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on Test Results for Marine Clay 

REFERENCE: Bozozuk, M., "Effect of Sampling, Size, and Storage on 
Test Results for RIarine Clay," Su?npling of Soil and Rock, AS?'IVI STI-' 485, 
American Society for Testing and lIaterials, 1971, pp. 121-131. 

ABSTRACT: Consolidation tests on a soft marine clay formation indicated 
that it was normally consolidated when the tests were performed on cores 
obtained with a 2-in.-diameter (54-mm) tube sampler and overconsolidated 
by 0.16 tons/ft2 (kg/cm2) when the tests were performed on cores obtained 
with a 5-in.-diameter (124-mm) tube sampler. From comparative tests on 20, 
40, and 60-cm2 test specimens trimmed from a block of stiff overconsolidated 
marine clay, the maximum preconsolidation pressures were measured on the 
40-cm2 size. Storing the block sample in a humid room a t  55 F for one and a 
half years decreased the measured preconsolidation pressure. Coating the 
consolidometer rings with Teflon and molybdenum-disulphide-based grease 
was effective in reducing side friction. 

Triaxial strength tests with pore pressure measurements were performed 
on the soft marine clay, sampled with both 2-in.-diameter (54-mm) and 5-in.- 
diameter (124-mm) tube samplers. Although the measured strengths were 
comparable, the tests on specimens trimmed from the 2-in.-diameter (54-mm) 
cores produced greater strains to failure and a smaller pore pressure parameter 
A than did tests on specimens from the 5-in.-diameter (124-mm) cores. 

KEY WORDS: marine clays, sampling, consolidation test, triaxial tests, 
shear strength, pore water pressure, storage, evaluation, tests 

Engineering tests on soils provide design parameters for predicting 

their performance under applied loads. The triaxial test commonly is used 

to determine strength and pore water pressure response in investigations 

of bearing capacity and stability of embankments or slopes. Consolidation 
tests enable prediction of settlement of structures due to consolidation 

of subsoils. 

Representative "undisturbed" samples of soil have to  be obtained for 

these tests. For shallow depths, hand trimmed block samples can be carved 

1 Research officer, Geotechnical Section, Division of Building Research, National 
Research Council of Canada, Ottawa, Ont., Canada. 
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122 SAMPLING OF SOIL AND ROCK 

from ari csc:lv:~tior~. I:or grcatcr tleptlis tlic usual 1)racticc i h  to  use a thin- 

\v:~llcd piston tube sam~)ler.Tllis paper dcsc~,ibcs the rfl'rcts of s a m l ) l i ~ ~ g  

tcch~iic~ue,  sizc of test specinlel~, : L I I ~  stor:~gc time ~ I I  tllc colisolidatio~i and 

:~ncl strength propcrtics of scrisitivc marine c l q  at Ottau-:I, Ca~l:~cla. 

Consolida Lion Tes L 

Scttlenlel~t c:~n bc prcdictrcl v i t h  reasonable :iccur:~cy for n1:iny soils 

using the  results of thc stand;trd colisolidatio~l test, as drhcribed by TnjpIor 

[I]' :111d 1,:Lmbc [$I. I:or scnsitivc m:~rilic clays, predictioris usu:llly oiler- 

estimate obscrvetl settlcnlcrits by :L f:~ctor ot from t\\-o t o  four. Studies of 

the consolidation test on these clays by Hamilton arid Cra~\.forcl [3], Craw- 

ford [4, s] ,  ant1 Jarrett  [GI havc :110\\-11 t ha t  the st:u~dard procedure for 

appllring a load increment r:ltio of AP/P = 1 to the test spec ime~~s  

produces rates of compression far exceeding those tha t  occur in the 

field. This "shocli" treatment destroys the soil structure, reducing 

the  mcasurecl preconsolidation pressure. These studies also indicated tha t  

rate of loading affects it. T o  in~prove the deter mi ria ti or^ of this value, a 

sm:~11 loacl i ~ ~ c r e n ~ e ~ i t  ratio should be used. Cran-ford [4] suggested that  the 

test shoc~ld be performed : ~ t  a ste:ldj. rate of compression sufficiently slow t o  

preve~it  clevelopmc~it of significant pore pressures. This procedure, how- 

ever, is more difficult and requires considerably more testing time. Other 

f:~ctors such as size of sampler, size of tcst specimen, 1\-:~11 friction in the 

consolidometer rings, arid length of time a sample is stored :~lso tend to  

reduce the preconsolidation pressure rneasuretl in the tcst. 

Thc effect of snmpler size on measured preconsolidation prcssurc is 
i l lustn~ted in I?ig. 1 n here the results of fifteen tests on soft marine clay 

from CFS Glouccstcr ilrc plotted. Samples \\-ere obtained from depths of 

f t  (1.3 m) to  17 ft (3.2 nl) \\-it11 tlic Sor\\-egim (NGl)  piston snmpler 

[ Y ]  arid the Osterbcrg lij~tlr:~uiic sampler [S]. The S G I  sampler yields 

?-in. tliamcter (34-mm) tube samples 3 ft (0.91 m) lorig \\-it11 a clear:~l~cc 

ratio a t  thc cutting edge of 1 percent. The  s:lmples \\-ere take11 using a single 

rapid thrust  with the hydraulic feed of :L drill rig. I'recautions \\-ere talien 

t o  ensure tha t  the piston remair~cd statioriary and tha t  the s:~mples \\-ere 

not overdrivcr~. The Osterberg salnpler provides 3-ill.-diameter (11'4-mmj 

tube stlmplcs " f t  (0.76 m) long and has a clearance ratio of 0.42 pcrccnt 

:it tlic cutting edgc. Thc s:~mpler has :L iisrd pistol1 arid n safeguard to  pre- 

vent overdrivillg. The sampling thrust  is provided by  water pressure. 

After the samples \\.ere obtained, they \\-ere transported in the tubes t o  thc 

laboratory where they were extracted by  jacl,ing verticallj, in the same 

direction t h a t  the soil had clltel.ed the tube. The samples \\.ere cut  into 

4 in. (10 cm) lengths ant1 stored a t  const:int tempcr:~ture of 33 1: in a humid 

room until they were ready t o  be tested. From the  2-in.-diameter (54-mm) 

"he italic numbers in brackets refer to the list of references appended to this paper. 



A ,  2 " d i a  (54mm) sampler, r ing area 2 0 c m 2  

8, 5 "  dia (124mml sampler, r ing area 20cm2 

C, 5" dia (124mm) sampler, r ing area 40cm2  

D ,  5 "  dia (124mm) sampler, r ~ n g  area 6 0 c m 2  

o, Loborotary strength tests [ ~ " d i a  (54mml sampler] 

e ,  Laboratory strength tests [5"dia (124mm) sampler] 

A ,  Field vane strength tests, vane size 2 . 4 " ~ 4 . 8 "  ( 55mm X IlOmm) 

FIG. 1-Results o j  consolitlation ant1 strength tests o n  sojt rnnrule clnu at CP'S Glo~tcester. 

cores, specimeris 20 cm? i11 :ire:i by 2 cm high \yere tested using a 1o:~tl 

irlcreillerlt ratio AP, P = x. Specimeiis 20, 40, and 60 cm2 by 2 cm high 

n-ere trimmed from the 3-in.-diameter (124-mm) core: nntl subjected to a 

load increment ratio of flbout x.  For these test?, the stainlrss steel ri~igs 

\rere co:~ted lrith Teflo~i :~1ii1 lubricated \\-it11 111ol~bdenun1-disulp11itle- 

based grease to reduce side friction. At the time of testing the 2411.- 

diameter (34-mm) ant1 3-in.-cliametzr (124-m~n) cores had been stored for 

2 and 12 months, rcspcctively. Belo\\- the desicc:~ted zone thc test results 

from the 2-in.-diameter (54-mm) cores straddled the zn sllu vcrtical 

effective stress line, indicating that  this clay formation is normally 

consolidated. Consecluently, ally loading applied to it should cause sub- 

stantial scttlemrnt. Tests on the 3-in.-diameter (124-mm) cores, llo\rever, 

show that this clay has been overco~isolidated by a t  least 0.16 l<g/cm2. 

I'rcssure void ratio curves of five tests from about the same depth are 

comparetl ill Fig. 2. Specinleris 164-1-9 firid 164-2-1 were trimmed to 

20 cm2 in area by 2 cm high from the 2-in.-diiimeter (34-mm) cores, arid 



C o d e  N u m b e r  D e p t h  S a m p l i n g  A r e a  o f  P r o b a b l e  P C  

M e t h o d  S p e c i m e n  

A 

o 

1 6 4 - 2 5 - 3 2  

1 6 4 - 2 5 - 3 Y  

N o t e :  2- I n  ( 5 4 m r n )  s p e c i m e n s  t e s t e d  t w o  m o n t h s  a f t e r  s a m p l ~ n g  

5 - i n  ( 1 2 4  r n m )  specimens t e s t e d  t w e l v e  m o n t h s  a f t e r  s a m p l i n g  

1 6 4 - 1 - 9  

1 6 4 - 2 - 1  

. 

FIG. 2-Effect of sampl ing and  size of test specimen o n  the p r e ~ ~ n ~ o ~ i d a t i ~ n  pressure 
measured i n  soft mar ine  clay. 

8 . 0 f t  
( 2 . 4  m )  

8. O f t  
( 2 . 4  rn) 

specimeris 164-25-3X, 164-25-3Y, and 164-2532 were trimmed to 60, 40, 
20 cm2 i11 area by 2 cm high, respectively, from the 5-in.-diameter (124-mm) 
cores. The index properties of these specimeris are given iri Table 1. 

Tests on the 2-in.-diameter (54-mm) cores produced lower and rourider 

7. 2 f t  
(2. 2  m )  

8 . 2 f t  
( 2 . 5  m )  

1 6 4 - 2 5 - 3 X  

5 "  d i a  t u b e  
( 1 2  m r n )  

5 "  d i a  t u b e  
( 1 2  r n m )  

2" d i a  t u b e  
( 5  m m )  

2"  d i a  t u b e  
( 5  m m )  

7. 8 f t  
( 2 . 4  m )  

2 0  

4 0  

20 c m 2  

2 0  

0 . 5 9  

0. 6 2  

5 "  d ~ a  t u b e  
( 1 2  r n m )  

0 . 4 4  t o n s l f t 2  
( k g l c m 2 )  

0 . 4 7  

6 0  0. 6 0  



TABLE I-Suntmary of the engineering properllrs of sojt and stiff ntarine clays. 

I n  SZLIL 
Natural Wnter Liquid Plastic Clay I n  S i t u  Vane 

Sampling Density, Content, Limit, Limit, Size, Void Strength, 
Number Site Depth Method lb/ft3 % % % % Itatio kg/cm2 Seusitivity 

164-1-9. . . . . CFS 7 .2  ft  2-in.-dia 100 80 50 22 58 2 2 0.15 17 
Gloucester (2.2 m) tube (54-mm) (1602 kg/ 

m 3, 

164-2-1. . . . . CFS 8.2 ft  2-in.-dia 100 72 50 22 58 2 .0  0 12 17 
Gloucester (2.5 rn) tube (54-mm) (1602) 

164-2-5. . . . . CFS 8 . 9  ft  2-in.-dia 102 64 46 22 58 0.13 17 
Gloucester (2.7 nl) tube (54-mm) (1632) 

164-25-3C. . . CFS 8 . 3  ft  5-in.-dia 105 57 50 22 58 0.12 17 
Gloucester (2 .5  m) tube (124-mm) (1681) 

164-25-3X. . . CFS 7.8 ft  5-in. dia 102 66 50 22 58 1 . 8  0.12 17 
w 

Gloucester (2.4 m) tube (124-mm) (1632) 2 0 - 
N 

164-25-3Y. . . CFS 8 .0  f t  5 ill.-dia 1 02 62 50 22 58 1 . 7  0.12 17 
C 
X 

Gloucester (2.4 m) tube (124-mm) (1632) Q 
L 

164-2532, . . CFS 8 . 0  f t  5-in.-dia 102 63 50 22 58 1 . 8  0.12 17 Z 

Gloucester (2 .4  m) tube (124-mm) (1632) % - - 
52 35 23 64 1 .5  > l o 0  

L 

94-22. . . . . . Ottawa 52.1 ft  hand trimmed 107 1 . 5  rn 

Sewer (15.9 m) block (1713) c 
Plant > 

< 
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curvcls. 'l'llc : ibsc\l~c~ 01  a ~ ) r o ~ i o u ~ i c c ~ l  l,~~c.c a t  tllc ~)rc'co1isoli~1;1tio1l j)rcssuro 

1s : L I ~  i ~ l d ~ c a t ~ o ~ ~  of h:t~iiple cliiturbar~cc., c,~l~soel c.ithc.r clurirlg ~:lm1)1111g or 

~ ~ L I I , I I I ~  l)~.('l):ir:~tio~i of tllc teht sr)cc~nlcr~s 'I'llc tests on thc >-ill - t l~:~mctcr 

(124-mm) cores (lisplay a di;11.1) I,llce 111 the  \'iclllity o& the ~)~~ecol lsol l t~ :~t io~l  

1o:~tl ant1 111t1icate lc\s rcco~nl)~.c+sion. I~ur t l i c r~ l lo~~c ,  using the C:lsagr:~~lcle 

c o ~ l y t ~ ~ ~ c t l o r l  [9], tlic. Il~glleht 1)lub:lbl~ l)l.ecot~iol~tl:lt~o~l ~ ) r c ~ s u r c  of 0 62 

I,g cn12 \ \a> ~iic:lsurecl 0 1 1  tlic. 40-cm' specimcl~. Tllis \ \as  ollly sliglitly 

grc~ttcr  t l i a ~ ~  tlic 0 .i9 1,:: cm2 :~nd 0 (XI Iig cin2 m c a + ~ ~ t c d ,  rcs~)cctivcly, 

0 1 1  tlicl 2O-c1il-' :~ i1(1  (iO-c111~ S ~ ) C C I I ~ C I I ~  ttitil~ilcd fro111 the 5-ill.-di;lmctcr 

( 4 - 1 )  o r  O,, tllc : i \ r ~ r : ~ g ~ ,  ~ ) rcco~~so l td :~ t io~ i  ~ ) r c s ~ u r e s  tiic:~sured 011 

the sl)rcitlic~is t r i~ l ln i (d  fro111 the >-ill -tl~amctc>r (12-1-rnm) corcs csccecletl 

t h w c  O I I  tlic 2-i1l.-tli:~nictct. (54-111111) cores by about 40 pcrccl~t. rlssumi~ig 

that  tlic t1isturb:iricc durir~g tr tmmi~lg ill the 1:ibot.atot.y is about tllc s:mc 

for >ill test s~)ecimeiis, it :~~)pc:irs tha t  the  differcncc i t 1  the test results is tluc 

t o  the size of sampler uscd in this soft mnriiie cl:~y. 

To e s t e ~ i d  the i~~vestig:itiori of size cffect on meuaured prcco~lsolidatior~ 

prcssurc, sl)c\clmerls 20, 40, 00 cm-' i r i  nrr:L by 1 and 2 cm in height \\ere 

trimmetl flom 21 block of stiff serisitive marine clay (So .  94-22, Table 1) 

llnl~tl cut from a depth  of 5"t (13.9 m) in an excav:ltion for the Ottn\v:~ 

Sencr l ' lu~it. X descriytio~i of the soil profile a~lcl sonlc of the c ~ ~ g i ~ i e e r i ~ i g  

1)ropcrtics h:~vc bec~i  given by B O Z O Z U ~ ~  [ lo] .  The  block \\as large e~iough 

to  allo\v all tcst specimcl~s to  be obtained side by side from ex:ictly the s :~mc 

bcdtliiig P ~ L L I ~ C .  'l'lle c011so1id;ttioil rings \\.ere S ~ : ~ I I I I C S S  steel, coated \I ith 

Tcfloti :lricl lubt.lcatcd \vith rnolybde1iun~-tlis~~1~~11icle-based grease t o  reduce 

sitle frictio~i. I'rcssurc i~lcrcnlerits of 0.6, 1.3, 2.0, 2.5, 3.0, 3.5, 4.2, 5.0, 6.0, 

9.0 l\g cn12 \yere uscd. Tllc test:, ive1.c corlducted ill :L co11st:~llt temperature 
~ . o o ~ ~ i  a t  67 1: \vitlii~i :i period of 61 to  92 d a j  s aftcr s:tmpli~lg. 

Thc results of t\\clve tests (l'tiblc 2) hllo\v tha t  011 the :Lr.eragc the  2-cm- 

tllicli spcci~ne~ls  producctl lilglier prcconsoliclation pressures \vlth thc maxi- 

mum values mcasu~~etlorl the 40-cm%izc. 1'01. t h r  Z cn~-tllicli spccime~is, the  

~)rccorlsolitlatioii I)I.CS>LII'C 111~:1sured 011 the 40-cnli size exceeded tha t  meas- 

uretl 011 thc  20-cm2 size bj. about I) percent. Il~crc:~si~ig thc  sizc t o  60 cm?, 

Iio\vcvcr, c:~uscd :i retluctio~i in ~)rccotisolitlutio~i prcssurc. This phc~lomci~on 

call be attributed t o  soil tlisturb:u~cc. If the  depth of tlisturb:i~ice clue to  

t r i i nn l i~~g  the tcst specimens 1s co~istaiit for all sizcs, thc proportion of 

tlisturbcd to  u~iclisturbed soil in the 1-cm-thick specinletis ~vould be 

about double tha t  for tlic 2-cm-tliicli specimci~s, \vhich accouiits for 

the lo\vcr prcco~~solid:~tlori pressures on tlie thin specimcils Il l] .  Similarly 

the proportioil of tlisturbetl t o  u~ldisturbed soil decresses >is tllc diameter 

increases, \vliicll : ~ c c o u ~ ~ t s  for the higher prcco~lsolidat~ioii pressures pro- 

clucccl \\it11 the 40-cm2 test specimens. 11lcre:isiilg the  test specimens to  

60 cm', ho\vever, i~itrocluces cot~sidcrable difficulty in trimmiilg aild 

handli~lg aild the extent of clisturba~ice i~iereascs, \\ hic l~  accouiits for the 

clrop in the me:lsuretl ~)reco~lsoliclntio~i pressure. Severtheless, these tests 



I I 
H/3 -, 
H/3 w.46 3 % 4 6 2  H = l  crn 

H/3 47 0 4 7 2  1 
Max~mum v o r ~ a l ~ o n  ~n water content = 2 0 %  

Averoge of a l l  values - 4 7  0 % 

M o x ~ m u m  vo r~a t ton  i n  water contenl - 2 7 % 

Average of ol l  values = 4 7  2 % 

Block somple No. 94-22,  f rom Ottawa sewage 

t rea tmen t  p lant  

D D la  of speclmen 

H = H e ~ g h t  of speclrnen 

w Averoge water content f rom three test specimens 

FIG. 3-Dzslrzbulton of ~caler cortlenl zn  lest spec~tnens  of slzff ?nlarine clay after 
consol idal~on.  

agree with those pcrformecl on the soft marine cl:~y in that the consolitlation 

test c:~n be improved by using 40-cm2 test specimens. 

clistribution of \v:~ter corlteilt : ~ t  the encl of consolid:\tion was investi- 

gated in three 1-cnl-thick :~rlcl three 2-cm-thicli specimens. The results were 

averaged and are shown in Fig. 3. Thc maximum variation in water corlterlt 

was 2.0 percent for the 1-cm specimen and 2.7 percent for the 2-cm-thicli 

specimens. The highest water corltents were found a t  eithcr the corners err 

the faces, which could have been caused by suctior] due to swelling while the 

soil rebounded on being removed from the testing machine. The results 

shon-,  everthe he less, that the techrliclues useel to reduce sicle friction were ef- 

fective. If there had beer] substailti:~l side friction, the n-ater content ill the 

centr:~l la>-er of the test specimen would have been higher because this zone 

~vould not have been consolidated to the same degree as the soil in direct 

contact with the drainage stones 131. 

The blocli sample obtained from the sen-age treatmer~t plant was stored 

in a humid room at a temperature of 55 Ti' and a relative humidity of from 

90 to  100 pcrcent for about 1% years. By corlducti~ig consolidatiorl tests at  

various times on 40-cm2 by 2-cm specinlens during this period it was pos- 

sible to observe the change in measured preconeo1id:~tion pressure with 

time. Figure 4 shows that the maximum precoilsolidatiorl pressure of 1.93 
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FIG. 4-Effect of storage time o n  the .measured preconsolidation press1cl.e. 

lig,'cn12 measured tu-o months after the sample \\-as tal;en reduced to about 

4.71 1ig/cnl2 after 17 mo~iths of storage. Although this recluction is not 

great (4.8 percent), it does i~idicnte that  co~isolidatioli tcsts should be per- 

formed as so011 as possible after the samples arc obt;~ined. 

Streng~h Tests 

The soft clay formation :~t CI?S Gloucester is a sensitive weal; clay, lvith 

vane  she:^ strengths 1ne:~surecl In sztu varying from 246 psf (O.lUig/cln') 

to 312 psf (0.23 Iig 'cm2) (Fig. I ) .  Tr i~~xia l  strength tcsts \\-ere performed on 

test specirilens of 1.4-in.-diameter (3.5-mrn) by 3-ill.-high (76-inm) trimmed 

from %in.-diameter (54-mm) and 5-in.-diameter (124-mm) cores talien 

from boririgs located within a few feet of each other. The specimens were 

coiisolidated anisotropicolly to the in situ stresses, then loaded in the un- 

drained conditiori to  failure a t  a rate of strain of 0.2 percent per hour. 

Pore pressures \\-ere measured during loading by means of a pressure traris- 

ducer installed in the base pedestal. The results of nine tests indicated that 

the strengths measured on specinlens trimmed from the two core sizes com- 

pared \veil with each other arid with the in situ vane strengths, as sho\vn in 

Fig. 1. I n  general, however, the measured strain to  failure was smaller arid 

the pore pressure parameter A greater on specimens trimmed from the &in.- 

diameter (124-mm) cores. Figure 5 compares the stress strain curves arid 

pore pressure parameter A for test specimens 164-2-3 (trimmed from the 

2-in.-diameter (54-mm) core) arid 164-25-3C (trimmed from the 5-ill.- 

diameter (124-mm) core). These specimens are soft and ~~-ea l i ,  have a sensi- 

tivity of 17, a clay size fraction of 55 percent, and a natural water content 

exceeding the liquid limit (Table 1). They also come from urieclual depths, 

8.9 ft (2.7 m) arid 8.3 ft (2.5 m), respectively, and this accounts for the 

slight difference in density and classihcatio~~ properties. 



The curves in Fig. 5 are typical of the tests performed to  date on this 

soft clay. The measured pore pressure parameter A was significantly greater 
on the specimen from the 5-in.-diameter (124-mm) core. In  addition, the 

initial portion of the stress strain curve is straighter and the failure strain 

less than that on the 2-in.-diameter (54-mm) core. The difference appears 

to  be the result of the sampling technique. It appears that  the larger diam- 
eter sampler provides better samples of the soft clay layer, but more com- 

parative tests should be carried out. 



TABLE 2 - S u n ~ v ~ a r y  of lwelve consoliclalion lcsls o n  stiff sensi t~vc  rnurinc clay 
us ing various stzes 0.f lcsl speci~ncns .  

(Tebts conducted from 61 to 92 days after sampli~ig) 

h,Iaximum 
Preconsolidation Pressure, 

kg/cm2 

"20 cmZ 40 cmZ 60 crn2 Average of 
Six Tests 

1 . . . . . . . . . . . . .  4.79 4.87 4.80 
4.68 

1.. . . . . . . . . . . . .  4.40 4.60 4.60 

2 . .  . . . . . . . . . . . .  4.60 4.91 4.76 
4.75 

2 . . . . . . . . . . . . . .  4.50 4.99 4.74 

Average of four tests. . . . .  4.57 4.84 4.72 

Area of test specimeli. 

Conclusions 

lcrom the limited rlumber of test results reported the follo\virig conclusio~is 

may be clra\\.ri regarcling sen~i t ive  m:uine c l : ~ y ~  from the Otta\v:~ area: 

1. The larger c1i:~nneter tube sampler provides better clunlity samples in 

the soft m:~rine clay ta1;eri a t  C1:S Gloucester. 

2. The $train arid pore pressure parameter of thc soft clay \\-as affected 

by the size of the s:lmpler. 

3. Thc precoiisoliclatio~~ ~)ressurc of soft marine clay measured in the con- 

~oliclatioil test \\as affected by the size of tube sampler. Specimens trimmed 

from the 5-ill.-diamcter (124-mm) cores gcl1cr:lted higher preco~isolidation 

pressures thail those from the 2-in.-dinmctcr (54-m~n) cores. 

4. The 40-cn1' by 'I-cm-high test specin~ens provitlecl the maximum pre- 

consoliclatiorl ~)ressures in both soft and stiff marine clays. 

5. Coatin?; thc corisoliclonlctcr rings \vitll Teflon zuid grc:tsing \\-it11 molyb- 

derlum-disulphide-basecl gre:~se \\-as eRective in reclueing ~iclc frictioii. 

(i. Storage reduces the measurccl precotisolidatio~l p~'cssurcs. Consolida- 

tion tests rhould be performed :IS soon as possible after the s:~mplcs :Ire 

obt;~iiied. 

7. Thc effect of size of samplers and of test ay)ecimcris on 1abor:ltory test 

results riccds f ~ u t h c r  stlldy. 1:utur.c investigations should be c~stcncled to 

include other cl:~y tlcposits. 

The author is indcbtetl t o  his colleagues in thc Gcotechnical Section for 

their assist:u~ce in obtaining s:lml)les :~nd in the 1:iboratory testing associ- 

ated \\.it11 thc study. 
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r 7 1 his p:~per is a co~~tr ibut io i i  from the Division of I3uilcli1ig Research, S:L- 

tioii:~l Coulicil of Can:~d:l, a ~ i d  is publishecl \\.ith the  :~pproval of the Direc- 

tor of the D i \ '  ~ls1011. ' 

References 

[ I ]  Taylor, D.  \JT., F~cndomentals o j  Soil Mechanics, \\'ilcy, St:w I-orlc, 1948. 
[2] Lambc, T. n'., Soil Testing for Engineers, \\Tilc~., S c w  York, 1951, pp. 74-87. 
[S] Hamilton, .J. .J. ant1 Crawfo~d,  C. I3., "1m~)rovcd Ilotcrmination of Prccorisc~licl~tio~~ 

I'rcsslirc of :L :)(erisit~ivc Clay," 1'apel.s 0 7 ~  Soils 1Dc59 Jlcctit~qs, ilK'l'dl ,\'TI' 2.54, 
Xmc~l.ican Soc;it!ty for 'resting and SIatcrials, 1960, pp. 254-71. 

[dl  Crawford, C. I3., " I n t c r p r c t i o  of thc Consolit1:~tion Tcst," J ~ ~ I ~ I I ( L ~ ,  Soil ~ I c -  
chanics and I~oundations Division, Xmcr i ca~~  Socictj. of Civil Engineers, J'ol. 90, 
No. S11.5, 1964, pp. 87-102. 

[:TI Crawford, C. B., "The Rcsistancc of Soil S t r ~ ~ c t u r c  to Consolitlation," Cnr~ndiccn 
Geotcchnical Jozo-rtnl. \'ol. 2, So. 2, 1905, pp. 90-97. 

[6] J : ~ r c t t ,  P.  >I., "Time Dependent Consolidation of a Sensitive Claj.," .lIr~teric~ls 
Research and S ta~~da rds ,  Vol. 7, S o .  7, 1967, PI). 300-304. 

[i] Bjorrum, L., "Geotcc1lnic:~l Properties of Sor\vcgian 1Iarinc Clays," C(,olcchniqcce, 
Vol. 4, No. 2, 1954, pp. 49-69. 

[XI Ostcrbcrg, ,J. O., "Sew I'iston Tubc Sampler," flngir~ceritlg Netus-Record, Vol. 148, 
24 April 1952, pp. 77-78. 

[.')I C:~sagral~dc, A,,  ('TII(: Dc:tctrmin:~tio~~ of the P rcco~~so l ida t io~~  1,o:id and Its 1'r:~ctic~:~l 
Sign if cancc," t'rocccdi7~gs, First Ir~lcl-nalioncrl Cor~Jorerccc? on Soil .IIccliccnics m~rl 
Portr~rl(zlion En(lincwin(l, Cambritlgc, 5'01. 3, 1930, 111). 60-64. 

[I01 13ozozuk, XI., "Thc 3Iodulus of E1:lsticity of Lcda Clay from Ipicld 1lcasu1.c:mcnts," 
Cunnrlictr~ Cc?olc.chtticnl Jot/rr~(cl, \-o1. 1, S o .  1, 1963, pp. 43-51. 

[ I l l  V:ln Zelst, 7'. \\'., "r\n 1nvcnstig:~tion of t l ~ c  1::~ctors XfT(:i:ting Laboratory Co~lsoli- 
rlation of Clay," I'rocc.ctli~~gs, JYeco~ttl I~~lert~c~lionc~! Co7zJerer~ce on ,Soil 3Iechanics, 
Itottcrtlarn, \'ol. 7, 1918, 111). 52-61. 




