2 toa mjor prkncipal at:ea- dj.reqtion.
wi:hin the maas of the -sbu reptesented by aa Cy: t‘he scate. of.

~utreuu is ,the same as that in a smi-infini‘:e _deposit in a

geneml passive Rankine state . The s‘heatinq stresses in this .

zoné. on ‘planes muctmg the failuru planes’* are ' sero:.

Therefore, : the pasaive earth pressure on the plane ‘£ d; can

By :he

natiie’ O the, assumed Jfatlure’ surfa e, the ra'ntant of the.

(soil. reaistance F on the’ pot‘tion b, of the farluv:e irface

paasea thmugh tha center of 1ogar1thmic spiral. 'The-entire-
* process’. 18 to be v.-epeated mapy Limes by varyxng 3\5 poai:ton
of the cunter aE ‘the 1ogarn.h§n1c upital on the line d & and -
The failure imrfa:e which givee the ininimum

compited ‘Yasigtance. 'is Lconsidered “as-:the cezc;cal ealiure

surface, %70

1o the logarithmie“spiralu\»

o




caleulate e passivs eavth pres&u:a ccafficienté whir:

uim:u;r to. the - logarit}unic spiral meghod. H.ewever, there is

Tface in this metfxad.v From a

knowlerlge _of t.he utteﬁa conditioi—.‘s at the soil-wa].l.

d w'hich t‘ne' gives a

boundad by 'the" vartical wall,

plane, -whben 1s\"

Mohr 8 circle o

divldad lnto Vertical slices and the horizontal lnd vevﬁical

hear fcrce “in’' the “zone .was

i ¥y

of the logavithmic, spi\'al and nankm s f,umu plans, »Prun\—

aqullibri im, o£ ench slice was uatiafied. In dolng 80, Xt wuw 5










26

|
-
o
¥ T
=0 )
. ¥ -l -
N & o g
g xtdx RANKINE'
’ N {STATE
i ) -,
; ' Py 45- -+
| o
" 2"\ LOGARITHMIC
o SPIRAL .

90-‘ o




]
- o TN s A
o
et NI 1 LI



Harrison (1973 ) propcned

met‘had is similur to the shields and’ Tolv.\nay (197;3 methcd in

the ‘sense 'that :here 1s nd need

1od‘ata a »failurg surface.

- friction waa‘mcblllz d st the movmg wall Which is ';uscinea

w‘hen lérge diaylacemenes ua .al wad The" campar.imﬁ Eailure

surface is deteﬂ\\ined uaing Hohr 8- diayl. h Hariscn (1973)

,assumed t‘ha—t thie dlt‘eet n - of the Eauure uurfaca ‘coincides -

wit'h t'he directlcm o’ ttanslaei.on of the wnll, a.nd:t"h.a

satuzaeeasttey apnthzE frlction. Bvidence -Eor . this
assumption was’ shown ‘by. photographing the failure. pheriomena
when_inclined platds were pushed hortzontall‘y into the soil.

" The failure mechunium «acccrding to tms theury is #hawn _in

Fig. (7) The~ equilibriim wedge abc wmch forms on the

inta':face ab ‘must_move i\orizonr_a_llx along. with the.model and *

N : (90") with tha axtenaion “of. the line bc.' ’l'he interlface ac

Lo e ‘treated‘as a ‘perfactly rough, retaininq wall and the earth’;

ac becomes the failure plane . m'akln'g":‘ha -taquired angles '

!.Lneatly tt‘anslatxng mcq a sni 1n a spsm,sic directlen.-

“ smems '4nd 'Tolunay (19731 uummad Vthat the -£ull ang),e of

muhlllzed f!‘lcticn ahgle weuld be reutricted tQ m&ximum‘




rgdu of the, lpiznl. The resultant force tiius calculated was -

] uaed “to l:cl@ut' “the ear?_h force on ‘the mdel when the

. horizontal and vertical equuunsu- of the- Mge abc were
i ¥

uatlafied ! 3.8 3

‘Chen, and Rolenfub (1973) ‘used: the —upper. Y

techru.qqu of linit anslysis to gbcaxn passive limit earth

pre: ures. Thoy £ollowed lha mthod of superposition whiuh

states “that u afailure’ \mechnniam is dalcribed_'by n

¢+ ind i:endqnc.punpm_-r-. gha passive’ px_h ure acting pn/t)m’.

wall_@a‘n be expresped as: - ' Yoo

p-Lya nin X, (s..

- 'gEmin K e
) gH min N{s

S ».cunin‘KPa

here K__, K__and K__'are pure numbers representing the °
where K /pqn pc 2Fe Pu u ep g

‘effects OF weight, ana i vely. For

onless -soils the third term is neglected. Closed form :

and i -8 of the fal.l,un

mechanism. When thesa’ axpreuion- are.minimized uith reuppu(: -
G

to .pu'umat-r- [ gz_ LH ) and u-ed in the above‘

P gi;(uais.on, the passive ‘earth resistance P per neter l_angth of”

the wall 'can be obtained. = Several failure -machanisms’




- (a) LOG~SANDWICH

F!GURE B PAILURB HBCHANIS\(S CDNSIDBRZD «BY CHBH AND
ROSENFARB (1973) £
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& T W
composed of rtigid néicuu, m'.a radial shenn.ng zones were
considefed. E ’l‘he mechanxsms consldeted by Chen and ROsenfarb

(1973] and the variation of the fesilts cbtained “there ave’

iven in Fig. 8 ‘and Ta‘Rle 3.1t wasvmn\cluded> that the two-:

* mi mnga.,‘ L o . TN

2.10 ~ Objectives of the Present Invesgigation

O T . ‘rrom tne lterature- review, it my be goﬁclgae'ci
X that the. emergy model is quitd/ simple and offers good
: . 2 correlation with 'otherw,mndela- The model aasmna‘ that the-
(A . scour formation.is gradual, starting from an initial touch ;
down by the iceberg. It has been reported (Lewis and Barrie
: 1981) that several-pock mark features have begn'obierved in
i the région of iceberg scours. It has also been shown. (Bass
{! . and Peters 1984) that the draft of an icéberg could, increase.
d0 7 - lasa Ees’ult of tollings It is possible that.sich bergs could

. piau}u the Seabed’ if the water depths wete less than the.'

increased araft and causé a-local depression on the seafloor.

-

As''an extension of the thaoretical mdal of Charl (1979)-it

"'was decided ‘to examine the effect of an'initial seabed

penetration by awrolling iceberg and. the vresulting shape of

" the scour track. As part of such a theoretical stut‘ly&lt was
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also decided - to evalusts the nonlinearity effects of  the
current drag on a decelerating iceberg during scouring. This
part of the study is an extenai‘on' to that done by Lopez et sl
(1981). ‘ f

i - . 2 !
It has ‘been shown earlier (Chari 1975, Green 1984)

that the ‘:r&nnar'xﬁape of the iceberg model has an effect on -

the measured forces. However, the vesults have not been
~—— .

« quantified. As’ part of this investigation, the experimerital

study .consists ‘of quantifying the influence of the frontal

shape'of the icebérg on the.total soil resistance and hence &'

the computed scour size. The tasks in this investigation can

be stated as: ’ ' i g

1. 0 mcdicy the analytical model for estimatinqothe maximun
' scour depth using the- principlés < of comservation of
ehergy_AChaci. 1979) and cor}side‘ring _the nonlineat
velocity of the scouring/icebery (Lopez et al 1981) to

account fot ‘hydtcdynamic drag forées during scouring.

2. To extend tha analytical model to compute the -cuurmq

potentdal of an ice‘herg whxch fehetrates the seabed due
to instability (Bass ax?d Peters 1984). .

3. To exparimentally Verify the effect of the frontal shape
of the keel on the ‘moil reainbance by. hutizmtally
pushing six qiziaranc shapes iMo a sloping bed of sand
“and men-uring the total aoi.l ras:.stunce and preesure .

. distribution on the front face ulang the length c of acour,




P

. > . e
- g
b [
e 4. To correlate the measured front face soil Felhtancl vien
% -~
. 5 ccnputh soil resistance from lvqil a ﬁsoondcal i
} methods ! s g
N "5 o incorporate’ the ettscc [Of the iceber s‘h-\pe : 4
Pl n o "' the analytical modeli . - :
{ % o t = t
3 y r > -
. E ¥ .
| ) i \ EERE NS |
S = T !
i T iy '
H i .
i , . \ «
i
1 \




i bl “anie e ¥ - . 0 V 4 i
,3+2 Mechanics of Scouring T o7 s B S =
; _“The. arife ©of an icebeiy, particularly those with
§ large -drafts, is primarily due’to ocean currents. . Under

° L '

'l'he analyti.x:al model for ic.hcrq scouring plbl.i!hed ) v

. '
e i the 11teraturo te that of Chari (1979) in whll:h ‘the seamd

chh . preés of" Erictionnl 5ils,” and _the

leffact of initiil .enbed pe.netrntion by an Lceberg before = N

sceuri g.

stead state conditions, the drift'velocity can be taken as
: u:e ve).eeuy ey current avexaqad over. the draft of the -

There Lu o nat hydrodynanic drag undet -nch

'iclbarg.
_uteady—stata conditions. “ror purposes - of analysis, iceberg
. see\lring may = be. viu\luiizcd as one - of the. vs‘.ntlon- cr ik
In the flr-t.’ case, the bottom

combinationu nhwn 1:: Hg. 9

of ‘the iauberq touchn the seab-d and gmn alongsa Shara

¢
i
kl
‘
i
i




ut’ marks a

am{a' posxuon‘.

scour (F:.g. 9a).A Thi

cin previous xawarch,

thesi‘s-

txansformation of” kinehic anergy into pobential.

re uxel.y to be 1efc on tne saabad in

nunng such a prccess, 1: is. possible ‘that .

{‘ phenomanom which was not,

s now gxaminaﬂ “and- Eiuusud in: mxa .




. was expresaed (Chari 1912)_ in the form:

Iceberg Euour Jodel %a d £
When_ an 1eebu

""scours’ into a- gentle slope, the

" soil scooped»out w}.ll“‘initially ‘pile up-in £ront of the K

feaerg, i the)lcouring contlnuel, ridges: will b, formed’ on

enhu side of the track. - The idealized concept of 1ceberg
ncuurlng (Chari 1979) is zmmm in Fig\ 10, in which it/ is
assumed that the frictlon heween the mebe:g ‘and’ f_ha 01l
can be neq ected because of e_he Tow strength of soilrand. the
rpx'eience of - u t.hin. silm cf melt water around the icebetg.

Thus ' the resi ance to lcebarg movement 1_'

; primarl Ly “the’

£rontal Faglathide bon -, the scouring face. o 'rceizezga,‘

scburing Ln soft-and” weuk “geabed sediments,  the energy of ‘the

1caberg ‘was ‘equated - to t‘ha work ‘done’ by soil, rauiatancq anl

plouq‘ning acnenlm the resulung equatxon of anargy balanca 5

wheréis

M = masa-of the x‘cebezg

'.v = initigl ateady—snr_a velne(ty of the icebarg (also

valocity of currénts) “, PR . *
r Fhge™

P By = rag Eorce on.a aeeelanung 1:.1:"9 0%
1A 1engf_h ut scour m: anyjﬂtant L5 . L
R

ngth at scour . S & .




'1n the ta ga

s N . 39

For' cohesive. ‘soils, the soil resistance P at any -

instant can be expredsed.as: . -
y_(ma)? B .
" 7 + 2 cdB + /2 cd? * [4]
-wWhere:’
Y= submetged unit weight of soil .

“ 3R = height of, surcharged soi.l ar_ any 1nsr.ant during
5 . iscouring’ (obtained fmn geometry of scour trench)
a = dept‘n ef ucour ac any inscanc
B ‘= width of igealized iceberg

shear strength of -cohedive soil 0 .

The sou sheat atrength c varies over a wide tange
5 .z
r_errest(ial -soils and the Vatiaticm 1is even gEeatet for

‘Published data of shear !trength for mav:i.ne

P
£lgot. Boils:

goiln (Anderlen 1976)° ahaw a raige- of valuee from neatly zeto

to bm.rt 500 “kpPa in t'he 5m dapt.h zone below the mudune. ]

AL “the. Hibefr 'site and. its slegatty, wue suriicial

' ‘sédiments ar :}ium ‘derise. to dsnae sand and & shear strenqth :

0£.100, kPa- Has been ‘genetally used (Rusaell and

tri‘e_ :ypical valua for purposeu of




e

the scouridg Lc'eberl;. The ‘second. tern of Eq. [3] represents

the energy due .to'the effect of ‘the curtents on the iceberg .

during the scouring pt’ccesq. .The ‘drag force ‘on’ a

decelerating iceberg can be dxpressed as:

5 [s1
whete: : . 2 ) _
‘o, ' avag costgicient s ‘i ‘ ‘ i
L e density of water E 0w § ; » ‘, “

A = projected atea of e.he submerged iceherq noval to
j the . propelling curtent %, 5 [ ot R
S - inutantaneous Velncity cf iceberg

anﬂ the Other termsrhs !l\:‘eudy defined.

Ty fram 0% 5 to zm depending on the shape of . the Eloating, %

. b dy (Bureau Veri as 1975) and for bodies in connact with t'he'_

aeubed, cd may ve multip].ied by 1.4 Banke and Bmith. (1974)

meaaured d!'ag coefﬂcisnpa of. 1.2 duri.ng acbuql éowing of,

Hountlin (1980) has used a dtag cosfficient

" 6f 1.5 for icebergs of’ an lizes and shapes., Shirasawa et al

*(1984) measured. drag. 'neffieiantu vuylnq from 0.63 td 091

-in’ laboratory

or pu:pasee lf d“’cu“icn:

‘corruponding ki‘.tic anerqy due to' the adde ‘ma ’eonponenc

wi.u be in - ‘t_he'orde‘rvc! 4 (}ranaﬂ and Chari 1984). 1 _e

1f 2 drag nuefficiant of P 0 is

preanion. the cosffic{ent Cq can' :




‘conseque}{n inﬂuen‘ce due t\o‘ch;a ‘offact; of this added mass on,

the " scoiir- depth computatian St hegILg1Yte wha henc’e not
. . identified séparately. in Eq. £57. - <
Lo 141, ‘ana (5],

depth and r‘enqm 1n.'cohas{ve "soils _has been expressed as:-,

' From Eqgs. the  maximum scour

d"“‘vo y (H+D)

'of maximun * scour" depf.‘h were daveloped (Chari 1974) I\»




icebergs during scouring and in computing the maximum scour
depths. It was also concluded that the gouge length would be
- by 11% at worst, by 'aas‘v‘.ming a linear welocity
during deceleration. The conclusions are valid for the
simplified soil model:assumed by Lopez et al (1981) in which
the soil resistance was assumed to be directly proportional ,
t5 the square’ of the«depth. It may be seen from Eq- [6] that |
several factots such as the density, soil strength, depth of
penetration, and seabed slope influence the soil .resistance.

The wffect of thege factors are to be taken idto

»conaidaration in calculating the- aoil -resistance.

- The velocity, variation of decelerating icehargs can

be obtained numerically’ in incremental steps instedd of

"considering a aentinuous function ‘as dome by Lopez et al -

(1981). The residual kineticTenergy of the iceberg »(El;et' at

‘any instant may be obtained knowing the | initial kinetic

energy of the iceberg (KE), the cumulative energy- expended-in

‘overcoming the soil résistance (E,) and the cumulative energy

added due to the hydrodyhamic ‘drag. (E

drq)‘. This can be. :

expresged as: ' |
i .

En‘at-KE_B ."Edrg
P
- f_vdxn!

q !u’,

dpaw B RiAR )
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" effedt noticed for . the ﬂraq ,forca ia ‘Alab shown: 1

1 figure.

.come to rest ind the gougiig process has “heen con\pleted.
Figure 11 'ls the flow chart “for - the  computer. prograime
(Appendix A). - The -velnu:\.ty profue nbtainaﬂ fzom this

iceberg motion as given by‘ Egs. E3]

'na cs] is a better
representation than the assumpt,lon of & linear velocity

variations  For. the puzpose of - the parametzic analysia,

ranges: of " values ware.assumsd as, :hwn i.n Tabie dqand’ tha

:eaul\:s are diacuuad‘balw. 5 l’

Fiane u shows the velocit.y vatiation for | an

igeberg of 10 x 10%.kg’ (10 ‘million tous) . during grounding ‘ag

obta),nsd using Bg. -[8)° and 19357 The cumulative ‘energy

driving “the" iceberg int ’che gou the, wntk done’ by the, s011.

~zea3.at_,,ce, an nm convergencs of theése two at the end of

hg scout -are. algo shcmln in e, fidure, It:is’obvioug r.hat

the. ccmputed Velocity prbfila dgvlates from ‘the straight.

‘Mpe.:* The estimates of, scour  lepgth. using the nonu.naar

ve‘l'oelty ‘profile aré greatér’ by. about 128" for the values of

t‘he paramsters shown’ in Fig.. 12,70

The velocity poﬂlle und tha drag” force . were

computed for a ‘typical 10 x 109 xg- (m mnuon ton) icebery

for. different drag cdefflcientu and the reaul;a are'shwn in .

“'Fig. (13. - The nonlinearity in thu vuocity varxauon 1 mare‘

prenouncad £ot 1awlr drag eoefficientl lnd the variation

Feaada bed- e Lineax’ for m.ghez drag ‘codgficiants, ’ A'stmilar

the’




e ET

.

Fig. 14 shows the effect of. shear. strength oh.the

- computed maximum scour depths.  The: maximun\ seéur depth

‘deéreasés .witH increasing sheat strengt‘h ‘which is to ve:

expected and the . results: ave similar | €o t‘hose \pubuahed

earlier [Chari and Petets 1931) Howeve the aesumpticn of

a linear profile Eor the velucity will rasu‘l(’. in an

undereutimatio 1

10 x 109 ¥g (0 #illion €o) icabel: .
o R uimilar compauaon for : e efEect ot th\ i
Fig. 15)
1

seabed alr_\pa

howg that t‘he

vélocity would overest maite - ‘the,, scour ~ﬂapth for & -steeper
seabed: and w{u undereutimate t‘he vilue 1n flatter slopes.

The * differenqe in the »cumput&d l.'esult.n would be about 23% at

wo!ut. . It may be obuerved that t_ha seabed slope  has

’
virtually .no Bffect on the scour .depth computations for

"consfdeved. -7 .l [

-
The analyslu of ‘the effect of the: coefficient of"
-
drag (FLQ. 16) cn thet scour dep;‘n computations ahows t‘hat the

calculatad scour -depths are -mote sengitive to the varution

"1 g deag coefficient, than previously reported by Chari ‘and
“Petera: (1981). It can be seen that the assumption of Iineat

, velocity variation resulr_u in an overestimation ‘for lower

dtay “costficients: ‘and an underestimation at higher drag

coefficients. ey

\saunption of linear |

" lurge_r “jrebergs wl_'\en the- nonunea’r velocity saciation d i
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: = TABLE 4 RANGE OF PARAMETER VARIATION
. . - =
PARAMETER - i STANDARD REFERENCE " RANGE OF
. VALUE N VARIATION

10 x10° kg 10% - 25 x 10° kg

Drife Valacicj(-(vo) 1.0 m/sec © - 0.2-= 1.0 m/sec.
Keel Width (8) . - e 2 "r_n. ¥ 10 30 EY

' Drag Coefficient (G5 T Lo 2.0°

i © seabed Slape (Tan g) " " 1:500 X '_ 11100 = i:looo,
S_o:u_sh‘ear"st.r-ngt‘h' (5 v 100 xPa ¢ 25 ~100 *pa

* . sAngle. af 'In'ten::a'l Friction (¢) - % 20° = 40°

Unit Weight of Soil (v,) "' .15 x/m’ .
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;3 B=20m; ton B=W
C Cg=10 .

o

-~ LINEAR (CHARI ¢t al,'81) S
BRI C 100 | .

SOIL SHEAR -STRENGTH ¢ (kPa) B

. AN 5 = &
/ARIATION OF SCOUR DEPTH WITH SOIL SHEAR STRENGTH :
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‘effect of varying scour width on the sensitivity o
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A similar nompariaon(ta made ‘in Fig. 17 {oq the

gouge’

"'/ defth compufations. The extended model gives scour depths v

: vhir:h are up to 16% higher than earlier computations. It is,

.vuxnion “auting e

: tr\ae velocltyr p:cfile is

t'hus concluded t'at While, the assumption of a linear valucity

8 & good first approximation, the,

unl.'inear. /The actual deviation in |

Cthe. cumpueation "of .scour depth 16 dependent on the 2l

o
cunbina’tion of che ottier environmental vanableq.e 5o S

Howevar.

\’.he eurficx.al

L ledimentu are. nut universauy che . same. For example.~in

.'tne Gran/.! Batiks regicn where the' Hibarnia o1l fileld is

(w +w) ain(e+q)+ (F+ ZF)cou
cos(6+ ¢ +o)

“cosd 101




= weight of surcharge at any inatant

1 a 2%cosp coss
27 “sin(e - p)

=.shear resistance on’ the bottom'of wedge .
) sy ;

LW =B

_ _B d cosg s
in(e - p) © ¥
F! = shear. .resutance'on each side of the wedge

_.{negligible for icebergs of: h:qar,widths)
21, 42 cosp cose T
[2d51zg¥e-a}'] .{‘*’Kg
L) AN - W, sin(e~ p) 3
= . ta
<o e YE A gopen
coefﬂcxant of earth pranaun at rem‘.

=1 ~"sing A7 ey ios8)

and f.he ot'her termu are’as daflned euﬂier.

'Y ctitical angle e of the faﬂura

e dqe in

by minimizing P with telpect ot e.‘ T

halunce = £3] and t' ia ¥h

" 56-

ahta ined




The influence of the angle of internal friction of

the {5BLT 56 the scour depth computations i)\\ghown in Fig. 19. ;

E ~
By comparing Fig. 14 .ana -Fig. 19 it tan be seen that the [

maxxmun\ scour ﬂepthﬁ obtainad in cohe‘siunleas materiala with

. friction anqles in the tange of 25% '~ 40%, ave somewhat

. similat to those vcomputed for purely cohesive soils with

j . . undrained uheur atrenqths in the range of 25 - 100 XPa.

Kivisila #t.al(1982) have given an enbrgy: molitlbn for ice

iw oy
. X ke, grounding Swian ua compared, vith the _presgat solution.

The, scour deptha obtained using (:'he n:yde]. proposed here Late i

L : higher (Fig. 20); his is ‘e to the additiohal hydmaynamic' ;

| P - affact duting lcouving which . is considared in t‘he( “present

soil resiut,anca.. g 7 g

1 o

model and also the diffetent techni.quu for computing the I
i
|
j
‘

3.6 Effect of Initial Seabed Penetration ' 5§

Icebergs ate subjact d to continuoua ablation in

the process of which thay gain equuibri\m 'In such a .

i
i
i

c x;dxtion ‘even a very small per:utbation auch as :the initial

contact of the icebarg with the aeabad ot t'he bl.'ea'king of a

mall prot;uainn of the icabetg would cuuae iu to voll with <




and expressed as: ' " b
2xht + 4k.u. + (25222 + 3K, 18 tana) 1\

- 3¢%8 tana tanp - 64%Bs tana = 0 11"
where: oo

K, = %,(tane + tan ) -

2. = length of front surcharge at any instant

«,f = slopes of surcharged.soil and seabed respectively *
§ = initial depth of penetration -
and all:other terms as dlready defined ~

The abové. equation is sinilsr to that derived by Chari 1975)

except that the scour trench in this case has an 1n1tial
depth. At any scour length i, the front ‘face soil vesistance
in cohesive soils can be obtainad by. sliqhtly modi fying ;Eqn’

4 and written as:

poX (h+s+ g tang)?8 + 2¢ |s + & tanp)B’ e
s 2o :

+ 72 (5+ 1 tanp) ? Gz
all the terms.are as defined 'ea‘riier
' an equation of energy balance similar to B %]
can be ohmi.ned a

2
W5 - % pALVo
P G

_ x'(m+ssrtanp)? (sevtand) ; , cB[skLtang]®
X 6 & ~tang tanf -
o2 ctstneang)® |y (KpSS)TSB o5 52 p

S
3.~ tanp -"6tanp “tanp 3 ,C Tanp

HsENR




emn

Equation [13] was ayaluated‘nmer;silly and the
scour, difiensions computed -for different values of the
envizonmental ‘paraneters.

Figure 22 is a typical result for the standard
reference values shown in.Table 4. It is seen that there is
an upger bound S, for the initial penetiation depth
cotsesp:a\nﬁing to each iceberg size for a gizen set of
parametors. From the figure, it may be seen that the iceberg
will gouge the-sea floor after plercing, if and only if the
Qnitial penetration s less than this upper bound. If the
Penatzation L, greatsr ‘than tnds S,/ .thera will b no
pa;.-ceptn:u further scouring.. In such’a cass, thero is
“likely to Be a Bockmark  formed on the seabed. This

is 4

with the observation of, Lewis ‘ana
Barrie (1981) wherein actual poc)m\arka have been notxced on
‘the ocean floor.. The upper bound may be identified in
Fig. 22 by locating. the poim;;a where' the curves of initial’
penattar_xon tend :e become horizontal.

scour depth is not’ affected by initial penetrations lesd than
a certdin vlawer bound sy For initial penatrltion below t.his
bound, -the maximum scour depth will ‘be as if there were no
-such initial penstration. Envslopea ‘of thess upper and ldver
hnundr are shown. in Fig: 22, _ such envelopes: may be

astabu.sh!d fof any glven set of parameters.

Tt may also be seen from Fig. 22 that the makimum '
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contribution of energy die to hydrodyhanic drag sffect is

reduced. This may also be deduced intuitively as ‘the soil

resistance soon after penetration is directly proportional to

‘the penetration’depth. Thus, with increasing initial

penetration, the iceberg will come to a stop after a shorter
.

travel. . .

shown in Fig. 23 from a slightly’ ﬂifferent perapective. It
is seen that increased shear: atrength decreases the maximum
‘scouf “depth 'which fsto ‘be anticiphted. Hwevbr., the
magnitude of the soil shear:strength has no influence. when
the' initial depth of perietration is larger thah the critical
Wdeptn:  Sinilarly, if the ‘soil shear strangth‘i; TediFenahig
certain value corresponding t5 a given initial penetration,
the depth’ of penetration has no influence on the maximum
" scour ‘depth.’ The exintsnce of such critical depths is aiso
" \éemodstrated in Flg. 4 in N effect, of iceberg drift
velostty is shown. The ‘upper and lower ‘bound peneera:i.up
depths afe thus unigue to a given icabers.
From an extension Of the’ analytical model, it has been
shown that the velocity of an iceberg during seabed gougtng
- is nonlinear.’ Hogver, its effect on the ascuracy of tho,
compu:anons depends on ‘tha other parametax‘)s. It has been

shown that. one. can establich upper and lower bounds for

-
With increasing initial depths of penetration, the .

. The a above effect on_ the comjg_echnuLdapths_is, S &
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initial penetration of the seabed by capsizing icebergs 'for
purposes! of. computing further scouring of the seafloor.
The related, physical ‘model tests and results aré

discussed in the following chapciu.'
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Sk . (Cnari 1975).

# S ’l“ha tmd!.ng tank 1! 14 ‘m-ldng

o ne\’art‘heless a valid modei.. %

« o .t .. .CHAPTER IV.

* EXPERIMENTAL ORGANIZATION AND TEST PROCEDURE
S B 3 B ~

i S

‘41 General . ; e .\

canriot ,be‘ dupli ;ted in its enth‘ety in t;he .lahcl‘utory aue to

11mit_atinns in scaling the soil grain afze anﬁ lhear ltrenqb‘h

’l"he analytieal model: s ba ed on two, "main

1 e pr:.ncipl!ux energy balanaa and snil—iceber.g interact s oh, The

| ‘concept ‘of anargy ‘balance “heeds

no! verificatian :‘/uﬁ‘
lnbox'atory. The ana].yti.cql model, would, be’ fuliy yérisfed if
ot

c‘he nci.l—icebel’g intetuction can be physicully

phyuical rodel1ing’ of. 1ceberg scours will' thius be q partial,

" The earliar studies Dy Chari: (1975) wire condugted 4na

tileabls, glass-sided flume with 23 ‘en (0") vide plexiglass
o+ instrumented models md in claya m‘: 1310 alape. *Green (1984),
conducted .tests in. medium “sana vitn 1.35, s10pes: ‘and 500 mm
.wide models.
those n\odal testn. P ¥

r <
4.2 zxg;um-ncu Facilities = * . '+

4.2.1 'l'wing Tank

aup and has ,a . central lungitudinal dlvlding wall as lhovm in

The pz‘aaent‘ mvegcigadon. 19 an .extenlien of




paul‘rel hollow rectangular beams over s . iylength and

" spaced at & clear aistance of ‘about- 1.3 m with siitable ‘ciges

_beams. The baams ave ballagted with steel teinfcrclng ‘bars

to provide a counter-wsight of 14 kR iin order tc reslst r.he :

_ovartnrrhng moment while acaurlng. The avea, bet_wean the. “two

beams . s, ccvered by metal grillage and thé avea serves:as

working space Eor the- insttumentation. A varxable spued 745

H. p execgric mel:cr'trqnsmi,ts power through a torqus converter

té a 62 ‘mm ‘diafeter ahaft spanning r.he l.ength of the

carriage. The aprackets at.each end of the: driving ‘shatt are -

* connected. to the sprockets of . the. supporting wheela by a

chai. ‘The cdrriage mcvemsnt u ‘controlled by _press ‘type,

; owitches for. both- forvard ana 'revar-e diroctions. .' ‘In

’t—.he cun—hge vaiu ‘to au:umat.ieauy stop tha cartiaga

diatanca from eithet end of the tank

.2.2 “Iceberg Models . :
Most of the earlier experimental uf.udiei (cmu

1975, Abdelpour and Lapp 1980, Green 1984) have. been with'
prismatic modeh with some* 11mneﬂ testing of ~non—pri.smauc

shapes. These studies have shown t.huf. the  shape has‘ an

s \E , U
effect on the total soil resistanch 'and recommendations have :

5 L "
been made to further investigate the shape effect.:

5 and 26. *The toying carriage is flabrxéacéa out ‘of 'two
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FIGURE 26 A GENERAL VIEW OF THE TOWING TANK, CARRIAGE AND
MODEL
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FIGURE 28A RECTANGULAR PRISMATIC MODEL

FIGURE 28B MODEL WITH A KEEL SLOPING AT 30°



FIGURE 28C MODEL WITH A KEEL SLOPING AT 60°

FIGURE 28D MODEL WITH A CURVED KEEL
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-

FIGURE 28E MODEL WITH A CURVED KEEL DURING SCOURING

FIGURE 28F MODEL WITH A CYCLINDRICAL SHAPE DURING SCOURING



FIGURE 28F WEDGE-SHAPED MODEL

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

FIGURE 28J SHAPE OF THE SCOUR TRENCH AND RAISED SHOULDERS
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¥

vwidt'h s;igpny less. than . 500 mn.iThe munt‘inq i?
P

'elevation relative - tc the sund bed.. Before lta!’ting t\he

-and 28, “The vatious frontalykeel
shapes were’ fab:xcated wj.th 6 ‘mm a].ulni.nium. sheets 'and bolted

to’the front face of the axiuting recbanguhr model: .

T‘he ractangular model. .15 \cannected to a tig{.d

together with the “iceberg model, can be- lifted with a

i:1ock~~\\hqn§'£ng from the roof and placed at any‘desired
™

two l?ad\ cell holde!‘s ‘wete scteueﬁ/ into the threadad %

holes of the’. n\euntinq 'Erana’ sichi that the horizontal ‘force. &

exer:ed on the ic bgrq model is transmitted \:o the twu load

cells. When “the’ load\cgll are yositianad thqra is .m0

elative- displacenent between ﬁndel, franie, and” tow  carridge.

The. swing plates were atrong enough E\Qimxmr_a the ronu.an hes

of the‘model undarlm uplift force: and a}m lexible enaugh
to transmif_ all the ‘horizam:al £orca ol the two 1oaq cells

423 SoilBed S £

As. briefly mentioned . in t‘he litew ture review,
pubushea data on: vgeotechnical proparties of sda floot

sediments on . the anadian East ‘coast are very ' schtce.

Hwever, from thé l,imlted infnrn\ation available, it' can’, be




. ‘from s6ft-cohesive s0ild to sand and boulders: ' Chari (1975)°

conduicted modef' tests in saturated silty clay slopgs of 1:10.

Graen’ (ieaA) useéd dry cohesionléss sand -of 1:35 slopes. for

N tests with the 500 mm wide models. Abdélnour & Lapp (1980) 8,

; % used level 'soil su:fncau of clay, silt, and 'sand -under

;e eatunt;d (condxt/lons.- However, .tests in sand do not’:

,neceseat)ly have. to be under satuzated condxuone because of

t‘he easy. draifage in cohesionless spils, Ptem conaiderations

Lof. ease of mndung, experiments for this invesgigation were

* conduceed in dry sand.'. The - u!e of.dty sand offers thé

.1 D\ o
additianal -advahitage o2 exposing .the suicharge, the failure . - .

- Hguderan " ana. e scour track all of Which can be visyally . . .

observed: and measured. About 18 m Jof dry cchesionless sand

with  grain Tsize diatributlon shoyn. in' Fig. 30 and the

& prupett:.es listed Ln dafine % vas ‘laid at ‘a slope of /1,.35.

The maxmum grain afze of the sand is 4 m which compares 3

well wx,th t‘he 11 mm diameter pressute transducer surfhce.

. The method of preparing a bcnsistently uniform land bed and’ .

density calibration‘will be describedsin a later-section. - i

4.3 Inatrumeneapon R S ol o ;
SN one: of the nhjaetlves of thi.s xnvascig.non yaEal

.measure the ‘total load nacesuary to tow b 1 Lceberg model and" 5

k) & Ly fena pl;essur diatribution on i the £ront. face of f.he iceberg 5

e The fs shown in. "+ L 4
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M;nimum Dry Density’,
‘" Maximum Dry Density

- Ekperimental Density -.
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' .Angle of Repose’
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Four ‘patte. ‘2 major

mparauon of t‘he ‘8l Vping “sand bed. :

The aac_ond part wag

clean!.ng of- t-.ha i

Agter these pre. test pr parations,

running ' the

expatimént




nughc‘ mocu 1ca%i ne. -

{ the tatk A€ an appreximaf_e slope of "1:35 wh:h a

e puuey block, ‘and_the

with shovelling

¢ llnping irfat ‘n The

d'ds “heat'to the’ start of -

Siich ‘of about 300 mm was,“aug

Lags bean Aftur moving the *

1angch of t.ha tank-_»

rake ’\Tau then move a to tha next‘.

positlon anﬂ the procaﬂu:a.wub T psated until the entire .

tipper 1ay was mixed‘ leaving 4 u_p Of 0.3 m width on both 2

sides of t)

the. bed which setved as ‘a working space:...THe level




uoil

Fov T . £ |

.oé the, ‘raker vas . then- hrnug‘ht down: to the loweJt pair of.’

bolca on the rake uupporn.und {the bnttozl most J.ayer was.

takad. 'nmr tas\xlted 1n a thorough nixing of uppat lnyara

which were’ sub]ected co\gore aisturbarice. e’ to scou:ﬂag T ok

“earlier expariment! .and |reasonahle mx.xture ath the tottom

layers; where' Least dieturbance u expected.

JIn tota .the

Snthe

llupi.nq ‘guide béam fixed to the :inside of the‘ uaua. Any

requued in f.'he cenual pe:tiun of «-.he ws.(:h was

° lupplled with ‘a u'hnvel from the: shenmeu and the: excess .

ial waa nmoved byL dragging the woaen

sl ing: guide baa.mu along ‘the Dyugth oE tan‘k thus ebtaining uA

Y smaé:h hed ‘of

istently follemd

1y dni form

y." This

this inve iga

ion.

was

vThe N

tai.ned a\: different denuitie! 1n a di'nn\.

:Data Recording " ‘--7 s
: 1‘ | The proceu cf\preplrinq t‘he aen .bed raise

44.2




b connector produced ‘a dtiﬂ:ing output: voltage.

Aiceberg mcdel, along with the mounting frame.was lowsred to *

align - with (:he holes in the ° l\wunting fruma and bolte\i

rigj.cuy. The ‘bottom of t‘ne .iceberg model was generally aboue
300 “from the ‘tank floor 0 that the’ rigid’ floor of .the' "

sceuring tank dld not inﬂ.uence t'hb result! o'bcaihed- Fo 5 b =

. All the . instruments were _tiftied “on’ 3‘ ninutes’’

besare e'ac'h \‘_est to allow a watm up psnod. The cap! of the

pieze-ele‘ctric ueneors were renmvad, cleaned wit'h cotton

were mannted th;'ough t.he bvass holdar on. '}:‘he icﬁbarg md

. Great care. waa«taken in connecting the microdot connecr.ars to”

of dirt q’( humidity neat the l:onnet:tinn or'a tylist in the,

The: outputs

fmm the charge ampufieu werte: fed to the pracalibrated

input plugs Of the tape ecorder. The variable . c. power

the “tape ;e;:prdat. 5 typical expermen:_ a‘hould,npcaaurg eﬁ;m‘-.-

“ the carriaga rafe:ence vo].taqe.[ When' a1l the Lndtrumbris
wire ‘ready to operate; ‘the: tow cau-iaqa was moved AR small

incremental disf.ancaa m:c' that: the bottnm ‘of the 1ce'berg




»
t

using a’ two wo pen X plotte

model just touched. the/ smpiﬁg ,ana bad. At chu gtaqe, the

observed and tecarded. A1l the instl'uments wete tufned on

ate tecorded

30 ming befcre staenng‘cha ‘test, the readings
7
|28 the scouring continued, and. um.u ghe oddl ‘teached 'the

Timit’ switch. A: the endGE: the scour,‘ thg counter reaﬂxng

on” the tape recorde caruage reference vcuaga. and, the

teading on ‘the meter: tape at-ihe carriagt sudac were ;pee

-naconsed Ebservatiunu

3
ua\rriage reference voltagn were plott&d “on 300, X', 200 im paper,

B L
-4, 443 -bost_scour observations~‘ !

conditiona ot unti.l reasonably consxatexﬂ: values ’(110‘) Avere

obtainaﬂ- Ip,pgenera thate wau a very gond‘ con i!tency ih

'nieaaured Eur all

the total foa

In. order ce

i t‘he unuomity-and eonuiucancy ‘o

ragiaum:!q

teats,

density “ar ‘nand penatrometar wu

measure the

1geatibns on the ‘sand. be

at 1 'm intetvals both. in

he mode s’ vlhereas savatalv




.. model was measured\ " The ted ‘dimensions’ incl

\ .. width of the scour (B ), top widsh ot the tcpﬂt‘(‘t Vosrhes o5,
pth (D, ), and

op{ng lnﬂgtha (I . oy )' of r.ha ‘h

, 6f -tne mgﬂ

purpase, separate

cehﬂu&ted “for’ éach. nodel, - in wmcﬁ'md tow ¢

, wete made. :rhu prncednra s allo use a -uccanfuuy by

'c,caen 1954';. A :ypl.ml scgur, track aid -urohatga dman-iunl'

di.scu.u.d in “the neft chapter- ol .

II
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“.5.1. genera1” \ ‘
K This chap er: iu

The ﬂrst patt

! tgons.

In the laat patt, the ,axpatime tal

Pinally, an, attempt, 1:

de to nutmalize

the.

éarlier, ' The experimental

5011 iceb




R AN

A IE Ay p P s % :
; After preparing the spil test bed as described in

- < the’ puuou- chapnr, the 1cebetg Aoaax was ponuoned. the.

e 95 mEn/sec. The total soil résistance vas measured by the two '

A typical force record is shown in pxq. 34, ‘l'hu

che e tal eoil resistance.. It lvay b sean thn‘ th l.oa cam

_Scout Profiles and Surcharge Dimensions )
. In the analytical®midel discussed in -Chapter III,

becg: shape ‘was idealized .as a rectangilar prismatic

shipe. " The sircharge in“front of ‘the: ceberg was calculated

.on ‘the auumption t.har. the vomm of the -ou -coopcd out” by

sum of the’ yolumes of the soil

front of thie 1c|hcrg. In the

Of ncour

: uqrch‘a'tgo

| connected, and the'model'was towed at a apaed of "




iﬂmenaions"‘ana concluded that stopping the -icebarg'mdn at

: intevmediate. points alonq Jtne lengtnog scour aga not atfect

the' scout dimensiona. Erpariments wera-conducted axcluaiv

followad\in this 1nveatxgnuon. . a addit on” o .

t'lw s;{de friction

'l'he !cour profila a\: I‘.h buck of 'the icebsr »mdel

was al-o measnrad at the and of the. test for each mudel. b

"p\;om “the measuremsnta uf~accur sofiles’ For Ak model, 1c

,(aaa\ £ound . that umape ive of -ei{e “Front’ shape of the..

»Hoﬁevet r

sions the total Val.ume of the *

'f) of. t‘ha’ P eherq as' calculatod.
y

these | ..
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lodel Friction

The| total soil

ist, 4 Jfrictidnal .resist ‘e on the

In the then(etical model, it

‘frictiax’:. :

it water araund the | icaberg. {Hgweve

Df the model. .

resistance and the frictlona

(the'! total

'~Ag nem:i ned ear: ier, chberg modalu ot aj.fferent

4

because of

Hawever.

(1984):

an \valnate vthe' frictianal“

ami Abde inour !




: . : N
',the presaure distribution on ‘the hides and the base Of the
tdibetction wasl amaxnea

|

. iceberg

i.by my r.ipxyx,ng\the avzraged ipres
'Lc:ion. 5 AbdeLnoat

"\ The. resiatance “au
!lé' area of cn tal:t, and

al\d Lapp (1980)

iatance f,c Ectwatd l]mtion of* the lnodsl Ec E

(1954) T ql‘ted the Erxctj,cm\l r sist ncn of

'l'he reaultn abeained 'ty hiu mahhod are

‘bass f!‘l.ction.
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xaelf with a uli.ght prctzmon below't_hu vase level. For the

the: leading ‘botton, edqe

. The ng; nce due t&

f cm meaa\lted qurchazqe

prenure

s 4 1S
friction . from~, te total tuuistano mea

luld

forca! " were alao uu‘bl!quentl\y co(!alated thh ‘t’he var:.nul

e t‘heorlpu of paaaive earth.. presnnte. The £yplcal output of *

:“the preeuure transducer: r!uring - test s uhnvn in'Plg. 3.

. The lccation of. pressure hnnlducet

sour lengths of 2,4, 6,

and 8. “were k“dnred in, ‘Boph '

Pressur

and _the’ active ear'éhf

qn the fri n: face of

‘ the ‘node 5 are indicated ‘tn Pigs ‘and'39. Fig. 40 snovs;
the pressure diltzibution on./the “front 'fnca of the*
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friction fxom

face alona is.

in Hg. i







EGAATED PRESSURES
o] ‘%~ FRONT FACE RESISTANCE
—a— SIDE FRICTION: 3 = @ P
—g-  “BASE_FRICTION el
| ToTAL n:smnuc: 55

FIGK'RE 41 COHPARIS‘ON OF ."INTEGRATED ' P! BSURES V’ITH
! !‘ACE RESIBTANCE FOR HODE!. ML~
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_ INTEGARTED PRESSURES & ~20/3
\INTEGAATED PRESSURES 5, =. $/2:
FRONT FACE RESISTANCE = -~
*.SIDE FRICTION

- TQTAL RESISTANCE , .

EIGURE 43 Qoni:uxson oF nmzsnmnb mssuﬂ
{ kzsxs'm«‘ FOR mmm M2 "
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mr:snar:n PRESSURES ' am.zus
- INTEGRATED ‘PRESSURES' 5o, 0420

FRONT' FACE-RESISTANCE "

SIDE FRICTION

MPARISON OF IN‘I‘I{GRATED PRESSURES WITH'
~: RBSISTANCE “OR MDDEL M.3 N
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as shown !.n\ Fxg,

(with the foregoin-

leading édge’’of the ‘modsl:and. the fite

beer desirable ‘to ‘measure its magnitude.’ In fagt, Chari

(1975). and Green. (1984) mea it f£or the rectangulat model”

in clay and sand uapectively. Aanm\ung the. di,stt.xbution

-shoﬂdn in Fiq- 45. the herizontal compcnent of. thé force on-l_

the fmm: face iwas cumputed for the maxim mobilizad wau

fucuon and eompared wir.h the meaaured taul scn. reaistance e

the' i

obtaied. from load eeu meaeuzemen;s. mis 1e 1n accordanca ;

diacuns_ion pb !n'. the

‘riade in Fig. 47 and thu ms; likely p:easure dhtribution on’

the bottnm saction uf Lhe «keel iB 'alao Bhnwn inm* Fig. 46.

This is Cealistic and in conformity with the "e'a'ruer reporés :

of Cha\:‘i. (1975) a‘nd‘GrBen (L984) "Fhe p!‘oblem of’ eaﬂ:h'

ptessureu on eutvad uu\?faqnl luch as the mﬂﬂel M4 is not well

in the', 1 1ic . This is-an area

2" e i R S . ]

" of pot 'ywial ﬁureher Jth tical and 1 rasaarch.
7ot The pressuze dlstrlbution on the n\odel 5 vnicn is

‘eyunducu in plan 48 phown in Piq. 48.7 ’rhia model is

sqpevhat dimilac €0 a cylindrical ‘pile.  The varlatien of,

pressure at fcur scour 1enghtu (2, 4, ‘5, and 8 m) for the

“lgour rows gf ptessure “tra squcq!.-s is -shown 'in ‘the figure.

There'is, a relatively latge difference

ressure’ batwaen -the.

point of pr-ssure‘:

measurement. - Back calculations were made from’ the compar.ison' X
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e

INTEGAATED PRESSURES, CASE. 1
INTEGRATED PRESSURES, " CASE 2 .
FRONT FACE RESISTANC
SIDE FRICTION® ' -
TOTAL RESISTANCI

FIGURE 47

N

.- COMPRRISON ‘OF x
. *BESISTANCE FOR'MODEL M4




S PIGURE 48, IIDRHLL PRBSSURE DISTMBVPIDN UN THB PFDN‘E FM.‘E
* (M5)

. OF cy{.mlu(:u MODEL-




(a).5/IN: THE ‘DIRECTION : OF | MOVEMENT

+(b) "NORMAL TO' THE DIRECTION. OF -MOVEMENT "

S OF _NORMAL OY:THE CYL
MODEL, (M5) . - s

’
~

- . rd




INTEGAATED PRESSURES
FRONT FRCE RESISTANCE
SIOE. FRICTION .
—g_ . 'BASE FRICTION . -

- mta& nssxsmn:z

- FAEE P.'ESISTANCE _FOR ‘MODEL M5
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% of .the mbdgl.

2 Hwevaj

‘side friction are hwn in. uq.

'pon—.ion of -the scour - 1ength

The pressure is a maximum at the apex’ of t‘he cy inder and

,gradhally redyces towards' the ‘ends of the diameter. Fiqure

49 .shows the . ptessure diutr&bution in tne tyo teference

e - di!‘ecticn of mnvement

oh is"

directxons, paquel anﬂ norma ‘to

almila:

but. the: preu et 7. wadga coum naq bu

(MG).

obtained with' cnnslstenc diie to inucrumantati/problamu.

the «:onl torca on e model’, the~ base. frictidn and’

51. It can 'be Been ftcﬂl\ thﬁ.!

ngure that baae ftiction was’ :ather high 1n ths initial

ccause of 4 a vedge shgpe ana’




" 5,5 Correlation with 1 -Methods

. = ¥ B | iy «
In ‘the previous. ' sections, the iceberg-soil-

a4’ experimentally,  ‘Before

interaction was verifit

inccrparating the Ehape effects in ‘the analytical model. it

o vas_first. decided to correlate r_hz measuved : Pressures; with

the “available ,theor;es, of pusxve eatth pressute.

t'n:ories‘

 jexperiments: 'But. the surc‘na;ge is not Larga ngr'is’ the’ soil
on & ! ' ‘Thus, - any theara:ical
|

i ;
dimensional unuyuiu unad in agriqultuul,

‘even - thmxgh -meu, s na:ius’ad

,bacaule. the Varlables suc‘h as, Llnlt weight. 1nzurnal s

lriction and wal] triction angle were' not c'hnnqed in-this |

-invautiqation. All the theoties cutrently nvailab!.e and’ used

“in cna preuent analyais ara,appllcal;le “to plane strain

ccnditionu. A- rsvlw of ‘these was . given in Chapter II.'




. 3
; 9 - The tesults for t‘hn 1d-alil.d prismatic ‘model with
i

the vertical-front are shown/in Pig. 52 The E_i.gure{aho

shows the theotstical ‘resulfs u-Lng the . various theoties

discussed in Chapter II.- All theord

givc somewhat uiml.ur

3 3 4 [
_ s experinental’ results. Coulonb's mn/nd \dth a pluna fnu.urc

PR o, " surface 1- q-n-muy ')mown “to overe tlmte

o reei-e.ae@ when th- wall foiccion isi highs- this estsc:. 1.

o1, e The résults ffm the sther theotia

“ 208 of t.ho,‘xperi.nental,valug__l:. A similar oo-parimn tor
models M2 -and M3 is shown in Fig. 53 and 54. It can be, Seen':

_--that for the models with a sloping keel, the rtesults are-in

the “general range of- values obtained by various.theories and

no Pnrucuhr theory mn be nid to be in‘good aqreaunt. vi.t.h

the experi.mncu. vesults.

el !ur the cutved. proﬁle of model m, the near
vhich can be used

T the analysis is that of . Hareison:

a' the divection. siggested

tesults’ but ‘the- Coulomb's,  theory L- closest ' co “the.
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" friction angle” from:the wall. ,‘\ Ty and . s91L

Terzaghi (1943). TFor largé ihclinations of the wall, if such

an assumption is made, the Horizontal component of the force

will be in ‘the direction of -the wall movemgnt; a condition

which will Tnot occur. . On the other hand, the method of .

Hatrison (1973) facilitates the calculation of: the mobilized:

which ate " then “used’ in computing t‘he’suxl resiatance.

However, even in this case; for large mcunatxons. o the

front  face, this _computed friction ,anglée turhs ‘out to be

negative and underesti.mates the pasuive resistanc

a" comparison of Harriuon s (1973) own jexpevimental resuua'

_with his predictions were 28% "higher. * A’ similac’ trenﬂ is

seen with the results obtained from this xnvaatigatxon. As

already mentioned, there ‘'i8 a present: need - to . develop' a.

suitable theory of earth.ptessure for walls of large

inclinations’and curved’ profilés:

The theorétical exprausion for * pasuve teaiutance

on the cylindric rodel (M5) was derived’ wsing the ‘approach

of Pratet (1975) in'Wicn the pressure on nine ‘shaft linings

has been examined. The rnults of horizontal force can be

given ast

! n"D.a tan (aw) cos, @ cos a . tan (a+¢) .
h T sin Ta=B) 6 sin (a-B) 28"

cos a sin cos_(a+ cos -
" -\—(-;:#—) CJ—F:{.T&)JL S b

. in‘fact; "
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whete y = unit weight of sand
o s a~
D "= depth of’ cuc .
« = fiiluve surfacs ‘inclination -to hcrizontal

p "=-alope angls of Beekeili]

¢ ='internal friction of sbil . -

wall friction

tadius ‘of cylinder o .

The above ‘spression can be minimized

‘to the' angle of inclination g of ':\pfauure uutface and the

passxve j{th preseu\"e computed. Fiqure 56 Bhaws that a qood

‘assumed to be bbtween '—iand -3

ith' respect

‘cq:rem/u n is obtained when thé mobilized £riction -angle is

. .t g
For t.'he .wedge shaped model (M6), 'passive .eatth-

pressures developed ‘on Both faces of | thewedge waze\éomputed
and the horizontal component in the directidn of travel ‘of

the model was .calculated using CDulom.b 8 methcd. There is a

. good correlation. between measured and - compm:ad values as

shown in/Fig. 57. ;

A\

v J
5.6 Application of 1 Results to the Scour Model

Results of laboratory, tests with models of

aifferent shapes has shown that the soil resistance varies’

with the keel Shape. Assuming the idealized pr smatic model

(Ml) ag the teference, the total forces on the dther.shapes

were ‘notmalized as ‘shown, in Fig. 58.. , From this"comparison,
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“keel~gradually 'bacema

stance on the modgls

it may be seen that. the total soil re

increases with an increase.in the inclination of .the front

keel. . For® the curved profile (M), n..' averaged ‘slope of

m. contact area ‘gradually decreases with increasing scour

depch. This is clearly unect.aa in the total load on tha

_model. A’ comparison of the loads on the curved keal (m) and

. the "60°.keel o)’ shows thuc ‘the total 1o.d on nm curvad4

:h. so" keal and

qqunl to. t‘hlt on

ﬂn.uy dzop: 'bd ow! i

In general el

such as m or M3 “nor are v_hey ux-xy r.o hnv= a eonv.x

.
‘cylindrical ‘face such.as model M5: - It is most ;Lxexy ‘that

u)my to be too much in error, peﬂmpl the uu-an- foft

nxuuﬁa scour a.pm- will “be nrginully on t_ha coni Cvative:

normalized ~ scour. :

Thus, -




e keel shape, this errot:is
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CHAPTER VI . . ": 2
SUMMARY AND CONCLUSIONS

| 5 5 -

.The results of the vesearch reported in this thesis b
_are part Of the ongoing projeét aimed at understanding . the
& % . . N
"geocechnica; .aspects of the phenomenon” of iceberg scourifig.

In the earlier ana'lyt'ical model '(chan 1979) it was assumed

that the iceberg velocity decreases linsarly auting the
‘pmceea of suouting- This ‘earlier model has ' now; besn y
Y

examxned further and using.a step by step iteration, .

technique,. 1E was found thit' the iceberg velocity. variation '

duriné scourlng is*nonlinear. The model (Chari 1979) ‘has now -
been extended to’ take into account 'thd ronlinear velocity.

rurmez parametric analyses show that under - the -combination -

of a set of eavi al.'pa the ai in the 5. %A

scour depth computations between the Llinear andvnanlineqr \

velocity assumptions could be as much as about 20%.

The scour potential of a capsizing -and bottom

.penetrating iceberg was examined and u.' was found  that ‘such

icebergs .could qause a long scour "track, er a pockmal'k on: the

. seafloor, dlpnnding o f.'he initial depth of panetratlon,

1ceberg size; rand the t.ype ‘of the ueafloor Uppet and I.owar

bound val.ues wa:e‘ aa:;buahad £or such 131:1;1 penetrntion
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'RPPENDIX - A

" COMPUTER PROGRAMS,




* C THIS PROGRAMME COMPUTES
C ‘SCOUR IN COHESIVE SOILS ACCOUNTING NON-LINEAR
C VELOCITY, AND INITIAL DEPTH OF SCOUR

OPEN(UNIT=20,FILE="T ANS', TYPE="

THE MAXIMUM DEPTH OF *

‘146

REAL LSTAR,L,LD, LNEW LDN,V,C,K K2,SLP, REP,DENS BW, KE,A,DRAFT
NEW')

086 ROW=1.025
. OPEN(UNIT=21 FILE="{CEBRG DAT", TYPE__'OLD')
READ(21,*) NDATA
DO 180 I=1,NDATA
READ(21,%) V,DENS,C,SLP,W,B/ gD,s FAC

AA DENS_=‘,DENS,‘ TAU="
CD=",CD,’ $=",8

..* - GAMA=DENS1005' . ' )
© ANALYSIS IS BEING DONE IN INCREMENTS OF LENG']‘H
. DL=50
'1=00 ’ a3 Dl

'VLIMIT=0.0001 .

30 K = 10/SLP + 1.0/REP 5 S ET
740 KE=W*V*V/(2.0%0.808) ra % oy
41A=2 BM‘(S‘W/(4‘3 14*8.8))*40.67 .

42 DR.AI-“I‘ =L 57'(3‘W/(4‘a 14°8. s))",ss A%

- LPRINT=L/100
TYPE*L,ES;] EP,EADD KE, V'NEW ESGUM SMEADD
L=L+DL
D=L/SLP -
G LD IS NOW- OBTAINED BY NEWTON R.APHSON METHOD
+ C. 3

’ BLMT—(GAMA‘sua*B/s wc-s'sfsnw.é)*sw e

_vom—

. SLP="SLP, |




FX/FDX
n mmwmn 1)GO TO 74

. N .
BH= L/§u+m/nzr+w/s1.p 3 . i

1
G .. IF(ES.GT.ENET)WRITE(20,%)

7

= 147
50FX = 20°K*K*LD**4 + 4D°K*KL*LD**3 + LD'LD*(2.0°K*K*L°L
2 +30°K*L'B/REP) - 3.0°L**3'B/REP, PS0'S'LL'B/REP
60 FDX = 8.0°K*K°LD**3 + 12.0°K*K*L .
2+ 20°LD*(2.0°K*K*L*L + ao'x'l.'n/nn’)
70LDN=1D-

76 HD = LD/REP + LD/SLP v F Ve,
' D1=S+L/SLP . ¢ g B o
\ K2=LD*K/(3+L/SLP) -
_GAMA‘(H-fS)"ﬂ‘B/z .042.0°C*D1*B+1. m‘c'm'm g I
TLIMIT=(GAMA*(H+5)**2*D1°B/6.0+ C*DI*DI*B+ - ) " i
1L 414‘C'D1"a/$ 0)*SLP H B
- TLIMIT=" TIMT‘FAC . S : sl
- LPRINT=L/1 A
m(mmrr'm.sq LORLLAST.GE. 100)TYPE?, = ,L,m,xz s i
LAST=L -
ES=TLIMIT-BLIMIT .
ETEMP=ENET-ES+0, s'cn‘nowuuvctm vou))“z'm.
VNEW=SQRT(ETEMP*2.0*9.806/W) . o o
IF(VNEW-LT.VLIMIT.OR ENET.LT.50.0)GO TO 06 Gl =+
'VAVSQ=((VNEW-VCUR)**2+(VOLD-VCUR)*2)/2.0 5 :
EADD=CD*ROW*A*VAVSQ/2.0*DL e
* ENET=KE-ES+EADD

OUTPUT INFORMATION

- IF(ESGT. * FOR L="L,'ES>ENET="ENET, DL="DL e
IF(ES.GT.ENET)TYPE*, L="1, FDRAG=" ,EADD/DL V= VNEW, ’ S
"RVSQ=",(VOUR-VNEW)**2,"P: - : .

:(_vcun VNEW)**2,"

IF(ENET.LE.ES) GQ/TO 80 - .
* ESCUM=ESCUM: i ” \
. ABI=ESCUM- . " .
SMEADD—SMEADD+EADD s
AB2=SMEADD . 3 : )
AB4=AB3/ABI*100 B o e
AB5=AB2/AB1*100 :
KE=ENET .




. LPRINT=L/100 P : i
: 10EQLIGOTOB * "~ . /- =
S h - IF(DLGE.L0)GO TO
IR IF(DLLT.LOANDL-LPASTLT.25) GO TO 85 _
g LPAST=L

C . Y s
C.' TYPE*/L="L FTDRAG="EADD/DL,V="VNEW,P="RESIST
-C 84 'rm'.us,u’m  KE,VNEW, D
20,*)L=",L,'V=",VNEW, P="RESIST,'WSOIL="ESCUM,
1 "FDRAG="EADD/DL,EDRAG=" 'SMEADD AB3:+ SMEADD
c

TLIMIT - - L i
90 wmmmmnmm.smncomns -
" IF(ENET.GTES)GO TO 85 |
L=LDL ¢
DL.EQ.1.0)GO TO 04, % i ’
(DLEQS5.0)DL=1.0 ' % Soeo S5l
(DLEQ.L.0)GO TO 95 - & i
94 IF(DLLT.5.0)DL=DL/10.0 e
96 L=I4DL . . . ey , ?
IF(KELE.0.0) GO TO 96 g _ Eon
TF(KE.GT.00)GO TO 49 - yer o 17
06 wnm:m *L="L,'D="D1, 'v—,vm:w ENET='KE !

!aﬁ!é




g . 4 N

* C'THIS PROGRAMME COMPUTES THE MAXIMUM SCOUR DEPTH
C FOR COHESIVE mL'HONAI-SOILTAKINGMOAQOOUNT
c NONIMVEDCH'Y -

REALLL1KE g
dOWON/BIDCI/C,PHID,SI.P,B,L,U,WO GAMAHD P
0PEN(UN]T=N§‘IIE='ICMG.ANS TYPE=‘NEW')

06 ROW=1025" " °

- . OPEN(UNIT=21FILE="ICEBRG DAT',TYPE="0LD')
READ(21;*) NDATA -
DO 180 I=1,NDATA
* READ(21,%) V,DENS,C,SLP,W,B,CD,PHID

’ DENS="DENS;' C="',C,’ SLP="5LP,
' CD=",CD," PHI=",PHID .

GAMA=DENS-10.05
DL=50

40 KE=W*V*V(2.0.806)
! o 41A = 2644°(3'W/(4°3.14'8.8))**0.67
43 DRAFT = LT'E"W/(4'3.14'8.) 3

VNEW=VCUR rr C R

5 LPRINT=L/100
i1, [} E‘,LES EP,EADD,KE,VNEW,ESCUM.SMEADD
8 L=L+DL . - :
49 - CALL SURCH B gy K 8
+ D=L/SLP . ; %
CALL RESIST




PNEW=P £
- : R
LPRINT=L/1
- ES=0. s‘(PNEW+POl..D)'DL
ETEMP=ENET- mo,s'cn'now'm(vcun-vom)--rm
VNEW=S5 42.0*9.808,

; IF(VNEW LT.VLIMIT.OR. ENETLT.50.0)GO TO 96
d VAVSQ—(WNEw:vcun)"zwomvmmwz)/zo
EADD=CD*ROW*A*VAVSQ/2.0°D]
© ENET=KE-ES+EADD . .
ISk OUTPUT INFORMATION ),D ;
IF(Eniel LT.ES)TYPE®, FOR L=, ES>ENET='ENET 'm_.={ L,L1="L1
IFENETLEES)GOTO {
2 ESCUM=ESCUM+ES.
.. SMEADD=SMEADD+EADD )
KE=ENET g g, ! .
LPRINT=L/100 * . b o ‘
TFLPRINT*I0EQL)GOTO 81 ~ ’ ‘
IF(DL.GE.1.0)GO TO 85 - : '
IFDLLT.LOANDL-LPASTLT%5) GOTO8S . .. 5 Tt 4
LPAST=L
TYPE*,L=~" L, FDRAG="EADD/DL, V=", VNEW, P—'PNEW, Li=" ,1.
WRITE(20,*)L=1L, V="VNEW, "WSOIL="ESCUM,
'FDRAG=",EADD/DL, EDRAG=" ,SMEADD  AB3+SMEADD .
.85 VOLD=VNEW e vd A
POLD=PNEW ~ n Xl
. IF(ENET.GT.ES)GOTO 05 :
90 * IF(VNEW.LT.VLIMIT. AND. DLLE.DLSTOP)GOTO 96 R P
IF(ENET.LE.ES .AND. DLLE.DLSTOP)GO TO 96 5 i

81

-

I=LDL e 5 ;.
IF(DL;EQ 5.0)DDL=1.0

IF(DL.EQ.L0)DDL=0.1
TF| 0.
TR




EN

SUBROUTINE RESIST _ :
REALLL1 . N ’
COMMON/BLOC!/C,PHID,SLP B L,L1,WO,GAMAH,D,P 4
TYPE*;C=",C,PHID,SLP,GAMA,B,DHWO,P.l

Q=WOo (

‘v 151
' -

Pl=3.1415027 =~ N s s
FAC=PI/180.0 : .

PHI=PHID*FAC . . 1

DELTA=DELTAD*FAC . . L LI
BETA=ATAN(L0/SLP) - _ ¢ s Co .
ALP=ATAN(1 .0/REP) . e ¢ . o B

mzqoo)comls B T L g a

TITA=TITAD*FAC. * 2 b e ]
INTTTA E'mzqon)co'ro w .

WO—Q-OE'GAMA"B*S!N(ALPi-BETA' ]
v 1Ll/COS(ALP)-(H+D)‘COS(’1‘ITA)/SW(ALP+T1TA))‘
2 (11/COS[BETAD* COS(TITA)SIN(TITA BETA)

W=GAMA'B*(0. S‘D‘D‘COS(BETA)‘COS[TITA)/SIN(TlTA BETA))
S=(B*D*COS(BETA)/SIN(TITA-BETA))*C P ;
88=(0.5*D*D*COS(BETA)*COS(TITA)/SIN(TITA-BETA))". ‘ '

\1 (C+AKO‘(GAMA‘D/30+WO‘SIN(TITABETA)/(B‘D'COS(TITA))) o]

*TAN(PHI). : A S ]
CCA-—(H+D)‘B‘CA -
P=((WO4W+(S+2. o‘ss)‘sm(mA)q-cc,x)'sm(mumnﬂsn o'ssy /
1 G()S(TITA)‘coe(t1t|+phl))/COS(DELTA+PHl+‘1‘[TA)

£ IF(P GE.PMIN)GOTO 12
1F(P.GT.0.0 AND. P. l.E.PMlN)'lMN——Tl’[‘AD
IF(P.GT.0.0 .AND. P.LEPMIN) PMIN=P * . : !
TITAD=TITAD+1.0 Pt
IF(T[TAD LT.50. o)co TOS s s




(i e
12 P=PMIN . Rl )
W15 mtlmqnow:on LT T
END : it v"'_ = %
sumzommsqucu
. * REALK,

gg:morv/mocn/crﬂmm.ﬁ.l..m.wo mm,n,n,p

F20°KMKPLI* 444, o-x-x'm.n‘umx-(z OKKLL . - .

1. 43.0*°K*L*B/REP)-3.0°L**3*B/REP /SLP g 1
FD=8.0°K*K*L1**3 + 12.0'K*K*L*L1°L1

=9 +z.o'u!(a‘qu«v‘1‘ + 30K

F)
E‘(ABS(ALU‘{‘;A) LT0.1)GOTO 15
c: ‘TYPE*L1,ALIN. ré

LI=ALIN S =T IR e s
'IPR.EQ.50)TYPE*, mnonm(cmm‘ : it Gt Eeen
10" CONTINUE J e 2 d Vet B e S e
1§ LI=ALIN C} :
“H=K'LL- " * : ;i
VOLF=LI1*H*B/2.0 A Gy B,
C ' TYPE*,/L="ALL1= ,AL!.'VOLF—' JVOLF -~ - - S

- WO—GAMA*VOLF S
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C THIS IS A GENEIMIJZED PROGRAMME FOR MODELS .

C M1, M2'AND M3 TO COMPUTE FRONT FACE RESISTANCE o
C USING ‘COULOMB'S METHOD. RHO IS FRONT FACE lNCLINATlON

(o] AI.L 'VARIABLES ARE SELF EXPLANATORY

OPEN('UNIT—ID FILE="EXP.DAT’ 'r\'PE_'oL‘n)

OPEN(UNIT=20 FILE='EXP.ANS' TYPE="NEW') ) N

READ(19,*)N

wnm;(ao 7)ALVO

o " FORMAT(2X,RECTANGULAR PRISMATIC'//, ’SC(&TR

.*1. LENGTH="F4:2,5X,VOL. OF OVERBURDEN="ES i
PHI=35.5%3.142/180.0" » y %
23.0%3.142/180 o
837+3.142/180.0 g
B.HO—O 0%3.142/1800 .
'C TOTAL WEIGHT = WT. OF VARIABLE WEDGE + WT. OF OVERBURDEN

" WO=GAMA*O . . -
"AD: 4 :
210 TIT. 'm‘AD‘am/moo -~
WW=G. (0. 5'(D'COS(BETA)]"Z'COS(RHO+T[TA)/
1 COS( 0+BETA)/ SIN(TITA-BETA)) - : 5
WT=) :
@ C "ww_ WO=" WO, 'WT="

Q=WO*COS(RHO+BETA)*SIN{TITA- BETA)/B/D/
1 COS(RHO-+TITA)/COS(BETA)
“FS=2.0%(WW/GAMA/B)*(AK0*(Q+ GAMA*D/2.0))*TAN(PHI)
 P=(WI*SIN(TITA+PHI}+FS*COS(PHI))/COS(TITA+PHI+ DELTA+RHO)
PH=P*CQS(RHO+DELTA)
‘G TYPE/Q='Q,FS="FS,'P="P P
: (20,0)TITAD, WO, WW,W,PH

9 FORMAT( FOR TITA="F4.1,2X, 'WO-—',E822X WW— ,EB.Z

1 2XWT="E82 2X,P="F0.4)
- TITAD=TITAD}1.0 ; , ‘ FE
/IF(TTTAD,LE.30)GO TO 10 i Tk &

CONTINUE i [ « il o

STOP . MR - e
UEND . L L
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C THIS PROGRAMME COMPUTES THE FRONTFAGE RESISTANCE
C FOR MODELS M1, M2 AND M3 USING LOGARITHMIC SPIRAL
C METHOD AND REFERRED TO AS TERZAGHI AND PECK METHOD. *

0PEN[UN[T=W,FILE=’EDCP.DAT',TYPE='OLD’)‘
' OPEN(UNIT=21FILE="EXP.ANS', TYPE='NEW’)
: OPEN(UNIT=22FILE='"WASTE.ANS', TYPE—'NEW‘)
=00.0

.

.

PHID: 5
GAMA=17.0

B=0.5 2 7
BETA=ATAN(1.0/35.0)
PI=3.1416927 ' .
‘FAC=PI/I80.0
ALP1=16.88*FAC
ALP2=27.84*FAG
ALPHA= *FAC
- PHI=PHID*FAC

' READ(20)N

DO 10 I=LN
READ(W,‘)ALVO
WO=VO*GAMA r
D=AL/350

DO 10 J=1,118

~~ . TITAD=J-26 e et

TITA=TITAD'FAC
* AB=D/SIN(ALPHA) - | )
. ETA=PHETITA 1 b
. ANGOAB=ALPHA-(TITA+P1/2.0-PHI)
mTey,

[ TITAM=PL- ANGOAB—ANGOBA o N oy

delta=23.0%ac
DELTAD=DELTA/FAC ¥
ALP3=PLALPI-(P1/4.0+PHI/20) .

" ALP4=BETA+ALP3-PI/2.0
ALP5—ALPHA-PI/2.0+DELTA . o
AO=AB*SIN(ANGOBA)/SIN(TITAM) J e )
RO=AO CI (N

—RO*EXP(TITAM*TAN(PHI))

Bc'sm(m/wwm/zo)/an(ma) W
BC*SIN(ALP1)/SIN(ALP3) ;-
CD*SIN(ALP3)/SIN(ALP2)

cn*sm(?m O+PHI/2.0)/SIN(ALP2)




XA=0.0

YA=00

XB=D*SIN(ALPHA-PI/2. 0)/SIN(ALPHA) .
YB=D

XO=XA-AO*SIN(ETA) : :
YO=YA+AO*COS(ETA) d ek
XC=XB+BC*COS(ALP1-BETA)
YC=YB-BC*SIN(ALP1-BETA)
XD=XB+BD*COS(BETA)
- YD=YB4BD*SIN(BETA)
XE=XD+DE*COS(BETA)
YE=YD+DE*SIN(BETA)
XF=XC+{XD-XC)/3.0

(C+(YD-YC)/3.0
XG=XC+(XD-XC)/2.0
YG=YC+(YD-YC)/20,
XH=XA+(XB-XA)/3.0
YH=YA+(YB-YA)/3.0

—_—

c 4

| XI=XA+(XB-XA)/2.0

* YI=YA+(YB-YA)/20. ,
XABO=(XA+XB+X0)/3.0
YABO=(YA+YB+Y0)/30
XBCD=(XB+XC+XD)/3.0

.+ YBOD=(YB+YC+YD)/3.0

CCGACBO=4.0*RO*TAN(PHI)/3.0/(EXP(2 O‘HTAM‘TAN(PHI))-I)
1 *(3.0*TAN(PHI)*SIN(TITAM+ETA)*EXP(3.0*TITAM*TAN(PHI))
2 | -COS(TITAM+ETA)*EXP(3. mmmwwmm»aowwmmr
3 SW(ETAHCOS(ETA))/(I 0494 o‘TAN(PH])‘

XACBO—XO+CGACBO

AABO=(XA*YB-XB*YA-+XB*YO-XO*YB+XO*YA-XA*Y0)*0.5
ABCD=0.5*(XB*YC-YB*XC+XC*YD-YC*XD+XD*YB-YD*XB)
AACBO=R0*2/4.0/TAN(PHI)*(EXP(2.0* TITAM*TAN(PHI)}-1)
FG=0.5*GAMA*CD**2* TAN(PI/4.0+PHI/2.0**2
Q=WO/(B*(BD+DE))
FQ—Q‘TAN(P!/4 0+PH|/2.0)’ +9+CD
" AMABO=AABO*GAMA*(XABO-X0)
AMACBO=AACBO'GAMA‘(XACBO—XO)' .
AMBCD=ABCD*GAMA*
. AMFG=FG*COS(ALP4)*(YO-YF)+FG*SIN(ALP4)*(XF-XO)
AMFQ=FQ*COS(ALP4)*(YO-YG)+FQ*SIN(ALP4)*(XG-X0)
/PG=(AMACBO-+AMBCD-AMABO-+AMFG)/(COS(ALPS)*(YO-YH)
1 SIN(ALPS)*(XH-XO)) .
PQ-—(AMFQ+Q‘BD‘((XB+XD)/2 0:30))/(COS(ALPS){Y-¥1)

l
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‘1 -siN(Al;Ps)'(m-xo)) e 5 o
P=PG+PQ

) -

- PH=P*COSALPS) .
PH=05*PH

WRITE(21,4AL, TITAD,DELTAD,PH il
TYPE*,AL, TITADDELTADPH | 4
CONTINUE -

/- ‘
/
v/
) ‘ \
PR :
2 ] g
) 3
4 = . «
g 3
N .
3
! P “
¢ ' \
. - .
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C THIS PROGRAMME IS USED TO COMPUTE FRONT FACE RESISTANGE
C. OF MODELS M1, M2 AND M3 WITH SLOPING BACKFILL AND

C SURCHARGE USING HARRISON'S METHOD.

C FOR NOTATION, PLEASE REFER TO TEXT.

Bt . )
OPEN(UNIT=20,FILE="EXP.DAT", TYPE="0LD")
OPEN(UNIT=21,FILE='EXP.ANS",TYPE='NEW")

PHID=35.5 © 4
ALPHAD==150.0 )

BETA=ATAN(LO/350) . . . . =~ —— -
21,5)ALPHAD Y -
C°  WRITE(1,6) F .

%' FORMAT() 5%/ INCLINED PROFILEF5.1,7)
6 '~ FORMAT(5X,'LXO,YOXC,YCXD, YDXE, YE/ TITA, DELTA, m',/)
PI—3.1415927

FA(
. PHI=PH]D‘FAG v
ALPHA=ALPHAD*FAC.
ALP1=ALP1D*FAC )
ALP2=ALP2D*FAC ¢
READ(20,*)N .
° DO 10I=1,N : @
20,4)AL,VO o
_\D=AL/35.o-v ey s, vy o o b o
WO=VO'GAMA . W F o

ETA=PHI
TITAM=P1/2/ OPHEALPI4BETA -
ALP3=PI-ALP1-(PI/4.0+PHI/2.0) . ) —

ALPG=BETA+ALB3-PI/2.0 i 2
- ALPH=ALPG

BO=D/COS( : ; Wy
RO=BC S - A
BD==R0*EXP(TITAM*TAN(PHI)
 BE=SIN(PI/4.0+PHI/2.0)*BD/SINALPY) .

DE=SIN(ALP1)'BD/SIN(ALP3) :
EF=SIN(PI/4.0+PHI/20)'DE/SIN(ALP)




R - 158
BF=BE4EF ) 3
¥ g g -5 ®
XA=0.0 . 4 e P
YA=00
X‘B=D‘SIN(ALPHA PI/2.0)/SIN(ALPHA) .

xc-)cs+ac‘sm(1>m) <

YC=00 5o
XD=XB+BD*COS(ALPI-BETA)
YD=YB-BD*SIN(ALP1-BETA)

XE=XB+BE*COS(BETA)

YE=YB+BE*SIN(BETA)

XF=XB+BF*COS(BETA) - * ™ .
YF=YB+BF*SIN(BETA) 3
XG=XD+(XE-XD)*1.0/3.0

YD+(YE-YD)*1.0/3.0

HXEXD)*10/20 .. [ [
' YH=YD+(YE-YD)‘1.0/2.0 el SR

XBDE=(XB+XD+XE)/30 - _n/\) e
ccncnqo*nu‘Tm(Pm)/ao/(m(zo* TAMSTANPHI)})
1, *3.0*TAN(PHI)*SIN(TITAM+ETA)*EXP(3.0*TITAM*TAN(PHI)) *

2 -COS(TITAM+ETA)'EXP( 30"1’1TAM‘TAN(PHI))-30"I‘AN(PHI)‘ '
3 _SIN(ETA)+COS(ETA))/(1.0+6.0*TAN(PHI)**2) .

* XBCD=CGBCD+XB

ABDE=ABS(0.5*(XB*YD-XD*YB+XD*YE-XE*YD-+XE*YB-XB*YE))
AABCD=ABS(R0**2/(40*TAN(PHI))*(EXP(2.0*TITAM'TAN(PHI)}-1))
AABC—ABS(O s'()wmvmmnmwc,w'xc»rxmu YC‘XA)) .

FG=0. 5‘GAMA‘DE“2‘TAN(‘P]/4 O-+FHI/2. u)“z
‘Q=WO/(B*(BE+EF)) - “
Q—Q‘TAN(PI/4 O-+PHI/2. 0)"2‘DE a3 S
‘AMBDE=ABDE*GAMA*(XBDE-XB) - i .
AMBCD=ABCD*GAMA*(XBCD-XB)
AMFG=FG*COS(ALPG)*(YB-YG)+FG*SIN(ALPG)*(XG-XB)
AMFQ=FQ*COS(ALPH)*(YB-YH)+FQ*SIN(ALPH)* (XH-XB)
PPG=(AMBDE+AMBCD+AMFG)/(2.0/3.0*BC* COS(PHI))
PEQ=(AMFQ+Q*BE*(XE-XB)/2.0)/(10/2.0*BC* COS(PHI)
PP=PPG+PPQ %
TITA=(270-2. o'ALPEAl}PHﬂJ)‘FAC . -

" TITAD=TITA/FAC vt




. ) DELTA—ATAN(S!I‘J(‘ITI‘A)‘SN(PX-II)/(I NCOS(ﬂTR)‘Sm(Pm)])
ik IF(DELTA/FAC.GT.23.0) DELTA=23:0°F.
L - IF(DELTA/FAC.LT.23.0) DELTA=-23. b*mo
- ' DELTAD=DELTA/FAC
$ s g P—oos(Pm)‘(PP+MBc'GAMA'7AN(me COS(ALPHA-
| “ +1 PI/20+DELTA-PHI) -
e Pn_P'cosw.Pmrl/z
i -- PH=PH*
; © € WRITE(2L nnxovo,xcvc,nmm,)mmmmpmwmm PH
7 FORMAT(2XP4.2,§2X.F6.2)2X Fi3,2 F6 225X F62F8.4)
TYPE*, AL, ALPHAD DELTAD, PH="PH
" WRITE(21,9AL, ALPHAD DELTADPH
8/ FPORMAT(2X/L="F4.1,2X, ALPHA— F6.
| SPHRY)

TYPE*, 'ALPHA JALPHAD, 'TITA 'l‘ITAD 'ET
TYPE*, TITAM="TITAM/FAC, ALP3—"ALP3
TYI’E‘ s ALPG=" ,ALPG/FAC ' ALPH=",ALPH/FAC
BC, 'BD—’ BD ’BE-—' BE. 'DE:‘,DE 'EF =

DELTA)

[e¥oNeNoNol O:'Q'-G [sHeNoNoRoRoKoNoNoYoN

TYPE*, ’AMBCD—— "AMBCD, A.MZBDE—-Y,AMBDE,AMFG,AMFQ 3

" 10 IF(DELTADLT-240 OR.DELTADGT.24) TYPE*NO VALUE'
STOPN , 4 e al e g o
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T3 * " G'THIS PROGRAMME IS SET TO, cowum FRONT| FACE RESISTANCE OF .
""" C"CURVED PROFILE (M) USING THE PRINCIPLE OF HARRISON (1073):

. ./*C THE CURVED PROFILES APPROXIMATED AS INCLINED PLANE -
-1, . C SURFACE HAVING THE AVERAGE INCLINATION OF CONTACT .~ i

: W,
f = ~ 'S .
E o o~ .
/- = <
y ILE: EXPDAT' TYPE='0LD') i
* OPEN(UNIT=21, FEE—'E(P.ANS' \TYPE: NEW‘) A
; PR ol . ¥y
PH]D—355 . p

B=05, VT
-1 BETA=ATAN(1.0/35.0) i . 1
. WRITE(21,5)- i g pn wle et
"WRITE(21,8)' P . .
- FORMAT(/ 5X, CURVED PROFILE'F5.1,/)
- FORMAT(5XLXO, YOXC, YCXD, YD,XB,YE 'I'lTApELTA,PH',/)

55,

-G 'THE POINT OF. APP]JCATION OF RESISTANCE,, cowum) mowg
C MEASURED'PRESSURE DISTRIBUTION 1S SUPPLIED w
READ(20, ‘)AL VOGR!
D=AL/35 L

WG—VO‘GAMA

) g—sqn’r(om(o w)“z)? !
. ALPHA=PL-ATAN(YB/XB)
. ALPHAD=ALPHA /FAC
OMEGA—ATMI()CB/(OS-D))
* OMEGAD—OMEGA/FAC

'ETA=PHI® . "

"AM=P1/2.0.PHI-ALP}-+BETA '~
501 B R 32 1-mx(1>1/4o+1=m/y)) ¥
; _, ALRG=BETA+ALP3-P1/2.0




& . .
1
M%cm
‘BD=RO*EXP(TITAM*TAN(PHI))

i M{HI&NPHI/&O)'BDISN(MPS) il Sty
DE:SIN(ALPI)‘BD/SIN[ % 24—
EF—S’!N(PI/‘NPI’H/‘LO)'DE/SIN(M)  aar VR %Y
BF=BE+EFy’ S ] S s L PR

XA=00

y XC—XB-Q-BC'SIN(PHI) . SRR
Y0200 .
M+BD‘COS(ALP1-BEI‘A) K
“ YD=YB-BD*SIN(ALP1-BETA)
XE=XB+BE*COS(BETA) .

" YH=YD+(YEYD)'1.0/20

XBDE—D(BQ-XDO»XE)/S 0
CGBCD=4.0*R0*TAN(PHI)/3.0/(EXP(2. oqﬂAM‘TAN(PHI))-l)
l *(3.0*TAN(PHI)*SIN(TITAM+ETA; &O‘TI’I‘AM‘ TAN(PEI))
-COS(TITAM+ETA)*EXP(3.0*TIT.

XBCD=CGBCD+:

' a 30*TAN(PHI)* SIN(BTAHCOS(ETA))/(I 0+9.1 II'TAN(PHI]“ﬂ)

. ABDB—ABS[D S'Om‘YD-’D‘YN)ﬂ)‘YE-)CE'me‘YB-XB‘YE)]
ABCD=ABS(R0**2/(4:0* TAN(PHI))*(EXP(2. D‘TEAM‘ o
1° TAN(PHI)1))

AABC=ABS(0.5*| (XA‘YB-YA'XB-O-XB‘%—YB‘X(HXC YA YC‘XA))

e

e COFAR=OMEGA0.09/2.0.0. S*000SIN(OMEGA)

M’BC=AAaocm-‘An

B ‘ ®
FG=0. s'GAMA‘DE“z'TAN(PI/A 04PHI/2. o)“:t. '

Q=WO/(B*(BE+EF))
; m—qtrmm/q owmn 0)**24DE




. AMBDE—ABDE*GAMA*XBDEXB) .. ~ * .=

G‘COS(ALPG)‘(YB—YGHFG‘S!N(ALPG)‘(XG-XB)
‘Q*COS(ALPH)*(YB-YH)+FQ*SIN(ALPH)* (XH-XB) .
(AMBDE+AMBOD+-AMFG)/(2.0/3.0*BC*COS(PHI))  *
PPQ—(MQ+Q‘BE‘()CE—)(B)/2 0)/(1.0/2. O‘BC‘COS(PHIJ)
PP=PPG+PP
ALPHAD=180.0-OMEGAD*CGF
© . .. ALPHA=PI-OMEGA*CGF - .
. TITA=(270-2.0*ALPHAD-PHID)*FAG :
. "TITAD=TITA/FAC
o0 <t DELTA=ATAN(SIN(TITA)*SIN(PHI)/(1 o+cosmTA;'sm(Pmn)
“ .. .JF(DELTA/FAC.GT.23.0) DELTA=23.0'FAC
“ IF(DELTA/FAC.LT.-23. o) DELTA=-230*FAC »
i  DELTAD=DELTA/FAC
Nl B P—GOS(PHI)'(PP+MBC‘GAMA‘TAN(PH]))/GOS(ALPH_A
’ 1+, P1/2. 0+DELTA+I’HI)
PH=P*COS(ALPHA-P1/2.0+DELTA)
o PH=PH'B
WRITE(21,7)D,X0,Y0,XC,YC XD, YD XE, YE, 'm‘AD,PHm DELTAD,PH *
7 - FORMAT(2X F4.2,8(2X F6.2),2X,F6.2, ax,l?e 2,2X,F6.2,F8.4)
. TYPE* AL, ALPHAD, DELTAD, PH="
WRITE(21 8)AL,ALPHAD,DELTAD;PH
: FORMAT(2X, L='F4.1, 2X,‘E UIVALENT ALPHA="F7.2,2X,
: 1 'DELTA='[F8.2,2X,'PH="

®

¢ c \
H ‘C.- "TYPEY’ALPHA=',ALPHAD, '1‘xTA— TITAD, ETA=" ETAIFAC'
| ey TYPE',’TITAM TAM/FAC, ALP3=" ALP3
i G G/FAC, ALPH=" ALPH/FAC
L c 'DE=",DE,'EF =" ,EF'BF_ BF
1y C.
i c !
I . =0
1 Cv XE, it
& [ E*XF="XF,"YF="YF 2
i " E* XG="XG, YG= YG
‘( 4 [ TYP =" XH,"YH:
1o g .C  TYPE''AAB ,AABC ABCD—',ABCD 'ABDE_  ABDE t
i 'C TYPE*FG="FG/FQ='"FQ 5
: C . TYPE* 'WABC='AABC*GAMA,' WBCD=',ABCD*GAMA, WBDE=",GAMA
; ' C* TYPE*'AMBCD="AMBCD,'AMBDE=',AMBDE,AMFG AMFQ .
a C - -

/

'10 - IF(DELTAD.LT.-24.0 iOR. DELTAD.GT.24) TYPE*,NO VALUE'

i
{
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C THIS PROGRAMME CALCULATES FORCE ON THE

. C CYLINDRICAL MODEL. COULOMB'S METHOD IS USED
C ON SIMILAR LINES SUGGESTED BY

© PRATER. SLOPE OF BED AND SURCHARGE AREGONSIDERED,

,FILE=" EXP.DAT‘ , TYPE="OLD’)
T 0PEN(UNIT=21,FH.-E= EXP.ANS', TYPE='NEW’)
% e * OPEN(UNIT=22,} FILE=EFFORT.ANS' TYPE—‘NEW')
PHID=35.5
DELTAD=23.0

i

]

|

{

SYEFE Ple3.1415027 Ly = :

I ; FAC=P1/180.0. : g
|

i

i

PHI=PHID*FAC - - 3
DELTA=DELTAD*FAC . B ,
READ(20*)N = - &

DO 101=1,N g
READ(20,*)AL,VO . 7 ~
WO=VO*GAMA /. = WA .
PMIN=1000 e =
D=(AL-0.125)/35.0 (
ALPHAD=5 " -

t - :TRMI=COS(ALPHA)*COS(BETA)/SIN(ALPHA-BETA)
! *GAMA*(D*#3/6.0*TRM1**2+D*D*0.25/2.0*TRM1)

&

| ) 'mm COS(ALPHA)*SIN(BETA)/SIN(ALPHA-BETA)-
- T=AK0*GAMA*D**3/6.0°TRMI*(1.0-TRM2)

', P=(WT*SIN(ALPHA+PHI)-F*COS(ALPHA+PHI))/ T
‘I COS(ALPHA+PHI+DELTA) o
g . 'PH=P*COS(DELTA)
IF(PH.LT.0 :OR. PH.GT.1000)GOTO 20 )
. C. .IFPH.GT.PMINJGOTO 21 ol
IF(PH.LE.PMIN)ALPMIN=ALPHAD ,

. 21° WRITE(21, 22)AL 0 Lﬁl
° 22 FORMAT(EX L 2X 'VOL CHARGE=" F9.7,2X, -

1

‘164

IF(PHLEPMIN)PMIN=PH - u ' #
G WRITE(22,*)AL,ALPHAD,PMIN PH &
' ALPHAD=ALPHAD+1 : -
2  CONT!

s
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C THIS PROGRAMME CALCULATES THE FRONT FACE RESISTANCE
& C. FOR MODEL M8 USING COULOMB'S METHOD. THE COMONENTS
| C OF AND FRICTIONAL RESISTANCE ON TWO INCLINED
| C 'FACES IN THE DIRECTION OF MOVEMENT IS CONSIDERED. - e
: 2 OPEN(UNIT=10,FILE="EXP.DAT" TYPE=‘OLD‘) J .
OPEN(UNIT=20 FILE="EXP.ANS", TYPE="NEW") Py
! READ(19,*)N ' S el
5 DO 5]=1N . ; i, B
g READ(19,)ALVO ___ ’
) 7

0=0.5
B=0.25/COS(67.5*3.142/180.0)
RHO= ‘e ) — . . 3
D=(AL-0.302)/35.0 b T . |
. . VO=VOo/20 d N : -

WRITE(20,7)AL2.0%VQ - * ®
7 . FORMAT(2X,'TRIANGULAR WE.DGE',//,‘SOOUR LENGTH="F4.2, sx, . .
" 1 'VOL. OF OVERBURDEN="ES.2) &
.543.142/1800  °
23.0*3.142/180 ®
] . BETA=1.637*3.142/180.0
£ . RHO=RHO*3.142/180.0

C TOTAL WEIGHT = WT. OF VARIABLE WEDGE + WT. oF OVERBURDEN

10
o & WW—=GAMA*B*(0. 5'(D‘(X)S(BETA))"?‘COS(RHO+’HTA) e
b * 1 /COSRHO+BETA)/ SIN(TITA-BETA)) g - .
S WT=WW + WO ~ ]
=" WW,'WO=" WO, WT="WT i
WT‘SIN(TITA+Plﬂ))/COS(TlTA+PHI+DELTA+RHO) : il
: PH=P*COS(RHO+DELTA) _ i i
3 C ** FOR TRIANGULAR PRISM .
© | " PH=PH*0.77402.0 :
i ¥ -WRITE(2000)TITAD, WO,WW WT,PH
%, .9 FORMAT(FOR TITA:
i 1 E8.2,2X'WT="E8.2 ;2X, ,Fo 4) . ' " .
TITAD=TITAD+1.0 - ¢
IF(TITAD.LE.30)GO TO 10 2 . ¢ e
' CONTINUE

. STOP . . - :
END =
%
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10-32 THD. x !S mm D;EP
IIOUN'IING

3opokp- ey T
SCALE:.FULL SIZE
un.ler Model.912 uuuu Dynamic Load c.u a)

sEcxficutionl g . " .

Range: , Gompression * . 5000 1bs (2268 kg)
R-tolution R =S -0.002 b (0.9 gr)

Overload 20%

Sensitivity (nominal) : 50 pcb/lb (110 pcb/kg’

Resonant frequency (nollinal) = 70,000 H ..
(no load) . . -

Rigidity - . 20x1078 in/1b (1x10~8m/kg)

Rise time 5 microsec

Linearity (zero based best
straight line)
omi.

*Capacitance 58, picofarads

Insulation ri 10%3 ohms g

Temperature 0.01% per *F gy

Temperature range g -400 * to 300°F -,

side force (maximum) . 100v 1bs (45 kg)

Shock and vibration 10,000 g o

Cable connector, side canhx, - 10:32 thread = | -
teflon insulation \ ) . z

Case materials 416 S§S, 17-4PH 88 . —

Weight - o S o046 oz (17 gm) i,




K
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' m-;‘g THD. COAXIAL CONN. ]
) 050in HEX
-l , 0.56in_dio. ACROSS conusns
38mm :
| 9im _\lIZ"‘In-Z.D:THD,J : E ;
. 64nm :
» ’ S 5 X
= PRESSURE _TRANSDUCER
i | SCALE: FULL SIZE -
xuuer Hodel. 6061&/6061.. Quartz Pressure Transaucer’ Lo Y g
sEecxfic.nonn 606A* i ,
Range full scile 7 - \\ 3000 psi (21 Mpa)
Resolution 0.005 pai (0.03 Kpa) | S
Maximum pressure 5000 psi (34 MPa) X .
Sensitivity (nominal) 5.5 pcb/psi (o 8 pcb/KPu) 1 !
Reaona\x;{nquancy (nominal) - 130 kHz .

Rise time

Linearity (zero based Best
straight line)

Capacitance (nominal)

Insulation resistance

Acceleration sensitivity

. Temperature effect on

sensitivity
Temperature range
Shock, 1 ms pulse width
Case material -
Welght .

*Model 606!. is identicnl £0-606K axcapt for ranga of 30 pll \
and maximum pressure of 300 psi -

267 xea . . g
‘300 psi oqunl- appraxuutely 2068 KPa

30 psi equals approximately

3.0 microsec
1%

gicoiaradl

ohms .

<o 005 pni/g (u 03 KPa/g),
<0.03% per

-350° to +450°F
moo g

os:u(ugm) 5 ngh ’
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. mmnm'xou . . 5 L

All the p\'eulul‘a transducers and-load celll uled in

this investigation were originally factory calibrated and

“were racal.i.br!t.d by Chari (1975) and Green (1934) : However,

the calib!ation was rnchhckad both at t.‘he beginnlng and end

o! the exp-rimnul wo !.oad cal.l.e were subjecnd to

atvect compressive axial force “using Inktron ra-ung Hachlnl.

Keeping . the un\pliﬂ.nt under long” tine, cenutant, a . static

force was applidd in 1nc=amenu of 1.KN, -over sufficient |

lungt.h G "gime and’ the. was. ionitored

\tranlduclrl wete ulibtateﬁ using .a piston activated oil

pressure chamber and also by using a mercury column. In all

the tep-tidon-, good “cons: ltehcy was ‘observed Lnd.tmting the

L A %
















	001_Cover
	002_Inside Cover
	003_Blank Page
	004_Blank Page
	005_Title Page
	007_Abstract
	008_Abstract iii
	009_Acknowledgements
	010_Acknowledgements v
	011_Table of Contents
	012_Table of Contents vii
	013_Table of Contents viii
	014_List of Tables
	015_List of Figures
	016_List of Figures xi
	017_List of Figures xii
	018_List of Figures xiii
	019_Notations
	020_Notations xv
	021_Notations xvi
	022_Chapter I - Page 1
	023_Page 2
	024_Page 3
	025_Page 4
	026_Chapter II - Page 5
	027_Page 6
	028_Page 7
	029_Page 8
	030_Page 9
	031_Page 10
	032_Page 11
	033_Page 12
	034_Page 13
	035_Page 14
	036_Page 15
	037_Page 16
	038_Page 17
	039_Page 18
	040_Page 19
	041_Page 20
	042_Page 21
	043_Page 22
	044_Page 23
	045_Page 24
	046_Page 25
	047_Page 26
	048_Page 27
	049_Page 28
	050_Page 29
	051_Page 30
	052_Page 31
	053_Page 32
	054_Page 33
	055_Page 34
	056_Page 35
	057_Chapter III - Page 36
	058_Page 37
	059_Page 38
	060_Page 39
	061_Page 40
	062_Page 41
	063_Page 42
	064_Page 43
	065_Page 44
	066_Page 45
	067_Page 46
	068_Page 47
	069_Page 48
	070_Page 49
	071_Page 50
	072_Page 51
	073_Page 52
	074_Page 53
	075_Page 54
	076_Page 55
	077_Page 56
	078_Page 57
	079_Page 58
	080_Page 59
	081_Page 60
	082_Page 61
	083_Page 62
	084_Page 63
	085_Page 64
	086_Page 65
	087_Page 66
	088_Page 67
	089_Page 68
	090_Chapter IV - Page 69
	091_Page 70
	092_Page 71
	093_Page 72
	094_Page 73
	095_Page 74
	096_Page 75
	097_Page 76
	098_Page 77
	099_Page 78
	100_Page 79
	101_Page 80
	102_Page 81
	103_Page 82
	104_Page 83
	105_Page 84
	106_Page 85
	107_Page 86
	108_Page 87
	109_Page 88
	110_Page 89
	111_Page 90
	112_Page 91
	113_Page 92
	114_Page 93
	115_Chapter V - Page 94
	116_Page 95
	117_Page 96
	118_Page 97
	119_Page 98
	120_Page 99
	121_Page 100
	122_Page 101
	123_Page 102
	124_Page 103
	125_Page 104
	126_Page 105
	127_Page 106
	128_Page 107
	129_Page 108
	130_Page 109
	131_Page 110
	132_Page 111
	133_Page 112
	134_Page 113
	135_Page 114
	136_Page 115
	137_Page 116
	138_Page 117
	139_Page 118
	140_Page 119
	141_Page 120
	142_Page 121
	143_Page 122
	144_Page 123
	145_Page 124
	146_Page 125
	147_Page 126
	148_Page 127
	149_Page 128
	150_Page 129
	151_Page 130
	152_Page 131
	153_Page 132
	154_Page 133
	155_Page 134
	157_Page 135
	158_Page 136
	159_Page 137
	160_Chapter VI - Page 138
	161_Page 139
	162_Page 140
	163_References
	164_Page 142
	165_Page 143
	166_Page 144
	167_Appendix A
	168_Page 146
	169_Page 147
	170_Page 148
	171_Page 149
	172_Page 150
	173_Page 151
	174_Page 152
	175_Page 153
	176_Page 154
	177_Page 155
	178_Page 156
	179_Page 157
	180_Page 158
	181_Page 159
	182_Page 160
	183_Page 161
	184_Page 162
	185_Page 163
	186_Page 164
	187_Page 165
	188_Page 166
	189_Appendix B
	190_Page 168
	191_Page 169
	192_Page 170
	193_Blank Page
	194_Blank Page
	195_Inside Back Cover
	196_Back Cover

