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_NOTATIONS , PR

- . ’ PR . L ot

_l‘” The symbols llsted below and used ln thlS the51s ‘.. o "f :ii
‘Z.y ) “'l‘ oL
generally conform to those suggested by the Amerlcan Soclety ;

of C1v11 Englneers (Nomenclature for soil mechanlcs, Joﬁrnal hfﬁ

J .t_« ~
”

B FEE A‘,_v R f“" ©
and the Canadlan Geotechnlcal Journal., They are also deflned

\when they flrst appear 1n the text.: SI Unlts are usedlzhfoughout. g‘ é ;
“'vertlcal surface area of the object in - contact w1th fflefﬁfgb.
Solli .": ",_". "‘_’: . , " . - ot ,‘\. . ,,':.‘ ' . , _ ' ‘(4‘ ;‘

pro;ected area of the base bf embedded object ,"3~;”A.. - 3%;

)

'3 3 4

a Sl . . R g S o
;,max:(— horlzontal progectlon of max1mum contact area Y o I
Wt (Y - “ :'i

AS e srde surfaceqarea of fallure prlsm , S RS A 'f}-ﬂ
IR 4 N LA -, P Lot N o '.~""'_

U e e e e S T C C
=x;~;;_ base surface area of fallure prlsm sg_a - _"' ﬂi o e 7

N '."l . . " .".'v4""? : }4 “ a "".l ‘.":f

A ; - AN -

. . ‘ DA ;
B u},f 5011 buoyancy force B T Tt 4
’Bw-,, - water buoyancy force N . ;_‘ E - “%bs;_ L
- “'“,f O K Y k "‘ ’ ’ L ; o C i\l ’ "1\'1' oL " N
,QA'~'r vertlcal component of adhesron along s01l—object R
*.'r.'f : . IR T A A

ST interface ,'{;"--Vm” f;i'.}f‘iﬁl‘ﬂ 4‘,{¥f”~'fg,'“#

v

ﬂ o R ) . Low
Ay oy . PR . ". A B
-
. .‘ . . ; N

?'t&:'f vettrCal component ‘of adheslon on the top curved

A . Q . (‘x. coe ,,.'. 3 .|... -

L surface of the object e

. i
Xty ,
y . SRR - .
% e T M .
, q . TR
K N * '.' ! .
. - v . Vo ‘
. N », !
P : 8
ot xiv
: W . o '
u
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R
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. i ’ D ¥ L . - . : = : .f N .
c - unit sé‘i‘l c‘iShesi'd'ni TR e ) SRR
. M ' ‘ p by ar B [ OF ¢ LA ’ o
N A L] . 1 S
é : un1t soil coheslon averaged over embedment depth N A R
3 ,c_a,' e unit 5011 adhes:.on averaged over. embedment depth oL i
along vertlcal object-sml mterface it £ CEE TR RE L T R

unlt cohesmn at base 1eVel of the embedded object P

"undra\ned shear strength of clay

I
\-,'

: : _14—‘brea‘kor1t force e i
: i applz.ed fbrce to brea.kout
FIb lmmedlate breakout ferce
8 T S e bxemﬁt‘: N
:‘; R iy Fr —‘ k ! . “.‘-: 3 _'_'~
A pu - a dlm.ensaon.'re.ss ar'ametc;r.l (-1 'u;xg’.) '
. _ . : aeceleratlon due to gravrty :,_ " s "
v 'L“ objec;t length T
k. 5, ,P - add;Lt:Lonal 1oad to pull out or breakout ,
w, : Ps base suction f.erce. J :;‘_:_..f " :._ = :H X
' SN .Pfsj.. : .‘ ‘unlt baee euetroh = -';.1?-‘ .,,'_,‘".'"«'
| | ‘, - umt ultmate upJ:rft res:.stance. L
:'. 2 qd - e averaée ':s_upbor_tin?‘ p‘ress_l?rehprdvﬂlwded by 3011' to *.
kg B ma1nta1n embedd,ed bbject in eqdil:.bmum K
I =F soil shearmg Ireéletanc:e alox;g faJ.lure piane v,

.

resultant force actmg on an ob]eCt settl:.ng on'



.6@ kﬁ

kA

e '.H 3 o . .‘,"_: : by I ' a
R . . ce o .', i 5 ‘ ) . ..
ey, leat e TR "2 Lo SN
s I R ; T ‘ e S
Rl . ' ¥ . - :Jg'{:f. ﬁj_ﬁ‘"‘f :
. 4- ' ; d a . ’ . oy 'A‘. . :;- S _1 R
' o ’ o N ; . . ‘" . : i" ° : e &
e K . R ' . - » o e o ‘;
. L ST . . -, o ! t N .
- . = ' .. ’r - N ':_ fe- Yo Pt
L ' . I S 5
s Rv- - vertlcal component of R RN ton AR
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representatlve undralned shear strength of 5011 ?gu:;f:“wrf E::

~cable 1n alr ﬁ{AQ?

; - = RS o
S " breakout n . : L ) - ‘
. L o : o A PR .
g o : SR O M N ' w ol
‘ 5 j 5011 buoyancy ‘.’A-- Cel o *
e . [N ,' A T, e v ~. .
RN PR : wgﬂ,.m) TR .
o adhe31on to cohe51on ratlo “.\fga5.2¢ iy zi,i
. ERRPREET I a dlmen51onless parameter ( 5 ) S e o
- . . "‘ . ) N R . . . Ty ’ .o ) K - - ¢
AN ~, - . U e
«,X(j average saturated unlt welght of soxlf,,..,xlg_;~h )
- 850 i=-angle of ‘skin Frittion v a0
" g bear;ng strength of SQll 4-3'w g'”' SR
IR T 3f angle of 1nternal frlctlon 1n soxl
o fﬁ‘f?‘Témh“”‘ centlmeter
PR e o

o>

kllonewtdn

\

kllopascal

meter

. li":r'.- :

Tm;ll;metét{x

‘:it?dsbalx;“ :.

micrometer (=107 m)
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INTRODUCTION § L
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'I natural gas and other mlnerals. As a p/;t of‘these effcrts,}

;nterest has beeh dlrected 1n the last decade towards marlne ‘/‘ o
geotechnology A number of offshore and undersea strUctures‘ﬁ_;..ff"'
feature some degree of mobllity 1n order to permit lnspection ; '
PN T RN LN . Lo S

i 3 .

and repalr. Thls, 1n turn, requlres that the structure be

v & ,

. o !,._ : - * ,)‘ a, “

recovered and replaced perlodlcally, e gn the caSe of laylng : L, o

tels
o o = 4 b ,,.- " 'r A -.x 'l S
_— y

;}:,and relocatrng @arlne plpel xploratory Oll rlgs such as
the Jack up blatforms, well-llnlngs, well—head Manlfolds, ;u;:ff""

p1ac1ng and refloatlng bottom—srtxlng orav1tf;etructures,.qu_}n ;
Another problem assoclated wrth the: recouerp operatlone ;sT;;,h :
'tﬁat.of.the satvaoe of wrecked and‘fully or partially sunken _.',i_ "n
Vehlcles'and Obj%cts-u;;}‘;@:;?“i:{'.. 'f'f~f£ E;g' i
"-‘ffi”‘mwFollowing the loss of the U S Navy eubmarene K
;‘fhnesher Ad. 1963 (Muga, 19&8) éka the subsequent loes of a 5
‘ : .ﬂfzk nuciearﬂyeepon 1n'1966 after a mld}alr collieron of a.homber:

and rts refuelllng tanker off the coast of Spaln, lncreased”~

= |- N W
- e D R " G . -

1nterest has beenishown 1n the study of the salvage“and

‘-'- L g -\
Fay B o .

- 3 . ‘.-'.

3' retrleval of objects embedded 1n.ocean sedlmentsi'




‘ Lv .'. * Al:" :~” " _.' N “‘. ¥ “‘ “1 * r“"f " ‘I - L :; :‘ -l“ {i, .”‘ '
! , k - "/ M"ll ~ .’/".' . H
SRR ;'ff Objects embedded 1n sorls,‘elther partlall.ﬂ{r fully, B :R:ﬁ%gf
‘&Q;;w‘jfl"_'”' requ1re forces greater than thelr own welght to dlslodge them. : L
e _‘ Thls add1t1dnal forca requ1remeht termed the breakout f/fﬁTﬁ' :
ARG iﬁ“probﬂ%m,,is of great 1mportance 1n the plannrng and executlon f}f:ﬂ;‘
‘.é':-
: . a’ . ::“ ’.
LT Qﬂfanchors 1n each of these cases 1t WOuld be des1rable to be B S
; ";gf” able to predlct 1n advance the magnrtude of the breakout fgjn* . ¥
, .j ; force so that the equlpment for the operatlon could be ?g\,h
““.;74 selected and used approprlately ‘“ . , x' IO
_ The problem of breakout 1s extensrve and has a number ﬁliﬂl
: of varlables.. HGWever, 1t 1s possrble to lelde 1t'1nto—sub-' e ]
et .;' _ - Wt . Z ST
T problems Wthh are less br‘jd,and, therefore, 51mpler to*study. B ‘E
- R R . . o
sahn T Indlv1dual studles can be made on the\effects of object ﬁfwff" A

;‘;jf§f;..i‘@fenbedment depthr 5011 type, nature of object surface, shape,,

- ‘ BN

Lo e E‘,.«
i?},‘ and theltype.of breakout operatron. Wgn'i37;:””{;:4'*1{','f'fﬁj"j'fVQ-ﬁ“

: ? A y The type of breakout operatlon can be cla551f1ed‘lnto “f;m‘} v
“:-rla.}f L two categorles-lmmedlate and)alded breakout. 'Immedlate RERCHEE N
e breakout lnvolves only drrect llftlﬂg P311 6n the embedded
ﬁ?.f f‘; ‘ "?object belng dlslodged from the sorl medlum, frded breakout
: - 1ncludes the performance of other act1V1t1ee,ac e:.tbate£z€¢3?
. ::'E. Jettlng/ excavatlon beneath the object, and rolllng the ’;
.Q%;}Eénjg;:z Objéﬂxvprlor o force appllcatlon for pull o:t. :;;f:;ir;hl Ci
2 0 %?v RS | Adheslon.etudleslzabean lmportant applrcatlon to the :J.;f:ff
- ; lﬁ:cold oceans‘ln the studles of 1cqbsorl 1nteractloh.; To date,




A

f:to determlne.l’gqﬂ‘,gm”y;}:«i,j",:}"‘gq,{«*ilﬂ »f-i:"

. v'l' " - ‘
*:serles of tests were used i the analy51s of the results

\‘ e =
L
\

. Ly

As in ana other englneerlng research, the breakout
problem could be 1nvestlgated théoretlcally, experlmentally

1n a laboratory, or by full scale testlng The study

X

reported here 15 conflned to laboratory work

O]

".The objectlves of the laboratofy experlments are

l. The lnteractlon'between an~ob3ect and atweak 5011 ‘

3

at 1ts 1nterface durlng the pull out of partlally

_ embedded plates.,‘Thls w1ll glve the adhe51ve re51stance
'.\' . S / . R

v N . v,

' “552. The 1nteract10n at the ObJECt-SOll basal 1nterface 1n

the case Qf partlally emhedded prlsmatlc models.,m?:ff:**“af

N [

e e N el ey

'f“¥;§; The breakout phenomenon oﬁ fully embedded objects

i3 -‘ » . I

of dlfferent shapes, and e ;:i:

- [T

experlments wrth plate models 1n whlch plates of dlfferent

y ‘«

materlals and roughness wer tested Resultsﬁggom these o

e -~ ’

mgre detailed descrlptlon of~the

LR

S between the 51des of the ob]ect and 5011 .y;:}J:;tﬁi:]*}}m

- 4, Adhe51o' between 1ce sheets and 5011 'These'icé‘sheetzu‘ )

- . ‘ : - b "v ' ; 3 .
' . | 4 DRSNS E : ;
Gl e D T e e e :
%?“.'aﬁ; o U R L ‘
: not much research appears to have beenudone on thls aspect '
- N “ " K1 R S ) ‘-4._ .‘n.v B U ..“‘ s B B "' v . LA
.‘ -‘ . N N . N et . N ce . ‘. L e .. ; N '. -‘_"_.“ . '- L "”_‘- .
1.2 Scope “of the Present Investlgatlon B

) 1 Y

. studles were*done in a onld room at a temperature of L
’, IR : ,."“‘ . ..‘ P N i . D - e . N ‘Lﬂ - - T T '
' - -3 c. . . ﬂ \ . \ L
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n e <

'zbottom under very unfavorable circumstances. Ehe breakout

\\ R

vn. o

'problem'discussed hereln 1s not 1nterded°to be an'dil

et g‘

inclusive treatment of Shlp salvage.; Only'those cases where

A R o ’ K -
‘\.,,-‘ "» u" r P S .,

?' : the breakout force was refe enced 1n the phbllshed 11teratgpér ﬁvl R

)/ have been selected fon rev1e } The mechanlcs of breakout:?nd‘ > Bt
o :“12 ok Ll T n A A : ! '-u"
- o s b oE S the exper;mental work reported 1n the 11terature are reV1ewed
.‘:., . ’ ﬁ,-_'-." . _‘,. o Wb 4 ‘, 'E-": T el .-.'..'
! X A P 'A rev1ew 1s also g“_,n of the propertles«of'“
w ) , AR o e T ¥ ¥ ol Y s we SR g
3 = g ocean.sedlments and thelr unlqueness as a separate class of 0.y C
s ] 22.1 \Examgles of MarltlmaLSalvage Ogeratlons
5 :3 operatlons (Muga, 1968) 1s thatiof Sodna‘sverage,

ff ’ ; to break the shlp ldose from the bottomw&. ; T*f:%?:;uﬁ
£ ; } : 2% S—Sl, a U S NaVy submarlne sank 1n 1925, approx1-l'-

IO e
v




N I R O T

r M.“o. e
ay .\’,é'. ‘ . .:2- i
" i Lo ".._-;‘"'= — The ﬂater depth at thls s:.te was 43 m where the submarine AN O e
PRVl s Rehrs s NG -
o B S T came to rest On a clay bott f’ The breakout_- i : S s
b estlmated at 8000 kN’/in 'addition to the

" 'W'ef,nmthe hull,.- s

B -"-'_‘:'.'f"', 5011 to a. de}gth‘of 2 to 2 5 m. : The texture of_'the so:,l
i ’-?.f"f-_‘j.’fthe hull contact was sandy and pernfitted easy drainage of
SR iy gt R — 1
g B reported ‘bhat the
. by o m . .' ¥ B
; ':."_j;f' practlcalljy n:Ll.
,d o , ’ ‘._‘..“ ‘L.’ > 4 "

:',""":- g . ,widely reported and .Well do tug ted of all marine salvage ,, ":; N

¥ ‘ h ope_rat%on_s".k\;—— It tsa.rxjc’“in .J'..93IQ aboht_& km south .of the isles‘u
.;:- o K '."._1.:5 of Shoelee Off.. Ports‘mouth Harbor rh Rhode Isf_Land_ Although
% i P - no est’-:;l.mate\ of- brea_\kout force' v;as\ | .w:e"n ,‘

2 ‘ that f’:ln~ unkhowh. ‘ailhoilnt of mud —s.'uctloiy,

: .:' the boﬁ, was one of the ':ﬁa:in _fac;tor\s contr}Buting ’to thel

IZ_ : 'l;', . - unS‘_JCcesB;Eui. i‘lft o e , ‘ - ,':-‘.

: el 'f.SO m :]..ong floatlhq blocics'o’fA relnforced goncrete (1{HOENIXE§)
2 R ‘,;, S A - -.; CRAFT. ,m,,,. LI

'I'hese were to be sunk 1:1 a line offxthe Normandy beach to

. . g
- 8 . t .

hn . RN
- )

DY o . - .
,ﬁiuiz‘,*-r..‘.-frtr FOERE T




; W “ad ¢ gty et P on'k..f;«f«-'lm-,.:h-. al v
SN At et o e D Sy g e K v e e (1 e B mes ey et T S TR T 3

emptsto refloat a PHOENIX by pumplngl‘l ';
\aut water falled Itkwas‘determined that mud suctxon was L ,é
holdlng the PHOENIX down., HoweVer, duamtltat;ve data of thls s '.
_ In summary, the problemvof freelng naval uessels from-gﬁi' _;
;L “the oc:gm bottom has been recoghlzed for a 1ong t;;e.r;But‘ ; '?:
; the analysxs‘of-thls problem based on’ the ba51c'pr1ncrples.of i?i i
soi; mechanics is’ only of recent~orlgln.‘fﬂ?;.ugljgff.:,f. . :} :

' 2 2 Studles on Breakout Resistance-jkj } 5ﬁ.frf"filf:',yﬁfjx;ft:f

‘fﬁiz 7?fum{f¥.?énlfi‘i After the 1095 of the U s Navy submarlne Thresher 1n ‘;,: 'l

1963 (Muga, 1968), an 1nten51ve research program was Sésrsored f?fﬂ: 3

it i ‘v ;
* M ’.

PR . . s~ -

y o “ o o o . d P , .

I LA S o Tty
X e B - - ,_.s PA Sl .
5 e .

et Port Hueneme, Cailfornla, for the study of puLl out or"5]¢?

‘;'u z'd“: ‘ : breakout force to'llft a" sunken object from the sea bottom:{i;fw* | ';
;% R Thls 1ncludes analytlcal and 1aboratory model StudIESW:és “‘:ﬁ?}f!;:ﬁé
N well as sea trlals.; These stddres ultlmately alm at “Wf.- e vi
%l; s determamlng the breakout force necessary to pull out aw st :1 ;
xllfb'ﬁbi}{;3object, elther fully.or partlally embedded Flgure 1 shows < ¥

L the meghan1CS oﬁ breakout.~ The breakout force F consrsts of ﬁ“.'_,.f

U .‘ .
J e

.H‘}. the follow1ng flve components for objects fully embedded~

AT :.‘~ e it
R (1) the effectlve welght of the object 1n SOll (w;w ), whe%e R

W ls the welght of object and the connectlng Cable 1n alr







i

Q
and Ws is the soil buoyancy:; (2) the effective weight of the

soil mass, Ws: (3) the vertical component, R, s of the
shearing resistance R of the overburden soil along the slip

a

surfaces; (4) the vertical component, CA' of forces of
Vadhesi?n at soil-object interface; and (5) thé soil suction,

- Ré; at the, base:“ The soil suctiOn is due to the difference

: 1nxpore§water'pressures above and below ‘the. embedded Object

' system.':”

A x

K}

-

'1nduced at the onset of the vertlcat upward movement of the

; [y N . - : . . . -
. .
J

Experlments with objects embedded to varlous depths

havecbeen reported in the llter;ture. Muga (1966) has

" reported experlments with 112 andla spheres and 122 cm x 183 cm

~ “'1

4cy11nders. There was con31derable scatter in the results.

Muga (1968) developed an analytical method to determlne the

force F necessary tc breaK out an embedded object from the

: ocean“floor based &h three parameters - the average supporting

preSsUre qd provlded by the. soil to malntaln the equlllbrlum,
time t allowed for breakout, and the horlzontal prOJectlon of-

max;mum-contact,area Amax' "The follow1nglemp1r1ca1 formula

for the breakout force, based on field tests in San Francisco

Bay, was artived at.. ’
o j _ | focez60) L
om0 oo a e . | .-0.00540(£-260) IR Y
= F = 0.29 Arax 94 - e . B _
;\ . ' ‘ ,‘ I S ' L ’ ' '

. ! L1u (1969) developed a general equatlon for breakout
4 |
force bf ‘embedded objects in f1ne clay. Flgure 2.shows the

1l

R L
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_Fig. 2

“(Ldu;
"

1969) ;
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e
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forces acting on an object settling on the sea floor. The

resultant force R was expressed as

R=W-B -B -cA - OA ' . 121
w S .8 . .

X

where.
= dry'weight of the object

B@ = water buoyancy foroe

Bé'; 5011 buoyancy force ;~‘3[\ . SRR
8o S TR J e e

t'x

|'c{='undra1ned shear strength of 5011
,of% bearlng strength of 5011 _. N .
15é5= 51de surface area of faalure prism,’ and
-;Ax'? basessurface areanoflfallure prlsm;"
When an'exterhal'upeard~pull-F is appiied,'the resuitant
upward force on the embedded object was, g1ven by the ;
expre531on" R 8 . | . - | .:'i' ) ;‘"
: Rl ='Ea -'(WTBQ;BS) —.eAé- Oy ;, where ot is- the-501l
w' f :‘. - i ten51on strength
<‘or’. Ry = F - Fr".‘i!‘. : " . '; 5 o ‘lﬁﬂeiji:
vhere - |
Fn';EFa -1‘W-Ew-ﬁ ); the net breakout force and
Fr.¥§c55'+-o A, -the 5011 re51stance ' .

-

Equétlon [3]him§lies.thatsfor'Ri = O,Ai.e.,.whenfthe.net"
"br%akout force is equal” to the soil’ re51stance, a cond%tlon

.of 1nc191ent breakout exrsts. -Henoe,

[ .y




12
L ' ) ' ’ -
While calculatlng the soml re51stance, Liu (1969)
assumed that the object soil adhe51on 1s stronger than the
. so0il cohe31on. For a prlsm, ‘the fallure was assumed to occur
,,dn the 5011 rather than’ alOng the 'wall of the .object..
~Accordlng to Muga (1966, 1968), Llu (1969) and Ve51c (1971)

~when an embedded object is belng pulled out, the overburden Co "(;ﬁ:ﬁg

’ 1

‘f-%hﬁ.ﬁi 5<5011 15 gradually compressed whereas the SOll 1mmed1ately

"-:belo the object 1s relleved of the bearlng stress.; There j};,‘:“i':f:L§5

'1ew111 be a decrease in pore—water pressure belOw the ob]ect

’

"so long as the permeablllty of s0il does. not respond - if‘ e i

s

meedlately to the stress change. Flgure 3. explalns thls —_— "u fae

phenomenon, Thls dlfference results in suctlon at the base S

of the. object termed as 'base suctlon Ve51c-(197l) .:f' S . !f-gi
"proposed an analy515 based on the cav1ty formatlon below '. |
_the object. 8011 suotlon effect is 51gn1f1cant only 1n those
SOllS whose natural water cont is less than the llquld
'fﬁ :” :llmlt; Thls hypothe51s is noteippllcable for-501ls whloh
~flow when the object 1s pulled out. SOll flow can occur If ﬂ ﬁ“,‘ ’j-é‘"‘

'c:the llqu;dlty lndex is hlgh and the correspondlng 1n—s1tu

' den51ty of SOll is too 1ow. .
ffﬂi F'f Lee [1972) suggested an approxlmatloh for 1mmedlate e

- breakout force 1n the form of bearlng capao;ty equatlon as._’.ﬁ

o ‘.-‘. ’ S . . . \ o ; " < -.‘ . . .
e Fm::_ss (/l'.'Q.+ 0.2 g) (1..'o'A+..o.‘2;p_) A3
e AT /“ e B t' v oL : o

..'where ' . :/_7,".:. T T el
Sl lfi?FIﬁ';3immediate'breakoutfﬁorce

oAl e
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5 = representatlve undralned shear strengtﬂ of SOll
‘ L = ob]ect length
'B“'= smallest lateral obj"elz;t',, di'meﬁs"iohf,-‘, aml‘ :

. ’ U A
W

embedmerlt dePth-,-"‘;' ; .

ThJ..S equatlon showed gé’od‘-‘a‘éfeer'n'e,nﬁ\,,'w'itl-i"«'fli"eld;tes'ts i

“ ‘-q - .
4 .

clay (und:.sturbed:shear satnsength _' 50 kPaJ " They predlcted

the breakout force based on HanSen 8. (1961) bear:.ng capaca_ty

,‘.«.f formula whlch 1ncludes correct1oqs ’for depth,i:shape and 1n- .
cllnatlon.‘ The ratJ.o ef baSe suctlon per un:Lt area o, the s "", : v’

i ~_' ‘ cohesmn was experlmentally obta.lned as 6. 9‘ Wthh is' clOse“:”f:': . S

e Sy ; o to the value of 7 5'obta1ned from Hansen 8. bearlng capac:ttytu_'; o :
' forthula. ,. *
L .,,;.'. . .f 3 Prellm:\.nary results of the adheswe re31stance or_; |

plate models as a functlon of theJ.r surface roughnesses and A :

f'_. KA shear strength were reported by Charl, et al», (1978) '.

: rata.o of base suctlon and cohes:.on based on pull out tests L

on prlsmatlc objects partlally embed,ded to d:_fferent depths ‘

J.n clay of very low shear strength (c 62 Pa) was also ’

- . X

and Hansen s (1961) equatlons.'-_-f"} _,'

Yoo PO

' A dlmens:.onal analysis for 5011 ule.ft resn.stanca,
) - : pu for perfectly smooth anchor plate and small dJ.ameter

.

anchor shaft was made by Dav:.e and Sutherland (1978) .
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. for p. as follows: . \
] 1 *:.‘; . . N B
F_= Py~ YgD ' 3 ‘
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AERNEN e I S R . .’,‘"
.where "', oL ; o j- e ,
.. An’ e, T, RN - M N

.f‘:—;- depth of placement of anchor

2 3 MarJ.ne Sedlments "7}.'- { ;,'

. R S IR

Ocean surﬁace sedlments have c-haracterlstlcs that.' !
are generally dlfferent from thOSe foum_i,pn land.‘- Due to *

thelr depos;tlonal hlstory, arlne sed:.ments remaln under-'_'...‘r

! consolldated as long as sediment depos:.tmn cont:Lnues Ca e
L (Terzaghl,, 1956) ThlS type of so:.l :LS generally called mud
. ' m geolog:x.cal parlance and is charagtexlzed by h:Lgh water t:;,. _ ERRe
C . content and low dens:Lty and shear strength,: . Suc’h SOll could |

be present sometlmes up to tens of meters depth : The pra.mary

% i - RS

source of sed:.ment depos;.t:v.on 1n the oceans 1s tranSpo,rtatmn :‘...'j*:,(‘;/'.

\

o L ', by ererS.,j It lS estlmated (Judson, 1968) that as much as

D . . Tl

9 3 x 109 metr:.c tons of sedalments are carrled annually by

A0 1.- ot

: ‘The deposmtlonal

rlvers 1nto theo oceans from contlnents.
. *m.‘

:, env:.ronment is an 1mportant factor contrlbut:mg to the type Lyt
‘. . 7-”_: . . - o > K) 5
: of sedlments ln any part:.cular locat:.on. ;-;\'-, R .

Terzagh:. (195%) proposed a, concept on the mechanlcs




a’ s : .l"; I' b
:' » RS ‘I‘. f,zf. -
R ' ’ B . 16
. . . . ﬁ‘ . . : . .’ —. ' _. 'v‘ "'( “‘ ‘ j,
. we;ght w arr:.ves at the surface of the sed:.ment depos:.t U RSN
‘ . (Figure 4) lt tends to roll or sl;.de lnto the most stable o e
\\ p051t10n. The tendency to sllde 1s resisted by the adheswn RS RTES
- '\'\{ ., '.. 'x- "

T vl between soa.l partlcles at the flrst pomt of contact. The B

. . ';\." "~ - ..'H
J o '<v' “ ':"‘

o

ThlS accounts for the

: " varylng VOJ.d ratlos w1.th graln sme._ Any v1brat10n causes a
. ;Q:.“ , A .

oo . "';'.:‘ rearrangement of the partlcles.“ Thn.s type of 5011 structure

"'j’-.‘- ',-':' e the fourth}ower of the’ graln s:Lze. i

R was termed by Terzaghl as' 'metastable It was found that
R partlcles w1th graln sme between 20 and 6 mlcrons :'j‘ cE L
'A'-'A/’ 1_‘5 e N

correspondlng to the conventlonal 5111: slze are most sens.ttlve

|
K T ‘ : L ,‘_" -‘ ',-" "‘. "_.V':, j
N e to v:.bratmn. At the 1nstant of collapse of the metastable R T A

A structure, the we:.ght of the SOlld partmles 1s temporar:.ly

transferred from the po:Lnt of SOll contact to the water,. ,'f"c' _'. ol
e ‘ W LT e A
- Consequently the hydroatatlc pressure at any depth 1ncreases

RS resultlng 1n l:LquefaCtlon and flow of the SOJ.l HOWever,' 1t
B -'LS temporary.A The flow of sed:.ment 1s followed by expulsmn"' :

‘ sedlmentatlon and the delay -'m' pore-pressure diss:.patmn

‘"under thJ.s mcreased total stress.A Theox:et:u.ca]7 models of
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i’ ‘ Terzaghl (1956), and Glbson (1958) there s also fleld - L Ay
g e doeumeﬂtatron from areas of hlgh accret:.on rates (Frsk and & T L5
g Mcclelland, 1959;, McClelland, 196'2).. The key character:.st.rc N ""f-;"-;.
T T L BRI ) e B Sy ‘d N T
nh i : of underconsol.:.dated scnl "-.:meortant from~ the standpomt of < o gleE
- S - ' : ; LR
. : 3 :
s 5 BT
L N «' In addltion to the .rapld a,ccretion rate, ther:e are at 5 'f'j,‘
f least three othe.r poss:.b’.l.e causes of underconsolldatlon~ nE
& (Sangrey, ‘1977) 1n marlne sed:unent, as. 1llustrated .m F:.gure 5. i
: L These are (l) preSence of gas 1n mar:Lne sedlments, ‘
@ o (2) 1eakage from an artes:.an water or gas pressure source and
o ) (3) repeated J.oad:mg Each of these mechanisms 1s unJ.que and

ﬁ; - the magnitudes and dxstr butmn of excess pore pressure are

v e -
l'!

d:.ffelrent. In all cases, however',' th,e excess pere pressure

a ' ,.n'

The sarflcx.al ocean sedrments ar_e not of the same

°3 ey A n" = e L

type everywhere throughout the o«:ean. basms. .‘It depends on

the Hepqsrtional j‘h:.story J.n the ocean bas:.ns and the

, N

X d:.agenesis srnce thel.r fprmat:.on.

- ~.¢ _.,‘..... . ,\.

’on the depos:.tlonal environment and the proxmuty o

G
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R (1) Fluv:La.l-mar:Lne (sand-s:l.l.t); ~(11) Fluv:.al-marine (s:.lty-clay) ;v ," . G

":""; 2, (' '1) red ClaY« v Y 'te;-'inl apéiled to morganlc pelaglc c;iays,
.:- " i (v) calcareous 6 nd and sxlt. 1 Each typ; KN
> has‘ a d:.fferex_mt r.ange' of isr'c;;;rt:.es.‘,‘
A Eng:,neer:.ng P.ropertles 6f I»larine S‘o:.l i
. 4 .Tlll recentlf'; ."t’};e studxlx ‘of .marz.ne sedlme_ets__' has been
: e subject.e.f_mterest to fnarlne. geologlsts w:.th an i‘ntent~ to
study tiie laeposz.tmnal h story and geology With tl';e & e - I-'
O e mcreased pace _of offshore eXploration for 011 and natura,l
‘; gas,/ the“ huge' structuree.. that are to ‘be placed on‘ the'l oéeen R »
g f}oor have ‘to be de91gned to‘ satlsf'y al:lA.~ cofxis‘lderatlons.. Ut
.:. ' . 't;u‘s t:.me, J.nforma,tlen ‘en lthe .‘engu"xeen;g ’pr;p‘»ervtxes.o‘f':ee:a i g
"y - C floor seallt;ex:ts ;Ls‘e‘carce. Synopt:.c deta on the var:.ou.s l J g
’ ‘ sedJ.ment .propert:l.es :m the North Atlant:.c- and the Enin l
:'._' | as wel..lh‘a‘.s other plabes;'*are ‘ava:.lable J.n \;ar;i.ous pubhcatlons E

-“':_‘ 5 h (Dav1e et al., 1978, Helwick and Bryant, 1977,._Ke11er, 1967,'

. _. i g
g Noorany and Glz:.ensk' “&1970; Silva, et al. ’; 19'76). s Table I
‘,;{,:'_' .‘ :Ls a:'eummary complled from these publicatz.ons and :Lveq the

range bf var‘:.a.hxl:.ty of the d1fferent propert:.es.
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. . 11terature on adhe51ve re51stance of underconsolldated ocean , Co g §
bottom_.Sedlments 1s limlted | '_" \ ""’\','" | ‘-,;_'._ . “'. i
- : The property of adhesn.on, partlcularly for: deep 5
: ’ foundatlons J.n clay, is well documented in- s011 mechanlté. %
‘ llterature. : For_ 5t Zes J,n soft clay, a Imajor part of A 5
J "rtran.sfe‘r 1s by shear resastance at the soal-plle v/e/a. ’g
j _ :'j Iln.terfa.e.‘ Thas reslstance, hlch 1s generally/térmed the o
: .- c ‘adhesmn,( is a ba51c soa.l proplerty'and 1Is generally eXPresséd ;
Ef IS A fractaon of the so:.l coheélon. : In - ¢/5011s shear . ;
,' . re51stance at the so:.l-plle mterface 1s/also J.nfluenced by T :
a skxn frlct:.on. . The angle of sk:Ln fr:L‘CthD, usually denoted by _
| B \ 6 s expressed .as-a- functlon of thne ‘bas1c 'angle of shear I
. VR reslstance for the so:|.1..,,:;_'j'f~ , B ’ ) oo T b
- : _ Con51derab1e work 'On,the adhesmn ahd sk:m frlctaon . ~'.'
‘ i ' at the 1nterﬁace between constructlon mater::.als and *
' ~ terrestrlal scil}s has been done and reported Meyerhof and = i,‘
' ‘Murdock (1953) reporafed res'ults of shear box tests conducted . ;.‘a‘};j :

R to determlne adhes:.on at the lnterface of stOne and clay

R v

Y The shear str/ength of clay used J.nfthe experlments was 1n the

~range of 96/to 287 kPa.: WJ.th a normal pressure J.n the order

.':' ‘-‘"'.'.'.' i /
‘ W of 107 kPa the value of the adhesmn to cohesmn ratlo (o)

‘\*.

<R SRl G

~ PRI

was 0("111'1 the case of dry stone and 0 4 for the same' stone

’

' an a wet coad:.tlon. ' It Was also reported that for 1arge .

vt

*

F 1‘-\,',.'_" normal pressures,“‘ *adh.es:.on approached the spll shear strength

- T -
Potyondy (1961) determlned from dlrect shear‘tests the value




. : , 23

« The cohesion of the soil used in the test was 56 kPa with a
i ¢ of 1l6. 59, Witney (1968) reported a value of a for glass
plate and clay (c = l3kPa) as 0.11. Littleton (1976)
determlned the values of a for kaollnlte and illite with

smooth steel. In these experiments, the quantitative value

of the specimen roughness was determined using the Taylor-

/o - . . . .
Hobson No. 3. Talysurf machine‘and expressed as center line

average of b.l%_um/ﬁlth a cut-off length of 0. B84 mm. The

'value of o was found to be:059l for kaolinite" (c =9 kPa) -
C e : s, » a B
and 0.84 for' 1lllte (c = 25 kPa),.
L .
' Wang, et al (1937) reported the values of a between

A

s clay-and'acrylig to be 0.75 for ¢ = 552‘Pa, and 0.67 for
. e = 1. Oq,kPa. ' T L
| - * Erchul and Smlth (1969) iﬁvestigated the resistance
. . . i '

" to penetration of objects,~such as coring tqpls, into ocean

n Seqiments.' Coated and uncoated'stafnless steel plates‘were

u?i h . fv embedded in a sedlment having a cohesionnof 7.2 kPa. The
_ maximum séd1men€’adhesxon fdr uncoated stalnless steel plates

}Vfb' . % was reported to be in the range of . 2 torl.7 kPa whlch gives

", ‘ ‘o

A ”_' a range‘of 0. l7'to 0. 24 for alvalues. h for coated plates
- ! ’ - o 3
jy~;- ) - was, found in the order of 0:16 to 0. 20.._ IR
. ey ’ . . "

S v - It 1s seen from the’ llterature rev1ewed that the

2 1 + s
- : \_ " 'values of the adhe510n—cohe51on ratlo vary over a w1de range. .
L I'{‘ ‘ - ks .“

. It is also dbserved that quantltatrve values for object

.. . .
r
oL L4 .~
” . .
" .

i. . .surface roughness have ndt been‘reported in most publlcatlons. R
. * [
, e T Resea;ch on the adhe31on of weak underconsolldated sedlments
E ’ - ) i _ ' . . .
ﬂ’. - . . '_, | @ i
A . P .
i ¥ . ' - °
3, P %_ 3.
y 7
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CHAPTER III

EXPERIMENTAL FACILITY AND TEST PROGRAM

Experiments were desigrned to determine the soil

adhesion alonq the vertical soil—object interfaCe for

__partlally embedded plate models, base suctlon at the object
< bottom for partlally embedded prlsmatlc models and the totaltf
. breakout load ln the case . of fully embedded models of

‘dlfferent shapes..il o S "' . . 'V

3.1 Experimental Facility

The'experimEntal facility consists of a glass slded
circylar container of about 30 cm. dnternal dlameter and
28 cm. helght. - 80il slurry was prepared in the container
with 14.8 kg. of dry soil invb3:24Aliters of fresh water. .
Tde_teét model was suspended vertically from a load~eell
which, inAtdrh,‘mas sdpported By a -counter meight_plaeed'on

the oth r Eide of the pulley. Details of the arrangement |

" are shown in F}gures 6 and 7. ¢ A straln gage 1ndlcator was

used in con3unctlon w1th the load cell. Dlrect record of the
load varlatlon was dalso plotted on an X-Y. plotter. The

vertlcal movement of embedded object was monltored by a"

1
i

p01nter slldlng on a potentlometer wire and plotted dlrectly

on the Y-ax1s of the X-Y plotter




Fig. 6

PHOTOGRAPH SHOWING LABORATORY FACILITY
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aSm Ly

_'comp031tlon of the 5011 was determlned by X—ray dlffractlon

z*and haematlte were also present.‘ Only qualltatlve mlneralogyf'fff;

\

3.2 Soil Properties - o o

The - 5011 used in the present 1nvest1gat10n was

'commerc1ally avallable potter s - clay ' Flgure 8 shows the

.graln size dlstrlbutlon for the 5011 : The mrneraloglcal

ﬁ:method (Mltchell 1976) l The most predomlnaht mlnerals

found were 11I1te, chlorlte and kaollnlte.ﬂ~Traces of quartz

3.was determlned due to equlpment llmltatlons. f“

f .

l‘.Flgure 9a shows an electron photomlcrograph of the ”4iﬁx“f.

5011 sample as seen through a 5cann1ng electron mlcroscope.

Q

1In order to get the stereo effect on the photomlcrograph

'another electron photomlcrogr %h of. the same sample was

‘taken (Flgure 9b) at an lncll atlon,of 8°‘to the horlzontal

'¥The flaky nature of the 5011 partlcles was verlfled whlle

f“vrew1ng the two phctomlcrographs through a- stereo mlcroscopeg .

: The partlcle surface 1tself 1s not exactly plane but oval

gf:3 3 Preparatlon of 5011 Slurrz = ';.”J:.e '}‘;v'nl”.ﬁf'

'ﬂsure that 311 1umPS were thoroughly kneaded and well mlxedﬁk;7"

ﬂ:uﬁat the top A summary of’the propertles of the 5011 used ;SJ‘

glven in Table II//

The 5011 slurry was prepared by manual mlxlng, maklng

v

,",All the experlments were conducted at,room temperature (20 CY”

‘ziexcept those w;th lce sheets, whlch vere . carrled out 1n a 3':

- e

"w;cold room at a temperature of —3 C. The s011 slurry used

Y - . s RN ..A', '

RS IR
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(b)

Fig. 9 STEREOSCOPIC PAIR OF AN INTACT SOIL SPECIMEN
SHOWING CEAY MINERALS (MAGNIFICATION = 2000)




. TABLY II - S e

...~ .. PROPERTIES OF SOIL USED IN THE EXPERIMENTS -

3

'Vlsual c1a551f1cat1?n ;=:d¢' -'f;; S t}; ﬁ;bﬁndSilt?ﬁciagf:“,

) quuld 11m1t (%)

,'T?”Plastlc llmlt (%) 'jfiﬁjq,i'jfjfljd“'?:g;ﬁ;37ﬂ$;5w '-Ggf.fuvi-ﬁf.ﬂl,Tfu

.”ﬂ‘iPla?tlcltY 1ndex \;‘THuf};"‘”‘W<'

f¢jf3}f Qt“;ﬂ s;Cla551f1catlon symbol .“vdf:'t'h'-lffsﬂﬂ ;“}ifarjfffﬁLﬁ-;
RO (Unlfled classiflcatlon system). AR TR

‘fClay 51ze (less than 2u) i.dff;f”'j - ’“:if'ffﬂ:‘ﬁ4b¥ﬁ.i{;!5t£;livft?f .
. B m”.isllt size. | ; u;; - K n"e - ”,;.:,} f :'ilnlﬂﬁif*‘ o
'::‘Sand 51ze\(greater than 60u) 1'1 f—,‘f'.- . ;.9{-
égi ) L *Spec1f1c grav1ty of sollds fird‘f"_f”d1'A}3Z:;"'ﬂ':2}j3.l

S T Clay.m;ne:alsi.3=‘,--g»-"n" e e ;"~Prakmunantly11l1te,\;f;'
S O P o -7 chlprite: andlﬁmﬂlnlte.\Jj
oo S o :{f'f o e . 7 . Traces of quartz and -

' T . ‘haematite are’ found
(Mltchell; 1976) S L C

Y

o f»Act1v1ty

SO c— | B R eI T R |

ST here . B "f“3 o ;; - j;'f-tggw ;"-jq:f“t;;‘;g,‘; DAE
iat .. w RUIL= Plast1c1ty 1ndex e B )z,.“Ag.g~;j”\f”

' ='Cclay: content (%) - less than Zu, and g ;

. n.= 10 for art1f1c1ally prepared clay ! .
. | T ',j¢~/g:{;“.:;:fg,,g.gf:f
i.'""* The term'SpeC1f1c graV1ty ‘is replaced by"Relatlve den51ty .

1n c0ntemporary Geotechnlcal publlcatlons.; Lot




N :. ',\“" N . ] . §
B : ) 32 S
| . e.. e - T ‘ g | I\
o B ‘ forsice sheets contained 2% percent'antifreeze (ethylene N . :%
;: ;V ‘:' " glycol) by volume and the’ slurry concentratlon was kept the - B f“
; T , “same by remov1ng an equal amount of water. ' L .o e 3 i{
S T ) N L2 " ST e
- .- ;;Nf‘;n’“ s;nce dge same 5011 was used 1n all the experlments, f.;mjh??‘””‘
; i i“ great carelWas taken to ensure that no mgterlal‘was\lost l"‘t._i q‘.
i ;T“:JQV?:iiu ‘durlng theuchanee over of the modedslv.The 5011 gra1n 51ze ;f; o
. ’?;' e i:itdlstrlbution was checked once.durlng the progress of theuA}i”ﬁi;f:ﬂ.-jf”
. : g ?'[fﬂf’ eXperlmental prooram and also at the end to Verlfy that the ’-2;“¥.f'tifT
‘ ;: .”_; Bl u.diaffs E fract;on waS\constant. 3f:;:;?cﬂf'i' %.Ji' le i:d Z;~:.Jxl YE“
. :?%fr?ﬁfﬁé? 5?f{;“.éhrom the known welght of dry 5011 used and the\relatlve .
'a;;i;'»{"" dgns1ty of the - gralns (sneclflc graV1tyL the bulk den51ty ‘ i'?
‘.{:€~ ;” (unlt welght) of the 5011 sample was determlned by measurlng h.:;' . ;};é
Pl “ 1. ' the height of, the 5011 in the glasslcontalner.. Perlodlc " - . ‘:; "E
sf;}{ifsf f;il :checks were also done by 1nner51ng a th1n walled alUmlnwn‘.' fi»: ‘ j;‘%§
: "‘f::;x‘fg'.lrlng (l 31 cm. dlameter, and 7. 27 cm. heleht)‘and taklng out 1 f:iuj
a-:?;lj-J: 'f:f:a sampleiafter sllding thin glass plates at the ends of the Hl ‘_ '
; i3 :: -. ff:'r?ﬁg}:"ij't".E?Jlfféi "f-fifi<zi‘h_; ﬁiglif ":h:,:lszi-'hi“i;‘? L
g.'x | 'i_fi,ﬁtxlm.. Slnee only-one—type of soll was used,\the nerlod of ”1:
.:; :iflff;ﬂ;(\eedlmentatlon was an 1mportant Varlable. By varylng the -
i ?J:h“gf:?ﬁ::’.sedlmentatlon perlod dlfferent values were.obtalned for the "g L
i Nd;f’ ,'.".. soll.unrt welght,'coheslon and 11qu1d1ty lndex. 2 ;'={ ."‘?*”-'
é s J i "3i‘t3-g.?i¥99 e odaia - ' "': ) i - '- A g j '
2 C‘ ?f?' ‘ 2 : ”lcefsheet,,glass plate, plenlglas, brass, palnted r M
f'ﬂn¥? 5{E;:' mlld steel, staanless steel and rusted m11d steel éé two,::'f'fﬂkﬁ
B ;;..": S, g .\, ,..- ke o ~. e FR N

RIS dlfferent surface roughnesses were selected for plate models

_a 1,-., . At "n.'. .n.;
e > g . A s G




'Uu“tthk and was prepared from fresh water in a cold room at a :3='""

to. cover a wide range of“surface roughness as well as to

represent a var1ety of mater1als.

:A R

Taylor—Hobson No. 4 Talysurf and a rectlllnear recorder.x;: o

The eqUmeent 1s shown 1n Flgure lO.‘

expressed (CSA B95.,1962) 1n terms of center 11ne average i,\

(CLA) 1n/m;crons ‘over' a cut—off lehgth of.O 254 mm The'&}}x~;;f

-ﬂ

33
i v
A quantltatlve evaluatlon of the surface roughness
’ \.: PR "~.‘“’.
The roughness ls.y”j'“%
In

.-,'“ ¢ -

prlsmatlc models, the suctlon at the base*s°11 1nterface 1s

- of these materlals (except 1ce sheet) was made by‘u51ng

measured roughness values are presented 1n Table III.._i-bm

Prrsmatlc models were all made of plexlglas.

a. force developed durlng pull out.’ 1n addltlon.to the adhes1on

.on the srdes._ Three conflguratlons for the base were chosen

A

and a hemlsphere were used

The conflguratlons were (a) flat base,

base, and (c) dlshed base.

For tests Wlth fully embedded objects, some common

~—

P

' to observe the effect of base shape on the pull out force.

'~shapes such as-a cube, a rlght c1rcular cyllnder, a sphere

oy
.

>

(b) pro:ectlng tapered

o

LI /_

’

ER—

o

:i The 1ce sheet used in the experlment was about l 25(&&1{;1

temperature of‘—3 C

A 3 mm thick flat wooden plece was

.“9' cast w1th the ice sheet centrally at the top end to faCllltate

'”fconnectlon w1th the load cellf

4




Fig. 10 PHOTOGRAPH SHOWING TAYLOR-HOBSON NO. 4
TALYSURF AND RECTILINEAR RECORDER
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3 5 Test Program . ‘\
- ; \‘»
RS 7 T
phases. o 1

LA total of 50 pull out tests were conducted 1n thls category.~

w‘::"-,'v'of these results,,lt was determlned that sedlmentatlon_perlods
;héf T 10, 16, 24 48 and 72 hours were rellable represehtatlve
‘ i}lﬂtervals.. For glass plate, Brass palnted mlld steel, -
Hlifstalnless steel, mlld steel rusted I, mlld steel rusted II

T;and 1ce sheet tests were conducted at thesevberrods”;héug ij

rffsummary of all the types of tests'ls shqwn 1n Appendlx B.,;

“-U=' Prlsmatlc models of plexiglas (Flgure ll) hav1ng
‘“(a) flat base-'(b) pyramldal base w1th apex angles of 9D
'::f,and 135 and {c) flat base wrth all round sklrt were

‘firipartlally embedded 1n the s011 and the pull out re51stahcedi

3 5_1 _Plate model testSs'lf:f{ g7‘J‘” ‘

. n“"

D R
Tests on plexlglas plates were exten51ve and conducted'at

.,'. K

the End of sedlmentatlon perldds of 2, 4"6 8 10 12 14

";c;lﬁ, 20 24, 48 and 72 hours. Based on a prellmlnary ana1y51s'-553‘5*‘

‘»
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e
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T three components to the breakout problem. These are

) .. (i) theﬂadhesion oﬂ the sides of the quect, {ii) the ba§e
'suction, and (iii) the éffect of the surcharge égil.
Experiﬁehts on plate models determine the soil adhesion on

T e _the sideg. ,Partially embedded objects offer reéistance due

tﬁ-pase-suction and adﬂesion on sides when pulled out. By
inﬁe&pﬁeting the results 6? experiments in qateéorieszl an% Z/g

‘ 32; the base suction” and adhesion éompbpenﬁs can be eﬁpkeSsed 
P starately.' Computatidn-details are diSCQSSed in Appenaix’A..
A s | \ .

. . (R o
o
.

3.5.3 Tests on fuély eﬁbedded objects
: | %lexiglés models of different sh;p;s (Figure 125, <
viz., (a3 cube; (b) right cirqula; cylinder with lohgi;udinal,
axis vertical; (c) right circular cylinder with longitudinal.

_axis in horizontal attitude; (d) -sphere; and (e) hemiéphe;e

were fully embedded to diﬁferenﬁ depths and the breakout

load in each-scase was recorded. Ten experiments were

& M -

o , conducted in this category. The presence of soil oh.top is
an additional factég in these tests. Results from the
- El . , l

N previous two categories of experiments were used in : S o
, interpréting the tests on fully embedded objecﬁs and.ih ,

. . . . h i :
~computing all the three components of the breakout resistance.

o

o

' 3.5.4 - Tests on ice sheets '

o

= N T - % . : .
These were conducted in a cold room with ice sheets

which were cast’ as described in para. 3.4. These

experiments are similar - to those with plate models and aimed
» o ' ’ ’
f . ' ]

k4 . “
R S PRI R ':““"““;H’WWW""' 5
! - . Y A Y ..
4 . L ° e e W N
g 7,




. |

Fig. 11 PHOTOGRAPH SHOWING PRISMATIC PLEXIGLAS MODELS WITH
(1) FIAT BASE, (2) PYRAMIDAL BASE WITH APEX ANGLE 90°,
(3) PYRAMIDAL BASE WITH APEX ANGLE 135°, AND (4) FIAT
BASE WITH ALL ROUND SKIRT, USED IN PARTIALLY EMBEDDED
PULL OUT TESTS

Fig. 12 PHOTOGRAPH SHOWING PLEXIGLAS MODELS USED FOR FULLY
EMBEDDED BREAKOUT TESTS: (1) CUBE, (2) RIGHT CIRCULAR
CYLINDER (AXIS VERTICAL), (3) RIGHT CIRCULAR CYLINDER
(LONGITUDINAL AXIS IN HORIZONTAL ATTITUDE), (4) SPHERE
AND (5) HEMISPHERE

38
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' welghts were placed in the pan in steps untll the onset of_3”

39

at determining the soil-ice adhesive force on the.sjdes. .

°

3.6 Test Procedure
| The test procedure for all the categories of tests
was as.follows:; | |
Soikt slurry was first. prepared by m1x1ng the soil

thoroughly d!th water. The model was then lowered to a pre- -

determlned depth and its welght ‘in the slurry, welght of thevh -

load celi and the connectlng rods were counter 'alanced w1th

welghts placed On the other 51de of the pul y The welght ,d

of the model was thus balanced and there was no downward

' pressure- on the 5011 at-. any tlme The tlme of sedlmentatlon

'was reckoned from the instant the slurry was made and the

model lowered : g .

The soil was left undlsturbed for the des1red perlod

of 'sedimentation. At the end of thls perlod the sorl unit

- el

welqht was computed as already explalned The cohe51on of

soil was then measured with a modlfled laboratory vane \;

: _shear’apparatus.' Laboratory vanes haV1ng stainless. steel

'

blades of 5 cm. dlameter by 2.5 cm. helght were fabricated

to- fac111tate measurement o? very low shear strengths. 'The,

vane was,rotated .at 10 /mlnute. The cohe51on was measured
N -
w1th top of vane flush with 'the surface and at depths of 5,

¢

}0, 15 and 20.cm. from the soil surface. f};v ‘1 S

o After measurlng the 5011 strength addltlonal




° 40 . s
pull out. The pull out load was read on the strain gage ;
indicator and simultaneously plotted oh the X-Y plogter as :
a function -of vertical movement of the model. Thb m;;iqum

—Dpull eut load was thus measured. SOOn after completion of .
l the test, the model was washed 1nto the glass contalner 80 ]
e ';-as not to lose any soil . L - A L '.-;': o ’l_ulii
) Jff ‘"?. ﬁTi}f' P It 15 to’ be p01nted out here that the breakout 1oads " hf
: q;-,‘ . 'determlned 1n these experlments are the loads to pull out "‘fﬁ
'Z‘Htge’object 1n al 51ngle effort. The total tlme jor breakout Kﬁ
"‘;;veried‘frcm 30‘secs'tq 2 minutes; Tlme effects by applylng {
. ivvn.t’e;i::med;i.;ate ; loads were not studied. A reference to Muga
; (1968) is made for details of time effects. | ;
) N 4 . ,




Iafter dlfferent perlods of settlement of the slurry.»

4.1 Sediment Properties as a Function of the Time of.éedﬁnentation\,'

‘Flgure 14. The 5011 unit- welght varles from 14 8 to 16. 0

. and comparlng the conSLStenc1es of differen

N

, . CHAPTER IV

! #

. ‘RESULTS Ano‘bxscusslon,-

The dlfferent varlables consxdered for thls study hv: -

1

are, the object roughness, object shape and the 5011 shear H{(ﬁrhif:”f

ot . R t
vy .

- strength The 5011 strength was varled by conductlng tests

i

Experlmental results and thelr dlscu351on are presented
L . - N -

below: . '

The: sedimentation rate of the soil slurry was: . .

" observed soon after the slurry was formed and séttlenentA

"started. The relationship of the sedimentation with time

L L
is shown in Flgure 13 ~The time—sedimentation_curve>becomés,
asymptotlc after a perlod of about 72 hours. 'The'maXimnm’;
perlod of sedlmentatlon in the test program ‘was thus . taken v‘f%”

"as 72 hours, a reference standard The Varlatlon of the :

average unlt welght (Yt) of the 5011 w1th tlme Ls shown ln

"l »,

..kN/m 1n 72 hours, Wthh is about 1 5 to l 65 tlmes the . “. v ‘jtg

' unit welght of water. The correspondlng water content 1s 1n'

the order of 80 percent t0165 percent

, quUldlty lndex 1s a‘useful parameter for expre551ng /

clays,._Itf;s.flA
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g o glvéh by L.I. = Water content - Plastic limit.
A Plasticity lndex :

The varlatlon of 11qu1d1ty index :Lth the time of sedlmen-—

tat:.-on 1s shown in Flgure 15 Th lmquld-lty mdex varles

from a hlgh value of 4 5’ 1n the s Lurry form to 3.4 after 72

N\

hours. The hlgh llquldlty :Lndlces of 503.1 used ln these tests.'_":_'l;

Rl ’ -

Plate mode l tests

.

In the analys:Ls of all the plate model tests, the

A S
; ' U = . coh s:Lon and adhesmn were calc‘ulated as’ ‘an averaged umform
iralu over the embedded depth of the plate. Results . ’ 3

" discussed here\ are fo_r such‘ averaged values.

4 2 l Relaijlonsh:rp between coheslon and tlme of sedlmentatlon

.

- . ':x The 5011 type used 1n thls work 1s 511ty—clay, in a
G ;..,,- - slurry and underconsolldated form. '- The so:.l cohesmn 1s ,
R ﬂ"qenerally the pr:l.mary component of the shear strength of such

BERE AR

-

R " soJ.ls.A' The vane shear values obtalned in- the tests are. used
‘ synonymous w:Lth the term cohe51on, _:Ln the present dlscusz51or1.~ N ,:'i'..
S :: .' '!‘he relatmhshlp between so:.l cohes:.on and the tlme of sedJ.- v g
S mentat:.on 1s presented in’ Flgure 16 The 1ncrease 1n cohes:Lon'
RET " is very‘ slow 1n the mltlal perlod of sedlmentatlon. and lS
.‘;rapld subsequently. The slower rate of sedmentatmn durlng
the a_nltlal perJ.od and also the slower development of the ) ; )
5
‘ :,».electro—chemn.cal forces (Vanderwaal's forces) between flaky\

'v-grams of the 5011 (G‘rlm, 1968- Mltchell,'l976 Trollope,- ':_ 3

‘1960) account for the slower lncrease of cohesn.on durJ.ng

) . -
,"".‘ -y . - . N . . N hE R . LN - ﬁ 4 .
N “ hd i D i . - N . N . ' -
P , .. , - . . : X . L .
. . B J LT e w v .o . s ] s PN o
4 B
f
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the initial period of sedimentation. It is also noted that -
the gain in shear strength does not reach an equlllbrlum
. aftervthe primary sedlmentatlon perlod Due to tthQtrOplc
'sff'ects "(‘Ter'zaghi'.and Peck, 1967) and the subsequent
molecular bondlng'.of the clay mlnerals (M:Ltchell 1976),
'the shear strength w111 contlnue to 1ncrease beyond the 72 -

"'»‘hour prlmary sedlmentatlon. S ‘-,' - afi..; N

PE " L

“ v

" 4 2 2 Comparlson between adhes:.on (c ) and cohesmn (E)

The unlt adhes:.on c between the object and 5011

0

was computed as a ratlo of the pull out load to the embedded

area of the plate._ The adhes.'Lon on. the plate correspondlng

» ¢
to zero tlme of sedlmentatlon was .Lgnored., The vane shear

. »
o - , strength was measured at. dlfferent points’ along the'depth

v of object embedment, and averaged as the a.verage cohesmn z.

!

The relatlohshlp between ca and c for dlfferent

materlals 1s shown 1n Flgure 17 It can be seen that the

: T u"adhe51on 1ncreases w:.th cohes:.on for all materlals and the ;

.4,

rate of 1ncrease is slower at hlgher values of cohes:.oh

Moreover,_adhesmn is also- a functlon of surface roughness :

v A

N .,.,'of the materlals. Y At any value of the.cohesmn, adhesmn 1s

| . R " -.larger for rougher materlals except for plex1g1as and glass.
The anomaly for plexlglas plate is attrlbuted to the surface ‘

A unevenness. .' ’ -AP,‘! e A e '

Plexlglas sheets are 3.n\rar1ably hot’ of constant

J o thlckness and not perfectly plane.~ Although fr:om SR
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. * ,... , _‘ . o - N . + - '
m:.cro—roughness con51derat10ns '1t can be claSs:LfJ.ed as e

smooth the surface has undulatlons. ) The slopl.rrg llne of Co -

Figure 18b 1s a’ qualltat1ve conflrmatmn of the surface t

. -r - ‘.‘-»

o T ',’.: unevenness. When such a plate 1s pulled out Of* 5011, the

e W P . i

. adhes:Lon, ‘at least 1n part, is between so:.l and 5011 rather
RO ""f,': than between so:.l and object Flgure 20 schematmally

f;."j‘f ' explalns th:,s process and the anomaly of the results for

‘r

« plexlglas. F1gures 18 and 19 also show the plot of surface o
‘ ) roughness of all the other pﬂ.ate models,’. }f:: A
._:,.'. ‘ In the case of glass sheets 1t 1s the phy51co-_: (

' '_'.',-7:, chemlcal actlon (M:Ltchell 1976) causmg the anomaly. ; When

a glass plate J.S 1mmersed 1n a so:.l slurry and the so:Ll

N oo “r

LR .- : . fallowed to settle, _molecular attractlon takes place causmg a

[

. SN ‘J strong s;tl:.ca bond between the molecules of clay m:.nerals

“ (malnly 1llJ.te and kaolz.nlte) ' quartz and the chemlcal

‘ - constltuents of glass (con51st1ng malnly of 5111cates of ;

E . ﬁ : potas,s'lum," calclum and sodlum) o The pull out load recorded :

. ; l'nuf.:hlS case 1ncludes thJ.S force of molecular attractJ..on ' ._.-;-:;.fr"-j
: along the sohll-gla.ss 1n‘l:erface in’ addltmn to the norma‘ll;'l SRR

e understood 5011 adhesmn. .The above phenomenon can al.so RPN,

e : be ~substant1ated qualltatlvely smce lt is known that .

- e "o,

consuierable force 1s necessary to sl1de two glass plates ;',:" o

‘..

%

5y R

[ - .
§ e whose surfaces are free from 1mpur1t1es (cleaned w1th caustlc' .

’ R soda solut,ton), the coe‘I‘JfJ.cz.ent of frJ.ctJ.on be1ng close to o
} f' umty (CRC Handbook of Materlals Sc1ence, 1974) ThlS lS e

Aattractlon




Fig. 18 SURFACE ROUGHNESS OF (a) GLASS PLATE, (b) PLEXIGIAS,
(c) BRASS, (d) STAINLESS STEEL, and (e) PAINTED MILD
STEEL PLATE MODELS




Fig. 19 SURFACE ROUGHNESS OF (a) MILD STEEL RUSTED I, and
(b) MIID STEEL RUSTED II PLATE MODELS
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'which has already been explained

53

phencmenon between the molecules of two clean glass plates.

A similar phy51co-chem1cal actlon between soil and glass is?

attributed to the lncreased adhe51dn in.the case ‘of glass,

» -

/ .
‘although its micro roughness is small. ' . N

e

4.2.3 Adhesxon to surface roughness relatlonshlp

ﬂ}; The ratlo of adhe51on to cohe51on .is de51gnated by a,

[ g

he adhesion ratlo. Thrs ‘ratio for the varlous materlals at

dlfferent perlods of sedlmentatlon lS shown. 1n Flgure 21

A

'TableJEI summarlzes the values of surface roughness as

,’9 .

ﬂfmeasured by Taylor Hobson No.‘4 Talysurf and expressed as

o centér. 11ne average in mlcrons {um) over a cut—off length of

0.254 mm. a 1ncreases{w1th-1ncrease 1n ‘surface roughness,

except for the anomaly in the case of glass and plexiglas,
Figure 21 algo shOWS that o for stalnless steel and

palnted mlld steer plates are very close to each other as- .

also are thelr roughness values (Table IID Comparlson of

the results obtalned fOr only the metal plates shows that the’ o
‘ higher thé\roughness value, the hlgher the value of o Gig; ZLM

“Thls 1ndlcates that for all types of, metal plates, a is a -

functlon of the surface roughness £ “f3.3

4.2.4 .0 as a functlon of cohe31on : ,“'*“““”““%\\

o The relatlonshlp between o for the dlfferent models
' , . FEN
and 5011 cohe51on, is shown in Flgure 22 It can be seen
IR
that o 1ncreases‘w1th cohe91on for 11 materlals.- However;.

.
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' effect could also be seen 1n Flgure 17

57

the rate of inérease reduces at higher cohesion values. At

»

any given'value of cohesion, a is generally higher for

materials with greater roughness except in the case ,of
plexiglas and glass plate MOdefs. For a gigbn material,

the lesser the Value'of cohesion,‘the smaller is the value
ofna. The varia®ion in the rate of changefin o implies that

the adhe51on 1s not always a flxed proportlon of cohes on,
but varles non—llnearly w1th the ba51c coh351on 1tsel ;ﬁ
For the sorl used beyond a cohes1on value of 50 Pa, the '

<

":value of o is constant, 1mply1ng that adhesron w111 be

dlréctly proportlonal to c beyond thls Value.“

4.2.5. Varlatlon of o, ‘with percent sedlmentatlon

| Flgure 23 shows the' varlatlon of « w1th percent
sedlmentatlon. The percentage of. sedlmentatlon is deflned
with respect to the standard 72 hours, whlch lS the hxpo-'J

thetical 100% sedlmentatlon. It is seen that o 1ncreases

L

.slowly durlng the 1n1t1al 16 hour period of sedlmentatlon and:

rapidly. thereafter, before levelllng off towards the end of

sedlmentatlon.. The cohesion value also 1ncreases rn a

[

similar pattern (Flgure 16) after the 1n1t1al perlod of

sedlmentatlon. Comparlson of Figure 16 and Flgure 23

&~ .
suggests that the rate of 1ncrease of the adhe31on igs faster

than the ba31c 5011 strength 1n'the 1n1t1al stages . Thls

.o

. The percentage of sedlmentatlon 1s shown aldng51de

\
the tlme of sedlmentatron in Frgure 23,, About 72 percent

of sedlmentatlon takes place in the flrst 16 hours whereas

. . LN -‘.., ,3_, St A
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only 20 percent further sedimentation takes place in the
next 32 hours.l In spite of a smaller rate of sedimentation

between 16 and 48 hqgrs the faster rate of increase of

cohe51on durln

this perlod influefces the value of u. . ;
. ‘ )

4 2, 6 Percent gal o for dlffe ent plate models'

The,value of o at 72 hours was taken as the standard T
‘ LY T . D

reference amax and the other 1ntermed1ate o values for

R }v“”.i-,F.;' dlfferent 1ower sedlmentatlon tlmes were expressed as ajgt.ﬁﬁ RPN
' : . ! -t . (,] A "‘. ‘._-' b l:,l.'
percentage of the stapdard a max ‘ Results are presented 1n ' o

Flgure 24, It 1s _seen that the rate of change 1n ‘o is
slmllar for all plate models, slower durlng the lnltlal
perlod and rapld thereafter. Regardless of the type of
if-f\' C mater1a1 the maxlmum 1ncrease 1n a' is between 1e6. and 32 hours_;

[

- as alreadysobsefved.;~

‘ 3 0. ,4.2,7 Influence of average unlt welght of 5011 on a‘ S
Y . The Varlatlon of ‘o w1th average unlt welght of 5011

. e Ls showh in Flgure 25 For all plate modals o 1ncreases )

/wrth unit welght of s01l The encrease in o 1s larger for‘

plate models of hlgher roughness durlpg the 1ntermed1ate

rt; ' . i stage of sedlmentatlon At hlgher values of unlt welghts ;;

‘

the value of o reaches an equlllbrlum, 1nd1cat1ng a

. proportlonally egual rate<%f anrease of both adhes1on and”

. _ b ‘ B N S s e
cohe51on. g C : : e Vo

A - o . . S

v
-
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4.2.8 o versus liquidity index of .the soil

" - The relatlonshlp between o and the lquldlty 1ndex :' S

G . y ' -of soa.l J.S presented in Figure 26.' It shows that oz 1ncreases o N
. S \ 1 Kok o .- ) . A - ...",

‘Wlth decreas:.ng llqumdlty 1ndex (.1. e. , lower water content)

fpr all the models t“ested The J.ncrease in"a value :.s slow

o ' " at hrgher lJ.un.dity ';.-nd;,ces correspond;ng to inJ.tJ.al perlods

' 2 .’ \\ y :'Of sed.lme‘htation.: < 1ncreases rather rapidly at int'eﬁ‘rmedlate
U N vaives on llquidn.tY‘J.ndex in e order of 4i25 %o, ~3.,6. The ! St o
B N \\) ’m'crease- 1n 0 :|.s not very s:.gn:.fr\cant below ailiqua.‘dl‘t.y.mdex “r ‘%
. \\ . of 3 63 ,Va values are nhn.gher‘ ‘for models of higher surface ':‘: ?%
“ \‘\ roughness for a glven value of .the 11qu1d1ty. 1ndex.. The ot' %
‘ ._; values obtalned for plexlglas and glass plates are, however, 5 '}’&
e . hlgh and the anomaly was explalned earl:.er. ’-‘",5: * :' o 1
. '_ g Figures 23, 25 and 26 are sim:.lar, 1ead:.ng one to_ j_'; % ’}
' conclude. that the prlmary per:l.od of sed:unentation and theu': , i
v :-. perlod 1n whlch‘the soll reaches‘ a @tate of nearly constant
; 5 ‘ i} p | densitv is :.the factor J:nfluenclng the values of c., for a ))
1 A f,"". N gJ.ven embedced object. o _‘::"":7 L ‘:' . "?'..- i -
B EY / . .. . 5,5 % o S O _n‘ ” _::—:;._.',' .?:"'-f N
i ' -.;\'.:: -j..",.»; 4 2 9 -gfect of depth ‘oh oohes:.on. adhes:.on and the parameter u i“ .
, ':'-‘.‘.,“’_P,_-; ‘ \ g L3 The results 'so fa_r tliscussed are based "on the values-
. i -._‘ : -f“ of cohe&:.on and adhesaon "a'veraged over the depth of e.mbeduwnt
j . of plate models. > The value of cohes:.on .Ltself varS.es wn.th
‘ g : i ‘th’e"‘depth below the.sc(::l.l‘ surface..\: For a 24 hourmse'diment‘atq.on,. .
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' ' model was used in. these tests. , Correspondlng value ef eohesmn at that
‘ depth was also measured The results are smumrlhed in Flgure 27. .‘. ) : 7_"1‘ ”:‘2 :
. SJ.mllar results would be expected for othe.'r: plate models as well. ‘,-' : _ 8
R A It can be seen that the cohes:.on mcrea\ses w:.th depth and so S
YE R also the adhesn.on.‘. The rat.w 1 also fo.llows the same pattern For the
‘ ¥ range of depth stlxiled, hthe Values of a mcrease'w1th mcrease m the i
. :‘, , aVerage oohes:.on. Th.'LS 'effect of depth was not taken J.nto accomt

the mterpretatlon of Flgures 21 to 25. A whlc.h Values eﬂ*c, c and u v .f‘-,: L

\

;e » ._-.-

':::' g s .' ;' were averaged It is also to be noted that the depth of enbedment was

o h B _'«‘1.' ' kept oonstant in all the tests 50 that the oanparlson of averaged " ‘
. (",—“ L ' - L AN e ‘ o P o R
‘ R results beccmes meam_ngful L - A

: f ;' AR - These results are s:.gruflcant 1n that one has to use eautlon

L m averag:ng the oohesion, part_lcularly :Ln the calculatlon of pull
‘ ' out forces for objects th.ch are deeply enbedded. ke

‘R e 4 3 Results o Ice Sheet Tests - L . N R :
S '_’.‘.1 "" R The exper:unental results on the adhes.mn between so:.l and

fresh water 1ce sheets'are presented and dlscussed below s

. ! 4 3 1 Var:u.atmn of unlt adhesmn w1th cohes:.on f‘;.l,_ , VRS ;;'; -
, X -: The aVe_rage coheslon over the enbedment depth was calculated,
F R : based on ooheslon values at dlffe.rent depths and plotted agalnst umt
‘ :‘, {f, adhesn.on as shown 1n Flgure 28‘;

w1th oohes::.on. The so:.l, m these \tests dJ.d not gaJ.n a strength ecmpar— ‘ g ) -' :

able to those of the plate model tests. The presence of the anttfreeze

h‘:

},.:": phemmenon._ Use of =sea Wate.r at the ope.ratmg tanperature of —3 C of“
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. 66 .
. . 6 _ o * ’ 4
« ,further. _ , ' : , i
. 4.3.2 Relationship between o and time of sedimentatibn' , ) -
' {“? o The o - sedlmentatlon tame relatlonshlp for ice sheet . Q

o '15 olesented in Flgure 29 The lncrease 1n a w1th tlme, does

not appear to be srgnlflcant (from 0 63 to 0 66) The

2“.:_f‘v . presence of "a frlm of melt‘yater around the embedded portlon

5 . o .

o of 1ce sheet caused by . the presence of antrfreeze mlght i o
, . R . . . O

R ' result in an almost constant value of ar 1n ‘the .range of R
. . ' " g~

cohesion,values studled-(Flgure_ZB). SeCondly, the presence R
of antifreeze caused pitti‘ ‘of-the ice sheet. The value of 4 ‘_‘ A

- ;a~is in the order of 0.65 whlch is somewhat high- con51der1ng l S

. WO < i

o

the fact that the ice surface 1s smooth . Thls.ls an

v,'

experlmental 1nadequacy wh1ch has to be consrdered 1ni{
S o lnterpretlng the results of the tests ‘with 1ce sheet¢ »lt,is'

probable that one- would notlce a’ 51m11ar plttlng phenomenon:

ln the ocean envaronment, at the 1ce—sorl oontaot, together,;

S w1th a fllm of melt Water at the 1nterfaoe.¢ In such a: case,

= B , . K « o

.a value lS llkely to be Ain the range of 0 65 No other-' _
Voo meanlngful conclu51on can be drawn at thls stage “from the .
laboratory testsr-;;‘;f‘ - ,fi;?{ -'~jﬁ'{;iljf¥:f5fl-~._‘E=.-~(

A - ! -, .
. . . :
I . . . . . |,?

L Al Partlally Embedded Plex1glas Prlsmatlc Models

The pull out resmstance of a prlsmatlc object
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] * B :'
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. i ) \ ".i
where : . . ‘
C - . R
i P = pull out load ‘ y - d . o &
A © . 1 % . DA s
; gl oS adhe51on—cohesxon ratlo 3 - . . 28 . Q&P B ';-
; . ‘.. ‘ . I . - 'ﬂ ‘| .‘.._ . <« {IF .t . ~’. 2 . . . . o . R .'.2_.
‘I ,ﬁ;‘6‘= average C hesion along the embedment depth 1&';’”1_ . gfj T
il A‘ﬂ Vertlcal surface area of the object 1n contact w1th 5011 T S
: 'f;“fés unlt base suctlon =3 b*'” 3::2 . 3,“;;.HQ' .“' {ERCE i ,uf
o e e T . . ) . i i TR ¢ d et S .
' N yqub pro:ected area of the bee of -the oebject.. -~ - L S s
N e et 3 i ot o 2 . e ) . ¥
ol wgle " . - B e T @ -”_", - x.- G e Sy AP g AR Pl ¥
i+ e O The value of LT C. A 1ncludes the lnltlal adhesxon G. y on . DR, W
I . < B . v
| W \ B 5 v : ‘ o
L % s o on \Trtlcal object-soz.l J.nterface at ¢he tlme of | embedment of Z
e ,_l,_ object (at:. tJ.me of seda.mentat:.on =0).- Howeven, .the Oalue Nt R
. of C 'ls very’ small,\andahence neglected ,The~uhit2hase ST |
' j suction can be expressed as: ;;}'.- . 3-3ﬂ‘ B, e Tae T
. - ] . . . B 2 S N L P . ': - o _': ',‘ ;.,.",i_
.. - Ty
¥ , P 1: e ‘
. . ' '-".E' N
. . S 2
o e [T T
T g
R y .,
3 W e, 1] . y
A T it Erom equatlons-[7] and [ij
. The parameter B i5. 51milar to the d1mens:on1ess co-eff13§ent,~ e
"i -.._’a & L "_.\ v '.~ ﬁr- £ .-4. w Y
?‘: = L . '.
s The“depth'qfuembedment Of: these models was'th

s\‘ -

ffrom:plate tests can be used ;n equatlan [9]

b
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4 4.4.1 Influence of bottom profile on unit base suction‘.
Experiments for determining base suction were carried . 3
out using. plex1glas prlsmatlc models of varlous base o

conflguratlons, i. e. ' flat base, pyramldal base w1th apex T

vy

angles 90 and 135 and flat base w1th all round sklrt,‘:

A .
"5 cm. hlgh All these models were 7. 62 cm X 7 62 cm.-Square

‘- K

ﬂln plan, and 22 5 cm long

“:;'m Flgure 30 shows the relatlon between cohe51on and p?

i

- unst base suctaon for these models. The base suctlon-coheSIOnn
relatlonshlp 1s linear except at low values of cohe51oh lnl
the case .of ob]ecﬂs w1th a flat or prOJectlng base,-the base
re51stance appears to be dependent only on. the progected :k
horlzontal area A Base sudtlpn rs almost the same for all the
models except for the model w1th an all round sklrt. "l‘;‘h,e.".‘.-~
presente of sklrt a11 around the £lat base lncreases the baseIJ"

3 : . R

Sl suctlon 31gn1f1cantly ‘ The factor contrlbutlng to thls 1n—

4, ‘P

."evcreased base suctlon 1s most kely to be the 5011 to 5011 1nter- uﬂﬁ?

Iy

.abtlon between the wedge of eqxl entrapped wlthln the sklrt

'zone and the 5011 outflde at tlp level of the sklrt.s,sf? o

4 4.2 Relatlonshlp between llquldlty 1ndex and parameter B

;;.';f Flgure 31 shows the Qarlatlon of B w1th lquldlty "

) _index. It 1s seen from th1s flgure that,B 1ncreases 11nearly

..

:‘w1th decrease 1n llandlty 1ndex.l For the values of

lxquldlty fndex of these experlments, B appears to be .

W

1hdependent of theJFhape of the base except for the model
[ w1th all round sklrt.; Durlng the 1n1t1al stage of sedlmen-,f"'
T' l. . ..-.
tatlon B lncreases very slowly W}th decreairjln llquldlty 33~*




=N w1m:&meedPrmm

. "'.."

)

Pa

'BASE

[

£
z
o
[2)
wl
©

G




. T “ ' - d S ‘ . v P
. ‘ . " . . - . . ) ] ' . i -\‘ . '
. . . . . B .o : , I
: , . . . . - .4 -
: . , ' t - . K . ) 2 '
;) oL IR TR
LR ‘.: i . , - N ‘!'. ‘ Co ‘
PR T TR U B ST
SRR FlatBasemthAllI{gm)dSklrtl

RATIO
N

COHESION

Co U4
' . . R '—
N : a0
S e - »‘m
R - |

M




-‘ . .‘. .. ‘ . . - R * ) N - 72.

lndex. The range of B for all.the tests was f'rom-o.l toAlO,
' whlle the liguidity index varJ.ed between 3. 4 and 4 5, and. the
correspondlng cohe51on at the base varled from 20 Pa to 10 Pa.. : ‘
It may be recalled that the parameter u, too, J.ncreases rapl -ly ' Ll
for values of llql.lldlty 1ndex less than 4 as showrr 1n quure 26 | '

'The varz.at:Lon of B for the model w:Lth a sk'.\.rt around

,‘.(;,P.- I

i the base 1s slmllar to that for the other models. waever, - i
2 L the absolute valu’es of B are hJ.gher for th:Ls case for" any
glven value of the llquldlty.,lndex'. ThlS is in conformlty

.with the conclusions in para. 4'.4.1,. - o - N
v ' - : ‘ T

. . 4.4.3 Varlatlon of .8 w1th depth to breadth ratlo (D/B)

The ratlo of. the least lateral dlmensmn B: and the -

. depth D is an J.mportant factor whlch 1nfluenogs the beha\nor

ﬁf any foundatlon in scnls and J.ts bearlng cagac:l.ty. .The

)

--problem of pull out has sometJ.mes been termed the problem of

‘ reverse bearlng capac1ty"'and theo’retlcal formulatlon has ' R
: e ‘ . LA

. :'been proposed by Lee (1972) To verJ.fy the effect of' lp/B ratlo

on tlrre pull out. and also- to compare the results w:.th the Ve, oL

" t"

“

‘ -\'-"avallable theoretlcal formula, the plexlglas models were ::‘.

'
-t

w G determleed in, each case,. ’_ . .- ." :

iesults were obta:.ned from tests':wn,th 48 hours

-‘:sedlmentatlon for the models w:.th flat ass well .as’ pyram:l,dal

.."- N " -. : L’ e V'l.,
A compara.son of the B values o ta:.ned from the semi-

v.’;
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dlrectly compared to the bearlng capaC1ty problem (By ne o ,:
_ ,:ahd Flnn, 1978) W1th approprlate oorrectlons for dept ;' : ﬁ}
' uizteccentr1c1ty, shape and 1ncllnatlon of the”load -as. gllen.by ri
} y ’.’Hansen (1961) Such a cOmparlson ise made for the explrlments E{r

corzducted :.n thlS study and also shown 1n F:Lgure 32

)
r-,

surface where D/B value is- zero,
' -

The values of B 1ncrease w1th 1ncrea51ng D/B ratlo.

(1972) has glven an analy51s for 1mmed1ate breakout e

f

v partlally embedded objects and draws analogy to the h

l’

It has been establlshed by sem1-en

N

capac1ty problem.

B was found to be a'out 3

earihq

pirical

formula that @alues of B lncrease w1th 1ncrea51ng D/

whlch lS conflrmed by the present experlments.' Howe

v
Wy

experlmeptally. The theoretlcal formulatlons cont

o

a 5011 1n whlch a general bearlng capaolty fallure

er,

uplate --'

3

ratlo,'

B
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L.‘ R angle of the pyram:.daf base has no s:.gn:.f:i.cant :|.nf1uence on " . o
.‘ " L .-The v«';llues‘ of B-"obta:.ned from the present teste and o | ",__'.;-
o . thOSe 'obtelned from shalléw anchor upl:.ft theor:l.es, as well ;
. 85 the exper:.ments on hbnzontal anchor plates by‘ Davie end E
: S"therla“d (1977) are’ Presen‘i‘:ed in'Figire 33. o
. .’:’-. o 'i:::: seen. from Figure 33 that upla.ft‘theor:.es also overest:f.iﬁaté 3"'-‘. e % :'
. .. valv;es for D/B greater ther; about 1. a, whereae the e:gper:.- k e
I . . mental values of Dav:r.e and Sutherland ‘are Smaller than ’ :\: ‘-
A the values obta:.ned Ifrom preeent mvestigation‘ for any D/B - .
| CO. :‘ ‘l‘he compara.sons in Flgures 32 and 33 are to ‘be . \ 3
‘ LR quallfled by the fact that. 'the mef:hod of SaIRple pFePara.t:.on
wﬁ e ’ ‘ reported here are not ident:.cal _tp‘ those of the .other authOrs. ~
; ‘ : : | ﬁowever, sxnce the breekout phenomenon :.s the sau;e ,'a ' J
i oo & Co c:orrelation of the different results 1s' aPI?J-'OprJ.ate.:f,‘.-‘- : i -.
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2 (1977) exper:.mental i result,s
for c = -18 kPa e e

) s AR e

-fﬁPresent Investlgation»f'

(for c = 24—72 Pa)
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F:Lg. 33 COMPARISON OF UPLIFT RESISTANCE chwon P PREDICTED FROM
' SHALLOW ANCHOR UPLIFT THEORIES, WITH OBSERVED BASE SUC'I‘ION- s
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‘~'£'~_,.parameters o and B.
" component of the

- dlfferent shapes.

-,..

" so:.la_A J.n between.

e R T
.

er

ll..

<

abOVe the embedded ob]ect has to fall

- ,.depends on the type of so:.l.

By a s:.m:.lar analogy dur:.ng pull out of

;‘breakout for fully‘- embedded 'ob';,ects,

E ‘;'~‘4 5 Fullx Embedded Plex:l.glas Models o.f leferent Shje '
} The evaluatlon of breakout forde for fully embedded
ob]ects 1nc1udes two addltlonal factors :bes:Ldes th ”'-,'_‘

These are the shearing resistance of

-.'_the 5011 mass above thex embedded Obj ect and the vertlcal

é\.llislon on the top surface._

shows the forces actlng on fully embedded objects”of

F:Lgure 3 4

At the onset of breakOut, the scn.l \mas,s
The type of faJ.lure

: ¥
W’hile evaluatJ.ng the types of

l

.',‘ bearmg capac1ty fa:.lures, Ves:Lc (L973) classn.fmed these as
.fll'jpunch:.ng shear for h:.ghly‘ compressﬂa(le so:.ls, general shear

E ‘f,«», 'fqr relativel_y mcompress:.ble so:.ls and locarl shear for' e

(]

"_-fully embedded objects from very weak and compress:.ble so:l.ls

such as' that used here, punchlng shear fallure Can be

wt ,’

J.mmed :Lately after ,the

»
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¥ M ’

. P'= Tnitial adhesion at T

il
=2

.. -, . +'cohesion along soil failure surface o

.

- N + ‘adhesion aiohé vertical soil—gbject interface T

¢ x Lo Co
o R base suctlon at; object bottom . -;1,’ ? o
Dols B }}{H} + vertlcalacomponent of. adhe51on on’ the top BRI 2?
ot R ._curved surface Of: the object . [12] :

e ct . -5 T o - B .
. . a . . - . N PR 5
y , . .y L e TR e, 'r , L.
. . [ N KN N -, AR N ! o .

Breakout load was: determlned for two dlfferent iAf'-w

':depths of embedmentkr Table IV glves the compar;son ﬁbtween

the theoretlcal breakout 1oads, as obtalned by eq [12],~

and ﬁhe experlmental values. There 1s a reasonably good T
~

»e s

correlatlon between the computed and. observed 1oads. The’

'dlfference between the observed and theoretlcal values

-

- wouid be even less, if a curved fallure surface 1s assumed.
o _. . ilnstead of the vertlcal fallure planes.,'It,may be fi

| noted that onlx the progected area of the base lS conszdered
‘;‘.f;“ ' .:'{\{or comPutrhg*the base sgctron in the case of a- rlghts
3 ~'f'. oo c1rcu1ar cyllndrlcal object w1th longltudlnal axis
: : .

f} —k”horlzontal and also 1n the case df a sphere“ A 51mllar:_'

approach‘yas made by Muga (1968) and the correlatlons

PN

-

t .reported to be satlsfactory

There 1s also a good correspondence between the ;

o e, ot - A

'breakout forces on sphere and hemlsphere at. comparable D’

'values 1nd1cat1n§ that the base conflguratlon ‘has no

td

: sxgnlflﬁant effect on the base suctlon. a 51mllar conclu51on B

Co i? o 'was drawn earller in thevcase of partlally embedded objectsu‘

‘ . - v
T

{ v S gof dlffeseﬁt base conflguratlons._ X

. . RIS
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» 'COMPARTSON. OF .OBSERVED BREAKOUT mADS WITH THE VALUES O_BTAINED USING Pz_\.RA‘ngE:erR»u,ANDg-Fc_)R.FUIm EMBEDDED oa?scrs

Sl'iape dnd Type .of Enbed d‘edObjeCi; | D/B Base-Suct:Lon Adhes:.on Adhes:.ve theswe -/'Ibtal . Observed
e & Ty Pe e A Rath ‘Force, P, -, o Top-! .- Resistance™ "Resistance  Breakout . . Breako ut.
B R . o Curved . .+ on'Sides, : Along Soil Iead, b= Load. g
TR CT M swEweC s Cy . Failure - ~B+q3+(‘,‘i+c ). 2
S Dl e R paney B TR ] "

‘ . y1:" ’. < G : (N) : - -

J‘f

I -7 . Cube,7.92.&m 2,033 2.9 0 .t - . 0,99 1 29 Y Y 4.22
‘,__'.v. ":- N “.-'.-. Lt Side"'f. o :.' ."-',_' ‘. : R .:_‘-,‘ ;u- REA
A A I T S - A NI o 13- AR 0.'.~6,8_‘ ©3.23 2.94

P . . N . . - . N v -
A .. 8 . - H . » N . .. X . R
B Lo e s MRS . R, - s - - et

- - . * L Y pay » - 3 s et . .

S Rtinaer&ﬁ?' i 100 L T ew i Caes . e
; | e X762 amchE, with, ST T TTRER e B T A e * S
N R longltu;imal BXlS U 1.60° T.4% . - v 5i83t.t . v o.ea s . 2.88 - . - 2.67 - s
| t RtCucular 1— o i L . LA s T
L w7 inder,7.62ciidisy’ 1.55. "1.45 i7 0 0.43 . 0 0.3 G 1509 o 3072 0 4.89 -
e ‘~'-¢__ ] 't . x7.62am hty with' .- - - T B S T P - T
L XS "xlonglmaﬂnal S 1.14), 0.32 ] ° 032 & -0 01.02 U .-2.80 .03.34-
dlsP’am,e K 62 "“-: 1,60 1.2 eu37c o, el i 1 58 w335 . 4.23

" 4——.x o L8 o9 0.37- ~ 1 04 2.40 2.89. By
He'“lsphem: 1,69 1320 e 037 R '4-1:4'52. U331 L 400 L i

. “" clL 15, 1 oo © 0,37 1 0.7, 247 'j.-:f- 2. 67 '. 8"
A _T ch__?csig g;_ll for the forces tobe con51dered J.n the breakout of fully enbedded obJects andAppendJ.x At for sample IR

' ** X-X is anbedment level. E t ;- ) R SR _- _-._.',; oA L ‘ -
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" : Laboratory expérements were conducted to determine
‘the.. adhesion and breakout .r.e.ustanvce of soft un’clerconsoll’-;“ ' ' §
dated clayey sed:.ments. Plate mddelé‘of dafferent materrals_; ’ ;"j
"and roughness were used‘ PrlSm;tlc nodelstand objectsnof ..135;3%? ;f{
J}:;ﬁﬁirlfo:JLéiaﬁs shaoes‘were tested w1th partial and-complete _':;': i_;151; é.%gi.
g l . Although the pull out” resistance is genera‘lly » " ' I 1
_é;f:J N :; .attrlbuted to the 801l-ob3ect adhesion, the surface undulatlg::g; : :;;Ji
B oL T _ a g - 5 Y
5 ’:::;fl' ,’COuld 1ncrease the resrstance .as demonstrated 1n the case of : u;‘”=ifﬁg
e 4 - : % IR N S
;ffl f:g{: plexlglas sheets.;,Pull out resrstance in -such a case would 'fﬁf .ik,y
SN b ._':‘: & be due to the shear betW\sen the ‘SOJ.]. surfaces. :,'-': R : - _: iﬂ
' ,,: ,'2'- In the" cases {where the bréhkout re31stance is due :‘::. o B ‘.g
A to the adhesion hetween so:.l and obJect. the surface f".“gh"“ . P " 5
3ﬁ‘mfixuz -: ness: dlrectly lnfluences the adheszon ratlo. : iﬁfu'~. ?Jﬂ‘iig .
;asl:ltll'; u;Sgif}. Phys;qo-chemlcal actlon such as that demonstrated 'i}‘fi.
’ _ for glass plate, would :anrease ‘the SDJ.]."'Ob]eC'I; bo‘nd'and ‘ -
consequently the pull out resmtance.: e A i
ol , S In the case of aﬁtiflclally.. sedlmented soil the‘
s perlod bf primary sedlmentation appears to have the gr.eat'est

31gn1f1cance on the value of the adhes:.on rat:.o. 'I‘he

’ -,,.._ . - ‘o

: -";; sedmenta foh time, m turn, affects the sorl densi‘ty,

'...'1 -~
b -




'm3 . : ’ llquldlty 1ndex and 1ts strength ',‘l : . f‘ :*J
L : ' At very low 5011 stréngths, the adhesron ratlo o lS "%

3ery small in the-order .of 0 3. However, the value of“a ~ f - '%Nﬂt*

Fl ' reaches ‘a nearly constant Value as’ the sozl galns strength.u-ﬂj .;ﬂtv

From tﬁh tests conducted beyond a value of 50 Pa of sorl

e

rec0mmended evenwfor terrestr1a1 soils.,."@L~

‘..

Kf;;sll ' Tests on 1ce sheets ane to be con51dered only partlally

"suCCessful Pltting of the ;ce sheet 15 one of twg experimental

BRRE -

problems.',For the range of shear strengths tesmd. the value

of the adhesron ratlo appears to be nearlY cons;ant :Thé

COCIR I effects of the *add:.t:.on of’ antlfreeze s{)s not fully examlned
R e - '_ h ’ .
~if@"v : L Ice sheet experlments are to be con81dered superf1c1al and a‘

v/'_ °

deflclent in detalled studles. ;‘ ‘f ‘j%:f~'i‘;' : f'hft"

K H . . . -4, BT :‘|I‘|
' -» * e

6. --L\ In the case of partlally embedded objects, the basew o

suctlon depends on the horlzontal pro:ected area of the base, 5%~j'hf?

- i ;T;::' regardless of 1ts confrguratlon., An exceptlon, however,‘as f f:ji};é

?' ' : the case of ob]eqts with dlshed bottom. For such obJects C %

ii£'~¥’f'?:”.ﬁ¥y. thé’ base suctlon 1ncreases because of 5011 to’ soil resastance,- -

E I ". as proved by the experlments w1th a sklrted basejfﬁenx;'f?iiifii5:;; :

E“lu f:ﬂfi:jl;t“HVA f. For fully embedded objects, the 5011 ;verburdeh o TL‘:”:fﬁi
B «ﬂ:}i?;. ..?, Causes an add;tlonal resastance. However, theoretrcal ‘ , L
- 'éQQAtloné and shallow anohor‘ﬁpllft theorles appear to over— ;;

'Afj‘ . j‘; estlmate the breakout force 1n weak 50115.»1.;,;}ff53fh;13;; e
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511 leltatrons of the’ Present Investlgatlon and B N

gt

~y

. © &l - N - “ Yoo,
. 50115 are tlme GOnsumlng J.n terms of the perlod allowea for

-

sefd 1mentat10n .

: are reported 1n thls the51s (Appendlx B) and dlscussed'
- Work of thls type ‘Ehegeﬂ)re forms part of an ongo.mg program. .

For the particular type of 5011 used, e,xpenments w1th all

materlals were Egtlsfactory and repeatable._ There were, o

: :Lce—soll adhesmn studles. - ‘, ’

P -

poss:.hle and so 1s the range of so:\.l strength. Subject to

\ N ‘..
.,~.,;_~,.time constralnts, future tests 1n these dlrectlons are also

\“.

recommended .

: The effect of phys:.co—chemlcal pheanenon 15 by'" “

'f@a.tself a separate area of research. Whlle there are a number
gof publicat:l.ons :Ln thls area, the adhes:.on aspect “does: not
appear to have been examlned in great detall. ThlS 715 ax ;
e : .

';potentlal area for further research...,::_“‘.v
"_‘J / .

‘related to 5011 mechanlcs.‘

»ﬁ" o Gener.ally, experlments w1th artlflclally Sedlmeﬁted

', S A w:.der range of materlal surface roughness J.S

@_ T

Wlthln thls constralnt, some ,91 test results

f £

:

.' sts w1th 1ce sheets- Concerted

&

"".~
oo

K e -
Yoot N

Y ‘ Dol

. PR
T

‘..x

"'-:flnal answer to any englneerlng problem, partlcularly those Nl

Large scale oxr full scale tests
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SAMPLE CALCULATIQN FOR BREAKOUT RESISTANCE
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Dl Flg.,A-l EORCES ACI'ING AT ANY POINT 'P' ONTHE SURE‘PCE"lOFf”AESHiEBE“A';i‘ mE
: A ORST OF BREAKOUT. = - . U

L ‘Adhesmn on top curVed surface' The ferceé actlné‘ at any - "._ -
L | _') po:.nt P,(r 6) on the‘ surface of th{sphere at the onset of ' ::

’.»; : ""‘..,:‘.-;.,'.',,';'rbreakout‘:‘ are shown in. Flgure\“\A-l, 1.where - .J,,.l “ ) ) ‘
. - IR a.d'h‘ee::.ve' foree ac;:J:ng aleng the tangenére’t' po:.ntP . '
;' R = vertlc’:'a],‘ cb;npenent of force, T | : '
5 _-: Cot e hor:.zontal component of fc;rce,.
Gl T .-:The summat:.on of the horlzontal‘compohents of T over the top : .;
:';'-hemlspherlcal surface J.S zero, Krhereas ‘the sunm;a{:‘lohnc’)f the 1

.'.fvertz.cal componente glves the effective adhes:.c’;n.,i andlls | |

c [21rr ds], l" radlus of the elenental dJ.sc t

c [21rr Sln 6. rde ], radlus of the sphere
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APPENDIX B } . .
SUMMARY OF LABORATORY EXPERTMENTS CONDUCTED . g
Cate- Type and Size Type of Material Type of D Period of: Bjectives
_gory of Object and Roughness Enbedment B Sedimentation .
. Values over 0.254 mm ~ Ratio ~ (Hours)
Cut-off Length (um) - . =t X - :
1 2 3 - . 4 5 6 =7
I  Flat Plate " Glass (0.00762). " Partial ‘N.A. 2, 10, 16, 24,
(25 om x 15 am) 48, 72
. . : o
. . - 0-
Plexiglas (0.03048)  Partial N.A. 2, 8, 10, 12, o L
16, 24, 48, 712 8§
) - OaQ
Brass (0.04445) Partial N.A. 2, 10, 16, 24, .ﬁﬁ
. o ' ' 48, 72 . 8_%
) ’ + N N . D"
' Mild Steel, Painted Partial N.A. 2, 10, 16,: 24,\ Eé
. , (0.1778) . . 48, 72 > )
N . : . . - s qag
Stainless Steel Partial N.A. 2, 10, 16, 24, 8 5
{0.1905). : 48, 72 - - 94
N : Mild Steel, . parfial  N.A. 2, 10, 16, 24, 99
N ‘Rusted ~'II (2.195) ‘ 48, 73 é’“a.
o- Y ' _ SR 0
. Mild-Steel Rusted - I Partial N.A. 2, 10, 16,.24, 2]
(3.937) . 48, 72 s« - gg
. ’ .o ' . . Q
Ice Sheet. . Partial = N.A. 2, 10, 16, 24, §g N
48, 72 -
: O
» . w
T a2 T SR ] i
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_ SUMMARY OF 'LABORATORY EXPER’IMENT_S CONDUCTED (cont'd.)

| .Cate” ' Type and Size" - Type of Material Type of D .Period of, - Objectives
.gory of Cbject~ _ -~ - and Roughness - Embedmen‘{: B- . . Sedimentation ’
T o Values aver 0.254 mm . Ratlo " (Hours) €
N : Cut=off Length (m) : L R .
1. . 2 oL 3 - .4 5 .. 6 - °

~d

II 'Square Prisn (7. 92 cmi Plexiglas (0.03048) . . Partial 1.79 2, 10, 16 |24, 48, 72
. 8ide) with Flat Base - T . Q- 48
_ t L 1.55 48
. o _— * . 2.70 48 - .
- S - o - 4.02 18 c
' ) : o ~ ‘ '6.13 48 - :

<‘_}7‘

:

Square Prism (7.92 an  Pléxiglas (* " ).  Partial 1.79 . &ui 6,24, a8, 72

Side) with Pyramidal S : ‘ ¢« e
- Base, Apex Angle 900 : o : . o 1.70° -48‘;. :
- square. Prism (7.9 cm exiglas ( - " ) ( Partial  1.92 “2,10,16, 24, 48, 72
- -Side) with Pyramidal L . T
> Base; Apex Angle 135 1.99 48

Deténm'nation of 'Base Suction'
and the Influence of Base
Configuration on 'Base Suction'

Square Prisn’(7.92 an - Plexiglas (" ) Partial . 1.60 2,10, 16, 24, 48, 72
. Side) with A1l Round .= - - oo T )
. skirt,5amdeep . " - T

. .
- ¥ )
\ L
- T -
i O .
s

o N - .
- .

. ¢ ‘o
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- e -
] 1
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SUMMARY OF LABORATORY EXPERIMENTS CONDUC‘I‘ED (cont d ). v
. Type of- Materlal e Type of D - Per:Lod of - - Objectives.
ard Roughhess  ~ vEmbedment B. - Sed:unentatlon o : :
.-Values over 0.254 mm . . . Ratio - _ (Hpurs) . N

Cut-off Length (m) : R '
3 4 ST TP ¥ :

T BT R .. R I e . ‘ e e S ’ .
" Cube .(7-92 cn Side)  Blexiglas (0.03048) - Full 150 -0 48 . :

Right Circular: Cﬁn’ﬁer Plediglas (. " )  Fall 1.6 . - a8 -

Ax:.s Ve_rtlcal

T . . : ” S
- R:Lght C].rcular Cyl:.nde.r .Plexiglas « " ) Full l1.1.- . 48 -
-{7.62°cm dia. x 7.62 cn . ) C e T
- bt.) 'with Iongitudinal .-, o e 1.6
Ax15 Horlzontal : K ’ .

Sphere (7 62 am dla

B Hem:.sphere (7 62 'cn
~'dia.) with Flat Base * -

>
L

Horizontal *

- " . -

(7.62 am'dia. x 7.62 cm  *- - o ; " : ,
‘ht.) with Longitidinal ~ -~ .. . L o200 as - o : '

) plexig_lag(" “ )y . Pal 11 has

s T

.Y
(o]
Breakout Resistance

Plexiglas (© " ') . .Full . 1.2° .0 | 48













Al L O f
B e

el R i
{0 Y i Y e
rﬂ i]H“L;.‘Jll-l!ri’lvllrl'l'll: rl. S ai L :”'J:I. ;
B 1 S

TG RS --.{'f‘.".#.f Al
JII:I }:{ | .‘H / TI.III"'I.-.J-_J.r,'r£|ILE'I'I}?:'l:']-:i' i IJ‘"E}L. f . t] (I|'
A

§LY "l::_ 'i tlm I!IFSI |. __'F..‘.',_ q'-:l"'-__

_ "yqt' L

|: Bl
(R

I I"IL ,,I]_.:;:EL_}% [ l"l'ilslf'h.l:[.l' ANt .I |
NN " &ﬂ.ﬁiﬁﬂ"‘fﬁlﬁlﬁ_ :-;::»I—I'-'-tllrilul; 'E‘i!l:]fl.l I:{"! ¥ i i
U

i ‘Jifﬁ'lf"ﬁgﬂgé* ?‘5‘*9}:@:

"..' l"i.lnlkrﬂﬁ Ayl

i I '“I.'I'“ i) it |
' : :’:!'i],fl- i y}., ,}'ﬁfﬁ ;
"Iu', |I,,,'r ' il

A=, A :
X 3 = £ ‘—‘\r = —
A} i == o — s - = = = - = = T = - -l =
B e Ere = i = — = T e e == = =
o e — L = = Ll E R i e
= S T 3 i e 54 == = — = i 1= e
- == o = = L4 i o= B T = = == ' §
e g ; = = = = - # = - e 7 = - L == __
= — = T g s e — g =i . 52 4,
2 : = 3 =1 . = = i,
e =] = - == : : : =t = = = : = :
o " — ¥ — Y e = —— s == : = Sy - = F = =2 =
=g — g & o s - . 3 7 ! gy = = = =25
¥ = ——— = : T e - S =it
== = 3 = Eal == = e - = ¥ -
e = =3 3 : ey = R — = . S ! =
e e e e S s e S = et
it T ¥ B ; = i’ S o —— S L =
T == =S e o SR == e Lo e T
: 15y - = .

,_.=n
e
- -
: S
- e <

et
-‘:.E"_L_-.l

=

e =
e
iy _‘_-_E‘"

.I_'I

i

e el ; ] L Iu:-:':l |! i\ I [ . 3 L.
l I | i II ! .' [ | ae |""I i L: ;l“.-L 1
I' n Tl i .|.'“]Ei|‘ J_" | .jl. r',:f_ / ﬁ' 'l‘lf'i'a
Y | ’ I L ih i
r; ] 1‘|"r"‘i'l|-'lil:| i | llﬂlll} i I :T i
:Itllr'l U I:I.T |'1|1: i i
i i i “Il,:w'l',,.J‘,l';.lt| {

1'|'I'I.'-| i Il il
d |I‘
I

Tl



