





st















. Marin/e'sedi'ment' samples col_lected by a Benthos ‘piston cor_er '

; and a Van, 'Veen grab sampler from'the "floor‘ of outer ‘Placentia Bay

-.have been subjected to a wide range of acoustic and geotechnical K ,—

1

ion analysis as’ part of a comprehensive study to. detemine relation—

\ships between geotechnical properties and the parsmeters measured by
various investi-gation techniques. l‘he regional and surficial geology -

of the Plscentis Bay area is briefly reviewed.. - { i
! Measurements of sound velocity on eight sediment (:ore samples‘.

o~

"

“

. and related values of Acoustic impedance are repprted Consolidation

and shear strength dats, as well as determinations of ‘the index

] K

properties and pa,rticle size charactenstics of the sampled sediments '

are presented.«The output from imp?act cone penetrometer teats in the

seabed near the core locations has been evaluated in light of the

' measured éeotechnical properties. An expression to relate the dynamic‘

|~,-, . . . R

" resistance of-‘the imgsct cone’ penet.rometer t:o‘quasi—static cone

..‘.

. PR ~,“. ‘ " ) \. ) l'/ < "‘ . [ .

resistance is postulated, - | ' °~ . / A o

. - R T L ~’ . R . L -
& . ‘7 . . , . \ . . s . ;

' ,measurements. The parameters detqrmined were subjected to a correlat—, ;

e

- Both linéar and non—linear regression analyses, using digital -J—' —

!;—‘ ) ~ l .

computstion, have been used to establish relations)ﬁps between various
. . - . f ,

perame;:ers ar‘l_d the . ‘degree of correlation in each ase. 'I'he lysis

e | has, for t:he sedi@data evaluated identified H&El.o_x}ships between

|

a) varioub geotechnical properties\ b) acoustic and geotechnical
. -
properties and c) cone parameters and acoustic and geotechnical proper-

ties._ In addition, ‘g number\:{ elastic constants of t:he sediments hsve

\
- 4 . _,\\ P

been ldetermined'. Lt e
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... - .. .« INTRODUCTION

c1.1 Generalh

¢ _ There,is'an increased,interest‘in.theleﬁploration}'development -
-;‘and'gtilization of offshore resources. Marihe;geotechnicalgendineering“
isfan important'asbect'in all these operations{ tBecause of the conditions
: prevailing‘in the E)lcevam‘_e‘nvir'oxju:_l.em:',"'.1:'he'~'14:'<,)ols"a1;id{rn‘ethcids"of's;a‘mplim_;'.j -
.‘and in-sitn tegting-aresptten different from the_technique;'used for soilf
: and‘geoloéioalsinéestigations oh“landi‘ Since conventionalyterrestrial

, L . el ) : TR .

methods are expensive and of limited use in the offshore environment, a

need exists for rapid, reliable and preferably remote methods of. deter-
. J/ Lo : . '

- mining'the:gompositiOn and,engineering cropertiee of the seabed.
o d . ' B . -
Methods currently heing developed and used for offshore investi-
.

gations include sampling (corers etc. ), 1n-51tu testing (shear vanes,

L aP
quaSi—static cone penetrometers impact penetrometers, etc.) and 1nd1rect b

. RS

methods (acoustic, -seismic, etc Y.

o4

Indirect acoustic techniques provide. a rapid, honﬁintrusive method
L. of.remotely sensing the.ocean floor."To a large -extent, the procedures )
have been subjective and practised by a few experienced marine geologists

whofhave telied primarily on the interpretation of acoustic grey scale '’

graphic records. Quantitative measurements of reflection coeffic1ent and

.

sound velocity using acoustic techniques (Hampton 1974) have been employed
mainly for the eventual determination of geophysxcal properties; €.9ss bulk
modulus, porosity and density. Although acoustic methods have the advantage

. of being fast they 1ack immediate correlation with the geotechnical

¢

4 -
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properties of marine sedimepts. ' Y o
S . . ,.'.," - S e

In terms of sediment classificatlon, advances have been made in

g #&“’7 N &
recent years w1th grouna ruthlng belng dOne ‘by conventional technlques.
. ) . y .

Thus,-grabs, dredges, boreholes and corers .can then be used to retrieve

o

f\‘hat are hoped to be representatlve samples for laboratory ana1y51s. Grabs

and dredges retrleve only surf1c1a1 Materlals, thus’ affectlng the valldlty :

of the laboratory assessment of thelr geotechnlcal propertles. 'Corers
'readlly penetrate soft seafloor materlals, and can recover dlsturbed

samples w1th varylng degrees of dlsturbance up “to'10 meters in length

Pe
¢

,However the presence of’ the water medlum thh large hydrostatlc pressure

and the frequent underconsolldatlon of surflcial sediments make the task

1)

of hlgh-quallty sample reCOVery dlfflcult In—51tu %ests are thus becomlng

an indispensable’ component of offshore site 1nvest1gatioh x

Among in—situ méthods, the cone penetrometer:is nqﬁ finding‘great— .

er application in both terrestrial and underwater in&estiéatlons. The use

= . M P

"+ of an impact penetrometer as'a-quick method of in-situ soil testing.of the
. . < - s P .

ocean 'floor has been démonstrated h&{Allen at al, (1975). &s a~part?of”Fhe
ongoing,f%search.On the‘penetrometer at Memorial University of ﬁewfoundland,

5 a.completelylredesigned version of“the‘penetrometer &as’deteloped (Chari
; . . - o o ,4],

h o ,
et al, 1978) and §;;cessfu11y deployed at sea during May, 1978.

. 1.2 C.S.S. HUDSON Cruise 1978 - M.U.N.

-

Durlng the second half of May 1978, the Ocean Englneerlng Group at

Memorial Unlversity of Newfoundland in cooperation w1th the Bedford Instltute
of Oceanography‘(BIO) undertook a multi*device,'hlghrdensity seafloor-survey

.in the outer Placentia Bay area at the.northern,extremityxpf the Newfoundland

1
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. ltd anL the Geological Survey of Canada also contributed to this data-

: | : .
gathering effort. . . B _ o .
' » ‘ - T

On#'of the principal objectives of the'cruisedwas to obtain data

. . . . [ . ¢ . -
on ocean sediments in order to relate acoustical measurements to soil
R .

properties ﬁetermined by conventional techniques

Other objectives were -

a penetrometer descent—rate,measuringidevicea
- ‘ , )

A
IO'W at the southerly end of Placentia Bay, Newfoundland ‘was;

site’ bounded by latitudes 46 N to 47 N and longitudes 54°

to 55

."chOSen. This site provides the required variety of sediments A quick-

, look survey was:first undertaken, An which the HUNTEC Deep Tow Seismic system :

'd(DTS), side ‘scan sonar and air gun were used continuously. Based On this

l
--'information, six locations overlain with five different sediment types

were.chosen for more,intensive investigation (Fig. 1) . The intensive

. study'included‘an acdustic survey using the DTS systemf‘the side scan

sonar, the echo sounder and ground truth-stations using 8 Bﬁnthos piston

1 \ - ..
' : t ‘ 1
corer, Van Veen bottom grab sampling equipment and. remote bottom photo—

graphy An impact penetrometer developed at Hemorial University of

' Newfoundland was used at 20 stations. Table 1 summarizes the type and

] /

amount of data gathered at the various stations (Peters, 1978)

A'transverse sound velocity profile of each core, in its plastic

‘lining, was obtained immediately after removal from the core barrel.

Banks , using the BIO ship c S$.5. HUDSON (Cruise 78—012) HUﬁTEC (70

to perform sea trials of a prototype free fall- penetrometer, and to assess, -

Laboratory tests were conducted 1ater for naturpl moisture content, ' '§“

Atterberg limits, wet . density, relative density, particle size distribut-’

ion, vane shear strength and consolidation characteristics.

oy ——— = -,
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. CRUISE (78 - 012), (Ref.’ 52)

Lo

»

. SUMMARY OF ‘THE TYPES OF DATA GATHERED DURING C.S.S. HUDSON

Van Veen’

grab 1Core; -

Penetro—
meter

oS

.| Bottom
"{photos

- Density
probe

Refraction

array .

)

14

16

15

.15

4

15

15

5

?'_.

zh 4'

11

'—1 . :

92 -

33

20

17
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- 1.3 Objectives and Organization of this Stugy < ‘-‘3,' R -

. : . : . T
, R ) . ' . " K . ¢
" , . . . . ot ., [ .

The. free fall impact penetrometer recelved extensive testing in

this cruise. COne tip re51stance, sleeve friction and deceleration records

PR
-~y

were obtained for different SOil'targets. A doppler telemetry deVice ‘was
used in each penetrometer drop to independently measure the velocity of O

penetration during free fall ,,/} L 4& v 3

. s
’ " . s . s m

The purpose of the rgsearch desgribed in this thesis is to -
determine where correlation exists betweéh acoustictand geotechnical

properties of ocean sediments usrng field. results obtained by Hudson

P i : -

cruise (78-012). An analysis of _the output data from, theefree fail Lo

penetrometer iormed part of this study to relate, the'geophjsical, geo— Ly

technical and acoustic prOperties of ocean sediments. In this reéearch, P'

T of Ocean Engineeﬂing Group is: also to compare DTS acoustic data wi&b the

l carried out by the author, scme of the results, reported herein were con-f

Eted by a group of research assiatants. Geotechnical test results on 6

11 ,
A . N : J‘,

the acoustic &:roperties of -the ‘cores’ are only included The overall plan ¢

¥

geotechnical andz;e;:trometgr data but at the time of writing this thESIS,:‘

this data has not ‘been reduced to a form in which it could be compared. Sy

w - » = .
- .

Data from eight stations representing fourqgrids in the test area ‘;‘
¢ N .

are examined, and the results .are reported in this dissertation. These .

locations are indicated'in Table 2/ and acoustic and geotechnical core data,

-

grab and penetrometer data is available for all sites./ L T

-

It is worth mentioning that in addition to the’ laboratory tests
g -

I

core samples and 4 free fall penetrometer tests ‘were made available to the

IS

author with permission to use them in the analysxs by the. Ocean Engineering

Group at* Memorial University of Newfoundland R ,: Q

- . . A [ | L

"

; The‘specific objects'ot.this study_are to present.qgantitatige_u~”
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- . TABLE'2, STATION LOCATIONS , -WATER DEPTH AND CORELENGTH .

grid no.

‘posit]

L.on

Lati’fude N

Longitude W .

) réu;}ength'

6 132

' 6, 141

6 263 .|

G 233

- G3ﬁ

- G 341‘j
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G arA |
o t
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S e
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{
i
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C .
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ot
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relationshipa‘befween the following three data aourcea from the areas " '
R investigated ¢~;- , . e g - \ R
; RN g 1 the basic geotechnical properties of the sediments from onventional ‘ .
N R Co. laboratory analyses of c‘ne cores, - moisture content, tterberg )
. - s " ">"" ‘ . S N
et ; RPN limits, ‘wet density,- relative denaity, particle size diat ibution, SN
o, T . . : - < ,( . . :
Seeen vane‘ shear strength and consolidation tests. . o : s
St e gy . ‘.
. Y ;
- RN .2. the sound vglocity and acoustic impedance profiles of the lores.
. o * . . .o m.? AR SN
‘ . 3. the free fall penetrometer records of cone tip reaistancé, sleeve o Vi
e T T e, ! ' X S ?
: o Ct friction and decelération as 1&911 as‘ the,penetrometer ye]:ooity' - T .
) a . e ,me‘asured directly b'y\doppler _Hglenetry. L . ‘ o .
P .. . e T I | : A :‘ R ‘.3 . ' ' L } e 2 E .
BN I T There is also a basid need to have’ ‘the con31derable amount of
AR T ’data obtained during this investigation assimilated and presented in .
' this manner as a record for future reference. I ‘
f . '\ (‘ 5. -' R . ‘;\ .“,:’-' “- e \lc .. : - . ,
e fI'he stéte—'of-’the’-.art of the nethods used for 'evaluating'f,'geo'-' .
Toor technical, and acoustic prop’ertiesof oceaf floor sediments is reviewed
- [ o/ o i
w ‘. " - .’J / a ' -
B .,,/-' o > dn’ Chapter II. Chapter III preaents- information to the geology, bottom
Mo e topography and surficial geology of the- P_lacent:.a Bay test area. Chapter : e .
i ,.',;:-’ / s e ‘ oo
LR “oondv presents ~data acquisition, met:hods and sunnnarized results of this
. . v oot / .
', R ' investigation. Analysis of laborator:y results, corr”'lation between I "
Lo /',a\;ailéble data sources, and an interpretation of the free fall ‘penetro- an
S 4 ' 5, b .
. - meter results are presented in Chapter V. Finally, the summary and
’ ' i 'conclus,ions,, from thish studyb,are presented in Chapter VI .,together.'with ' .
R s Iy ‘ et o . . _
A ‘recommendations for further work. Additional details 'of”the procedures <
N f W ' s
- and methods actually used_ for measuring sediments properties’ are explained o
LA b ]
e A P
B in Appendices A and B, while Appendix C presents details of }the correlation / .
Pt . analysis and the computer program used ' ™
: ' S i ¢ ¢ - "3-’; R oo
K R ) A . ‘ el . ’ A TR ST
" E L G Y 1 . ) N B . LT . - .
P . . ‘ B -
§ - : ‘. [ o ! ’ !
4 “. . / N - N
bt _— - : ,
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7.7 THE STATE-OF-THESART 'AND LITERATURE REVIEW
.-:“’-‘,:-..., -- . -'j'iﬁ R - _‘ - o , o .‘l y -
2;1.\ ~General e o o e i ‘

-— 0
-~ - -

T °Activities related to the design and construction of offshore

L
S

CTARENEN N structures- have gained great momentum in the last two decades Detailed.

e 5 W informstion on the properties of sea floor soils is essential for safe

f'and_, economical design of foundstions on the ocean flo‘or. The developmem:

R ’ N v .
g of most seabed resource,s including the methods and economics is influenced

by the nature and type of the ocean floor materials as well as the extent

‘. to which'the geotechn‘ical properties of‘the ocean Abed can be evaluated.

He‘thods_‘;for offshore evaluation are mostly extenxsivon's of conventional

' ‘proceduresv,used onshore3 With the eitpansion of offshore ectivities, new‘
JECI . o “ : . " ] . . ‘1 . . ‘ R .. ) . ‘
. techniques are needed for both preliminary and detailed evaluation of
« . '\ I N ! ’ o, ' , n i
L _oce'aﬁ ‘bed charact’eristics., ' '
. ) - (UE=Y . . . " { o
b T C This. chapter briefly reviews the methods currently uSed for

measuripg and evaluating geotechnical properties of the ooean floor

. o, . -

o '
B including indirect techniques (scoustics, seismic, etc) and direct

, N iR methods (sampligxg and in-sit:u testing) Various attempts relsting
g ) L
PR ‘sediment properties with acoustic properties are &lso presented.
. % o . - ' ' ;
‘2.52‘.0 Indirect Hethods . : "‘ N P . ' et N

e

3 ~

One of" thé byproducts of offshore exploration s the rapid

devel*épment of indirect methods to determine sub-bottom characteristics,

. such as;'acoustic, sub-bottom profiling and electrical logging. '

S
-
1




-formations in oil fields e o T ".- o 4. “ ;

'22

" 4n its own right.. Direct acoustic'probe measurements can be made on two

‘parameter;a; the wvelocity of sound transmitted through sediments, and its .

,the top 10 ¢ of seafloor sediment. : ' ' : : . .

. . out to measure sound velocities on core samples and-in<situ (Hamiltom, -

11963 and 1965).. Test results on awide"range of marine’s_ediments indicate

"1780°m/s for sands. It has geen' well demonstrated that soun'd"velocity is
‘inversely related‘to porosit)". For porosities more than 0.55, sound :
‘velocities were lower than that in sea water which is 1533 n/s (Noorany . 7

.and Gizienski, 1970). In 1962 the first deep—water in—situ measurements

' of wave velocity measurements from the submersibie Deepstar—4000 in bottom
Adeposits at vater depths up to- 915 m have been reported by.Hamilton LLe

‘(1969) During these dives, samples were taken slso by.corers deployed

1969).. .. - . . o

O et PP B T P : et . B e dad

N

’ The use -of acoustic surveys dates baek to the 19209, when geo— T

physicists used a sound refract:.on method to deteet the depth of rock. S

o

1. Acoustics : L Co R R o
'I _—— ; . . s R oo « . % |
! B

Knowledge of the acoustical properties of sediments is important

attenuati‘on.'Surface probes, containing a transmitter and variable distance

1)
receiver have been constructed and can measure acoustic propert&ea within .
e : ' .

-

During the past tfvo decades, extensive studies have been carried A e

a range of typical sound velocities from 1500 m/s for medium clays to .

[

of sound velocity in seafloor sediments at water depths of 338 m to 1240 m ‘

were made using special probes attached (Hamilton, .1963). 'l‘he rssults

~ . <

from the\ submersible. .Laboratory measurements of sound velocities on soil

samples agreed closely with the in—situ measurements (Hamilton, ]963 and.'

r
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Knowledge of the relationships between acoustlcal and physical

properties of se’diments permil:s the use of acoustical techniques for

A}

determination' of the thsical and some engineering properties of sediments. * -

©2.2:2. Seismic Reflection Profiling - - ' - o d

Seismic methods. are routine.operations‘ in’ geophy'sic:‘al explo retion-
. . !,

-onshore and of fshore. A state—of-the—art survey of sub~bottom profiling is~

given by Saucier (1970). Seist.c refléction profiling systems consist of
a source for generating a pulsed acoustlc energy, detection of the reflect—
. .

i‘on,at the varn.ous boundaries and continuous recording on a suitable record-—

er. Use of this method in- geotechnical 1nvestigat10ns is confined to obtain-

ing high-reaolution bottom profiles, detecting surfic1al topogradhy, lgyer—

:Lng and buried glacial channels High—resolution sub—bottom reflection N

profiling (less than 200 m; penetrstion) presents little difficulty in areas

-

of sofl: sediment.cover. However, in areas of hard bo ttom, large amounts of

eriergy scatter result in poor penetration.

-2.2.3. Side Scanning Sonar ‘

A side scan sonar (SSS) is typically aused. in conju.ction with sub—

]aot:tom profiling (Hitchings; et dl. 1976) and the combined techniques are

'counnonly used 'for site selection surveys'for marine structnres. S8S is

used to image the surface macrofeaturea of the seafloor, and to chsracter-

¥

ize the general distribution of different types of bed mate‘:ials (e. g.

muds, sands, gravels, bedrock and hard glacial till) The. presence of
these. features may sometimes be used as an indicator of both ‘subsurface .

conditions and environmental conditions.

;u,-' Although data from acoustic profiling technidues is quite useful

for nreliminaryl gite evaluation,q'sufficient soils information for

. v ) . ' )
e = - [ . . - - . . R
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‘fouxig‘ldtion and, geotechnical design"ia not provided. The requ_ired\ physical

-._‘onlf; by"direct aampling-or in-@tu teating". ;,

and mechanical propertieal of submarine soils at present can be’ assessed

2.3, Direct Methods ™. o S : e

2.3.1. Underwater Sampling

v

Underwater samp,ling in the ocean predates the daya of the Challenger

/

expeditions (1872 - 1876) With the growing interest in marine geotechnology

during recent years, various types of improved samplers have been developed o

%

A survey of bottom samplers of different types is given by Noorany (19725’

and Fukuoka -and Nakase (1973) The. techniquea of underwater sampling may R

be subsumed under’ two major categories o L Coe

. v o
.- . - ° .
4 3

‘ a) Shallow penetration samplers having penetration depths of" a few metere ' '

z

=)

Q , -

-

up to nearly 30 m,
b) Deep penetration sampling and drilling used for greater depth_s up to 4

fl . . = ch

1ooo m. R Ty

2.3. 1.1.S.hallow: Penetration Sampling -

™ s
Shallow penetration samples may be obtained by hand toola and

simple samplers operated by divers. Various types of samplers are available

%
for near surface as well as sub-bottom sampling

3

a 'Near Surface -Sampl'ing

*

Several types of samplers “for scqoping up surface ae_dimenta have
P . ) co .
been used such as: orange peel sampler, Shipek aa.mpler, Van Veen sampler,

box dredge and clamshell snapper. For undisturbed aampling of near aurface -

4

. aoils, two typea of samplers are most commonly used the . gtavity corer and .

==

‘t}xe ftee fall piston-corer. The gravity corer is an open barrel corer,

vith: weiéhc and is strung by'wire andénch to the ship. The falling spegd .

A




L

“

g

is in the range of 1- 3 m/s (Pukuoka and Nekase 1973). The free fall’
piston corer .is a modified version of the. graVity corer. The corer is low—
" mred- by a wire and winch, a.nd when a trigger weight touches the sea |
bottom, a release mechanism comes into action and the corer falls freely

down and penetrates into the bottom soils. An advantage of this corer_ as

o/
' compared to the. gravity corer is to be able to use a piston sampler,

which is. favourable in reducing the degree of sample disturbance. Piston

samplers can be used to obtain cores of maximum 150 mm diameter and 3 | S

’

length and gravity corers for obtaining 300 . mm diameter and 6 m long

(R.ichards 1966) The spade COI‘eI/ is considered to be a special ‘type of

' free fall corer (Rosfelder and Marshall 1967) . 'I‘his sampler built in a

tripod frame is lowered by a wire and winch down in the water . -When it

hits the sed bottom; the draw wire e{lacks and the sampler penetrates

into the soil by its own weight, then a swinging 9pade closes the bottom

: of the box type sampler. This sampler has been successfully used for

1. the length of the core is short. -

soft soils. Another types of .corers such as rocket fueled samplers, .

(giant pist:on corer (Silva and Hollister 1973) have

[N

rotary corexs and
.

been s:uccessfully used, o

[E— ~ . ) L

b. 'Sub—bottom Sampling ‘ R _ o .
The sampled ob ined by the oceanographic samplers are gen,erally
. not satisfactory for structure foundat:l.on desi’gn because of the following

short-comngs v

2. a detailed location of samp].e in the sediment ‘column is not always

«

known because the core penetration 13 not controlled ‘ -

3. a vert:lcal _orientation of,'sample_s 1s not always ascertained. . iy

4. a degree of sample“dist_urbance is-often,‘re_l:atively high.

l .

= T A — b - K o T B Lt ebeaeem et ol e
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In order to overcome these short—comings, several types of bottom
. . s N . | , o -' . ‘ i .
'reeting cores have been devised. These tend to be elaborate 'in construct- .
y . S . R hy B

“don ar;d are generally mounted' on, a »f,lr'amé ‘resting on the qcean. floor. U.S.

Navy's (Teylcr end Demars '1970) DOT’IDP,O'S (Deep Ocean Tests In-Place and
Observation System) , university of Rhode Island's DOSP .(Deep Ocean Sediment

Probe) and the vibrocorer are. examples under this categorv. These bottom
. ’ : \

resting corers are able to perform an incremental coring by the use of .

1

‘_manipulators.. o _ - o ' /

2.3.1.2 Dee.p Penetration Drilling and Sémpling

K

.Site inveetlgations for major structures at sea require deep

l-

penetration borings . Drilling and sampling operations may be carried out

from a fixed platform constructed on piles, a'jackup platform, gn anchor-

t

‘ed barge or a ‘positioned 'ship'. ’

The drilling. and sampling procedure from fixed or. jackup platforms
resembles deep drilling on 1and however, when an- anchored barge or a

drilling boat ia used special offshore drilling techniques become necessary.

Al

- Two major problens which must: be coped with are ship movement and difficult- N

ies involved in sampling at great depths . One method which has proved

' effective is the use of drill-pipe to advance the boring and to serve as a

guide Pipe for a w:Lre line sampler and testing equipment Drilling nud

/ . h‘,

1s

collapse, particularly if the sediment: penetrated is weak Emrich
. ) ';7“« "J . .
(19X1Y) cribed the principles of operation of wire line corers, apd-

- : ' ' ; ’ & .0
has' given detajls of appl_ications' in,offshore boreholeg_.

The engineering literature contains a number of a.ccounts of deep

penetration sampling operations for foundation invesl:igations.-
. ﬁ’ . . ; ,u

ommonly used to stabilize the sides of the boreholes which WOuld other—-"w

-~
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T 2.3.2. In-Situ Testing
. ’ . . . ' o ‘
. -
A variety of techniques used for. terreetrial in-situ measurements

_are available for adoption to ocean floor work‘ In-eitu devices generally

' measure a characteristic property of the soil in its natural environnent ‘

which is then related to the shear strength and bearing cap.a‘oity. The in-

H P 5]

situ test results frequently supplement laboratory tests on recovered

. samples. ‘The following techniques have been successf-ully used but wmost
) a're‘;:i}piar; ongoing gtage of development. . -

R
P

‘_2.3_.2'{]: Vane Shear Teets

e

o . For the purpose of obtaining the undrained shear strength of fine
* grain sedimen-ts-,. the vane test seems preferable Fenske (1957) has report—
. .

ed the use of wvane shear tests in theGulf of Mexico. 'Taylor and Demars

R}

(1970) have developed an instrument ""The Deep Ocean Test In—Place a.nd

Observation System (DOTIPOS) for measuring in-situ shear strength with
the help of vane shear. and a static ‘cone penetrometer. This instrument is

o

. capable of measuring(,asheer etrength to'a sediment depth of. 3.m at’ yater
depth to 180 m. McNary and Frolich (1970) have reported vane shear devices
" .which can be ope'rqted by divers, for testing surficial sediment depoeite.

: . . . ‘ )
A remote-controlled vane probe has heen developed and tested by Doyle, et ‘al.
, >
(197]). Richards et-al. (1972) have reported an in—situ vane shear testing °
equipment capable of testing up to 3 m depth of surficial sediments in- water

N}

de_pth;,_of 4500 m. .
. 7
2 3.2.2 Plate Bearing Tests

' " a

. Harrison ~and Richardson (1967) have performed plate bearing tests

“(di.e. model footing tests) in shallow water (5 to 6 m deep) . ‘This syatem

is not- yet sui.table for- deep water testing tmleee some modificatione are -
‘ madp Kretschmer and Le‘e (1969) have reported a device developed by Naval

Civil Engineering Laboratory (NCEL) for performing in-situ plate bearing

e s e % e o s # et ke . . . - . D T LI R



PR S S

o 16

r’

(PR

tests on séa floor -‘s'ediment.s. NCEL has also developed two devices for
monitoring-long term sea floor founds'tion‘settllement and-'tiltihg,

.

2.3,2.3 Pressuremeters ‘

: Pr]essuremeter tests have beern used mostly in Europe to evaluate ’

the stress—‘strain -behaviour'of soils.' Gambin .(1971) has reported the use

-of a pressuremeter at 45 m below the mudline in water depths of 90 m.

The technique involves the expapsion of a cylindrical membrane in a

4 Yid
",

'.prepared cavity in the soil The membrane forces the walls of the hole

‘to expand as a result of internal fluid pressure. Both the pressure and

correSponding volume chsnges ai'e measured and plotted to evaluate the

in—situ soil elastic modulus directly and the, shear strength and compress—

ibility indirectly.

2. 3 .2 .4. Accelerometers

s

Scott: (1967) suggested the use'of an accelerometer mounted on a

/

gravity—type corer, to obtain information about both the performance of

the corer: and the in—place properties of the sediment.AThe acceleration

1

applied to the corer and recorded by the accelerometer can- be converted

‘.

directly into forces by multiplying by the sppropriate mass for the corer -~

in ‘the. water. Integration of the acceleration - t1me record yields the

'velocity of the corer, and a second integration yields the displacement.

'Dats of the force and, displacement can be reliated to the adhesion

of the soil on the inside and oiitside surface of the corer and'th_us'to the

shear strength .of the soil.

Electrical resistiyity s_tudies on soils to predict different geo- -

.

' technical ;;roperties have been reported by Erchul (1974) and Wang, et al.

(1976). . . ~

2.3.2.5 Elec‘triﬁal and Nuclear Methods . : . ' . R '

A g , . ' o
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Nuclear density meters (l(eller 1965) may be used to determine

‘the in-situ bulk, density and’ water content of sediments These devi.ces

. may be either shallow probes or inserted in’ previously drdlled boreholes . e
! : v e 2 S |

.2.3.2.6 Cone Penetrometer Tests : : s ' -

. e tr

-

‘Various typea of penet:rotmater tests are finding greater application

in both terrestrial and’ underwater investigations. The resistance offered

by the -soml to advancement of the penetrometer device can be correlated

T

. to the soil properties.

, ' Penetrometers used ‘in the ocean enviromnment can be classified/
: according t-o.r‘the mode of operation as; a) statlc or quasi-static penetro—
Y meters, b) - dynamic penetrdm'etex:. and c) free fall penetrometers.

¥ ' Quagi-Static Penetration Test

'The idea of sta’t'ic or quaai-static penettation test is.s;imple,
a rod is @advanced into goil at a constant speed (1 - 2 cm/s) and the load
: required to produce such an advance is measured The "FUGRO" electrical

S . conme penetrometer (De Ruiter 1971) capable of measuring the tip resistance
.and sleeve friction through 1oad cells inside the penetrometer is novw

\
'popularly used as a standard penetrometer.

" Cone penetrometer tests in a quasi-static mode have been u.sed for

/

. more than thirty years, moatly in Europe, in terrestrial geotechnical ™
engineering (Sanglert 197J2). A review of the various methods dnd the state=-

of-the—ar,t; in'different ‘countriee is given in ESOPT -(1974) .

v . .

Static penetrometers require seabed rigs (De Ruiter 1975, Zuidberg
1975) to teat marine eediments and a drill string attachment (Ferguson.-

et a1. 1977) for tests inside boreholee A number of cone penetrometers

- have been used in the North Sea, for which the’ "Seacalf" and "Stingray

t.
7
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investigation systems are proba'bly best known for their deep penetration

capabilities. The "Seacalf" is a 20 ton sea bed jack which drives a fixed

length of cone rod into the seafloor sediments ata rate of 2 cm/s, _

(Zuidberg 1975) . The.''Seacalf" has achieved a maximum penetration of 25 m
in soft sediments snd 6 to 8 m in hard clays. The recehtly developed

seabed ;]sck has achieved 25 m penetration in very hard clays.

IS

For site—specific foundation studies, static penetration tests

v

appear to be extremely relevant and useful The only . limitation associat-
ed with static penetrat10n~teats in the marine enuronment‘is the need
) ‘ . , .

for svitable .reection rigs to_perform the test. . .. . n

Dynsmic Penetration Test

Kl

In recent years, several stud:l.es of a projectile directed at low

. and high velocil:ies into seaflloor have: been reported Scott (1967) built

&
“an accelerometer monitored d%rer which collects the soil sample and

records the" 'deceleration of - corer. simultaneously. Preslsn (1970) has msde ’

use ‘of accelerometer records in calculating the drag .force and added mass

of a free falling coTeT . Colp, et al.(1975) reported messurements with a

75 nnn_diameter, 1500 mm long diepossble penetrometer ‘with a tspered nhose

section. True (1975) reported studies with dyna pei)etrometers of.

N

: different shapes. Beerd (1977) developed a disposable penetrometer with

Doppler telemetry for. velocity measurement. A 50 m diameter dynamic

penetrometer driven by repested blowa of a freely falling weight was

: reported by Kolbe, (1975) . Standardizstion and interpretstion of dynamic

]

penetration tests is st1ll an area for further work.
Another variety of dynamic cone penetration test commonly forming

¢

‘a paxt of nearshore 'investigstio_ns consists of a drop weight 'progr'essive'ly .

advancing a cope._tip attached to drill xrods. - '

T e ——y
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c'._ Free Fall Per'xet‘rometer o

With a view to developing a quick and economical way of testing A \.\.

P | surficidl soils oyer large areas, the use of the standard "FUGRO" Penetro- B
y-meter witjh some modification in free fall mde was suggested and a l. N

| laboratory free fall penetromet:er was developed (Dayal 1974) at Memorial ‘ J e

) University of Newfoundland A penetration of 10 meters of the ocean floor
1 ' - ‘
is enviaaged vith such an :Lnstrument. This has a good potential in geo-

technical\ surveys and investigg_tion of large trapts séuch 88 those of pipe- .

. : \ v i . - . . . . . - L' . N .
_ line routing. There were some operational and structural problems when - -

thig penet rometer tas tried at sea (Jones 19

. R ‘ N ﬁ
o716, 2 mm (3 inch) 4diameter. ‘A description of the penetrometer and prelimi-

-

" nary ‘results from its sea trials south of Newfoundland duiring \May 1978

_are reported by Chari et al. (1978 1979) S AN \ . 3
o, . ‘ LTy T ‘ NN

! o As part of the ongoing research on penetrometer charactariet\ics,

laboratory experimenta were conducted to: facilitate interpretation of\\

output from the 76.2 m diameter model . Results from~these penetromet‘er

Ve

. - tests in quaai-static node were reported by Abdel—Gawad (1979) a.nd :l.n

free fall mode by Chaudhuri (1979) The cor‘relation of the tests ueing

’

' this penetrometer in the free fall and qua_si-—static modes with the results

’ ' ‘ ‘ ' / b : - . . [ b .
.« . from trlaxdial and direct shear tests is8 reported by\Chm, et al. (l979). .
S - B i B ) .'. A ! . . ‘ /» i )

2.4, ‘Geotechnical and Acoﬁstic Propert Inter—Relatio}ahi - /
. § a :
Varioua attempts have been made to relate sediment propertix S

. with acouatic properties . The following discussion deecribes the relatio

. ship of acoustic properties with the geotechnical propetties of aedimente. - N

Hamilton (1965) and Horn, et al (1968) revealed in their studies that for - .

"
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‘sediment bulk properties a detcrease"in porosity, moisture content and

ot

t

void - rat'io" is matched' by an incre"ase i'n,,SQund velocity.

A«definitrve relationship has- been reported between sound velocity ' S [
and mean grain size. Sound velocity increases w1th an increase in mean

o

grain size (Hamiltcon,l965 and Hom, et al. 1968) 'I‘hey alao reported a
relationship between wet density a.nd sound velocity in water-saturated

s‘ediments. Sutton, et{al.(1957) showed definite positive correlation

T e

between sound veloc:.ty and carbonate content. This correlation described : Ly

by Sutton et al was’ discounted by Hamilton (1965) as being due - to cement-
a ation within the sediment sample. The results of Buchan, et al (1972)
‘investigation on 84 cores showed that an incre‘ase in the percentage of . -

calcium carbonate present, could be associated with an increase in sound

} .velocity, acoustic impedance and attenuation coefficient.

I8 .
” i ‘ I3 .‘-;

Sevetal ‘regression : émalysea' have been darried out mainly oncore
-aamples, relating s.coustic properties to certain geotechnical parameters.

»Sutton. et al. (1957) obtained a relationship between sound velocity and

certain geotechnical properties for .ocean bottom_ conaolidated sediments

- N '
* vhich be expreqsed as;’

v, = 1.653~ (0. 1.14 + 0.006)H, " + co. 00135 + 0. 00038)y - (o W+ 0.15)n
_ R ....(1)
where SR the observed sound, velocity in ko/s -Z ‘ o

. = b t of .drie d
- Y the percent of c.arbonate Y weigh o ried sample

Md¢= ‘the median diameter . S "“'L o C .. PR

R nA- porosity ' ) o ’ e

Bucha.n_, et al, (1972) related sound velocity with many geotechnical'i

+

parameters and the more relevant correlations obtained were.

e




v, = 1.3364 o'.'ogz u, #0101 p

'v'=1416-e 007M

" analysis of I_ S R

2‘1, S - o - oy

v, = 1. 616+0 09 u, +0.002 n" S N ) I

4

¢+0091p L e e i

where:’ u, = s'and frection > 62.5 nicroms ,

o = bullk dens_ity," gm/cm .

'M‘bs'mean.diainéter, (phiudits) Jf co -

Acoustic impedance is a fundamental geotechnical -~ acoustic

- parameter which ie equal to the product of sound velocity and bulk ‘

4

' density The relationship between acoustic 1mpednnce and Wet density

P

:i_s very well defined for mst sediments (Ham:n..lton 1965 and Buchan » et al

1972) as is its”’ rel?tionship with porosity. Buchan, et al (1972) ~obtain-

ed the best: prediction equations for acoustic impedance from a regresaion

/ : ]

=2733+00014s +o.72'1'w N O B

-where. S ‘48 the shear strength (gm/cm) and w. 18 the 1iquid limit.

L
They also reported relationships betWeen attemmtion coefficient and

geotechni.eal parameters with .the" tot:a.l correlation coefficients for 84

setaof results.‘ o o o

’

-
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R o CHAPTER III :
GEOLOGY, “BOTTOM TOPOGRAPHY AND SURFICIAL GEOLOGY - PLACENTIA' BAY '

»
-

Regignal Geology . o . :

The island of Newfoundland represents the Korth American <
! .

-—
©

‘deformed rocka extending along ‘the Atlantic seaboard of the United

@ o

. States and Canada The orogen includes the major portion of the ad- gn"

jacent offshore shelf areas, including the northern half of the Grand

ro - !

. . -
,

-~
e Five major dtratigraphic zones:are recognized within the 0rogen

\'» -

o in insular Newfoundl,and (w1lliéma, 1979) Placentia Bay and an area

e T v e

. extending eouthward to about Latitude 45 N are. located within the Avalon

’
-\

zone, which is separated from)the adjacent Gander zone to the northweat

N
o'

by the major Hermitage/DOVer fault. The Avalon zone is underlain prima- -

.. - <

. ; 'A" rily by late Precambrian volcanic and sedimentary rocks that have under—

- ! x g L@ .8
. - . P .
gone relatively little metamorphism. Qver much of the .area sedimentary
-y N T ©
roelcs of Camhrian or Lower Devonian age overly the Precambrian, which

rJ .,(r

Z
plutonic Devonian roc;ks are also pi‘ea,emf ;hroughout the zone. °

% L
-1

The, terrestrial ge'ology-»aroand" Pl‘&céh(tia'Baty is complex. Along

)
.

r.he weatem and e‘aatern shorelines siliceous mudstones, ghaleg and 'sand~- -

. atonee of iate Hadrynian and Cambrian age predominar.e. Volcanic rhyolitea

\ ® i \

‘of aimilar age are common on tEe Burin Peninsula along rthe western side
4 y o -

6f the bay. Plutonic rocka cc{mprieing 3ranitea, syenite, dioril:e and

I

'

related rocks-are cqmon north and northwest. of the'bay. - ‘7‘ - v ’ .
.o .ﬂ e : "" . ] - . . . '-w ‘J @ ' . '
o ' . ‘ 22
r .‘ b o e -
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oy of the Appalachian Orogen. It is the largest bay in insular Newfoundlend,

.‘ 3.2. Submarine Topography ‘;':*n ) . (” '.ML,,omnf“

/—’V' '
. Placentia Bay 13 within'the submerged Atlantic Uplands region‘

and‘ie about 130 km long and 90 km wide at its mouth which is adjacent

to the’ northerly li.‘t of the Grand Banks« The longitudenal axis of thel

bay and the deeper chan 1g extend in, a ‘'NNE - SSW orientation. Placentia iﬂ'.‘

T

glacial,scouring.'

.o . . o
L4 v

' The floor of Placentia Bay is" characterized by a deep trough

,n

arbitrarily defined by the 200 o depth contour, which extends the full

'\

length of the bay and 50 em to the/south Towards the northerly end .

the trough dividesfinto three narrow channels which are overdeepened

N ¥

‘and separated - by three'islands. Near the mouth'of. the bay,.the'deep'

-trough widene to a large overdeepened baeinEabout 20'km wide and 80 km

¢

: 1dng. The minipum depth .of water beyond the southerly limit of the -

‘basin varies from 100 to 130 m in channele between individual batks. . . "

The greateet water depth within Placentia Bay is about 450 m immediate-

1y eouthwest of Merasheen Island while within the study area the great-—

. eet water depth is abopt 265 m (Canada, Hydrographic Service, 1973).

-

‘In ;ddition to-the main trough and:channele'alreadf-described

/:\

e the floor of the bay containe;eeveral other U - ahaped ch

nelB and
gone! Ia

number of Bmall,.overdeepened depreasiona. Small banks and Bhelf areas

characterize the irregular surface morphology along the western side

{'

of the bay. In contrast the bottom configurdtion along the eastern side.

-

' . L

, .Bay, the bottom topography 'is typically.more uniform.:‘

‘ »compriseslmore uniform and cqnsistent slopea. Southward from Placentia
- - £~

T s AR LN Y 1
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made (Stehman, 1976). ; | B

3.4. Glacisl add Surficial.Geology o .

|t o b e 4 PRV

Al

e

o

. parameters has been published for the Placentia Bay area although data
from several localized studies is available. From thenlimited information

renorted surface ‘currents move predomineantly coiznterclockris.e, but are'-

* variable in both diréctions. Wind'appears to have g gredter influence on '

thése surface currents than tidal activity,.but all observations indicate

low velocity currents in the order of 1 knot. Observations of surfade

drift along the easterly side of thesbay suggest strong northeasterly '
surface currents.in.this area , although_velqsitf determinations were not

v Ci

South of Placentia Bay, surface currents move in a westerly - -

.

direction at about 0.5 knot'resulting from general ocean circulation.

Q .
Virtually no information on deeb water currents is available -

-

. near the mouth of ehe bay, but bottom topographic features such as

s

megaflutes and sand waves- confirm that significant bottom currents exist.

The extent- of present: knowledge and methods used to determine

.

- regional surficial geology in the eastern Canadian offshore -area have

recently, béen reviewed by King (1979) . The surficial sediment Character—

istics anQQQistribntion in BoTthem Placentia Bay have been reported by

. Stehman (1976) . ﬂowever;;virtuallf no details on sediment composﬁtion '

and distribution over the southern half'of the bay are availabley

Much of the northwest Atlantic continental shelf area was gla-

',ciated during the Pleistocene epoch. In the vicinity of Placentis Bay,

'it is postulated that-the last continental-ice sheetvdepoaited glacial -

Relstively 11%zié inform tion on currents and other oceanographic‘




" Avalon Peninsula out into Placentia Bay (Henderson; 1972) . The presence

_ Placentia Bay sediments (Slatt and Gardinet, 1976) .

debris some 150 km south of the mouth of the. bay (Sen Gupta and McMuller ‘

1969). It-is interpreted that Wisconson ice from/éentral Newfoundland

'moved'southeastward across.the northerly part of Placentia Bay. There is

also evidence that-another large ice mass moved westward from the southern

-

" of ice in the‘Gtandeanks area is thought subsequently to heve_blocked e

the southward flow of ice in the bay. . )

-

It is thus probable that the majoritf pfwsurficial sediments in

the bayhand"to'the south were derived from bedrocks and glacial,débris

e . ' : N

transported by ice from the' north and'west.‘However. some of the present

~

sediments undoubtedly originated in® the St. Mary s Bay, area of the AValon.

Petrographic evidence confirms the local source of the majority of

-

-

The surficial sediments in outer Placentia Bay are direct deposits ~'f
/

.

of the last major glacial'advance and / or the result of the subsequent

marine transgression from the late Pleistocene sea level to the present -

level Extensive areas of exposed till have been mapped in the bay but
]

< &n absence of glacial tiil below sbout the 200 m contour indicates a

posqible isobath or lower limit of giacial icé'(étehman,‘l976).

‘The Pleistocene shoreline 18 characterized by beachlike feature

-at” about 110m contour. Nearahore marine activity at this time modified

the bpttom/materisls adjacent'to the heach strand. Reworking of the

i_ previdusiy—depositsd glacial marine took ‘place as the sea leyel‘rose'

:fton the Pleistocene minimum, with a transgression beach zone formed at -

. .7 ) . , - .
successive levels of the rising sea. During this process, fine particles

werelfemoved_ftpm the glacial deposits leaving the coarser fragments in

=

S s s ottt 1. b
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the beach zone. The silt and clay size particles were transported to

deeper water where deposition occured as predominantly fine—grained

-_sediment.‘Evidence of this marine transgression.and deposition of'fines.

in".deeper channels and basina of Northern Placentia Bay was verifieg

by Stehman (1915).

~

- 5.5: Local Subsurface Conditions at Grid Locations'

A preliminary determination of the suh-bottom stratigraphy in ‘

: . /
each, of the grid aréas selected‘for detailed study (Fig. 1) was made

. ‘ S 1
during the Hudson cruise'28—012. An interpretation of data from the

,following sources comprised this initial evaluation. air gun seismic

" reflection profiles, Kelvin-Hughes MS-ZBB echo sounder profiles, Huntec

A

~"

£ 170 DTS'high ‘resolution seismic’ reflection profiles, side scan‘sonar R

. orofiles and a visual ersmination“of surficial grab.samples and piston

o surface topography (Chari et al. 1979)

- turn overlies about 10 n of glacial till which extends &o the bedrock -

‘ cores.

* -
]
2,

s
[

The results of this interpretation sugéhst theifollowing stra-
: s - . 4 .
tigraphical-sequenCes in the unconsolidated sediments and related

—
N

'Grid No l Clay (mud) about.lSm thick, overlying 20 m of silt which in

.

e . e

surface. . : . . : .

-

which extends to glacial till. Several areas. of glacial till outcrop

exist. R i

" which in tum ovetliés the proglacial silt which is in excess of 10 m

& A}

5 thick Sand waves -also occur in this area, and towards the south gas

was detected The surface is relatively smooth with little relief,

e bt =
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'and alternate methods of evaluation. o ,
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CHAPTER IV T

'DATA ACQUISLTION - EQUIPMENTS, METHODS AND SUMMARIZED RESULTS |

4.1, Introduction

Sedimené‘samples-collected by a Benthos piaton corer and a Van

~ J'
Veen grab sampler at four test sites in the outer Placentia Bay area
.

have been subjected to a Vide range of geotechnical and acoustic measure-

ments. Penet?étion resistance ‘and acceleration data from a free fall

,penetrometer has also been obtained at these sites and eValuated{,

Comparisons of the data available have been carried out as part of 84

couprehensive study of the engineeriﬂgaproperties of marine sediments

t. . ' . ‘;:.

s
A

Data presented and evaluated in this study have been obtained

‘ . R . i : )
from 8 cores, 10 grab samples and 6 free fall penetrometer test locations.

This chapter‘presents'results of geotechnical laboratory testing, penetTo-
‘meter test results and core velocity loggin@, and describes procedures 2

»followed to obtain the data presented herein. Actual data are summarized

in this chapter while additional details of test’ procedures and methods

‘

actually used are presented in Appendix A. T ..

N 1

4.2. Geotechnical Properties of Sediments :

The geotechnical parameters of sediments can be listed under

'three main headings, parameters which describe the particles themselves,

parameters which relate the index properties and those which describe/

~engineering properties; Descriptive parameters of thelfirst type are




Y e

’thoae‘concerned with grainusize, grain shape and mineralogy{ Index

properties include water content, density and physical properties,»

.

while engineering propertiea include mechanical strength and elastic

constants. - o ) Ly

e

- L

The more commonly used claas1fications of sediments are those

based on particle size.: Descriptive terms such a8 silt, mud, clay and

sand are often used in general conversation, but for scientific and

commercial purposes, these terms must be. quantified

4.2.1. Particle Size Analysis e

Folk i1966) gives a detailed description of the'variousitech-

niquea in common use for particle size analysia. Sediments coarser than"

very fine sand are graded by sieving whilst sedimenta containing

signi-
b

ficant amount of clay and silt are analyzed by a combination of sieving

and hydrometer or pipette methodss v

i

The data from particle size analyaes are normally expressed in

v

60 G mm to 2.0 mm, sand 2. 0 m to 0.06 mm, silt O, 06 mn to 0 002

the form of percentages by weight of the’ aample within various size’

‘rangea. Gravel is considered to have a maximum dimension in the range of

mm and

clay in the range ’ smaller than 0.002 mm. It.is convenient to present

the data in the form of a cumulative frequency curve., From this curve,_

\

median diameterﬂM é, mean diameter M

$
could be obtained., Theae quantities are defined in. Appendix A.

s graphic‘mean M and phi deviation o

¢

,The bulk of publiahed data on: the physical propertiea of submarine

soilsfhave been”obtained'by marine geologists, who have chosen a

-triangular soil‘claaaification system shown in Fig. 2, o

. ' L 1

modified
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;4l2.é. Index'Properties

2

A typical element of sediment' comprises three distinct phages;

solid,«liquid and gas.'Thelmost common index'oroperties determined which
describé the inter—relationship of these phases are: moisture content,

l.‘
/

Atterbe;g limits wet density, "and relative density of solids Other

basio-parameters,can be computed from these properties such as: plasticity#

!
index, 11quidity index, - degree of saturation, activity, void ratio and

porosity.

Definiticns "of the index properties obtained from the samples,
tested are included in Appendix A. The test results are presented in ,

Figures 3 to 10 together with additional test data.,

4,2.3. Engineering Properties

Several parameters which measure the strength and compressibilityA
characteristics of sediments can be determined,in the laboratéry. These -
include' ' e ‘ C ‘ Co ;f

of soils and sediments in loading stability computations. Various test

methods ‘are in common use to measure the Bheax;strengthof fine gralned

,80ils under laboratory conditions such as direct shear, unconfined

compression and trisxial tests. The undrained shear strength S was
measured by the vane shear test in this study. The relatively low shear
strength of .soils tested made triaxial and unconfined compression tests .

impractical to conduct..

b. Consolidation. consolidation is the prd¢ess of gradual reduction in the

‘yolume of a soil mass resulting from an expulsion of pore water..It is

the major process by Vhich compression or settlement ‘within saturated C

)

e A« Mottt e o ettt bge 1%L . e . . N . B Tt
»



:testing program, the compression index Cc and the»coetficient of consoli-

‘dation c, were computed from the results of conventional one-dimensional

- second load increment has been computed and reported. - . . . 3

- and’ are shown in Figs. 3 to 10 This summarized data has been presented

A

- fine-grained sediment occurs“after a load has been applied: During this

“
-

C= T Co . ' . . ~
odeometer tests. In this study, the coefficieot of consolidstion'fpr'the»

/
4.3. Geotechnical Tests on Cores

A total of eight cores representing four grid locatiords have been

tested in this program. The-érid locations are indicated in Table 1.

T -

During storage, the core samples as well as the grab samples havé

A

fbeen humidified and refrigerated to prevent dessication or biological

breakdown The storage temperature was arbitrari}y set at 4 C + to

simulate natural conditions.

The cores were subdivided in 0.5 m’segments and standard laboratory

tests were conducted on each segment to determine the following geo-

technical properties: natural moisture content, Atterberg limits, wet

~ —

density, relative density; particle slze distributioh hy wep analysis,

' »vane'shear strength and consolidation characteristics Other basic

B parameters were calculated from the properties measured such as pLasticity

'index, liquidity index, degree of saturationm, activity, porosity, etc.

The full series of tests were performed on the totalflength'of each'core.

The natural moisture content of the cores was measured at sea_

immediately after recovery. Subsequent—laborator& tests show .the loss of

‘water was JLess than 2 % after 6 months' in storage.

* The measured and calculated geotechnical properties of eight

cores have been plotted graphically with respect to depth below mud—line,

~
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in two figures for each ‘core to facilitate comparison of the various

parametersr The particle size compoaition and selected index properties L
AN

are included 1n the first figure. Graphical plots of the ahear strength

and consolidation parameters are-. presented on. the second figure together

with'free ‘fall penetrometer output Egcords. Detailed results of thez L

paraneters measured by the penetrometer are presented later in this

chaptert ; i ' '
/ I T s #Ibearange and averag%/of particle size composition of the eight

‘gés as‘well as their median diameter,; mean diameter, graphic mean and
& - . . R ‘. . o -
.5§hi deviation are.presented in Table 3. The'range of_the'particle size

< distributlon for each core is shown' as a composite plot in Figs 11 to 18. .

b

_}V‘
Additional details Tegarding the particle size characteristics of each
core are shown in Tables 12 to 19 in Appendix A. In the gecond present—
ation, the range,and sﬁerage of selected properties are listed forﬂall

samples from the eight;cores;in‘Table 4o

S o ' In addition to the laboratory tests carried out by the author,

3
' gome of the results réported hereinlwere obtained by part-time laboratoryb
asgistants. All the léboratory tests have been performed in accordance
. /" : .. with methods outlined in applicable ASTM,standards:f
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| TABLE 3. SUMMARY OF PARTICLE' SIZE CHARACTERISTICS FOR-FACH CORE
R - .number of |- . ° ' - étandard
. Pér;ic}e _ksi.ze pa;axpete;a samples - min1'mum maximum| mean dévi‘ai: ion
6132~ sand size,u, % Cowo PR |34 | 2.67
silt size,u, % |77.0° j95.0  [83.7 4,95
- ‘.clay size,u; % . 4.0 20.0 13.0 5.27
. median diemeter, My mm | ' 18 0.005 | 0.016 {0.007 | 0.0027
" mean diameter, M, m B 0.007 | 0.021 '} 0.015 | 0.0056
. ¢ ' graphic mean, u, A 10.006 | 0.017 | 0.012 | 0-.0042 |
- phi deviation, oy m . | 0.005 |0.019 [0.012 | .0.0048 |
G 141- sand size, u, % . - 2.0 . [25.0 "1 9.5 | 6.8
" silt size;, ug % 53.0 |71.0  |62.25 | 5.7,
clay size, uj % . f12.0  [37.0 |28.25 | 8.38 "
median digmeter, My,m | 12 . ' |0.004' |'0.01 [0.014 | 0.019
mean ‘diameter) M, mm © |o.0r:|o0.08 |o0.022 | 0.019
graphic mesn, M, 'mm ] ¢.012 | 0.07 |0.023 | .0.016
- phi deviation, o, . mm "0.01 .7 0.06- | 0.019 | 0.014
. G 233- sand size, us & 2.0 - 50,0 (13,7 - | 17.7
: . silt size, uz % . |40 fe2.0 Je2.3 | 17.9
clay size, u; X - 'ji0.0 - J41.0 0 [23.5 ) 12.58
median’ dlameter, M, m 6 [0.003 |0.060 [0.013 | 0.013 |’
o " mean diameter, M, m | . 0.001 |0.016 |0.01 | 0.0051
L ./‘ graphic mean, M, oo 10.009 .|.0.031 | 0.018 .| 0.0083
. - [phi deviation, o, m ~ |o.001 |0.013 j,o%al;ﬁ 0.0044
., |6 243~ send size, u, ¥ “} 2.0 8.0 [4.33° | z2.07
Sy silt size, u, % 50.0 -, 98.0. ‘{75.7. |18.6 |
‘ ' clay size, u; % | 0.0 45.0 0.5 |18.6 © |
.. median diameter, Mym 6 0.002 |0.005 |0.003 | 0.0011
 mean diamecer,,-M¢ m 10,006 ;[ 0.01 |0.008 | 0.0014 |
o | graphic mean, M - mn’ 10.008 |.0.018 | 0.011 | 0.0037 | '
phi deviaqioﬁ,fd¢‘g mm 0.003 |0.009 10.006° | 0.002 .
Qdﬁ;iﬂued
. ’VR . AL '- -

W .
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“TABLE 3. (CONTINUED) -
'part':;.clg ‘sizg ﬁaraméters ’ n:ﬁ:;egf— ﬁini'muﬁ maxié:th .ﬁlefén 32::2:;315 .
¢ 332— sand. size, u, % |50 150 |89 3.6
silt size, 3 % 60.0 '180.0° |72.0 | 6.7
. clay size, uy % 0 12,0 ]340 19.25 7.46
. median diameter, d¢tn;n 8 | 0.005. | 0.015¢f 0.01 ".0‘.00%7" :
.. _ mean diameter, M, mm 0.011 0.929' 0.0z |- 0.09§7
graphic mean, M ' mm | 0-013 | 0.0377} 0.025-| 0.0071:
w phi deviatio%, c¢'_ = 0.01 | 0.027 | 0.018 ‘q.odsz
e 341> sand ‘'size, dz.z ' 5.0 . |9.0 | 7.0 -'1ﬂ63:
.81ilt size, u3-'z R 83.0 9.‘?.0 9_0.25, : 5.25
clay size, u, % . ) ',0'0 10.0 "2.75 4.86
median diameter, L 4 ' |0.005.) 0.009 | 0.007 0.0021-
mean. diameter,.M¢: mm 0.014 [0.024 | 0.018 " 10.0053.
graphic mean, Mz mm 0.011" ;0'018 ‘0.014 0.0048.
‘phi deviation, c¢ © W 0.01:1' 0'021, 10.015 | 0:.:0048
¢ 432- mand size, u, & |80 [ 7| a7
| Bilt size, uy; & S 7 162.0 . [91.0 . " |79.7 12.4
‘clay §izgﬂfﬁL . - 0.0 - {30.0 |8.57. |14.6
.,mediaq‘éidmeter, Mggm |7 0,008 | 0.043 | 0,015 °j?42l
. mean dfame’ter, M$ . mm . 0;016- 0.066" | 0.032. (_j'ON‘
‘graphic mean, M, mm [0z fo0.07 Jo0.034 | 0.018
1 phi deviation, I, '?m" : 0.014 [-0.05 '| 0.025 “ot012_‘
, 9,44;A-sand'sizé{ u, % 6.0 1407 833 | 2.87
R silt size; ugy % 71.0° [94.0 ~ (85.9° | 8.34"
clay size, u X . ° T | . 10.0 4'18.0 | 5.75- 6.7
5 3median diameter, d¢ﬁm 12 0.009 ° 10,012 10.011° | 0.001
- mean diameter;’ M, mm 0.018° 0,0394‘ 0.021 | 0.006
graphic megn, M, o 0.023 ;070.4‘4 ; 0026 .0.0051
Phi devistion, g,  ma 10,011 ' 0.03- 1 0.016 0.0054



TABLE 4% SUMMARY-OF GEOTECHNICAL.PROPERTIES OF SOILS TESTED —’ALL CORES -

parameter

. |number of

analyses .

éanfi s;t,ze‘, uzz
silt siz;e,lt'xa %
clay s’i‘._ze, u‘l‘ % f‘
méisture .k:qr_xtent., Wi
"liqui'dl_ lim:l’.t:,“x'vL ‘ Zl
piasticvlimit, vy
:p}éstiéity'ihdék;IP-Z
‘liqu'i;dity. in‘dex, 'II', Z
.<.ie‘gr':ee_' of saturation, 5. %

activitys a‘c

'

| bulk density, p.gm/r':m:-*l
relative density, DR T
'porolsi.ty; n%

shear st_rer}gt;h,' Su kN/m:Z .

compression index, Cc"

(cmz/sec x 1.0-4). ‘

coeff. of ‘congolidation, e, '

‘73

73
219
219.
‘219

T3
73

73

73
146

73
146

73

-73

.’,73 | iE

73 = .

minimum jnaximun| mean’ s‘t,and‘ard
‘ S ed deviation |
0.0 | 50.0 | 9.0 6.4
34.0 | 98.0 | 760 | .14.7
0.0.] 51.0 | 15.5 |- 14.5
33.0 | 77.0|s4.0 | 23.0
30.0 |- 82.0 [53.0. |. 25.0
18.0 | 50.0 |[29.0 | 10.0 ;
3.0 | 45.0 |24.0. | 15.0 .|
.. o.5 . ‘,2.‘3“ 1|1 0 0-3
72.7 | 136:8 | 96:3 | 10.5 -
0.0 | 25.0 | 2.8 446 ,
134 2.1 | 1.6 [ 0.25.°
“2.6 | 2.95] 2.7 | o0.22 -
4.0 70,0 |59.0 | 16.0
3.4 | 15.0 | 7.9 .2.82"
0.1 |- 0.7 [ 0.5 | s o
5.3 | 330, |13,6.| 9.36
. S‘ " ¢
n/ -




G 141, 243 and 332 range between active and normal f..-

":4.5} Surficial Grab Samples-

'which snap ahut upon reaching the surface of the ‘sea bottom, taking a
L.biﬁe of sediment. The sample generally is somewhat mixed and distnrbed

-;59 the sampling process and will always be a surficial one. .

S - o—e - ' 3 L
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- 4.4, Plasticity and Activity of the Sediments ;

One of the familiar means for classification and comparison of

different samples of” fine-grained soil within a deposit, or comparing

'

- one deposit with another, is the plasticity chart. Such’ a chart. usually

is shown with a diagonal line termed the "A - Line which representa

the rslationship of S iV
L, = 0.73 (v "~ 20) B PP

‘where: IP -iplssticity index . ' o
Lo e . . : v
w = 1iquid limie - . e

ny ' C
The resﬁlts of 73 Atterberg limit determination carried out on

[N

»the samples obtained from different locations in. the Placentia Bay area .

are summarized in Fig. 19a. Almost all the data plots within the "A-Line

which indicate the organic nature of the ‘soils,

-

‘The activity a, (plasticity index /.clay_siae-frdctionf 2 microns) °

of all samples investigatediis plotted in Fig. 19b“The'tange'of these '

data is surprisingly wide, from inactive clays to highly active clays. .

’The'aamples from stations G 132, 341 and 441A are very active and samples L.

7'.from stations G 233 and 432 are. insctive while samples from stations.

o

'

.

There are various types of grab samplers such as Eckman, Orange-

-peel Shipek and Van Veen All are composed of essentially a set of jaws
-]

ffh'frhs'
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“_/ "“ ) . "‘ ‘ -".. ‘4' ‘J . ' ' ) : ’ (.’
' The Van Veen sampler, which was used on the Hudson Cruise, is

v
,.

. a large, heavy and robust apparatus which collects samples from sandy . ‘ ) .;

)

bottoms as well aﬁ soft‘ones. Some washing out of’ fine sediment often .

occurs however during sampling and raising the«sampler to the ship.

o

. ' ‘ h ' - Grab samples are always disturbed ‘and have relstively little ﬂ"~'i_:

. ' ' use in determination of. engineering propertiea of the soil. They give

& )

only a preliminary andvquick indication regarding the type and properties

. C of surficial ocean sediments. C o
. : - '4' e,

The grab samples representing grids no. 1 Z 3 4 .and 6. have been
;'t 'p ' . 73 f1"" tested in this study, with the results summarized in Table 5 Samples ¢

‘ from grid no.- 5 were not tested since they comprised shells and cobble— .

size fragments only. T

Comparing the results of the grab samples with the upper O 25: m

'of corresponding core samples, a discrépancy in the order of 3 to: &4 Z is‘ ', Jie

‘.. ‘ evident for most parameters. However, considerable differences in the T

[ NN vt v

results of particle size composition were noted This is attributed to

: wsshing out of fine patticles during\the grab sampling prqcess..‘

4.6, Free Fall Cone Penetrometer I : -1A : ~;-“1‘ g X N
l‘ :“ ._< ‘ ” } '— . . K} te IR 3 '

iﬁ S '\_‘ A free fall cone penetrometer, designed and developed at Memomial

. University of Newfoundlsnd. has the potential to make a rapid and economic-','

-al’ evaluation of the geotechnical properties of the upper few meteranof e

s i LR T e

l},? T ' surficial ocean sediments. A brief description of this instrument, and the

o ) results from six test drops in the study area are presented in this section.
K . . P B . R - . PN ,_".'
o ' 4.§.l. Description of the Cone Penetrometer and Instrumentation
.o R 2 ] E

. . The free ‘fall penetrometer is a cone tipped cylindrical projectile

F

£

o -::;‘;:5 ,}:-_L'a',ﬁr_ii'_i‘ki IS o

.
h‘?‘k
e

~, ' >

. vhich is—allowed to impact on a soil target from a pre-determined height

-~
N

i

e S s,
e

a
&
-

e E 7,8
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TABLE 5.’ SUMMARY OF LABORATORY TEST RESULTS ON GRAP- SAMPLES
. o " t . ' o AR \,':(}M. -

i‘sample
ne.

_moistnrg
content

.

liguid
limit
@

plagcié relative
den?ity
¥ .

limit.
(z) -

R

gr&vel

(%)

sand ,

)

silt

(%)

.clay

)

|.G

G
-G

G

G.

-G 132

141
233
243

‘312

¥

le6t432

332

| ¢ 641
. 4

G 411

* 80
80
65
,.4;
- 32
 hé'
37

~

48 -
557,

v -

o
N/A

Nia
WA
NA -

N/A

| o3

95
';zé}f,u*

30 .
35

. 20

39

2t

L 2.74

260 -

12,60 |
- 60

2.57

2.68-

18 N/A-

21 [ 2.70

‘22 | 2.80,
2.75.

’

21

-0

0

. ,

53
55°

64 .

50 .|

45"
24

\

:24
"8 .
1z

1o

-

shells

At wms-

‘shells|

' shellq

. : shells
i e . . v ' . . . R
RE G653 26 NJA | N/a | 2.66 |[.22- | 68 9 |1 shells
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t:l.on .

. Chari, et al. 197\9 and Chal}dhur:l. 1979. » =

(Pig 20) 5 It is :Lnstnxmented; with load cells for measuring both the cone
e ‘
& resistance and frict:.on on the side sleeve independently dm:ing 'y

.,penetr:aticm. An accelerometer is also mounted w:Lth:l.n the penetrometer

for recordi.ng the deoeleration profile, up to the Full depth of. penetra—

. LY
- . . . . o

. . .. v ' - ’ ° . ¢ < - * . )
The physical dimensions of the frxee fall penetrometexr used is '

as’ _fol,lowe :
" . Nose diameter. . S » ‘76 .2 mm

_ Nose length (tip + sleéve) . 450 m

. ‘\“\' ' Base area of the cane’ 45.62'x 102 _mm2
' . Cone apex anéle‘ - .. 60° “ ’
\ Sleeve diameter o 76.2m -
/ - . ' a 2.3
Areéa of sleeve - 645.2 x 10" mm-
™ Material 3 : stainless s'teel ’ e

Deta.ils of the t:x.p and instrumentation are ind:Lcated in: Fig.» 21. .

I

Additional details of ehe free fa.ll penetrometer have been presented by

c ;A‘

‘4 6 2. F:Leld Operations f ' . R “

. ; 'I'he penetrometer P which weighed 1. 56 kN, was slwly 1owered from
- \ \

- a winch and tripped hy a pilot-weight ‘to’ give a free fall of lé’ meters :

l LB

before striking Afhe ocean floor (Fig. 20) The total length of the ~penetto-

meter body including the nose assembly :x.s 3. 7 m. The entire unit is t%pped o

L w:.th a stabi,’.l.izer section which 13 0 75 m long and has a larger cross

1

-

section. ,'I'he cone resistance a'hd sleeve meaeurements obtained from the

. o
o strain g'ages were tranemitted vie a cable to an eight—channel, FM analog

4 1 -ﬂ
. o ' .

.‘,')‘.“ R .. o ‘-
. ' v .

BT

2

[P L T T - m e “

A e et

o Kb .27 e S M s, S

ot e LS
o e S
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,-.,for cone scale i

.

Il LR

- for sleeve Scale

= for deceleration 'scale "1 volt = volta e x100 . g

tape reeorder onthe ship.
A seperate Doppler telemetry wit was attached on the' top of

he penetrometer assembly. The Doppler telemetry system was used to

v

o obtain velocity profiles of the it independently Comparison of the :

direct velocity profiles from the Doppler system with the integrated

" results of the accelerometer records wae later carried out. A chart

) recorder was’ used in parallel with the tape recorder to determine .

L'

whether the system was operating properly.

h

'4”.6‘.3. Dste Process'ihg and Cone Penetrometer Qutput Resulte . -‘-

- Data from the penet;rometer instrumentation was recorded on the
a.naiog recorder, end subsequently digitized in a H.P, 545 1-B Fo‘nriar

Analyzer. The record obtained from the accelerometer, cone load cell

L RO

R and sleeve load cell is a voltage output ‘as. a: function of time. Calibrat—: a

ion w,as Jnecessgry to. convert cone and sleeve output to pressure and. the

L «

deceleretion output to displacement. )
1 volt = 6 005~ kN
lvolt = 05938 W e

le6.7 ‘
- for velocity £rom: Doppler telemetry T ’ I N

R '; ) - voltage v
. o y ] 1 Volt 800 ‘., o
vhere. v'a sound velocity o 1445 m/s (assumed)
o From the accelerometer output, time histories of velocity end
i

displacement were ’ﬁaleulated by a double integration program in accord—

ance with the following relationships.

iv(t) = ’t e(t) dt+ v _' - “ :‘3.'.‘ . .. (N -

s aw -;f.f;{.f‘;f‘a@'ds&:vo};.dw S R )

.

,": ,.
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where: v(t) = velocity at time 't

':a'(t_) = accelleration ‘at time t’

<
U

= impact velocity DA : SO ~ .

\
=N
~
ct
~ .
[

' displecenent at time t_

' ""d ,e'dis‘pi'acement at t = 0 ‘(d = 0)

From the Doppler telemetry record; the’velocity of penetratién ‘
versus time was obtained as an. independent measurement 'I.‘his mes.aured e

o »velocity was then re-plotted as a function of the depth and was cop:pared

L . o V. f A with the integrated result of the acceleration reco-rd. The sgreement

between the two velocity profiles was good as it 1is shown in Figs. 22 23. . -‘

The cone tip’ resistance, sleeve friction and deceleration profilea

LY
- -

- were re-—plotted as functions of the aoil depth Figs 24 to 29 ehow esch
v

‘ R ‘ .. .of t:hese profiles for stations G 132 141 243,'.)332 432 'and 441A reapect- ) ‘
’ ively. No records were obtained ‘from stations G 233 and 341 due to flood—
1 -\ ,

S ‘ ing ‘of the cable connector. The depth of penetration varies betWeen 3. 0 :
E . S to 4 5m for gtations G 132_, 141, 243 and 332, while for statione G 432

| | and 441A, the depth of penetration was only 8. § and 0 46 m respectively.

- For thene two st_ationa. the penetrometer_ obviously hit a very::hardvobje‘c_t
e '_ A o';‘,_l_.aye'f agd‘came to rest within these déptha.‘]jn‘astations G llfl nn‘dv332.’.. .
,on/v initial iinpact; éhe. penetrometer-recorded high initial cone tip resiat-;:
ance snd deceleration. Thie meane that the penetrometer contacted a hard

: object or layer.»The cone tip resistance snd sleeve friction then increase,' ‘

uniformly with further depth suggesting eoil of reasonably consistent

- R . ‘ . R . ,..‘,.;.
: propertiea. . Sl : T “ o

N Correlst’ion of the free fa.‘fl penetrometer output resulte vith .

' ;lparameters det:em.ined by other methods ia presented in Chapter V.,
: P‘“ S __”..'“""* .

%
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4.7,

Acouetic Properties .

Marine sediments can. be re{garded as a three phase media, solid

N

1iquid and gas and the whole can be cunsidered as a- mixture of these

Ca !
"

'of the phasea. The experimental technique developed for‘the measurement

. of bhe somd velocityrin eediment samples is based upon lhe measurement ’

s

,of the transit time and* amplitude of an acoustic_ pulse transmitted

directly' throngh'

NER

t7e medi‘mn, o Sl e

So(und Velocity Detemination

12

. To determine Bound velocity, the time for a compressional wave '

i

to’ travel through a certain thicknese of sediment is compared to the

time for it to- ctravel throdgh the &ame thicknese of a known velocity

.

medium, From ‘the time difference, the velocity of eound in the eediment

can be ealculated. R - | o

. A S
The fund&mentel equation for the velocity of propagation of a

‘ ,compreesional wave through & perfectly elaetic, homogenous and isotrOpic

‘ 'solid 18 ~.given by:

v24='3—K_LI!'B-' - 4 -I ' .« . ',-;' -;- ¢« b e

- 9)
3p ' ‘ , ©).
. wherei K -;the bulk modulua -% '

'y = the rigid‘ity or. shear modnitis
o = thé bulk demsity = < .
‘ B= ‘the compregsibility ' o~

Basicallyh the measure"inentiof the transveree aound velocity..of a.
q . .

corxe takes the form of a comparison of the travel timee of a. sound

.water of known velocity. This . techni({ue eliminates the unknown yet

impulee acrose a core liner filled with eediment to, one filled with ,

A

. N
phases. The acoustic properties are depenclint upon the relative proportione




‘fixed electrical- delays -\-Jand 'acousltic-dela.ys associated ‘with ,the' transducers. .

-
oy . .
'
o -

Velocity measnrements were made on the cores immediately after

removal from the core bsrrel on the ship The apparatus used to measuz‘e

the velocity is described in Appendix A together with additional details

e rel‘ated to,the .measurements‘;made. L L - ; /
In this study, velocity measurements were taken across the core
diameter at 100 mm intervals, along the core length Measurement of the

' . water standard were made twice during ‘the sampling phase. The sound

ve10city 1in the core.was calculated using the formula. S {"-‘-

’

I SRR '(L2 L)v .
| - : s ATv. +(L‘-—L) o * . .' . *(10)

' wherel, 'v,s = sound Velocity of sediment

‘v

v sound velocity in water = 1463 7 m/s
N : .L =,42'_x ‘-liner .wall t_hickness : "
‘ ' L| = outside diameter of liner - S I ‘

AT = T2'4 -'Tl'_s ‘difference in.the elapaed time .for both “the

oo

.

\\'sedim'en,t and water’ "ca'ses'. L T o
' The direct velocity measurements quoted in this atudy wére ‘ o
v

. conducted by Dr. P. Simpkin, and have been used with his pemission.
_ The velocity logs obtained from the cores are. presented in Figs. 30 to. 37
In some cases, large variatid'ns in sound velocity hsve been recorded.

There are several reasons why large anomalies ‘can occur such ss,
. s.vpoor couplg._ g‘betwee‘n. transducers‘ snd. core‘ liner._; ,',' 'I
jgﬁbetweenjcoreliner‘ and ,core cause‘d. by air space or’n‘air‘

N t

buhb'le. : . .. . ' | ' - ._'. ‘

K . b ,pooricou‘pl"n

™
v
7

e intemal structure 9)f core such as gassing, cracks, pebbles or shells

C R or. sampling disturbance. - .t




we - L

Ry

- betWeen 32 5 ‘and 33 Z This give

; .'the acoustic impedance for each core.

80 e

oo

Cy

indicated a. bottom water tempe ature etween 0 and - C with & salinity

‘

bottom water :Ln the range 1442 - 1445 m/a. e

The velocity logd show the uncorrected sound velocity, meaning

?

‘ .that they are mnot referred to any standard temperature. It is usual to :
refer seafloor. masurements .of velocity to a standard temperature, "and
- the most common method is. to add the differem:e in the velocity of sound

in ,8ea water at 20° C and the velocity at the in—situ temperature. In our

R

case, this,would require 70 m/s_- added ta ‘the measured_‘velocities.v '

L 4i7.24 Acoustic Impedance -

.The avcoustic impedance of the sediment is ”drefined as,

'z__=p\xv - e e R ..  (11)

where p-bulk densdity o.f-‘the'material . - .

’

v = acoustic velocity. thr'ough the materia'l’

' It is the controlling property in acoustic energy transmission across
a boundary. The bulk density of the soil has been measured as the wet

unit weight ‘at 500 . intervals along the core. From these measured

values, interpolated values of bulk density have been estimated at ‘

a

: 100 mm intervals along each core to correspond with velocity measure-

4
', ments obtained. Figa. 30 to 37 show r.he acoustip velocity, density and

% .’

2]
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alues of sound ve ocity for the near
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S Available data, presented in Chapter 1v, have been analyzed to- ‘
‘N T Y tablish relationships between the various properties of the submarine o
5 . . ' soils encountered snd other parameters which were measured . N
R ST e wo N . T Ty A
N R 'I.‘his chapter presents. a) basic relationships betVeen the various ; ' L
g- " DR geotechnical properties of ‘the soils, b) correlations between the'acoustic
oL T and geotechnical properties of the soils, and c) relationships between
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' the measured geotechnical and acoustic properties and psrsneters measured : "A .
by the free fall penetrometer. The shear strength and consolidation
S 'characteristics of the sediments investigated are- also discussed In — ﬁ
LR ' . oL : .
oY e oA A A
G A jaddition, computations of the elastic properties and their inter—relation-.-:

qhips with other physical and acoustical properties are reported. In the 'l -

M St final section, an evaluation of the impsct penetrometer output character- s
: \\ , (l‘giics 1is presented to facilitate interpretation of the data obtained. IR :

_ A S T The degree of correlation has been bbtained by regressi(m %alyses '

T . . " with results presented in ‘both numerical snd grsphical forms Both J.inear .
and non linear regression analyses Han been used to analyse the data ) -.,;, '

\ T using a computer program which is described in Appendix C A regreseion '

i - ' equation was obtained for each case considered The correlation coefficient -
was also computed to permit compariscn of the equations and to giire a
B - "‘. fquantitative indication of the degree of correlation. I‘able 6' lists the

‘variables considered in the regression analyses‘. _, "
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‘ ' . i?; &rrelation of the Geoteohnical Properties o S
‘ i . j-‘\'. ) ' Correlations which identify the relations‘nips between, soil
“‘ R properties cgn be of significant benefit to the engineering dESigner. .
oy L ' e ) - ‘
t ¢ + % . This is particularly true in’connection with marine geotechnical
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e (DR already well gocumented (Buchan et al ;1972), High correlation coeffi— . -
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- Ll e , distributed along a straight line called the’ "A - Line" which represents

the relationship of , - o oL '«d' : T
8 . . - . - o . ' . " I v : ’ ) ' . | .
" o L ’ IP =‘ 0‘73 (wI: e 20) ' ) ’ —‘. o l' '-' A (6)
. ¥ . , . . I ' - . K . . ’ 'J - . . 7’ ) R
: The regression analysis for this data gives a linear telationship im
; 4 . : oo o N ' : N -

Dl -« . the form of . . o T .

Ip = - 10.875 + 0.658w - - TR (1~z)

°

T IS T I 0.658. (v}r",_—‘17)'§ L e (121

\ . ',’ . T ’.‘ ,\
1 ‘ T e Plasticity data. of "soil samples taken from the. Atlantic 0cesn

have been-reported by Buchan et al 1972 with an approximate relation-ivv

1

;o . ship of P - S S o ol

i 1,9"':'0.73 ""(‘w - .’1'5‘) | S et L
) ) '3?' S 3 "

if. - . 4 An increase of compression index C can be reasonably correlated

: ‘,f‘ with an increase in moisture coptent, an increase in liquid limit,‘

E (‘,“ ._:, ~v4'

increase in void ratio, an: increase in[éorosity snd a decrease in wet

~

* . Lo density. These dre illustrated in Figs. 404,b" -and 41a,b ‘The regression Ry
o -“equations and correlation coefficients are presented in stle 7. The
1f”

2 relationship between compression index and liquid 1imdt generally falls

' within the range' s _
i cc= 'o..oo7 — b‘.'012 =10y, R (14)

‘ As indicsted in Fig 40b, this range is within the correlation suggested

W SRR by Terzaghi and “Peck (1967) which is

L o . .
v S e . s e o

e o9
S I '~ . ‘. » . No meaningful correlation wss found between the coefficient of B
Dl ‘ ' ‘\-, Lo . . > :' 4

;c,- - o..o‘o9' (w‘ = 19).

' cop;olidation Cv and any Of theﬁj}her geotechnical properties..'l S - fz
e . i KL . o P e ‘ |

o L




rf

@,

s b - o
=y SR e

P e

IR oy s v e

. The regression equations of the acoustic properties ~the

e
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a

lhé undrained shear strength. as. measured by the laboratory vane,'

', was treated as & dependent variable in the regression analysis to

relate thia parameter with other geotechnical properties. Low,correlat—

“ion coefficients were obtained between shear strength and moisture "

cfntent liquid limit,'wet density, porosity ‘and compression index.vﬂ '

'i No meaningful correlation was obtained between shear strength and the

Cve
.coefficientrof consolidation Figs. 42a, b show the variation of un- A

drained shear strength with moisture content and porosity.

5.3. Correlation Between/Acoustic and Geotechnical Propertiea ’
R ' o I
The inter-relationships between acoustic and geotechnical

, by

properties of submarine sedimenta are multivariate. Previous work

(Sutton et al 1957 and Buchan ‘et al 1967) has shown that most of

PO

‘xthe relationships tend to be linear over the range of observations.

Hence, the linear regression analysis as well as non - linear analysis,;

v -
using digital computation, have been used in this data analysia.

o

3‘dependent variables— and the geotechnical properties -the independent

variables- have been computed The correlation coefficient was also l
' o/

. computed‘for each case.; The relationahips bBetween sound velocity and

1ndex properties, textural properties and engineering properties,are

/ \ \

' presented as wall as the variation of acoUBtic impedance with’ these

.,.-

properties. Tables 8 and 9, give the- computed prediction equations

-and their correlation coefficients for 114 sets of data points

‘.-.'w

Aevaluated. I ' I Lo
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% . TABLE 7. REGRESSION EQUATIONS FOR GEOTECHNICAL PROPERTIES

"Correlatién . . |» |

Regression Equat%éna " Coefficients

. . N IR /

by = 22181 -9.715 w . 0B

4

o -
n

1924.68- - 9.8 L, 1 -0 70]

=
[

13199 - 00043 o 1 .3 0.96

33.45 470,472 w0 LN i 0.925

+
3.
}ll

956 + 0. 324-4;»51: B R ¥ )

.8
]

V,.J": ..
[ .

3 208 L2 W | . ou7as
- 10 875 + 0. 658w . | - 0.91
e .;,_ 0.1 +ooo96w,' S 6.875;
| c, = - 0.029 + o 0083 w oo 1 )o".'a43
. ¢ =- o.2+0.288 & 0 | o.838 A
e = o,:'%3'-+0'o’18- R A 0.8 R
1 e, L.675 - 3. 0097 », ol - 04ies B
- .'__2'.‘91 Hoors w | 0.8
= 2.986 + 0. 073 wL" o :, . 0:524"\
= 7~17.23A -0\906 by ".”—' 0:44

Tt -

=~ 244 +0.36° n o _0.52
s = 402 47 c. | oo Tl
.‘.i:S'l,&.c: ‘ : : SR Ll no correlation

FIRN | W v ’ . e "’. ) ‘ . . i . E L
5./ p, & IP IL e no -correlation | - ~
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o
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" of clsy with porosities ranging from.ﬁﬁz to 692
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-5, 3 1. .Relationships between Sound Velocity and Index Properties

T~

R

et v e s P . R 2 .. v o-

*

The relationship between sound velocity and porosity has

I

rece ved considerable attention in the past. It is generally accepted ::

r

;that sound Velocity increases 73 porosity decreases. HoweVer, nnst : 17 ce

’authors (Sutton et al 1957 and Hamilton 1965) 1ndicated that porosity

o \
) fin itself is only a: first approximation of’ several iater-r elated

) physical properties When combihed 'these propert%es affect the

transmission of sound \hrough a\sediment This relation is illustrated

3

in Figa 43a where the regression analysis gives a negative correlation )

I
of - 0 786 The decrease of sound velocity with increase in porosity

is clearly apparent Data points}fall along a gently arcuate trend.
The: closely clustered points at the low velocity end of the trond Te-

present ssmples of submarine mudland clay that are products of slow

. i
e settling of fine particles from suspension A similar relationship was

;: reported by Buchan et sl 1972 with a negative correlation of ~ 0. 787

~

The maximum sound velocity (1 709 km/s) was recorded in” &
layer of silt with a porosity of 422. The lowest sound velocities'

(1 515 - 1 530 km/s) occur in.a layer with relatively high percentage

.'.

b.. Moisture Content~ _. . '.5_

The relationship between sound velocity and moisture content o
“ig illustrated in Fig. 43b The regression anslysis ‘gives & negative

correlation coefficient of -0, 745,  Buchan ‘et sl. 1972 have reported

L a negative correlation coefficient of ~ 0.566. Examining Fig. 43b it

[

" 1ia noted that the trend of moisture content: vsrietion is nearly parslleli

“

TN



A

" L———, rl__'A.,_‘

) to the trend of porosity variation with sound velocity. This can be . .
’ explained by the fact that both the moisture content and- void batio
_ of water—saturated sediments are, in the main functions of availahle.

pore space. Sediments containing from 33 to 77% moisture show a

e Atterberg Limits

: correlation was obtained between sound velocity and liquidity index. \““

.

I :

v.
progressive decrease in sound velocity with increase in moisture content.

9
¢

Reasonable correlations were obtained between sound velocity'

. and liquid limit, plastic limit .and plasticity index. The regression

analyses show an increase in sound velocity with a d rease in liquid
limit, plastic limit -and plasticity index with respective correlationA

coefficients of - 0 684, - 0 616" and - 0. 567 While, no significant

Figs 44a b show the/gelations between ‘sound velocity and liquid and

. oy
iy
11

plastic limits.

L

Thete is an ‘increase in sound velocity'with ah'increase in wet

1

density (Fig. 453) This relationship is already well documented in the

literature High correlation was obtained between these two parameters

L3

with a positive correlation coefficient of 0. 794. ;‘

B 5.3.%. Variation of Sound Velocity with Textural Properties of Sediments'

The most important factor in the variability of the acoustic data
is that of particle size. But in this study, the sound velocity did not

correlate significantly with any of the particle size parameters, i.e.

oy

i clay, Z silt, % sand, median diameter, mean diameter, graphic mean and'f

i ~

phi.deviation. An attempt was also made using the non -\linear regrebsion»

analysis, and again no meéningful correlation was obssrved between sound

f et vt e e+ -
'
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velocity a.nd % clsy, % silt and Z sand However, high correletion was .
b

obtained between sound* velocity -and the logarithm of median diameter
yielding a correlation coefficient of 0 72 (Fig. 46) A similar relation—\ o

.ship was reported by Sutton et al. (1957) and Hamilton (1963) The . -

' \\»

relationsh‘i"obtained between s@und velocity and median diameter using
]
the non-linear regression analysis is a8 follows

- - ’ ‘ v . . - .- [N Lo ‘ . .
42%x1o )unww L e e e
orlw Mu-;pﬁisﬁau.i_f . R ¢ 110

[

5 3.3. Var.iation of Sound Velocity with Engineering Properties s |

'fa.' Shear Strength l P Do T . S P PR /
. Of all the mass physical properties investigﬁ’teu in- this study, e /’\
is felt’ that: the vane sheer measurements were considered the most' - L /”

‘asurements which will offer the greatest potential for '/, /

Anai?sis of the vane shear profiles yielded an unexpected pattern.

\. for most of the cores. The values of the shear strength did not progress-—

ively increase towards bottom of the core. Instead the maximum ahear

- -, R

S strength was measured «at an intermediate depth in all cores with the

T depth is quite posaibly the result of disturbence of the sediment dhring

 not a simple -one. ‘Attenp'ts to relate compress}ondl wdve velocity in sgme ‘o

exception o'f cores G 141 end 233 (Figs. 3b to 10b) It is’ felt that, the ‘

occurance of the highest value of shesr strength at the intermediate B -

the~coring process, ' LT

v

‘—The‘relationship betneen' sound velocity and sh(ea"r_'stren'g'th 18

'

K

- .;‘_‘.jn' A .. ——— L




R ~ ARSI B ) Py T e o

1 ‘e ‘ .‘103J. N ) I.-
. S S o manner with the elastic moduli, and hence to the strengthn of e 'sediment, -
have not met .with unqualified success. Most previous attempts used !
. o Sy, . P B
‘\empirical modifications to the Wood (1940) equation for velo it:y to bring R u

.«

g this up to the measured value of t.he velocity, and then -asc) :Lbe ‘the

modifications to the presence of rigidity in, the sample. This however e .
. - ." ‘ . R : R ] /.-'

. is only partly,»true, for some of the difference between the two velocit-- B
K o N ' ies is undoubtedly due to the presence of a frame compressibility within

‘ .»/’ , _;.‘the sample (Buchsn et sl 1972) It is to be expected therefore that R ,l :

. . D ' . ' .v S T ! T .

.vane shear strength does not correls.te directly with any acoustic S e

L. E psrameter However, in this study, a low correlstion coefficient of o X
v . o= 0. 326 was found between sound velocity and the shear strength P . f’," L
/" co 'ilb Compression Index and Coefficient of Consolidation / ";:;_-‘ L s ’\ L

The compression index C correlates well with sound velocity,

-it decreases significantly with increasing soun. ‘Aelocity, with a :

‘correlat:l.o coeff:l.cient 5.& = 0. 734 (Fig. 45b)

contrast to C Qhe ‘

- _coefficient of consolidation cv increases with an increase :Ln sound : J w
: velocity, but a correlation coefficient of only 0. 413 was obtained. o L L
. _ . i : ‘ : ) B ,_» .4 * : . " . V/ . (’

:4..\

5.3.‘4. Variation of Acoustic Impedance uith Geotech‘nical Properties

- R Q& v K L The acoustic impedance Z, is the product of sound velocity and

: bulk density of the sediment This important prOperty determines the - " o

—

e R amount of energy reflected when sound passes from one med:l.um into R o . I

Sy T »'another.
. )

Similar correlations have been attempted between acoustic e

AR B : o N C e

. impedance and geotechnical properties ag’ were considered for sound‘.-:' :

r’ -';",. - _‘ ‘ .,'velocity. 'l'he results of 114 sets of 'data were anslyzed, with the :
i L - .. ' Lo
o e o resulting prediction equations »and their correlation coefficiénts

, 3 . . L ' o t
1 . N . 'u b . .

"presented in 'l‘able 9. A CLe T

[
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a. .Relationships between Acoustic Impedance and In'de:-:-‘Properties,';. o

L A‘decrease'in acoustic impedance oceurs with an increase in, '
e R ¢

'porosity, a decrease in Wet density, ‘an increase in moisture content, '

an increase in liquid limit and an increase in plastic 1imit 'Exam.in—'

ing 'l‘sble 9 it' s obvious that a. very good correlation exists betWeen

acoustic inrpedance and ‘wet density. Because of the relationships

between wet density, porosity snd moisture content, very good correlat—r

p.,

~ . ion is observed also between acoustic impedance and the latter two

: _-linear‘analy,ses. L

s

_ parameters. High correlation cosfficients of 0 979, 0 954 and 0 85 have .

i,

been ‘obtained” fox these_-variables.

%,

b R:élationships between Acoustic Impedance "and Textural Properties o ‘

No correlations were observed between acoustic impedance and

the textural properties of- ohe sediments either using linear or non -
. - ,* . '/' . . ) —-

-

¢. - Relationships between Acoustic Impédance’ and Engineeri'né'.l’roperfties "

- Low correlation was obtained between a'coustic' inipedance and

~,shear strength yielding a negative correlation coefficient of O 43

I

A reduction in acoustic impedance occurs with an increase in compress-— '

ion :I.ndex snd a decrease in the coef’{icient of consolidat:ldn. The .
s

regression analysis gives correlation coefficients of 0. 78 .and O 405

for these mariables respectively

Figs. 47 48 and 49 present graphical plots of the data show— A

: 1. -
_ing t:he relationships between acoustic impedance and various geotech— -
“ ‘nical properties. Examining Tables 8 and 9. it is obvious that, the

'correlation copfficients obtained for acoustic impedance are generally T

15 to 20%° higher.thsn be.tween sox:nd velocity snd. the same- geotechnical :

U -

Cat
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9. REGRESSION, EQUATIONS FOR' ACOUSTIC IMPEDANCE

/

B

R_e_gi:ése ion .Equ‘af; ions

Cb rrelation

Coefficignts L

5,207 =
0582 +

'3.75 -

3,565

3.67 -

152
2.372 +
3.09 -
337 -

2,427 4+

0.062." s

1.61 C

0.042 .n
0.00195 p_
o;,'o;9 w
0.016 w
0.036" w
0.019° I

0:258 .1, -

002 e

. 0,954°
0979
- 0.85

- 0.786 -

: -‘0.6@5

‘~-0‘-669. }
. 0.263

L0430

-.0.78

1;0;4?05 :

o o . P S
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prOperties' The improved cor/relation is due primarily to the’ fact that
-acoustic impedance is a function of sound velocity and bulk. density
Buchan et al. 1972 haﬂ/e reported similar relationshipls_;for shelf

.sediments to those reported herein, with reasonably good agreement

‘noted in the majority of cases.

5:4. Correlation between Impa'ct Penetrometer‘Output and .Acoustic.and

- -+

Geotechnical 'Properties.

‘One ‘of 'the main.objectives'of this investigation is t‘o.ass'ess
! L4

the suitability of the M. U N. impact penetrometer as a ground truthing

tool for, evaluating ‘the properties of near surface marine sediments .

]‘ - A 94
'I‘he main parameters measured by the impact penetrometer are outlined
el "7 dn Chapter IV together with the related instrumentation. b

’ .
/<_

In this study, the output data from the penetrometer obtained

under typical field conditions are compared directly with the’ establiah-
- .

' ed geotechnical and acouatic properties of the sediment cores’ Such

) comparisons are, conside}'ed valid since at each test - 1ocation the hori-

zontal distance betwaen the/piston core ‘and related penetrometer drop

' D . . . -

is believed to be 100 o or less The reported results relate the degree
‘of correlation applicable to - all the cores. However, the graphical
plots of the data !presented indicate that for some cores coneidered

. Jindividually a somewhat higher correlation may apply. . k

<A linéar regreasion analysis has been applied to 55 sets of

data representin‘g output from six’ penetrometer drops and geotechnical /
-

acoustic data at 0 25 m intervals of depth. . ,"’J'A’ o ) .v

Relatively good correlation was obtained between acoustic
B
impedance and penetrometer sleeve friction. The sleeve friction '

LI

.o . .
. “ t N - R . . . .
- . . - / . ; ; L ', S
B . ‘ ‘. . . v i T
’ . . . . v . oot
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‘ ,increases with an- increase in acoustic impedance with a resulting

correlation coefficient of 0 73 For sound velocity, the same trend

is noted but with a lower correlation coefficient of 0 535 (Fig. SOs,b).

No correlation Was obtained I;etween sound velocity and ‘cone tip

esistance, while very low correlation was obtained between acoustic

'impedance and,cone tip resistance. . . . T

i

To establish the viability of the impact penetrometer as’'a

geotechnical instrument in the. ocean environment , relationships with'

conventional geotechnical test results must be established Previous "

investigators. have studied these relationships under laboratory e

L conditions (Dayal 1974, Chaudhuri, 1979) In this sectionlthe cone

.with a correlation coefficient of 0 89 ‘(Fig. 51) However, low correlat-

respectively. The relationship between sleeve friction and %1}%35 strength :

!

tip’ resistance and sleeve friction outputs ‘are compared‘ directly with ‘

the measured geotechnical properties of the cores.

The most 'important factor influencing cone penetration 'resist—l

ace is the shear strength of the’ sediment Relatively high correlation

, was found between the cqne tip resistance and shear strength. As expect-
—
- ed the cone tip resistance increases with ‘an increase “Ain shear strength

"..

ion was obtained between, cone. tip - resista_nce and both wet density and. ~

, compression index yielding correlation coefficients of 0.31 and 0 ~30'

2 - Fi ¢

e

B

P

is illustrated in Fig. 52, The sleeve friction increases with a decrease -

v =
in’ shear strength with .a correlation coefficient of 0. 545 Unexpected
correlations in excess of 0 7 were obtained between sleeve friction .

g and moisture content bulk density and compresaion;index. Table 10
"summ:arizes all the relstions obtained. L s o
' A'. hd \_l
T W e T e M‘ [ ~ ";I: ehmian

S P

e f




'TABLE 10. :BREGRESSION EQUATIONS FOR PENETROMETER OUTPUT

\

-

16

.

=RégreaéionlEquat

ions .

'

Correlation .-
: Coefficients

Y

=, 867.70 - 332.1 " o

&

i a LIS

v

-.12.59 + 537278,

- 189.30°

w,c
. y'A v“.

§

16,3 -

-

24 -4 T

= - 33.48

19,34
+5.18

e

1.53

.
+273.85

+

21.67 G~
. (o2

1.023 5,
0.257'w

2576 5,
0.32 ¢ -
n FUNR Y '."' b

0,0042F: - -,
. s

-

'0.044 F- -
. 8

0.00040; |

- 0.763

T

0.89

' 0130

no’cqrrLlétion

- 0.545 .

0.773 .

- 0.764
0;49\

0.535 .
no correlation

0.73

= 0.202
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SEE . . 3.5.. Strength and Consolidation Characteristics of Investigated Soils
- ' f

The mechanical behaviour of submarine soils, in particular of.-

x?” ' cohesive soils, is 1argely determined by the rate of deposition and by
S8 : SOPR
ff_;;, . _ the degree of consolidétion, underconsolidated, normally consolidated ’ fﬁ*ﬂ B

o ' . and.overconsolidated states respectively. Identificationﬁeﬁithe degree, -

a

of consolidation is commonly made by a) comparing the effective over—

v burden pressure in-situ sPgs with the preconsolidated pressure ,p ,

e n

;determined from laboratory consolidation téats, and b).by‘examining

H .

. the distribution of the undrained shear strength S u’ with depth In
7 normally consolidated soils. the effective overburden pressure ,p >

L L
is equal to the preconsolidated pressure ’Pé’ and the ratio-ofﬁthe |-

- . . oL, : f oA

- undrained shear strength to the,effe;tive§overburaen'pressure ;S /p’, ”i&l

:‘ has been found to generally fit the following empirical relationship)

(Skempton.1957) for ma{y terrestrial soils . . ;i,'.' - ‘1,. .
‘¢ N ‘ . N ] . ' - . v ) "" . ,‘ i | v
‘ o . ‘5 /p = 0 11 + a. 0037 IP « e e e (17)( K -

v ) \

In underconsolidated soila, P is smallér than p and S /p values ' o 'm,

are also smaller than -those for normally consolidated soils. The

opposite trenda typically occur-in the casegof overconsolidated ‘soila.

b . L i "' ..
The . effect of . sample disturbance has a direct influence on
'-thefresult of consolidation and shear testsfﬁin particular on’undrain—"

ed shear test reaults. The mechanical disturbance dependa on many

factors such as the core and teehnique in sampling and teating operat—ri
» '-ions, the rigidity of coreitube'relative to~stiffhesa of the soil-and T j:
.'é' the burial depth of sample. As the sample is disturbed, the undrained B

_ shear strength tenda to decrease and the compreaaiog index pbtained

&

from consolidation tests also tends to decreaae. T '-‘”.w- :;, S T ’i -

o
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s

. Measured shear strength'of the Placentla Bay sediments ranged
ﬂ‘s : J

P

from 3.4 to 15 0 kN/m (Flgs. 3b to lOb) Sedintents from stations
G 132, 141 and 332 have the highest values of‘shear strength. Examininé.

these figures, the values of the shear: strength did not progressively

s -: 's

'increase towards the bottom of the cores possibly due to sampling

dlsturbance. A comparisoh of measured ratios of undrained shear strength -

to the effective overburden pressure (S /p ratios)’ ‘with both plasticity .

.1ndex and liquidity index is ‘shown - in Fig. 53 Using the regresaion

+ P |
analysis, no meaningful correlations were obtained between S /p ratios

- and both plasticity and- 11qu1d1ty 1nd1ces.' o

The results of 73 consolidation tests carried out on the samples

were plotted as void ratio (e) versus the logarlthm of the pressure (p)

It appears from these test results ‘that con51derable dlsturbance has

-

occured in the cores. particularly ‘towards the bottom, as if the lower

material‘had been sucked'downward hy‘the upward movement of the corer.

y @ . . o * .
The consolidation curves (Figs. 54 and 55) provide additional evidence

of disturhance. The flatness of the curves and the lack of defihition of
9 o LT ' . , ’ \
the point of maximum curvature, point to either very underconsolidated

'
/

/.

. The, interesting feature of the sediments of the.Placentia Bay

+

4is:that the  extensive area]is underconsolidated. Underconsolidated.

M
fi. e [

conditions-exist'for the samples as the preconsolidation pressure (pé)

=

is smaller than the actyal overburden pressure (p ) and the S /p
.

'.values are, also smaller than ‘those" calculated from eqn. 17

. . I
.~ The underconsolidation characteristics of these sedinents are
v o . ' i - : . '
assuiied to be the results of éxtremely rapid deposition and the delay

! ’

LV
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o f.use in Computing the elastic constants, suggests the use of the bulk

B

T I e i iy G pae

e :of this computation follows that of Gassmsn (1951) and used by Hamilton R

e l:ﬁ.‘ P -'.'.'.'-j’-7.:1‘~‘—.‘;';‘,‘f_~'f‘-: e E e et e

PR

'i,n pore. pressure dissipation. The prsctical significsnce of under—- '
‘consolidated soils is that the engine‘ering properties of the materials
' "‘are pooT, bath from an absolute point of view agd in comparison with |

normally consolidated soils.

5.6. Elastic Properties of Sediments

T

This part of the thesis is’ concemed with the elastic properties
" of the sediments. It includes messurements and computations of the -

'elastic constants and’ their inter-—relstionships with other physical e

\

» ,snd acoustical properties. ‘Thesde’ constants are compressibility, bulk

.modulus, rigidity (shear) modulus, Lame 8 constant Poisson 8 ratio B B

‘ands,Y,oung-s modulus. oo -.;." ;'- 5" . B S i} '-

To compute these elastickconstsnts with the equation of Lo

.elasticityy the bulk density and any two other elsstic constsnts are o A

N ' . L
. ’ *

_required In the case of marine sedimepts, ‘the bulk density and souﬁd

veloci,ty can be easily measured T'he preferred third variable would

[

be the’ shear wave velocity, at least for the purposes of. underwater -

'sou.nd ‘and; geophysics.._ C . ' o o

Information on the velocity of shear waves in marine sediments

: is rare and should be obtained by messurement Lscking sufficient A

information on shesr wave velocities, the third constsnt selected for

'modulus K, of the water—minerhl system comprising the sediments. This-‘
' constant was selected because it appears possible to’ compute, in' a-
E logical manner, the bulk modulus of ‘the sediment from its components -

I

requiring only minor estimates of one component. The theoretical basis"'. .

E : (1969)

~L )




i
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T e el

The components of the computed system‘bulk modulus ,K sre

‘ :porosity (n), the bulk modulus of pore water; XK ), an aggregate bulk

' modulus of‘mineral grains (K ) and-the'bulk modulus of the sediment /

structure (K ) formed by the mineral grains. Good values for the bulk "

-

' modulus of distilled and sea ‘water. and for the common minerals compris—

ing sediments have previously been established. This leaves only a

/

value for the frame-bulk modulus (K ) needed to. compute a bulk modulus

‘ for the water-mineral system. '

'.compute the system bulk mndulus. This computed bulk modulus along with l_

.‘\,
A contribution of Hamilton (1969) was the derivation of a

'relationship between sediment porosity and the dynsmic frame-bulk

”nwdulus Using this relathnship,the frame-bulk modulus can be derived:

and‘used with the bulk-moduli-of pore water'and the minerals to

‘ the measured bulk density and sound velocity are then used to compute

the other elastic constants.

© An outline of the computation/procedures of the basie constants
' A

Q:from laboratory data s’ presented in Appendix B, together.with the

3

'”“_mathematical definitions for the elsstic constants. Each .of 'the basic

.constants«has tbesn calculated and aversged for each core since‘the

vsrisbility of the soil types snd properties is limited. Thsse busic

l:constants are listed in Table 11 together with the calculeted elastic

constsnts for these soils. Hamilton (1969) has reported the elastic -

. properties of submarine soils ‘and the results presented for silt snd

- study#w

. ':clayey silt sediments agree well withh\he results obtained from this ‘

-

A

~ —

|8
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TABLE 11, ELASTIC.PROPERTIES OF THE CORE SAMPI ‘
. ‘. i . R . . - - "
core no. K. B8 : A v - Y E _

G132
- G 141

-G 233

C.243 -
G, 332
G 341

G 432

314.01. |
320,47

. 395:24

387.14

443.02

410.56

. 342.33

156.21

0.32

0.312

. 0.253

£0.258
0.226
0;244’
0.292

'0.281

| 292.756

A
304.65- -

359.57
368.654

418.43

404,54 |

320:494

328.415 |-

1 92,449

'69.467

/15358

8l.249°

107.248

28.893

95.22' |

'120.38

G 441@A

K= waterrmiﬁé;:al sy_stém'bulk"médulua, ’lcN/mzl x 10
‘8= compressibility, m/kN x 107

. ] L. . . .
A = Lame’ s:,canstgnt‘gl"kﬂ/hz:'i 10

1 L.
v =P oissoth 8 ratlo,

. ‘u‘ = tig:[ciit,y (?hear) modulus, Ky

. . .-
- E = Young s modulus, kN/mglx_l'Q

< J
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P

i

.
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v 5.7.1. Introduction ’ v

L1288 . .

L]

5-.7. Analysis of M. U.N Free Fall Penetrormeter Output Results

.
1
.

. I.al')oratory' t_ests ‘using the redesigned version of M.U.N. penetro- -

. meter in free fall mode on cohesionless and cohesive soils, toge'ther

‘. Chaudhuri (1979) He concluded that the results of free fall penetration

l

ith an 1nterpretation and analysis of the results, were presented by )

.

' !
tests exhibited a substa.ntielly :.ncreased penetration resistance, compar-

.ed to the standard quasi—static tests. HOwever, when the réesults were

f
N

"S.?.é /Interpreta.tion of the Results l '

translated :|.nto computation of the angle of. shear resistance, the

n

: ,difference was msignificant; For cohesive soils ’- penetration resistance '

is dependent on the velocity of penetration The "'strain—rater effect"

" was found to influence the results- however',- the "static". strength for

-~

clays can ‘be derived from dynamic strength profiles by taking into

account the "strain—rate effect"

>

! S ' o _AI'A
An attempt is made in this disFertation to interpret the free '

- ia-!rl”p&xetrometer results qua.ntitatively, and to suggest values for a'

dynam:.c bearing capacity factor (N ) based on the vane shear strength )
s

and cone’ res:.stance values obtained. Within the scope of this investi—‘

. where a, = vertical stress.

I‘gation, the Jprimary objective is to compare the, results of the penetro-

meter outputs from the -sea trials with the’ behaviour under laboratory . .

' ,conditions.. Co

It isl g‘enerally asgumed Ithat fthe penetrometer'is similar to

a p].le foundation loaded to its ultimate bedring pressure. . The general:

formation for bearing capac:.ty of cohesive soils ig: -

QS=C.Nc+Ov . ' ~: .. .e.."ln' o- o“":-.- . |’- (18)

-3

s,




e g

ST R

o A,
Sowt >4

"oy prmme

L e

TR

TR YRR Bt v arn e e wees %o

R

) Mbyerhof (1961) recommended N = 9,0 for staticallyéiohded.débp,"

'foundations with n/2 = 30° and roughness §/¢ = 0.5 In view of the -

k ing to’ the relation

ST M. = exponent of shear Trate factor

. analogy between a cone penetrometer and the bearing capacity of deep '
foundations, Baligh et al. (1979) have suggested values of N = 14 + 6

~at a depth of 7.6 m and N. =14 +'3 at a depth of 30. 0 n for quasi— ’

static penetrometer tests..

a. . Relationship of Static and Dynamic'Cone Penetration Resistance

It has been long recognized that the”"straiﬁ-rate éffect"“is
S

" an important factor which must be considered in the shesr strength of
o cohesive soils. Casag?ande ‘and Wilson (1951) and Whitman (1957) have

" studied this effect and concluded that shear strength gradually

increase with an increasing rate of shear strain. The phenomena

1

controlling the shear strein rate effect is considered too complex

to permit mathematical definition; However; d successful approach;

' N
to. the ahear rate effect for aaturated clays for both small and

large strain loading spparently has been accomplished by Turange )

D "

and Freitage (1970) They observed. that, for aaturated clays, a

quantity termed the cone index varied with penetration rate accord-

P Y

:Ezi : (v/d) o L —f "(lé)]
FIQ (v/d) - . ,v‘,., SRR
"Where‘wc£x'ie cone index of. penetration'velocity v, with diameter d '
CIs. = cone index of a standard ‘cone with velocity vy and |
o diameter d_ N

1

-
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1 . A ‘
. o . A

The e¥ ove expreesion was found ‘to hold good for velocities

, B . ranging from 0.05 to 432 cm/s. and cone baee diamete‘re‘ from 2, 7 to

’
*

o : o 77 1., éhd for saturated SOllB ranging from silt to heavy clay. The I

W : exponent M ranged from 0 091 to 0. 109 for the conditions considered

,by Turnage and Freitage'(1970).

In connection with teata on bulldozer blades, Wiemar and Luth

(1972) attempted to quantify the atrain-rate effects using eqn. 19

‘nenetrometer diameter is-the same for both cases, and appiying the °
upper limit of the exponent, eqn. 19 reduces.-to - ‘ ' . ) o
vo109,".; g S
Q, = (;T) Qe I ¢ O

d "‘.\. . - “

oo . ‘ ) .

e ‘

L o - where , QE"== theoretical quaei—static cone registance for a ate'ndard‘

S0 2‘ penetrometer with velocity vs and diameter d.’ )
% Qd = dynamic cone resistance for impact velocity vd and
' 5 o L B .,
: diameter.d ‘ o B
5 - o
é audhuri (1979) uaedia/similar procedure to.determine the C L .
'Edynamic cone resistance which was then compared with the reeulta of ol o

uaei—etatic penetration teete by Abdel-Gawad (1979) He' ehowed that

the'strain rate effect caused an 84% increase in the soii resistance

hat J velocity of 1.75 m/s He also concluded that there is a good . o R

rs

~correlation between the reeistance actually measured in a free fall

o

}
_— 4
penetration test and the theoretical -cone reeietance curve obtained . m\\) i
] . TEm - B S
. f . . i ' . ;i "
after-correcting‘for the,etrein - rate effect. C 2~,
\ . o ~.,' ' ,'%'
A, o 3 - !
- k3
. ' A

e

. €

g e v - et AR - - ¥
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uaing any of the- available theory in the literature.

cruise (78—012), using the approach of Baligh (1979) ‘to deterndne the .

et A ——— - = -2
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The abpve procedure can slso be applied to field data to
determine the theoreticalnquasirstatic penetration resistance corres-

ponding to the field measured dynamic resistance. Once, the quasi—x

.static penetration resistance As’ obtained. the bearing capacity factor

(N ) and consé@uently the predicted shear strength can be calculated

Eqn. 20 was applied to the field results obtained from Hudson L.

static bearing capacity factor (N ) and the’ predicted shearing strength.;J % -
The agreement between the predicted shear strength derived from static :'T
cone theory and the measured vane shear strength was not goodl This is
due to the nnnhomogenoityf.of the soil and the high values of the
impact velocity which apparently exceeds the limits of eqn. 19 The
penetrometer has recorded a maximum penetration velocity of 9. 0 m/s.

'\/ R

A correction factor (R) is suggested for eqn. 20, and the. form of this‘f_

. o L ) e ,} . J
. equation is thus»nndified to. o ‘ ; '
s _2_-0'.-109' - e
QS_ ; R (v-d) Qd - T i o ' * » vo v o s 11 . (21)

where the standard static velocity of penetration is taken as 2 cm/s.— -

iy
-

Using the ﬂaligh approach for purely cohesive soils -

.'.Q' 14 Cpredicted - ~ | ’; . e 7 B (22)
The above procedure was applied to the available field data and a
comparison of the measured and!predicted shear strength is shown in
Fig. 56 The correction factor (R) ranges between 0 45 and 0. 9 with a

mean value of 0, 6 Eqn. 21 can nov be rewritten after rearranging as} gf 4
Lo ) e S '

: 0109 Q- L N
Q" .(I.‘?‘ (o 6) L e (2D
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‘CHAPTER VI. - = °
SUMMARY AND CONCLUSIONS -.°

6.1;.Summa£z A : o . o
- The research reported here is part of an ongoing program to

0

‘determine the definitive acoustic parameters of ocean bottom eedimenta

_which correlate with -geote‘chnicalproperties, and»to develop alternate ' S

2

'syetems of m.easuring engineering properties of. sediments. -An attempt

~

is also ma&to relate impact cone penetrometer test results to both
acouatic and geot’echnical propertiea of: the aedimente at the test
‘areas . A comprehensive etudy bas been undertaken to evaluate data '

from the M U N free fall penetrometer deployed in an ocean environ- .

Lo

ment/of mode‘rate water depth. .

- I‘- _". ' ,‘,'- ‘ . ‘."l" . ]
- Data obtained during'.the' 'H'udson' cruise 78 -'-'0'12 in outer'

-

o Placentia Bay is analyzed to relate acoustic measurements on coree o

A

to data obtained from conventional investigation methodE. It is™

N o
. I.

techniques which will permit the rapid differentiation of bottom

-7

o eediment typea and the engineering propertiea of these materiala.

Data\ presented and evaluated in this study have been obtained o

Y

‘, R from 8 piston cores, 10 grab samples and 6 free fall penetrometer

utest locations Standard 1aboratory tests were conducted on the cores -

and the following geotechnical' properties were determined. natural

moisture content, Atterberg limita, wet density, relative density, . "

- particle size distribution by wet analysis vane shear strength and

Je ‘

expected that this information will be, useful to extend and develop o R
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Zconaolidation characteriatica. Other basic parameters were calculated
from the properties measured such as: plaBticity index, liquidity ) oo :"J_

« - dindex, degree cf aaturation, activity; void-ratiofand porosity. Velocity
measurements were made on the cores immediately after removal from the -
core barrel.” = . L e -

not ) ° . “ ©o Cone tip reaistance, sleeve friction and deceleration records

"were obtained uaing the free fall penetrometer for different soil

’

targets A Doppler telemetry‘tpchnique waa uaed during each penetro-‘

~-me.tex: drqp to measure the velocity of penetration..;

B .\ ' LT ' ’ ' ‘ ’ . L .’o - . . ' :\
7. S T Laboratory.and field meaaurements on' the cores’ subjected to

regreaaion analyaea show that the principal acouatic propertiea of L

. ) «aea-floor sedimenta correlate well with some of their geotechnical
’ L
propertiea Sound velocity and acouatic impedance provide the most h “

o
*{eliable information about ‘the following geotechnical propertiea. '

poroaity, denaity,;Atterberg limita, ahear strength and compreaaibility.
Do (,

.The output from impact cone penetrometer haa been evaluated and

significant correlations were obtained between cone tip reeistance L J‘

“and aleeve friction and bothjgeotechnical and acouatic properties.'

The graphic determination of preconaolidation preaaure, from

”laboratory coaadlidation curvea, indicatea that the sediments’ of the
U . 7 : . .
Phacentia Bay area are underconsolidated. IR ST .

. The basic elaatic constants of the. aedimenta'auch'aa: compre—
. saibility, bulk modulua, rigidity modulus, Lame 8 conatant, Poiaaon a'

R ‘.I E :ratio and Young s modulus ‘have been calculated for each core.
! . T 6.2, Concluaions oo o S -,

]

The following concluaiona have been drawn from the reaults off

wt
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-content is, related to an increase in sound velocity. Sound velocity a

,that seVeral parameters may be sdequately predicted from a few

St 2 T
. ,.“‘ ) - . §§

: "ot - . )
T ’ ' * : . . Yia

- the present investigation and previous effo\rts of a similar type:

J
The geotechnical properties are highly inter—correlated 'I‘he most

.;pronounced relationship was found between porosity and wet density. : B

J

The relatively good corrglations obtained between most geotechnical

‘ properties indicate that ‘the parameters'ane inter-dependent'and‘

. basic properties .

A__. .
l“

; .Certain index and textural properties of the’ Placentia Bay sediments

"Ihave ‘a definite influence on the sound velocity through such marine

'deposits For index properties, a decrease in porosity and moisture °

H

‘Ahas a positive correlation with vet density and a negative correlat- :

ion with compression index. A definite relationship exists between .

sound velocity and the 1ogarithm of median particle diameter. Th

- coarser the sediment is, the’ higher its aound velocity.
.There is no reliable relationship between sound velocity ‘and undrainv

‘ed'~shesr strength‘ (cohesion) as measured in soil mechanics tests‘.'

..-This is apparently because cohesion from a static test can not be

- compared with dynamic rigidity.

. Earlier studies to detemine sound velocity - porosity relationships )

-.-

i produced generalized equations and: curves over ‘a full . range of

.u,*, P

sediment velocities and porosities (Hamilton, 1965 snd Horn et el

'1968) Data now available from different sedi’.ment locations indicate

Lt

‘that important environmental differences due |eo sediment structural

: rigidity ‘occur. General equations and diagrams relating velocity and
‘ porosity ahould be replaced where possible by diagrams or equations

app_licable to “the locallenvironment. When no;sediment_: data'are

R

Ly
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. c 4bavailab1e, elocity should be predicted directly rather than, for .

- example, predi : “g porosity and then velocity. ‘
. - TN %
F B - ;5. The correlations between acoustic impedance and various geotechnical

o

¢

properties of the sediments follow the same trends as determined‘for

sound velocity with higher degree of correlation in most ‘cases.

W

'6.‘ The reliability of laboratory test results on marine sediment samples

"
;7

’;' from a free fall- piston corer is always questionable. In fact thie )

'_ is one of the main;resaons for'an increased demand for‘in~situ tests’

\

in the ocean environhint.

"In the absence of more refined samples, comparison of the free _ f Cev

P

fall penetrometer results. with the geotechnical properties of the

LR N

'available ‘core samples does, however; show a significant relationship‘: ’ “_5'

u‘. i

- 1__' ' between cone tip resistance and shear strength with' a correlation .

‘tki“ SR coefficient of 0 89° No meaningful relationship vas obtained bEtween

-

cone tip resistance and any of the: other.geotechnical properties,
.:!,. o " while the sleeve friction was found to correlate well with the major-
U o ,

e ‘ ity of’ the, other geotechnical parameters.,'z ;. ’ ) ‘: o i _‘ B Coe N )

[y

‘ : ’ - ’ R
.‘.‘76'~N° apparent relationship was obtained between cone tip resistance ' . oo

L 5 . ) ) ‘."A’,
;;H a ' R and any of the acoustic properties However, significant relation—

‘ ships were obtained between sleeve friction and both sound velocity

"'and acoustic impedance wi7h correlation coefficients of 0 535 and 0 73.
- . 8. The seﬁftrials of the M.U. N. free fall penetrometer indicate that

this instrument has merit as a practical method of conducting a rapid e 5;

, ”“.and preliminary evaluation of soft surficial ocean sediments to about

g llO m depth The interpretation of the penetrometer results .and the. ‘EES

r

V‘ relatively high correlation coefficient obtained between the cone tip

e e 7

. resistance and shear strength. sughests that the penetrometer could
-

[}

)
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N . | be used with' considerabi:g.coniidence as a‘very useiul'.groundztruth'; ‘ - :
: | -9, It should be emphasized that because of the degree of disturbance ' ‘
3 | . of ‘the cores, natural soil variability and probable variations in - v
: ’ laboratory techniques. it is impossibl%cify a.ll the corre—‘ v _,
oo T E ', lations absolutely. All the above concl’usions are based mainly on ’ .
.' ‘. i an. examination of the relative trends between the parsmeters obtain-—"
‘ ) - S ed during this analysis. . A L
IR o 63 Recotmnendations for Further Work '
' ) ' T . o _,Ia Continued studiea of ‘the geotechnical properties of sediment‘s; from
‘ } e a range of marine environments » are required to define- the'parameters .
; and statistical ‘variations of these properties with an improved
| o ) degree of reliability. Both laboratory and in*"-situ measurements " . . u‘.. o ) :','-‘.:'
R 4' should be cariied out to refine suitable correlations. Samples of ' |
| | . the highest quality should be'obtained to ensure that the most . /
o . " o representative values of the measured parameters are obtained ‘ ,/ D . - ,':f
o Laboratory test resulta are needed since at present they are’ tha S
' j . , basis of property evaluation and in-situ prediction. Furthermore, : |
: an investigation of apparent underconaolidation -of sediments should -
‘i . be continued. D em S -"' S f |' L ) o "
' K . ' Vane shear testing is ;ene:ally ‘a reliable method for measuring ‘
f .. shear strength However, iu view: of sample disturbance, it. is Te- .
o : commended that vane shear testing should be carr}{ed out in—situ :
. - when poss:l.ble to minimize the effects of disturbance of the sediment "
lL N from coring operations. Furthermore, research emphasia muat also :
;;”4 i be placed,on t‘he development of methods to adequately define and . ~
f e express -values of shear strength determined by dynamic measurementa.
E B , | | | ‘9’
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c. ‘Ensure that measurements of the mass properties of sediments, as
A discussed i‘.this.investigation, are‘made a:routine»part d% core ‘

. o .' .laboratoryP rocedurei in-addition to the.detailedylogeiné of cores. ",‘ | "‘;1

'2‘~ L ' dt In-view of thetsediment characteristics, enhibited informationlon L R

.),l _ '.f' :: : the chemical mineralogical and omganic composition of the 30113‘

. . , investigated should be obtained and evaluated in further studies )

to correlate geotechnical,properties with othgrﬂcharacteristics;

Lo

e, Continued efforts towards interpretation and application of results }":‘ -
Afrom the’ Deep—Tow Seismic system (DTS) should be pursued Consider-”
/’ ' ' ‘sble research on relating the DTS data to geotechnicel properties
. ;l - o i : and penetrometer results is still required
b f;f Various indirect methods of analyzing sediment cores, i;e.,'scanning
: {

acoustic, high resolution x—rays and electrical resistivity, together

. with further development of acoustic and geotechnical inter-relation-'
f;.f i} 2 »: o ',‘ships should be pursued._ﬁ | | e .
8 "-.lg. 'Additional theoretical dhd 1aboratory work is required for improved
':_‘correlation of the penetrometer output results with acoustic and
igeotechnicsl sediment properties. Furthermore. en evaluetion of ‘the -
'strain-rste effect on sleeve friction is an. area that should be
. investigated further.j \A“'_ij'-.' f‘.v f" "'f:~d': _ H‘v" :fl' X ;,}
h. ,I“ this investigation, Doppler telemetry was used to obtain velocity

.e/~é?'.ﬂ~profiles directly for comparison with the integrated results of the

B AT

‘accelerometer records. The good cqrrelation hetween the two velocity

rofiles suggests thum research on Doppler telemetry should be

) /
' -.‘f.. . .

vt e s

u"Y:3continued further.~
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. " . LABORATORY r}s’r PROCEDURES'

This nart-‘of the thesis presents detaila of teat procedures

E
. : 3
T o et o

' and metlrada used ‘for measuring laboratory geotechnical properties and ' . ’,-,"
;"_I l J‘“ : . velocity logging of the cores. Aleo included are detailed teat ‘results’ N
‘ of some of the parametera determined Summarized results of the data ' ‘
‘ ‘ " . e are pre;ented in Chapter IV.. Q " T ) . ’M '
. z ) T \'1. Geotechnical Prope‘rtiea of the Sediments . S e C SR
! _- . L . g The geotechnical properties of the sediments _are divided into L : ‘
‘ ‘ , i three main categories, a) particle aize charactefriatice, b) index " o | '
R properties,. and‘c)_ engineering properties.' S . R :
i —:_ - _l a. -Particle Size éharacteri‘stice'.‘ o o o o . )
- ) ) ; , 'I.'he core samples collected ‘have been analyzed by a combination
L - of aieving and hydrometer analysie according to ASTM - D 422 Data from o 'A. i ‘:
' 1 L B - particle aize analyaes were presented in the form of a cumulative .'. °
'é&\ . frequency curve. From this curve, . the following information were taken. _ _ -
:%{ . _ < ;'/ = Mediam diamet‘erx..,» - ':,‘Hd‘&‘- ¥ - : / . . .. (A 1) ) . ’. ' -
Y ' -IMean diameter M - y2 (G 84).. T .‘-. ‘. n '_ ,(4.2), L
- Graphic + 0 Al ’_

;- "‘: . ‘.~— Graphic mean diameter u - 1/3 (@ 50‘ 84)"' Ca e AR
[ .7 Pl deviation o c’v", -1/2 (%, 1&)' ' -';_.,;".‘.. @. 4) S

i g

' ".-_' L '/:3 ' Theee quantitiee are defined by Folk (1966) and may be quoted

- S e in plﬁ. unita where the phi diameter ia 3ive'n by. y ,' . e :

A4 e ‘{s ,' : qs P log‘,z d B ‘ .(\ K L . . e ’..' (A-S?: e y
e A - T SRR s
N where. d = part:[cle diameter in m. S e S e
v ) : ' ) . i o . L . ) , L ., ’ ’ N e j
R - \ \ N3
. e L . B T :
L T U . : . )
VRS 7Y 2 3 3 s
6 - Ty T e ' A : T . . .;:'4
Tt ' \, . T
. . A B B M 2
F — ¢ R i
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. , ; Tablea 12 to 19 preaent detai_led particle' size composit:ions as
detemined .at 0 5 m intervals along the eight corea, ‘as Well aa their

g median diameter, mean diameter, graphic mesn . and phi deviation. /
o . ., L L {mﬁ"ﬂ . . . ’ ) RN , . -\
.b. Index P):opertiea-v S _ T .
A A typical element of marine aedirhent comprisea ‘three diatinct

. . ' l
. f . . B
3

phases aolid liquid and gae The more common geotechnical parameters : o

' are defined below.‘ A g o C
S ' ' . Colo‘Er wet sediment colour is determined in- the 1abotatory by. examin-
: ' L ing ‘sectiona sliced from the core immediatelyr after extraction from ‘
the core tube. ' |

. . CE o ’ s . B

. - . “«

N . -Moieture content.(is the weight of water per unit dry weight of eolid
a partit:les, and determined by fi_nding losa of weight on drying in an |
y oven -at’ 105 C + to. constant weight according to ASTM - D 2216
= Wet densitz ie the ra.tio of the total weight: of the aample to the
S total volume C c " R L

e Relative deneity of solids is the ratio of the weight in air of'a

’ given vo'lume of aample to the weight in air of a.n equal volume of ST ’

-

distilled water. (Asm-ngm,g) S n

‘ Void ratio. is the ratio of the volume of the voida to the volume of
) L, the solids, and can be calculated using the following equation.,

: U ) e L . L . Co o ' ! . .
. ot . . 1 + w‘ 4 . . - - o
T - S : - -] A e s e & & » 8 8 a1V A.6 M . '_' .

B - e' e P ,"DR-,gw 1 — S o ( :)_ T
. .‘ - ’ .", .-' o ‘ s BL - o ‘/ ' . ’ - . N ‘ N o ‘ ' . ! !
ey where': W moiature content :

ot D - relative density of aolids L e N

e SRR WL O

>
ARV TS

R Y p = bulk density of soil

-

R p - density of water S T A

-‘17'12_

. .. o ,“-nw-, J
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.'TABLE 12. PARTICLE SIZE CHARACTERISTICS: CORE - G 132 .

" below -

- depth

mudline

(my

" pand |’

.

siit“

().

"clay
"(Z)

' ; median -

diamqtef
+(um)

mean-

diameter
. (mm)

|graphic |.

mean
diameter
(o)

phi

deviation|

«  (om)

puo - 0-5

‘3.5 -

45 -
5.0 -
T s

6.0.-

| 7.5 -

0.5 - 1.0

- 2,5
3.0 - 3.5
4.0
4.0

6.5 <7:0] . -

7.0 = 7.

8.0 -

1.5

1.5 - 2.0|

7‘4;5:

2.5 -

7.5

80

87.5.”
92. .
“ 91
..?zl

88

76.5.

78
77

< 77.5 |

86 -

A‘83‘v.

85

81 |

86

82.5

7.5

‘1A7“‘;
12 |

.,120. ;

19

1 14

- 0.016,
0.008
" 0.0084

0,007

| - -0.005

0.01°

0.01
.0:009

0.009

' ““ 0.’008“ .

1 0.0064
 0,0064

T I
0.008

. 0.0054 |

10,006

~

£ 0.0055 |

0.005

0.021
0.02

0:018 -
--0.021 |

. 0.018"
0.018

.0.019

0.016

0.011.

“0.018

- 0.018°

0.009

0.008

-0.007".

0.007 |,

~0.021 |

0.009

0.017

0.017 :
0.015 .
o1y
04014
© 04015,
00015,

oucir
.'o;ogg

10.01
©0.014
0,015
lu.oq9}
"0.008
: 0.067f
* 0.006 ,

0.006 -

0.006.

0.017
. 0,012
- 0.012

. 0.019

0.016"
0.014
L 0.017

0.019

.0.016 -

_0.01

. 0.015 "

| 0:014

© 0.009
0.007

10.0065" |
- 7.

0.006.

0.005

0,005
-

00052

.0.007

;
[
- i
[ U S
L
.
T
~
- oo
.
\
v
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. TABLE 13, PARTICLE SIZE CHARACTERISTICS: CORE - G 141

" depth
O . . . below - .
A 27| mudline

sdnﬂ.

" silt

1 clay -

~medi'nn

diameter

(wm)

' mean

diameter

graphic
mean
diameter

(mm)

phi

deviation

() -
10,0~ 0.5

o5 -1.2

11.7 - 2.2
2.2 - 2.8
2.8 -3.5

3-5 _‘_“ 4:2

|4.75- 5.25
5.25-.5.9
159 = 6.2

A 1.2 - 1.7 | .

a2 - 435 |,

el -
112
18

@ -

,57

70
87

6
© 65
| s2
{ s

557
. 58
o
6l |
63 .

@

3
12
30
2
27,
a1

.33

36

L34

24

12

0.0047

© 0.005°

37

"0.0056"

10.009- |

'0.0055 .

0.005

| 6.0056 |

0.0055 |

0.0047
'0.005

. 0.015

0.01

- (um)

.0.023 |-

0.034
0.012.
0,011
0.012
0.018"
k qioé"

0.012

.0.01 B

0.026
0.036
0.015
6:613

0.013

: 0.021.

0,021

"'0.018

0,018
.0LO1§

0.012
0.07

‘éﬂ?,ozi f

0.03 .
0.01

,0.01
. \"

0.0

L0018 |

' 0.016 .
0.015 -
-0.015
0.01

oL

L5

0,06,

6.2 = 7.06 |

1

0.08

¢ .
<y
x'-’
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= TABLE 14 ' PARTICLE .SIZE CHARACTERISTICS: CORE — G233
5 "] depth- | -+ .]»"" .| median | mean [graphic | . phi
G below | sand | silt | clay | - \ | - mean. .
: L mudline "|- (%) [ (%) (%) |diameter{diameter|diameter|deviation"
~ (m) Do o - (o) [ Com) | Cem) cof - (om)
0.0 -0.5 | 4 | s | 1. |o0.004 0.001| 0.0t | olo1. :
S lo,s =10 10| 80 |- 107.[0.004. | o0.016 | 0.024 | 0.0i3. g
L fro-1.5| 100 | e | 24 .| o0.0035 | o0:013| 0.018 | 0.012° |
| ;_' 1.5 -2.0f 5 |.s4 | 41 |o0.6028 | .0.009| 0.0095 | 0.009. |
. ._:‘ . . N . ) . . . . A' ’ ” ./. Lo . - K : oo ‘ . E N )
¥ ofzo-zs ) e | s |36 | 0.0043 | 0lo12| 0.014 |0.012 |
=z “la.s - 3.02) so. | 34 | 16 [ 0.0 | oioerr{-0.031 | -0.001
il - . —h—
A ’ o v
- .
“ ! .‘- .t

*: TABLE 15. PARTICLE

SIZE CHARACTERISTICS: CORE — G'2437 -~ . -~ - +

T , L o o
' .depth . B 'median | ‘mean " |graphic | ° phi
" belqw . || sand |.silt clay ' oo | mean. |- - T .
mudline | . B PR . -|dlameter|diameter|diameter|deviation |

e @ @ | o] e | e | e |

- [0:0.- 05 80 ' 17 |'0.0037 | 0.0065 | 0.0084 |0.0036 | ..

o5 - 1.0 72 | .24. |.0.0033 [0.0068 | 0.0085 | 0.0052"

1.0 - L5 50| “45 | 0.0023-f 0.01 | 0:018 | 0:0076 , |, -

I. ' ‘*‘b./

"i ‘ ‘ ' t f . , v Piaard AR X ! B
RPTRR T S 1.5 = 2,00 59" | .37 .0.0033-1: 0.007 | 0.0087 | 0.0061 _-|
e .0’ S & : b : AT B N TR N
Lo . 2.0 =24 | -8 f792 100 .fouoosq, 0.009. |.0.009 | 0:009

oob o lw-zas) 2z | e | o [-0.0056 |.0.008 .| 0:011.-| 0.008 " |

~ TE
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TABLE 16. PARTICLE SIZE CHARACTERISTICS: CORE - G 332 . .

depth

below

mudliné
“(m) -

sand

@) |

silt -

‘12)

clay-
@

:umdian. .

_diameter

(um )

mean

diameter

()

graphic
" mean
diameter

Gom)

' phi

deviation
“(mm ) -

N

0.0 -.0.5

0.5 < 1.0 1.

1.0 "'-.."1 .,5

- ?1.5'4 2.0
o 2.03-.2f4

2.8 -'3.2

3.2 -/3.68" -

T

Co15
127

. 70

78

70
70
. 80

69.°

60

19

/

18.

15
18 .

12

12
26

3%

 0.014
" 0.008
0.015 .

0.011.
0011

0.0054 |

" 0.005"

0.034
0.016
0,029
- 0.021

0.02

- 0.011"

6.015"

. 0,031
0.024
0,037
_;9:927,
0.026
0.025

0.018

' 0.013

”Q/OZS,.
0.01
0.027

0,021

.0.019.
. 0.018
.0.013

0.01

- IABLE‘;7:~PARiiCLE SIZE CHARACTERISTICS: CORE - G- 341 -

PRI

depth

below ﬁ ' .

mudline
(m)

‘silt.

L@l

-+ | median
clay. | - -+
* |diameter

@

(m) .

meén hraphic

diameter
. (mwm)

mean
.dtameter
(mm)

‘ -phi

deviation 5'

.- (zm) -

'd.o-;'o;s .
| 0:6 = 1.1

i;7‘§?2;5

:'96"
83
Abigé’f‘i.
e

‘ ‘..'.‘10'

o

0.009
0,005

*. 0.008.

"0.022
. 0.014
0,014

563624

" 0.018 |

0.011°

0,011
" 0.018

0.018.
‘0.012

o.011 |
0. 0211,

>

B PO







TABLE .19,

PARTICLE SIZE CHARACTERISTIGS:.

i 154

oo

CORE -

G A41A"

~depth
" below.
mudline -

: .silt

eI

clay
)

mgdiéni

|diameter

(mm)" .

. mean

diéméter

graphic

mean
diameter

(mm)

phi

deviation

s

C(m)

0.0" 0:5.

1.0 - 1.5

5 - 2.0

2.0 - 2.5

LRes-30 |

3.0 - 35
- fasieaie
4‘.{0,'-’ "
| bih 4.8 -

[5-2 - 5.65

1.0 |

.'/ il

14 -

L

92

91 .

o

10

94 |

82’
94
4

oy

L ‘jg

71 -

.87
180,
) "7.5

-0

14
‘18

13.

I R

©0.012

A, —
| 0.009

- 6.0
L
X
o.01
0.011
- 0.611
0.011
6.01
o.'o'll‘i

 om)
0.02

10.019

0.019

" 0.039

0.018.

' 0.019

0.018
|+ -0.021
0.018

0.02°¢ |

0.018

0.025

0.026 | .

$°0.025
0.023
- 9.044
0:023
~ 0.023
0.023
" 0.027
0.023
0.024 |
0.023

(om)
0.013
0,011
' 01916r.
0.03"
“0.012
- 0 .'014“
6_.0.1.5;
| ,oj.o1'§
0.013
' o'.o’i:_é .
-0.015

0,012

0.031

0,023

oy M gt s e
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P gy Porositz "is the.zatio of the volume of voida-to the total volume of - e
; s’amplle.
E . '_-“ e e . SRR
: n i3e o e (A.7?
' begree -of saturation: s the rstiol of 'theiﬁvol\me"of water ‘to the volume - -
’ of the voids, ‘and can be calculated by.“ \
. S=wD (l—n)/n : xIOdZ ; Ve nee e es (4.8) Y
w . S ’
o S-wD/e : ...‘xIOOZ ,-'.‘...:..... (A.8')"‘
L Atterberg limits. Atterberg limit tests describe Ehe consistency of a "
: cohesive sediment The Atterberg limits include.
; liggid__l;_t_mi_t, wL‘!' whieh/is defined as the moisture content: at which
: . the sediment stops scting ss -a liquid and stsrts acting as a plastic../v
i (ASTM - D 423) C
: : - plastic limit WP' which is defined as the moisture content which msrks
A .
i -the limit bet:ween plastic snd brittle failure. (ASTM --D 424)
, : The difference in wster content between the liquid and plastic limit:s
| ' ‘is known as the glasticity index, P’ while the liguidity index, Il'.. 1s
. ; . -defined ss. -:' L ' Lo L L "
_:‘- .é w-.'wP o ) ' C ,. . - ;' ' ' N
.‘_‘ M . . . " ' ' ¢ - ’ '." L] .‘u - "- . -‘A: A.-l .
13 '-% . LL ! . . L . . .o SR . T ( 9)
N : :éctivitx 18, the ratio. of plasticity index to the clay frsction (less
_.'thsn 2 microns) This ratio reprssents the surface sctivity of the’ ciey
R frection, such as.. the increased ion exchange capsoity~ sn‘d potential
sbsqrption of weter with decre.ssing grain size. . ‘ K -
i ‘ ""c‘.. Engineering Prpperties o Bl ‘(," , e ‘] " 2y ' '
‘ ’Shesr strength. the sheer sttength of a sediment is defined as, the.‘
- B ) . o . ., . ( \ KT
N ms#imum shesr stress which the sediment can withstand. While shesr‘,_ C
‘ S . A “P" . ' -.4
b o strength can be measured by a number of methods including triaxialj
i ' N " -‘ .- S e '~ 3 . ., a e , " ,‘.
& |
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‘:convenient'nethod\for measuring the shear‘strengthnof~fine grained

'rotor of known dimensions is inserted into the sediment and the un-

- quired to rotate the vane‘and produce failurev.i =

1

Consolidation' thenone-dimensional consolidation test is carried out

" are applied to the sample, and the amount and time-rate of compression L

‘each successive 1oad whs double the preceding one) was added. This gave

pressure,p, Figs. ‘54 and 55 in Chapter v show two examples’of such curves ;j;'

\A_ N . R Ny i

-

compression ‘and direct shear tests, it wasimpractical to use these

common test methods for the soft material recovered in the corés. A

v 4

sediments»is the vane shear'test~ Details of the standardxfield pro-

A

cedure for vane shear testing have been presented by ASTM --D 2573

" No gtandard method for a laboratory vane shear test presently exist&

and thus the field procedure was generally followed. ‘A four bladed

drained shear strength S is- calculated from the maximum torque re-",’l

ﬂin a consolidometer in which the sample is contained 1n a rigid circular

ring between two porous plates and is loaded axially. Increasing 1oads -;

"of the sample for each load increment is measured. As the ‘pore water

'drains out with time, a pressure difference is produced and the volume

LN

of the sediment-decreases. These” tests followed standard soil mechanics

'procedures ASTM - D2435 ‘A 63 1 mm sample diameter was used. The starting

load was Very light being juat the top capacity of the consolidometer
cell, on the sample Each load was allowed to remain on the sample for)
24 hours, at which time the next load (apart from the first increment,~
increasing pressures of 0 326, 0 652. 1 304 2 608 and 5 216 kg/cm The

results were plotted as void ratio,e. against the logarithm of the ' ';,

representing samples from stations G 141 and 441A Other data from the o

"ge;: .,m'\,l'A:d;.s-'u‘.w-'-u-nw'-‘:ni.=,_p.;-\:~;:.\},-.-:.e.é{-..... Fry
R - - -
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t

conaolidation teet can be used to provide ‘more information about the

-sediment sample such as compression index and coefficient of consolidation.

' Compresaion index, C ia the slope of the linear portion of the pressure— '

‘ void ratio curve on a aemi—log plot. Coefficient of consolidation, <, ia

a coefficient utilized in the theory of consolidation, containing the

ﬂfphysical gonatants of a aoil affecting its rate. of volume change.

Consolidation testa were performed on samples at 0. 5 m'intervala

. '

_i : o along each core. for a total of 73 tests. In view of the general similar-' -

ity of the teat results, the curve for each test has not been included

-.Valuea of the compression index C and coefficient of consolidation cv R ‘m Lo J'q

e T

obtained from the teats “have been included in Figs 3 to 10 in Chapter IV

vt

‘for comparison with other test values. In each caae, the value of cv

”reported has been calculated for the second load increment of the test..

P S -
hep o Lo
Cew 5;~ S

2. . Sound Velocity Measurement . ' N

AP T The travel time of a eound impulse across a core liner filled T : o ‘f u@j
lwith sediment is compared to one filled with waner of known velocity.,":“' :-'.:'kff

From the time difference obtained, the sound velocity of the sediment o
‘.ia determined. Fig. 58 is 8 schematic diagram of the electric circuitry 1,-_‘,'; ' ‘ﬂg?

. in the system used to meaaure core velocitiea in thie study o o f'" f;;

Sound velocity was calculated using an estimate of gg\\arrival | [,;:"' ' Ei;
'time of a pulee at the receiver (Simpkin 1978) If a two phase medium . L
'} i '.: o ;3-ffis considered with a transmitter at A and a- receiver at B (Fig, 59)
L f:‘m,,Aaauming that one phase ia the liner plastic and~the gecond phaae ie

f:water, the time for a pulse to travel from A to B ia. 1 L

: . . 1 -L —'—p"‘T .j. o> . oo . o-n.:-"c’:.‘(A.lo) R




' \ wheres: Lp =2 ‘x'liner wall thicknesa o ‘ .
o L1 ,= outaide diameter of liner
vp = sound velocity in plastic . !
—_— Q; - aound velocity in water ':
T, s the ‘fixed delaya e . "
] Similarly. for sediment | | ,
T, =;2+—2—T_’-J+T C e e e e '&‘A.ll) - '
;P .8 g R . ' _ ‘
where.l vg' e--sediment aound velocity . o . T ’ cu ‘
Subtracting1o fromﬂ&l and rearrangingi m‘i '{‘2 .f~: I o S o

v 2 __P SN -(A‘.ifz).

A A'.n+ @t )/vm

.‘..‘”whe‘re. A'l‘ = (T - T ) is the difference in the time for both the

sediment and water cases. If L2 is measured concurrently with T during

. ~
o .

" the scanning period, then eatimates of Tl’ L y L1 and v are required

to compute vy (Simpkin 1978) These parameters can be obtained after
r ! “
calibration and providing the meaauring technique remaina unchanged

' throughout the measuring period.
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Ui OUTLINE OF. GOMPUTATION PROURES T0 ‘OBTAIN ELAsnc IR B
i_"., ” o o consmms‘ FROM, mozwroaz szbmm'r DATA - ‘ .
SRS , : el ~ : . - .
‘ o L ! This appendix outlines the ptécedures used to compute elastic. J ‘
Ly I‘ k conatante from sediment laboratory teat data. The following conetants . .
. have been derived for the sampleq tested: compressibility. bulk modulus, _
L rigidtty (shear) modulus ’ Lame o constant, Poiason s”ratio and Young 8- .
- modul\;s 'The elastic mnatmts are deri:ved from the followin’g sediment: ';.
vt properties, with average valuea taken for eaeh caae. . -
: : " 4 .
“ { a ,IHQ. aediment aound velocity, v; ‘. .
- ._.;_:, §/ ’u N b- botto; wa‘terwaox;nd velocity, f, . | K
° ” e . f~¢'. aediment deneity. ‘0 s.' - ; o
. ' d dene:lty of“ water. o Py : ’ : ) ‘ =
}, ' . ’-e. sediment poroaity, _ L n".,,‘ R . ;'
: v f A U "55;, . .
. . i The following procedures are applied for each core, teated uaing ' o
0 the equationa deri\ved by Gassman (1951) ani Ram:llton (1969) 'l'he reau.lta - |
' "' R are presented in Table 11 .of chapter V. o - s ~';,."_ ,'
. :;11 Detemination of bulk modulua vof pore water (K w) ‘
) Us:l.ng the equation of aound velocity 'in a liquid. » “ B «‘ ’ ‘
= (Kw/p )" R f-',; _i_‘-.;""f ~i(ln"'i-) .

E oo
IRy
PR R

"

P

et B

v
sy



t

': where Kf in dyne/cm X 10

I 0
R K

4

has been calculated as K - 213 5 x 10 kN/m for all the cores tested

2 Determination of aggregate bulk modulus of mineral grains (K )

'I'he range of aggregate bulk moduli for most sediments :ls 8o’ small

i
~4

":\that estimates can be used when the mineralogy is not exactly known Thus

- )

' ,with small error, gle aggregate bulk modulus for fine sand, clayey silt,

snd clay can be assumed from published values (Hamilton, 1969)

- fine sand aggregate WK = 5233 x 1(!4 kN/ : v_ i
- silt aggregate S R ; _’ ',8‘ - 5338 5 x 10 kﬁ/ ‘
= clay,eJ silt aggregate ' K Tm 5442 4' ‘kN/-.m . ‘ . “
-‘-’sil‘t\yf-"' clsy aggregate ‘ .' ; -L'_-SOOO x 104- ~kl!i/m2.l : " - , "

3. Determination of dynamic frame-bulk modulus . (Kf)

Hamilton (1969) provided a derivation of a relationship betveen

' jlynamic bulk moduli and porosities‘. Th.ese relationships are. . o

e f@r ﬂands; A. ::; ' 108 K. ‘- 2 71405 - 4!12135 'I w e a8 s (B.Z) A"

f

‘)

.= for silts and clays \Tog R = 3. 73807 - 4 2557 D e (B3)

5 IS

lo Computat:lon of water—mineral system bulk modulus (K) SR

Using Gassman 8 equation (1951) * . » R

] . o
" . ’ ' ' (K _Kf) L . . : - . .‘ ' .-.' .
where - Q = constant --——(-i—_-_'g—)- L e e e (8.5)
. ; ) o . - ) " c .‘ ',; .- .\.:_".‘-

. K - bulk modulus of pore weter IR ");\-(jfrom step_‘ l.)
o ~._’K = aggregate-bu1k modulus of mineral solids ‘(from step "2).‘

'n_-'xf- Jirame-bulk modulus oo S B (from atep 3)

S i n - decimal-fraetionsl porosity of sediment - f L

s
* . T B e . - . .
- . w ) v

RERNY _The results for each of the teated cores are: gummarized in stle 20' o

‘h‘.‘.
v ."‘x
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5 (ﬁamputation of t:he elast:ic constants uaing the measured values of B
bulk densit:y (o ), sound velocit:y Cv ) and the computed syst:em—bulk L )
moduli. These equatione are: . : ’ y
. . s . /.L .
i -~ Cqmp’r,es‘sib;{..'licy, .B -? . e . .-(B._G)
R . : "SK' D’é’ 8 o “ !
¢ . = Lame's. comstant, .} = : ‘ o o A(BJT)
B . . . ’ 2‘ ' l . ‘ l‘ ;
K : o 3K‘ - ps 8 . ""\. ,
. ~'Poisson's ratio, v = 2 v eie (BiB)
IR 3K.+pv.a.~
' e ' "4 v - 8 B . ‘.A ot e L
"~ Riglafty modulus, - u = 3/4 (o v2~ ~K) S B
o - 9““’53"“)- Sl
. -~ Young's modulus,  E-= 5 <o t(BAOY .
K ; ) l i o (pﬂ 8 + 3K) “/ . ) ’ ‘
! / : These relationshipa have been dgf:[.ned by Gassman (195.1) and
Hamilton (1969). - St . .
' : N C ‘__1 ' 2 A
- : - L
) \f:\ ) e ,- /‘ ; -t . l::'(
v-‘ \‘:’ . " a‘ - ' N .
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-'n“» If several measurements are made on the dependent variables,y, at the‘

s called the regreseion curVe of y on x. If a straight line can be fitted';?

‘ to the data, then we say that 3 linesr relationship exists betWeen the two

, dependent and x are the independent variables,a étraight line can be re-

-"r:.'.‘.a' . ‘. : y-- ao-"*' a‘lx - "l'. - i T . "of‘-’\ .: - l’ ‘s u’ o“,u. (C 11)

' :‘""'s\‘

L ﬁ '-'Ari"mnix J o I

S REGRESSION AND' OORRELATION ANALYS];S & PROGRAM s
i } . ' . . ) - E] , -

e : ..'J ’_.
Aﬁregression anslysis relating the acoustic properties to the physical

properties of. ocean sediments was obtained by the statistigs of multiple

-~

regression. Ihe stetistical theory applied in such a case is given in most

. elementary statistics texts (Chetfield 1976) and only ‘a- summary of the most

important relations will be given here.
. ., . e s .

gress%%n Theory' ‘,f.‘f .muu X

.*A‘,

.

\"MT C 4 C
3eame value of the controlled variables x, then the reeults will form a

'

distribution. The curve which joins the mean values of these dietributions

~ “a
’

'variables. otherwise the relationship is non-linear. , .

a— Linear Regressionq v

'

For n psirs of measurements,,(xl,yl),....., (x ,y Y, where ¥ are the
— .

P R L 0. , . Lo

. . .
¥ . 4 . . S . "

preeented by the equation.' ““‘ . .,!'\\% RRTRIN

such that the 1ine

The taek here is to find estimates of a, and a

1
sives a good fit to the data. One vay of doing this is by the "method of

least squares This method gives values for both a and al : f

N




yedoy o Lo @,

‘ ) x -%‘z xi S S \ . B (c':.,.s)“ . ‘ -
. ‘After the least atiuarea .lresressioh '.line has heeti calculated, 1t is’ S |
- possible to predict valuea of the dependent variable. At a particular L " . N
' value,x, of the controlled variable; the point estimate of y 18 given by : L . ‘. K
) : y= a°+a1x ' 5 S I . ,‘ 'l . ..’ (Cl) .
’.“"p,-‘f.nqdﬁ.-i.meér ‘iz'egeaéion:.'-. ‘ - | :
) In many cases; an inspect:lon ‘of the scatter ;iiagram is. sufficient to N :
. ‘\’ 'show that the regression ia not-a_ straight 1ine. One way of using linear ‘ ) | } .:"‘
k _. - theory in the linear caae is to transform the variables in auch' '8’ way that B
. ‘a linear relationehip results. For example, if two variables are related ; . -

by the formula.. '- : -v'.

v. , I ."' _ y aox o '- . . ‘.’L' ‘. ‘ I | . :»' n‘ L] » v' . (C'é) . \
losy - 108 a + “1 1}5é.x:_ . P I (X TR S
So that if log y is plotted against log x, the boi_n'ta will ‘1fe on a straight v
line. Another transformation is: - _.l . R - S h ) X
BT L S y.'-'a‘?.al TR . ':/- o ' e r_" St o (083 :';.
. ) '~ ;x};] ", los y = los a, + X. log ‘1 s G ;';‘..-;g.f'.g . '(c 9) " EES
So, if log y ia ﬁlotted againat x, th.e pointa will alao lie on a straight ‘. .y

o WAl

Toapd




mwﬂlﬁ%ﬁ‘?:' B -

.

A A i et s SERPR UG-y SRR OV RS AP 2 .

g~
[

L r -+1 all the observed points lie on a straight line which haa a poaitiVe

The Co‘rrelation Coefficient. - " _:, ' v 3 s e N

The purpose of the correlation is to see 1f the ‘two variables are ‘
. o v - v
inter-related and to find a measure of the degree of association or ‘cor-

Pl -.‘L‘ ." . & ) . L . v.- . P RS I

relation between them.' . B Lo

. N T . Lo . Y

s B . .y . . . - ';' R o . I i ‘
The correlation ia said to be positive" if /}arge values qf both BT

. ' . .
v‘ariables tend to occur together, a.nd "negative if- large values of ome ;.
variable tend to occur with amall values of ‘thy other variable The cor— S
s ' g

relation ia said to be "high“ if the observations lie cloae to a straight

line and “low" if the observations are wide y scattered. ot l B S

The most important measure of the deg ee, of correlation between tvro IR

. \ RO I "‘
varisbles ie a quantity called correlation éoefficient. If we have n. pairs
L T - oy K . v

of measurements, (x ), then the observed correlation coefficient given

i’yi

bymdhatfield (1975) 1sz',""r” g S 'f::f“' *j.'{.f”a;' L
— e e (G0)
/{z(x et }{z(yi - y) } ” f:~]3'j-;f’;1ftA.ir7 S

It can be shown that the value of r must lie between —1 and +1 For

|' ki 1

r" Y ‘
elope, for T =-1 all th.e observed points lie OP a straight line which haa .
‘ - .a negative alope. Dt s v ' -' _", f &3’ R
L T e T S O LA

. The computer Progra DI . AR ',

’r." -

} : ' > L i " . ) ," "' ".
L. A computer program waa written in Fortran language to find amthemat,ical g

-stf‘&fkht forwai@? correlation



: / i
: SRR ‘1168' ' ' o l L :
The prog‘ram first reada all the data,' accmnelating the necessary " -
\'totals, ‘including sums of acf:area and producte. The regression equatiop o ,
oo of y, the dependent variables, on x, the :Lndependent variables Ia comput:- . - i
0‘ ed and the least squaree f:[tting 15 used to calculate the constant of the{ . }
.'equations. The program also computes t:he correlat:ton coeffic;tent given by‘ SRR
e Ing_ut Data:-‘ "".t o 7'», SRR ' SN ot ’
o . a— control card (3110) ; o S o .. e R .
R “ ‘: columns 1 - 10' Number of ﬁimultenious pairs of data eet - | ' ‘
\ : "'. | l ~ 20 Number ,of po:[nts of the dependent variable o } .
: T . . zl - 30‘ Option for type of regreseion Lo | - v] )", .
b- dependent variable cards (8F10 0) / .' "
e title card (18, 18A4) B C .‘-.'«.. o | :
o . . . i . . ~ [ v
’ ) columns I - 8 Number of points of the independent variable ‘ j
- X ,1 R 80 Tit:le of the problem, \ e, w g
| "A:_': | d-— independent variable carde (8F10 O)\ . ~ ;;.:“'-f: . g : - K ;r-: ;
; - ".1'_—" data cards nust be in proper sec,lnence.v,vv . L ! :
) ‘ ) ;~27‘ unite must be considered. . 3 ‘- .' ' : d' 2 ' i -
) ,*::2’-_, for M sets: of. deta, M cardo for the independent variables‘.are ) A = . ig |
IRR .. required ‘" " ‘ ‘ L ‘ S o }
: / 4= the opt:lone a CEECK) are ‘ee";‘..’olioﬁa:z‘.: | | i

.

a) ifICHECK-I
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ik e e e DA M Bt ekt oo a w4 st

Ao o

v #ttutltttilitttt“utt“iulttluuttt‘ttttttttltt“tttllt#t##ttt o
* PROGRAM TO FIND A SUITABLE RELATIONSHIP BETWEEN ANY TWO SR |
. # PARAMETERS USING THE REGRRESSION ANALYSISe THE PROGRAM ALSO .
. . %.COPUTES THE CORRELATION COEFFICIENT BETWEEN THESE PARAMETERS #
L tttttttutttu“tﬁ“t‘“t”tttt“tt“tttttttltttt‘uttttttttttttt .
’ DINENSIDN x(aoo).v(zoo).rxtuecla) .
. REAo TYPE OF neou:neo necasssxon AND Nunaea aF SETS oF DATA
_ READ 1.u.1v.xcnecn S
AI:FORNAT(3110) ‘ EER e ,
- _READ THE \MI..UES OF THE DEPENDEN‘I‘ VAR!ABLES (Y) o
READ 5.«7(4).4-1.;1) j L ]
5 FORMAT (8F1000) R T
- IF{ICHECKeEQe2) .GO to 7o ‘ . ST
© IF({ICHECK.EQ. 3). GO ro 70 SR
. 6o Tg 17T e
' 70:D0 16 IIsl.I¥ . - '
16 Y(I1)=ALOGIOCY(II)) "
. 17,00 100 K-x.u .
.- READ AND- annr TITLE, NUMBER OF DATA SETS AND rne INDEPENDENI'
_vaa:uaues AND 'THE DEPENDENI vaaxnaues. P .
| s L .
. .READ 2.No(T!tLE(l)o!=l.lab . o /’ ..
2 FORNAT(18+18A4) " ’ ‘
. PRINT 3.:.(111;5(1).x:n.xa».u.xcuecn R .
3 FORMAT l//olOXo 'PRUBLEH NOZ oISy t=m=? olBAQIlOX.?OH‘Hi’)II.
. 15X¢$TOTAL NUMBER QF POINTS IS --.151/.-1cuecx =-.xs.//)
WRITE(654) : o . .
- FDRHA?(IOX.'Y'.IOX.'X'-Iloxu‘—'.lox-'—'.ll .
READ- Golx(Jl¢J=loN) I . , SO R
"6 EORMAT{E8F1060) - - j,. L ”-< T
- ZeFLOATIN)" o S . . , L ;
. 'IF(ICHitlaEO.ZD Go vO 11 A N
-, IF({ICHECK4EQe4) GO TO! n ,;ﬁ e "
. .60 TO . 8Q . . T -
711 D015 Ils1eN" L e
.ls'x(IIISALDGIOIX(Il))‘ : S
.50 xP=0.° -
S WP=eEl T .
Lo XK=QeO 2 T 0T o : ;
“Ivi-o.o‘n.?Jm..g L e e U G .
Xy=0e0 L o g s -

S DO R0 IsBeN Sl Lo
U wRiTECOTIVOR eXREY . - S
g ;Fonnnttsx.rto.s.ax.rlo.sl el

v - Lo . . : -
~ o, . o , LN ¢ . )
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e . WRITE(6#20) . : R P ER

ZFIOOSQFtOQSQ'X'oII, . N R ""f?'

60 .T0 100 L AR o ) L ;u,;;ﬁz .453;ﬂ.~-
72 aa-no-oau BT E )
. n-ax '; r. R i‘ T T AR e
e paxur 1ﬂ£ r:NAL RESULrs. A T A O PO
B R FUNRRERTIRS ',. I ‘ B

. e . -, v (IS} - v e
. .o v P
* . P - ]
i + - ' L ' . !
- - . . .
T, . o N .
K3 . B :
- ¢ . .-
. > PRI S TR T P
T T N o R
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. A -
. [
B Y. N - . .
' -
’ '
3 w171 SRS
. . .
. '
. -
] c .
N '
- - - N
b , R

- . -

N . , .

" ‘. . ' i

- v
' : H

c . use rus LEASt souane FITTING L LT
C xp-xpoxtx) ,;'.' S \~."' L T
jvpavpovtx) Dot T e IR
XX=XX$XCIDEX( 1) o o L 1
Yysvvevildev(ry =~ - .. o
XYsXYeXC(IdeviL) L L

rmanl . . . . .

n;ojcoNTtNUE ST et T T e
. 1:caucuuare THE cunnELArxuu cozrrxcxenr (R). .  ¢7;31"fl"‘

taacxv-xPOVP/z»/sout((xx—xp-xp(zn.(vr-vptvpgzlp N
IF(ABSIR)«GE0409). G0 TO 3o e D

.20 FDRMT(GX.'NB CORRELATIW BETUEE% THESE ‘IUD PARAETERS'II!

S 60UT0 100 . B -
'“;j30AAlO(KV-ﬁPOYP/Zll(xx-XPOXP/Z) .;', _ “:uu-j'f R
o AQRYR/Z-ALEXP/Z L .,g.j;“_ _- R
T cuecx FOR THE trpe or RELA'IONSHIP S I
e A S

tF(xcuecx.Eo.zn 60 rn 72._;'3“‘ j-,n
IF(ICHECKsEQGe3)- GO T 73 .~ - . T
'EF (ICHECKsEQe4) GO TO 74v~'j Qa;:._:: L j;,;;
- PRINT '40)RoADeAL - = o e o
‘40 Foankrt//sx.-connELArxxu coerrxctsur ....a'.Fxo.vz/.si.
'.., 'USTHE RELATIONSHIP IS IN: tnz Fouuouzuc Fonn:-.//sx.-v Cm ey

- PRINT 41.R.A0.A1.ao.ex LT ‘ SR

41 FORMATY (/745X ?* CORRELATION’ COEFFICIENT ‘ooim -.Fno.7/v.sx. P

LOTHE . LlNEAR 'RELATIONSHIP 8 IN THE FOLLOWING FORN eeei®s/795Xs
T2OL0G (V) = LOGYeFI0s5eFl0eSs Loc(x)-.//.ax.'on ou tHE‘FnII ..‘

u-'.no.s.-x 10 ,,tue POWER? .ﬂus.ln L

-~ .. 6D°Te 300, 0T g

- 73 80=108%A0" 2 L .

T BlstgeeAl 5 R

, pnxutuaz.n.an.a;.no.at R o

a2 rnnuntczv.sx.-conneLArxnu coerr:ctant.
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o T, T fe ,"'~
- 0' : ¢ M "."" - 'l" 5 .\.
. . PROBLEM No. o m—— #SOUND' VELOClTY VERSUS WET nsnsxrv LR
y tttt#tt#t#tttttttttt*tttttttt##ttttttttt*#tttttttttlt&ttt*t*t#tttf%ﬂ
y - - v
- - TOTAL 'NUMBER OF . ooxuts xs 114 o - R
‘ J ~ oy e o
CHECK = 1 : y , L _ , le
a o o " T : e
N ‘ . N hd T PR L& ‘,.[
" s Y X " e
N AL ‘ - ) ’ . X . (:‘. -
- ‘ “ 156000 15 0.00000 . h Yo
S 1,55600 1520%90000 5 B e
ST ~ 156400. 163.0.00000 - , o R
o ' R 156300 ‘5“ 0.00000 " '.' “',"‘
j , o 156200 © 1545,00000 . g RIS .
. TS T L 1455900 0 1550,00000 - N . L
, e 155700 ° 1553.00000 .. - L . S
: : 1.Jﬁooo .. 1557400000 _ - v L
Ry . ' 1.55¢ 156 9.,00000 S o ”
i T .l 55=oo 156500000 RS g ‘
ok R 1.55000,. ‘1570490000 .- o : S -
ST “ 1453400, : 1434,20000. . . : & bl
I 154700 'IAEG.QOOOO", e ‘ B
i e ¥ 1452200 -] (1500400000 ° -
- g , " 152200 1470400000, R I K
2 P 152800 .1570.00000 . e ‘
£ C 152800  :157.0,00000 L el ; N
E o 1.52800 , 1570400000 L L L
i L A4.53700°. . 1570.90000. T » i
[ o 1452400 - 1561400000 . L - AN
' N 152000 -, 1554.00000- . RN e -
AL 1:52100 - 1545,00000° ‘
2 DR 152490 535,90000 . L
e L,seooo v 1525.00000 3
P 2000 .1520,00000 .
R *ﬂV' 1 51800 '500,00000 .
. ; C o . 1.52200 _485.00000.
Do 152800 .7 '1465.00000
A 1052200 - .1450,00000
PO i " 1.,52100 . 1450,00000 ° .
Colle T - 1452300 : 458.000001 | -
LI B . 1.52200 20:4b000 . . .-
3 «52100 30.00000
N «S51500 2:0.00000
i e «51500 10.00000 .
4 U , 1452000, 30.00000
oo o5 000000
i
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