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                                  ABSTRACT

  In order  to investigate the  change  in undrained  shear  strength  characteristics  corresponding

to the  change  in the  test condition  and  soil type, four different types  of  consolidated  undrained

triaxial tests were  perf6rmed  on  some  natural  marine  clays  in Japan, and  the  test result  was

compared  with  that  previously  obtained  for artificially  mixed  seils,  The  fellowing conclusions

were  obtained,  i) Relationship between the  undrained  shear  strength  charaeteristics  and  the

plasticity index obtained  for the  natural  marine  clays  was  practically  identical to that  obtained

for the  artificially  mixed  soils.  ii). Angle' of  shear  resistance  and  pore pressure  coeficient  at

failure were  found to be approxirpately  in linear relation  with  the  plasticity index corresponding
to  the  type  of  triaxial tests, iii) Calculated value  of  the  ratio  of  the  undrained  shear  strength

to  consolidation  pressure, based on  the  experimentally  obtained  relationship  between the

strength  parameters  and  the  plasticity index, compared  well  to the  value  measured  in each  of  four
different types  of  triaxial  tests. iv) Relationship between undrained  shear  strength  characteris-

tics and  the  plasticity index obtained  in the  present study  may  be used,  as  the  first approxi-

matien,  for some  of  marine  clays  in coastal  area  of  Japan.

Key  words  : anisotropy,  cohesive  soil, consolidated  undrained  shear,  plasticity, shear  strength,  
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trlaxial compression  test (IGC:D6) 
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INTRODUCTION

 Geotechnical engineers  encounter  a  variety

of  soils  in their  construction  sites  and  engi-

neering  properties of  soils  vary  from those

of  clays  to  sands.  In engineering  practice,

however, soils  have been broadly classified

into two  types  of  cohesive  s'oi!s  and  cohesion-

less soils. This classification  of  soil  types

stems  from the  recognition  of  the fact that
the  behaviour of  soils  largely depends on

their  time  rate  of  change  in effective  stress

due to loading. Geotechnical engineers  ben-
efit from this classification  of  soil  type,

since  it provides  a  set  of  simplified  design

principles, i.e., the  effective  stress  concept

for cohesionless  soils  and  the  total  stress  con-

cept  for the  cohesive  soils. In practice, how-
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ev'er, it is not  necessarily  easy  to judge whieh
type a  particular soil  ought  to be classified

into. Natural  soils  involve a  group  of  soils

which  seem  to have inte[mediate propertles
between cohesive  soils  and  cohesionless  soils.

Such soils  have been named  the  
"intermediate

soils"  (Osterberg, 1978).

 In an  attempt  to find out  the  boundary
between the  cohesive  soils  and  cohesiorrless

soils, various  soil  tests had been made  on

artificially  mixed  soil  samples  having some

range  ef  consistency  characteristics  (Trollope
and  Zafar, 1956; Kurata  and  Fujishita,
1961). A  similar  sort  of  tests were  carried

out  by the  authors  on  reconstiltuted  soil  sam-

ples prepared by mixing  the  Kawasaki marine
clay  with  the  Toyoura  sand  and  its crushed-

portion. In that  series  of  tests, the  plastic-
ity index was  selected  for specifying  the

soil･ type, considering  an  importance of  this

index in geotechnical  engineering,  and  four
kinds of  reconstituted  soil  samples  having
the  plasticity indices of  10, 15, 20 and  30 were

used.  In what  follows, these  soil  samples

are  named  the  Kawasaki clay-mixture  series.

  In the  test on  the  Kawasaki  clay-mixture

series,  consolidated  undrained  triaxial com-

pression and  extension  tests were  perforrned,

where  the  soil  specimens  were  subjeeted  to

either  isotrppic or  Ko consolidation.  It is

generally known  that  the  undrained  shear

strength  depends both on  the  in-situ condi-

tiens  and  on  the  test procedure, and  the  value

of  c.lp  fer a  clay  can  vary  widely.  It was

noted  that  both the  external  force and  the

structure  of  the  soil  in the  failure zone

influenced the  shearing  strength.  In the

isotropically consolidated  speclmen,  i.e., the

principal  stresses  are  all  equal,  and  the

soil particles are  randamry  oriented,  In the

Ke-consolidated specimen,  the  soil  particles
are  parallel to one  another  in groups of  vary

size.

  The  results  Qf  the  Kawasaki  clay-mixture

series  showed  that  the  undrained  shear

strength  anisotropy,  in terms  of  the  strength

difference between  the  compression  and  ex-

tension  tests, increased'with th'e decrease ln
the  plasticity index, and  that  the  soils  of  the
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    Fi'g. 1. The  location･ of  the

plasticity indiees of  15  and  20  were

the  intermediate soils  in view  of

of  stress  paths and  a  degree of  the

anisotropy  (Nakase and  Kamei,
has been  thought,  however,

verify  the  generality of  the

tween  the  strength  characteristics

plasticity index obtained  for the

clay-mixture  series,  since  the  soil

that  series  are  artificially  mixed

this purpose, a  similar  series  of

were  performed  on  some  natural

taken  from various  sites  of  coastal

Japan, and  the

that  of  the  Kawasaki clay-mixture

EXPERIMENTS

Samples  . 
･

  Eight kinds of  patutal marine

used  in the  experiment  described

paper.  These  sQils  were  dredged in

port sites  in Japan as  shown  in

dex properties of  these  natural

l.
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Table 1. Index  properties.  af  the, samples

                 (a)

31･

Gsw-.

 (%)Wp
 (%)JpSand

 (%)
Silt (%)Clay

 (%)

Kobe  l Aomeri  1 ToyarnaI  Niigata  i Saig･#trto
 l/ Nageya

11

2.73S6,130,351,84,572.023.5･2.718L834,247,620,5411528,O2.6678.435.243.224,536.539.02. 7370.933.237,719.042.338.72. 62 i54.225.828.411.470,717.92. 6S45.521.823.72g.761/.310,O

Ohita2.7241,S29,2!2,647.542,510,O

(b)
I M-50l

GeWb

 (%)Wp
 (%)4Sancl

 (%)
Silt (%)Clay

 (%)

Lf2,69S4,S33.4.51.14,747,14g.2
M-3o  i2,

 6955.325.929.416.

 161.622.3

M-2o  l M.ls  l M-o

2, 6842.723;319.434.248,717.22,6734.820.214.

 647.439.213.4

2.6727,616,9IO,760.42S.99.7

                     6e

                     50

                     4e'

                   -g.  3g.,

                     20

                     IO

                     e
                       o'･ la  4aL, 6.0 ap.. 11ee1.
                                           op (x).

                               Fig. 2. Plasticity  chart       '

shown  in Table 1, together  with  those  of                                            remoulded  at  a  water  centent  of  approxi-

the  Kawasaki  clay-mixture  series.  The  Kar mately  1.3 times  theirliquid  limit andpassed
wasaki  clay--mixture  series  is composed  of  through  a  2000ptm  sieve  to get rid  of  frag-
four kinds of, sarnples  of  M-10,  M-15,  M-20  ments  of  shells  and  other  undesirable  stuff

and  M-30, after  their  plastici.ty index and  found in the  soil  sample.  Thus  prepared
the  letter M  stands  for mixture.  The  M--30 soil  slurries  were  stored  in a  pla$tic eon.tainer
is the  Kawasaki  elay.  In the  present  series  wi'th  dlstMed water  en  top of  it. ･

of  test, the  Kawasaki clay  of  the  p.lasticity                                              Prior to preconso!idation proee$s, the  soii

index of  50 is included, and  this particular  slurry  was  puddled  in a soil  rnixer  for about

clay  of  M-50  is to  be included in the  Kawa-  an  hour and  deaired under  a  pressure of  720
saki  clay--mixture  series.  Consistency char-  mmHg  below atmospheric  pressure. The
act'eristi ¢ s of  these  soil  samples  are  illustrated soil  slurry  was  carefully  poured  into a pre-
in the  plasticity chaTt  in Fig.2. As  seen  in consolidation  mould  of  2QOmm  in diameter
the  figure, there  seems  no  appreciable  differ- and  270rnm  in height, then  consolidated･

ence  between the natural  marine  clays  and  under  a  pressure of  68,9kPa.  After the

the  Kawasaki clay--mixtu're  series.  cornpletion  of  consolidation,  a  block of  soil

  The  natural  soil  samples  were  thoroughly  was  extruded･  by pushing  a  bottom  plate of
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 32 UNDRAINED  SHEAR  STRENGTH

the  mould  up  and  then  cut  into five equal  o.7

pieces. Haying  coated  with  para,fin to pre-
vent  drying, the  soil  pieces were  stered  in a  o.6

constant  temperature  room.  Each  test speei-

men  was  trimmed  from  the  soil  piece when  o.s
needed,  These procedures followed those

employed  for the  Kawasaki  clay-mixture  sed  o.4
ries, The  test specimen  prepared through  N".

these  procedures  are  considered  a reconstitut-  
O

                                            O.3
ed, young  and  saturated.  The  authors  have
taken  a  view  that  finding some  useful  engi-

neering  relationships  between plasticity index O･2

and  the  behaviour of  soils  with  a group  of                                          '
artificially  mixed  soils  may  provide design . O-1

engineers  the  first approxirnation  to under-  

'

stand  the  complicated  behaviour of  natural  o

marine  clays,  In the  present  study,  there-

fore, the  experiment  was  performed  on  clays
                                           Fig.
in the  normally  consolidated  young  state                                       '
which  have  no  aging  effect  and  it cah  be

consldered
 that  the  soil'shews

 
a'fundamental

 ･.. C9Se  Of

mechanical  behaviour in sueh  state,  ･ '

                                      1.of

                                         rnens

Triaxial  Tests 
'

                                      tt tt

  Triaxial apparatus  and  the  facilities.have were

9.e2".d.e.'C,ribe,d,,tn,ge,t,agk,eig,ew.h,.s,re,,S,ekasi-- 
strain

series  of  consolidated  undrained  trlaxial cgm-  
'
 

'

pression and  extension  tests were  performed  TEST

on  eight  kinds of  natural  soil  samples.  Size , Und  
'

of  the  test specimen  was  50 rnm  in diametet Fig.3
and  120mm  in height  ues

 In the  eompressien  tests, specimens  were  test

consolidated  either  isotropica!ly or  under  Ke  shear

conditions  and  then  subjected  to undrained

compression  by increasing axial  pressure, lat- cess.

eral  pressure being kept constant  during tained

compression  process. These triaxial tests are  very

denoted as  CIUC  and  CKoUC  tests respec-  saki

tively. In theextension  tests, specimens  were  found
consolidated  either  isotropically or  under  K,
conditions  and  then  subjected  tQ undrained  of  the

extension  by decreasing axial  pressure,  later-

al  pressure  being kept constant  during ex-  in c./P

tension  process, These  triaxial tests are  de-. con

noted  as  CIUE  and  CKoUE  tests respectively.  diff
 Two  different vatues  of  vertical  effective  In

consolidation  pressure were  used  in the  con-  cepts

solidation  process  ; 196 kPa and  392 kPa in the

      O 10 20 30 40 50 60
                     PI

     3 Relatienship between  c./p  and  l.
        '

       compression  tests, and  392kPa  and

588kPa  
'for

 extension  tests, A  back pressure
  196kPa  was  applied  to all the  test speci-

     throughout  the  consolidation  and  shear

processes.  Compression  and  extension  tests

    carried  out  with  a constant  rate  of  axial

     of  O, 07%fmin.

      RESULTS  AND  DISCUSSIONS

   rained  Shear Strength
       shows  relationship  between c.lp  val-

    and  the  plasticity index (PI) for each

    condition,  where  c.  is the  ttndrained

     strength  and  p is the  vertical  effective

censolidation  stress  in the  consolidation  pro-

     As  seen  in the  figure, the  result  ob-

      from the  natural  marine  clays  are

    close  to those  obtained  from the  Kawa-

    clay-mixture  series.  Values of  c.rp  are

      to decrease in order  of  the  CIUC,
CKoUC,  CIUE  and  CK,UE  tests, irrespeetive

      PI of  the  samples.  Looking  over  the

test results, it may  be said  that the difference
      value  due to a  difference in the  test

  dition is more  marked  than  that  due to a

  erence  in the  PI.
    order  to  examine  the  fundamental con-

     of  shear･strength,  the analytical  and

experimental  values  of  the  undrained  shear
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strength  will  be com'pared.'

  For a given inltial state  of  stress'express.ed

in terms  of  K,, a linear Mohr's',fa,iiute, gti`
velope  is defined by a  set  of  stre'ngth  pa.ra.mr

eter  of  c' and  ip', and  change  in e'xce'ss

pore  pressure  during undrained  shear  is exr-

pressed in terms of  the  pore pressure coeca.'

cient  A. Pore pressure co.ethcient.at  failurfe'

Af  in conventional  triaxial compression  and

extension  tests has been  given  by Parry and

Nadarajah (1974). The  iollowing'expressiofi
for the  c.lp  in compression,tests  has beept

given  (Skempton and  Bishop,- 1･954-;･Lg6ri-

ards,  1962),

cpw

 
-c'

 
cos

 
¢

'fiP++(/r"Ag,6!l[f{)o,+i.Agb',(i"Ko)]

 ( i )

In a  similar  manner,  the  expression  ,for the

c.ip  in extenslon  tests  has been presented

ANDKAMEI

(Leonatds 
'et

c. c"c'osO   .-t･ t

aL;'1984),

r/p+sin
¢

'[1-Af(1-Ko)]

33

                                  (2>
 
'P

 

'"
 1+  (2 Af-1)sin ¢

'

For normally  consolidated  clays,  the  cohesion

c' is taken  zero,  then  Eqs. (1) and  (2) reduce
-to

       tde m  sin  ¢
'[Ko+Af(1-Ko)]

       P  
'
 1+(2Af-1)sin ¢

'

       ti. siq  ip'[1-Af(1-Ke)]
       -P T' 1+(2Af-1)sin  ¢

'

,In additien,  the  ratio  of  lateral to

effec'{ive normal'  

'stresses'
 is equal  to

isetropically consolidated  undrained

te$tl',Eqs.(3)  and  (4) redu.ce  to the
  tt.      .
expresslon.  

....1

   1 
'Cu

 ".,  -'･sin ¢
t

        
',
 rt 

-'lt(2
 Af-1)sin  ¢

'

  (3)

  (4)

 vertical

unity  for
 triaxial

   same

(5)

aN=･v

O.6

O.5

OA

O.3

O,2

O,1

o

Asiaty

 Comp.

 Ext.

-titJSsa.  -
 p-s..

Test$I e

< c'=O  
,
 Ke --

  
'sin

¢
'1.0)

l+(2Af-･1)sinq'
  sinP'

     
"'--

 1+C2At-1

bup m
 Frorri e-I-I]C l.

sjnQttt

, FrornCIUE

ijXk
t

d

20

  <xx
  MstrSX$O.M.2..O

  k

L

M-SOM-30M-20MrlS'M-le

Value  eff d'
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 O O.4 O,6

4. Comparison  bf

experimental  cu/p

tests  for the･case
series

O.8 1,O 1,2

   Atthe
 variation  Qf

yalues  with  Af

of  the Kawasak

   1.4 1.6

analytical  and'

values  in CIU
i elay-mixture･
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                  O.7

                  O.6

                  O,5

                  O.4

                a

                } O.3

                  O.2

                  O.1

                    o
                     O O.2 OA O,6

                Fig. 5. Cornparison of  the

                    experimental  c./p

                    tests for the  case  of
                      .
                    serles

  In the above  expressions,  c' and  di' are

constants  for a  particular  soil,  but Ar  is
dependent on  p. In practical problems  the

range  of  p  is small,  so  it may  be permissible
te  assume  that the Af  is a  constant  and  equal

to  the  average  value  over  a  particular pres-
sure  range  (Skernpton and  Bishop, 1954).

  Figs.4 and  5 compare  the  variation  of  ana-

lytical and  experimgntal  values  of  c.Ip  in
the  CIU  and  CKoU  tests with  Af  values,

for the  case  of  the  Kawasaki  clay-mixture

series.  Figs.6 and  7 show  a  similar  com-

parison for the  case  of  the  natural  marine

clays.  In calculating  the  c.Ip  value  by the

above  equations,  it seems  Iogical to use  the

ip, and  Af  values  at  a  condition  of  (ai-a3)max
in view  Qf  the  definition of  the  c.. Values
of  e' and  Af  at  (ai-as)..,., therefore,  are., .

used  with  c'=O  and  the  Ke value  is taken  as

the  average  of  observed  values,  i. e., O. 42 for
Kawasaki clay-mixture  series  and  O.44 for
the  natural  marine  clays.  The  results  shewn

STRENGTH

AnaLy;comp.-;:Cii-=

Ext.--･-:Si.l-=

E2spe'FrornCKeUC

FromCKeUETestsTests

Cc'=O,K.=O.42}
$in ¢

'[K.+AfCl-Ko)l

1.C2Af-1)sinpt'
sin ¢

'tl-A(1'Ke)]

1+{2At-1>sin¢
'

:='u,

e'44'

<lmO1ff
'

g!!,;geUikg30Msa
¢
'=30'

XxxXNp'=6oeNbomp.Mn02Nels
VaZueofO'at

{al-a3)rnax

Cem=.Ext.-
M-Sn34.S46.7

M-3034.7S2.9

M-203].SS5.5

M-ISS3.0fi1.6

M-1030.5S9.2

e'.sNcrNxtuzoxX

×
× XxNs

      O.S l.O 12 IA

   Af
   variation  of  analytical  and

yalues  with  Af  yalues  in CKoU

   the  Kawasaki  clay-mixture

in Figs.4 through  7 confirm  a  closeness  of

the  calculated  value  of  c./p  and  the experi-

mental  values.                      '

  Leonards et  al. (1984) emphasized  that  the

strength  parameters  and  the  effect  of  stress  ,

path on  the  c., in general,  could  not  be
correlated  solely  to  the  plasticity index. It

is worth  investigating, therefore,  the  depend-
enee  of  the  Ar  and  e' at  a cendition  of

(ai-a3).a. on  the  PI for each  test type.

Kenney  (1959) reported  a  good  indication of

typical  values  of  sin  di' fer soil,  i. e., there

was  a  definite trend  toward  decreasing sin

ip' with  incregslng PI, although  there  was

considerable  scatter.  The  e', however, is
changeable  for the  initial state  of  soil,  fail-

ure  criteria,  consolidation  and  shear  condi-

tions etc..  As  shown  ln Figs.8 and  9, the

Af  and  sin  ip' at  (oi-as)... are  found to

be approximate!y  in linear relationship  with

the  PI. Tab!e 2 shows  expressions  for the

linear relationships  illustrated in the  Figs.8
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aN
 ]v

O.7

O,6

O,5

O,4

O.3

O,2
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o

Anatylicat

 comp.-:  
-SiiL

 Ext. --･- .Esa-
           P
Experimental

Resutts(cl=O,Ke=
        sTn ¢

'

    -
to)

"
 1+<2Af-1)sin 

'

    sin ¢
'

=

FromFromC1UC Tests
CIUE

    1+<2At-1)sin9"
Results

    :e
Tests: o

sl

              
.yX

     Value  of  e'
     at  Cqx-CJb)rnax

      Comp.  Ext.

1.0H:TA  4Z.3  S6.5

2.NAGOYA  3S.O  52.1

3.SaxM-.
       40.2  5.2.5
 MINAMO4.N!IGATA

 39.9  40.0

S.TOYILMIt  41.e  5I.5

6.AOMORI  39.1  5:.4

7.KOBE  31.1  37.9

2

}XKSE"lj
   

e<.
 Xpt$l}..

Ps.. ××

oOA

                Fig. 6. Cornparison of

                    experimental  culp

                    tests for the  case

                    marine  calys

and  9. By  substituting  the  Af  vs.  PI and

sin  ¢
'
 vs. PI relationships  of  Table 2 into

Eqs. (3) and  (4), the c.fp  values  for each  of

the  four test  types  can  be worked  out.  Thus
calculated  values  of c.lp  are  plotted against

the  PI in Fig. 10. In this  calculation,  a  con-

stant  value  of  K,  of  O. 42 based on  the  Kawa-
saki  clay-mixture  series  is employed  irre-
spective  of  the  soil  type  and  test condition,

since  no  appreciable  relationship  between the
Ke  and  PI is found.

  As  compared  with  the  experimental  results

it may  be said  that  the  calculated  value  of

c./P  based on  the  Af  vs. PI and  the  sin

ip' vs. PI relationships  could  be readily  em-

ployed  for predicting the  undrained  shear

strength  of  natural  marine  clays  as  a  first

OS O,B 1.0 1.2 1,4 1.6

      Af

   the  yariation  of  antalytical  and

   values  with  Af  valttes  in CIU
  of  the yarious  kinds of  natural

approximation.  This result,  in turn,  im-

plies the  generality of  the test results  ob-

tained  for the  Kawasaki  clay-mixture  series.

It should  be noted,  however, that  the  pres-
ent  result  is confined  to  the  maine  clays  and

also  confined  to the  solls  of  the  PI of  less

than 50. In addition,  it should  be stated

that  the  present  result  is obtained･from  tri-

axial  tests, where  no  sample  disturbance has
been glven, then  the  result  is to correspond

to that for the  ideal samples  (Ladd and

Lambe,  1963).

Undrained  Shear  Strength  Anisotropy

  In the  present paper, anisotropy  in un-

drained shear  strength  is defined as  a  ratio  of

the  extensive  strength  to the  compressive
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Table2.  The  expressions  fer the

relationships  illustrated
Figs.8  and  9

 linear
in the

Test  typer

crTuc

Pl<50 lr

'C-I-UEi[

 AfzO.679+2.0xlO'3Ip

sindi'=tO.629+4.2xlO-4Jp

 Ar!Lsinet=O,

O.83O.92

cKoucI  Af=O.289+6.4xle-31)
sine'=o.4gs+2.7xlo-sl}

O,93O,93

CKoUEl111  Ar=1,O13-3.4xlO-SIp

sinP,==O.929-4,8xle-SJlo

l1O. 88O.

 91

r:coefiicient  ofcerrelation

strength.  This definition has been widely

used  (Duncan and  Seed, 1966;Berre  and

Bjerrum, 1973;Kinner and  Ladd, 1973;
Ladd  et  al., 1977).

  Fig. 11 shows  the  relationship  between the

plasticity index and  the  ratio  of  the  c.lp

value  of  the  extension  test, (c.ip)E, to the

c.fp  value  of  the  compression  test, (c.1･P)c.
As  shown  in the figure, the strength  aniso-

tropy  in terms  of  the  ratio  of  extensive

strength  to compressive  strength,  decreases
as  the' PI of  soil  decreases, And  no  appre-

ciable  difference in the  tendency  is found

between the  Kawasaki clay-mixture  series

and  the  natural  marine  clays.  The  undrain-

ed  shear  strength  anisotropy  is more  marked

in the  CKoU  tests. This  figure shows  that

(cttIP)E is smaller  than  (c.lp)c, and  the  ratio

of  (c.IP)E to (c./p)o decreases with  a  decrease

in PI. The  undrained  shear  strength  of  the

CKoUE  test is about  O.6 times  that  ef  the
LCKoU-C

 test, but for soil  with  lower plastic-
ity index this ratio  drops to about  O. 5.

  Considering the  state  of  stress  in the  con-

solidation  process, the  strength  anisotropy  of

the  Ko-consolidated specimens  is to  be con-

sidered  more  pronounced  than  that  of  the  iso-

tropically  consolidated  specimens.  El-Sohby

(1969) presented  a  simple  measure  of  the

degree of  inherent anisetropy  of  soils  by
applying  an  isotropie stress  to  a  sample  in
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plies the  inherent anisotropy.  
-The

 values

of  ecat(ecv/3)  measured  on  either  the  Kawa-
saki  clay-mixture  series  and  the  natural

marine  clays  are  plotted against  the  PI in Fig.
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of  the present paper is the undrained  shear

strength.  . 
,

  Parry (1971) reported  that localised stralns

often  develop well  before peak  in extension

tests and  for this reason  the values  of  eE'
relative  to dic' are  often  not  observed  experi-

mentally.  Where  proneunced  localised
strains,  or  rupture  planes, do develop before

peqk, the  experimental  observations  may

show  ipe'=:ipc'. Most  likely explanation  for
the  disctepancies in'observed s6E' values  re-

lative to ec' yalues is that  different patterns
of  strains  have developed in the  test speci-

mens.  The  strain  pattern will  in £aet  depend
on  factors such  as  sample  preparation, soil

type, boundary rest'raints  and  the  nature  of

the  testing equipment.  In most  practlcal

problems, however, the  soil  is such  that
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Martieils
 Test  type

M-50C-IUCCK-UCCiVECKoUE

     ortivc
     cKouc
M-SO
     iftOE

     CKoUE

M.20ert(]uccKoucEit(]uECKoUE

e./p  ler(%)

M-15

M-10

O, 472O.
 393O,
 373O.
 246O,505e.4osO.385O.

 as3

 14,3

 L3-12,4-22.5

 14,7

 O. 87-12.6-18,9

     i

 O,507i 16,1

 O. 394 l O, 62

i O.3fi9i-12,1

I O,227I-18.9

clvc  L o, s22

cKouc  li o,3ss

CIVE  ] O,341

cKeuE  l o,2n

CIUCCKeUCCIUECKoUE

 IZ2

 e.44-l3.8-19.0

AfO.

 807O,5971.

 142e.856O,720O,

 480L160o.

 goe

Ie'(')*i Kh

4L640,545.246.740,84LO5L452,9

Materials

1.00O,43LcoO.43

Ohita  Clay

1,OOO.41LOOO.

 43

NageyaClay

o.71o[ 4o.6'

O.440     4e.1

L210     5L9

     55.5Io.g3e
        '

O.650O.390L310O.970

LOOO.
 41LOOO.43 Sakairninate

Clay

3B.740.150.661.6'1.00O,40r.ooO,42

Niigata  Clay

Test  typel  calp  sf(%)

eivcCKoUCCLtVECKoUEO.fi15 13.6

O.401 D.43

O.353 -14.3
O.23S -18.3

1 Ar  ¢
'(e)'[

 Kli

O,51 4L2  LOO

O.42 41,O O.43

L32  56,5 LOO

O, 93 62,2 O, 44

eiruccKoucCIUECKDUEo.46s 14,7I

O. 386 O, 39
O.370 -12.5

O.229 -20,O

O,79 39.3 Loo

O,4a 38.9 e,41
L22  52,1 LOO

O.91 50.5 O,43
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O.388 .L38 O,75 41,3 O.44

e.365 -14.2 1,25 52,7 LOO

O,245 -22.0 O,92 57.5 O,45

imO,  553O.
 375O,
 291O,

 182I111

 19.6

 e. 26-12.9-20.6

O.
 
610

 l.o.31eI!.

 6eo t1.aso

39.239.355.359.2

 CIUC

 cKouc
 CIUE1

 CKeUE

O. 486 17. 3
O.416 3.20

O.3S8 -13.3
O.236 -19,1

O, 75  40.0 LOO

O. 58 40.4 O. 46

1.15  51.7 LOO

O. 87 41.e O. 46

LOOe,

 421.oeO.

 44

s
 : values  at  the  condition  of  (a:7a3')max

ToyamaClay

CIUCcKoucerti:UECKeUEO. 492 16, O

O. 408 4. 52
O,399 -13,2
O.236 -19.0

O.76 4Ll  LOO

O. 67 40.9 O. 42

L12  51.5 LOO

O, 86 45,2 O. 43

AerneriClayCIUCcKouccttriUECKoUE

O.489O,416O,395e.24315.12.23-11.2L22.6O,75O.62LllO.8640.240.55L745.81,OOO.431,OOO.43

CIUCcKoucCIUEekETuEO, 364 13,e  e. 92 3L9  LOO

Kobe  Clay
O. 354 L61

O.336 -l4.4
O.260  -24.3

O,63 33.1 O,48
L15  37.8 1.00

O. 84 39,9 O. 51

pronounced  localised strains  or  rupture  zones

will  develop and  the  higher ¢ E'  values  could

not  be relied  upon  in design studies,

CONCLUSIONS

 The  following conclusions  were  obtained  :

  i) Relationship between the  undrained

shear  strength  characteristics  and  the  PI ob-

tained  for a series  of  triaxial tests on  eight

kinds on  natural  marine  clays  in Japan was

found practically identical to  that  previously

obtained  for the  artificially  mixed  soils  of

the  Kawasaki clayLmixture  series.

  ii) Angle  of  shearing  resistance  ¢
'
 and

pore pressure coeficient  at failure Ar  were

found to be approximately  in linear relation

with  the  PI, corresponding  to  the  type  of

triaxial tests,

  iii) Calculated values  of  c.lp  based on  the

Af  vs,  PI and  the sin  ¢
'
 vs. PI relation-

ship  compared  well  to the  value  measured

in each  of  four different types  of  triaxial
tests.

  iv) Relationship between  the  c.fp  and  the
PI, and  that  between the  undrained  shear

strength  anisotropy  and  the  PI presented in
thi$ paper may  be usecl, as  the  first approxi-
mation,  for some  of  marine  clays  in coastal

area  of  Japan.
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-NOTATIqN
 , .

    Af=pore  pressu,re coeMcient  at  failure

   c.fp==ratio  of  the  gndF,ained sheaT  strength  to

        the  vertical  effective  consolidation  pressure-

  CIUC  =isotropically  censQlidated  undrained  com-

   . .presslon test . .,
CKoUC==Ko-consolidated undrained  compression
                               '
      

'test
 T'  

'

  CIUE=isotropically 
'consQlidated

 undrained  ex-

        tensron test .                       '
CKoVE=Ko-･consolidated undr･ained  extension,test.

    Ko=coeMcient  of  earth  pressure･at  rest

    M==letter  M  iS named  after'-their  plasticity

       index in Ka.wasaki clay-･mixture  series

    ef==axial  strain  Ft failttre 

'
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