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          SHEAR  CHARACTERISTICS  OF  COMPACTED
                PARTIALLY  SATURATED  SOILS

      Ichiro UcHIDA*,  Renzo  MATsuMoTo'  and  Katsutada ONITsuKA'

                             SYNOPSIS

  Earth  structures  such  as  an  embankment  made  artifieially  by compaction

 are  in partial saturation.  The shear  strength  of  the embankment  which  is

 constructed  with  a  constant  dry density is dependent rnainly  on  the water

 content.  Therefore, it is necessary  to investigate by experirnents  the infiu-

 ence  of  void  ratio  and  degree of  saturation  on  the shear  strength  of

 compacted  soils.
'
 Three series of  triaxial eompression  tests were  performed  with  different

 drainage conditions,  and  the pore pressure of  partially saturated  soils  was

 measured  by an  earth  pressure gauge  designed by the authors,  Samples

 used  were  two  kinds of  
"Masa!'-soil

 (deeomposed granite, sandy  loam).

 Speeimens with  various  void  ratios  and  degrees of  saturation  were  made  by

 compaction.

   Test results  indicate that the shearing  resistanee  deereases and  pore pressure

 incTeases with  increase in the degree of  saturation  and  void  ratio.  [I]here-

 fore, when  an  embankment  is eonstructed  with  the sandy  soils, proteetion of

 slope  and  suMcient  compaction  are  necessary.

                          TEST  PROCEDURE

   Samples used  are  two  types of  
"Masa"-soil

 which  exist  in Fukuoka city,

 Kyushu, Japan. These samples  are  named  tentatively "Kanakuma  Masa"-soil

 and  
"Kanayama

 Masa"-soil. The  grain size  aceumulation  curves  and  the soil

 properties are  shown  in Fig. 1 and  Table 1, respectively.  Since these two

 kinds of  samples  indicate similar  nature,  the test results  which  had  been

 obtained  with  different drainage eonditions  using  these samples  could  be

 compared.

   Distilled water  was  added  to eompletely  air  dried samples  (less than  4.76 mm>

 to obtain  predetermined water  eontents.  Each  sample  was  cured  for 24

 hours, and  put in a  steel  eylinder  of  5.00cm in diameter and  12.35cm in

 height, and  eompaeted  to a  speeified  void  ratid  and  degree of  saturation.

 The specimen  was  extracted  from  the steel  cylinder,  and  its weight  and

   *  Faculty of  Engineering,  Kyushu  University, Fukuoka, Japan.
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Table  1. Soil Properties of  Sample

33

Sampte
Kanakuma
Masa-SoitKanayamaMasa-SeiL

SpecificGravity 2.65 2.63
ltrL (oti) 39 36
tuR cv.) 29 31
Ir {.l,) 10 5
ltreRt {-t-) 16.0 15.0

rdntlx(gAs>1.730 1.7BO

GrainSi2eGravet 8.4 S,1

DistributionSandsitt
57.626.e 63.121.3

C.k)Cta B.O 7.5
Ctassification
TrianguLarbytheDiagramSandyLoamSandyLDam
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                   Fig. 1. Grain Size Accumulation Curve

volume  were  determined. The triaxial eompression  tests performed  were  of

three types  hereinafter denoted Tests 1 to 3. In Test 2 and  Test 3, the
average  of  the water  contents  before and  after  the triaxial compression  test
was  used,  and  in Test 1 the water  eontent  was  measured  after  the test.
In all the tests, the rate  of  axial  strain  was  O.8 to O.9 per eent  per minute.

  Test 1:-This  test series  was  undrained  triaxial compression  test, and

the  sample  was  
"Kanakuma

 Masa"-soil. The tests were  carried  out  at  several

sets of  void  ratios  and  degrees of  saturation.  The desired void  ratios  were

1.140, O.870, O.660 and  O.530. These values  correspond  to dry densities of

72, 82, 93, and  100%  of  the maximum  dry density in the standard  compaetoin

test. For  these four void  ratios,  specimens  whieh  had degrees of  saturation

from  40%  to 90%  were  prepared.  Speeimens of  larger void  ratios  and

degrees of  saturation  could  not  be prepared.
  After  the  speeimens  were  set in the triaxial apparatus,  the shear  tests were
conducted.  Since a  volume  shrinkage  of  the specimen  was  noticed  instantly
after  application  of  chamber  pressure, this chamber  pressure was  deereased
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to zero  after  five minutes.  The  diameter and  the height of the specimen

were  measured  again  from outside  of  the rubber  sleeve.  From  these di-
mensions,  the void  ratio  and  the degree of  saturation  were  obtained,  and  were

eonsidered  initial values.  The method  was  used  because there was  no  suita-

bJe apparatus  to measure.  volume  change  in undrained  triaxial compression

tests on  partially saturated  soils at  that  time. The  increase in volume  of

the specimen  due to decrease in the ehamber  pressure  to zero  was  negleeted.

Though  thist est  was  an  undrained  triaxial test, as  the specimen  was  partially
saturated  there would  be some  change  in volume  with  an  inerease in

strain  during the shear  test. However,  calculations  were  done with  these

test results  assuming  that there was  no  change  in the volume  of  the speci-

men.  Chamber pressures (a,) of  O.2, O.5, O.8, 1.1, 1.5, 2.0, and  2.5kglcmE

were  used  in this test series.

  Test 2:-This  test series  was  drained triaxial cornpression  test, and  the

sample  was  
"Kanakuma

 Masa"-soil. The desired void  ratios  and  degrees of

saturation  were  the same  as  for Test 1. Chamber  pressures (a3) of  O, O.25,

O.50, 1,OO, and  2.00kglem2  were  used.

  For investigating the  volume  shrinkage  and  the volume  expansion  of  a

speeimen  by application  and  reduction  of  chamber  pressure respectively,  the
specimen  was  consolidated  for 1 hour  under  a  constant  chamber  pressure
and  was  allowed  to expand  for 30 minutes  by decreasing the  chamber  pressure
to zero.  The diameter and  height of  the speeimen  were  then measured.

Void ratio  and  degree of  saturation  which  were  obtained  frorn this measure-

ment  were  considered  initial values.  After applying  the  chamber  pressure

                       again  for1 hour, shear  tests were  eonducted.  The

      method  used  for measuring  the ehange  in volume

      of  the specimen  was  that proposed by  Hoshino.

      The  apparatus  used  is shown  in Fig, 2. If the

  port
 volume  of  a  speeimen  changes,  the air  in the

      specimen  infiuences the water  level in the burette

   that is conneeted  to the specimen  by a  tube

   throughabronze  base. The change  in volume  of

   the specimen  could  be determined by measuring

                       the distance whieh  the  burette has to be raised
Fig.2.

 
Apparatus

 
fer

 
Meas-

 or  lowered to bring the  water  level to a-a',
   uring       Volume  Change
                       and  multiplying  it by  the  cross  sectional  area  of

the  burette.

  Test 3: This test series  was  undrained  triaxial compression  test, and  the

sample  was  
"Kanayama

 Masa"-soil. The  desired void  ratios  were  O.850,
O.640, and  O.480 which  corresponded  to the dry densities of  80, 90, and  100%
of  the  maximum  dry density in the standard  eompaction  test, For these
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void  ratios,  degrees of  saturatien  were  O, 40, 60, 80, and  100%  with  afew

exceptions.  Chamber pressures (a3) of  O.5, 1.0, 1.5, and  2.0kglem2  were

used.  The volume  of  the  speeimen  was  measured  from  outside  the rubber

sleeve  after  setting  it in the cell. The void  ratio  and  the degree of satura-
tion which  were  calculated  from  this volume  were  considered  initial values.

  The change  in volume  was  measured  by the apparatus  which  was  designed
by A. W.  Bishop and  D. J. Henkel (1957). Generally, it is said  that pore
air  pressure and  pore  water  pressure must  be measured  separately  in relation
to the pore pressure  of  partially saturated  soils. But the pore pressure  was

measured  with  an  earth  pressure gauge  without  considering  the difference
between the pore air  pressure and  the  pore water  pressure. The earth

pressure  gauge  was  a wire  strain  gauge  type of  50 mm  in outside  diameter,
27 mm  in height, the diameter of  its diaphragrn was  40 mm,  and  the eapacity

of  the gauge  was  
-1･v+3kglem2.

 This gauge  was  fixed in the bronze
base of  the triaxial eell, and  the pore pressure was  measured  through  a

porous metal  under  the bottom of  the speeimen.  In this paper, detailed
explanations  about  the apparatus  for measuring  the change  in volume  and

the earth  pressure gauge  (I. Uehida, R. Matsumoto, K. Onitsuka and  T.
Tanaka, 1967) are  omitted.  After  applying  the ehamber  pressure for 30N60
minutes,  the normal  axial  load was  applied.

                         VOLUME  CHANGE

  The  change  in volume  was  measured  in both  Test 2 and  Test 3. Since
Test 2 is drained triaxial test, correetion  was  made  for the dilatancy effeet
as follows:

                                        d(AV. >
                                         k71
                  (al-a3)f =  (al-as).f+a3.
                                          elE''' 

'M

where  (o,-a3)f : measured  maximum  deviator stress

      (ai-a3).f: deviator stress required  to overcome  the cohesive  resistance

               and  the frictional resistance  of  the soil

            a,: chamber  pressure

    d(MvV-)/dE: increase in the rate  of  change  of  volume  divided by the

               change  in unit  shear  strain

  Akai has given a  tentative narne  of  Dilatancy Index (D.I.) (Akai, K.,

                       
dvV

 )/de as  a means  of  indicating the magnitude1958) to the expression  cl(

of  dilatancy. The relationship  between the dilatancy index at  the maximum
deviator stress  and  the degree of  saturation  is plotted in Figs.3 to 5. Fig.
3 and  Fig. 4 represent  the results  of  Test 2, and  Fig. 5 represents  that of
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Test 3.

  The following characteristics  are  noted.  When  the void  ratio  of  a  speci-

men  is small,  the dilatancy index increases with  the deerease in chamber

pressure as  already  known  for saturated  sandy  soils. However, when  the
void  ratio  increases, such  tendencies become obscure.  In specimens  of  srnall

void  ratio,  the dilatancy index becomes smaller  with  the inerease in degree
of  saturation.  For large void  ratios,  the graphs  in the figure become parallel
to the base line, D.I. =  O, and  there are  no  clear  tendencies as  above.  With
an  inerease in the chamber  pressure, the dilatancy index becomes negative.

When  the dilataney indices at  the maximum  deviator stress  of  samples  in
both tests that have  the same  void  ratio  and  degree of  saturation  at  the
end  of  overall  compression  are  compared,  it is noted  that  the  value  in Test
2 (drained test) is slightly larger than that in Test 3 (undrained test).

                         STRESS AND  STRAIN

  In Fig. 6 and  Fig. 7, the relationship  between maximum  deviator stress
and  strain  is shown.  Both the maxirnum  deviator stress  and  the strain

beeome larger with  an  increase in the chamber  pressure regardless  of  the
void  ratio.  In Test 1 and  Test 3, though  graphs  are  not  drawn, the  gradient
of  the  stress-strain  curve  approaches  zero  with  an  increase in the degree of

saturation  in a specimen  which  has a  large void  ratio.  The strain  value  at

the maximum  deviator stress  does not  seem  to be affected  by the value  of

chamber  pressure. For  small  void  ratios,  however,  the stress-strain  curve

inclines eonsiderably  towards  the maximum  deviator stress  axis  even  if the



The Japanese Geotechnical Society

NII-Electronic Library Service

The  JapaneseGeotechnical  Society

zz

rE$te5si.!gs.EzaE

SOILS  AND  FOUNDATIONS

           

                         Strain C"l.)

Fig. 6. Relation between Maximum  Deviator  Stress and  Strain in Test  2
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Fig. 7. Relation between  Maximllm  Deviator  Stress and  Strain in Test 2

degree of  saturation  is about  90%.
  In drained and  undrained  tests, the following observations  were

For a  constant  degree of  saturation,  the slope  of the stress-strajn

becomes  steeper  and  the strain  decreases with  a  decrease in the void

For  the constant  void  ratio,  the strain  of  a  sample  of  high degree of

ration  is larger than  that of  low degree of  saturation.

made.curveratio.

 satu-
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                           PORE  PRESSURE

  Generally it is said  that the pore air  pressure and  the pore water  pressure
must  be measured  separately,  since  the pore water  pressure is smaller  than

the pore air  pressure because of  surfaee  tension. However, the values  which

were  measured  by an  earth  pressure gauge  at  the bottom  of  a specimen  were

treated as  the pore pressures. Regarding the values  which  were  measured

with  the earth  pressure gauge  at  the end  of  overall  compression  and  at  the

time of  rnaximum  deviator stress,  the following observation  could  be made.

When  the ehamber  pressure is low and  the specimen  has a  small  void  ratio,

the measured  value  is approximately  equal  to the pore  air  pressure  whieh  is
caleulated  from the volume  ehange  of  the  specimen.  With  an  increase in
the ehamber  pressure and  the degree of  saturation,  the measured  and  the

claculated  values  beeome inconsistent. Errors in the measurement  of  ehange

of  volume  and  the existence  of  air  between the speeimen  and  the  rubber

sleeve,  etc.,  are  pointed out  as  causes  for this inconsistency. Since a  paper

                            regarding  the measurement  of  pore pressure
  f,4

    sdid"  in partially saturated  soil (Uchida, et  al.,

  i,2 Dotted  1967.) was  published  by the authors  earlier,

          detailed explanation  is ornitted  here.

pe-i.O     sne   In Fig. 8, the relationship  between the
               at 

          pore pressure and  the degree of  saturation  is.vOoS

 e plotted. When  the void  ratio  is large, the

 eo6  volume  shrinkage  of  a specimen  by overall

 
-

      cornpression  and  deviator stress  is large. For
 e
 8 o.4
      a  constant  void  ratio,  when  the degree of

     saturation  is high, the volume  of  air  is small.

  
a2
  consequently, in a  sample  of  partially satu-

   Oo  2e 4o ee so
 

ioo
 rated  soil,  the  pore  pressure due to theeom.

       Degreectsaturatien  sr(.k) pression of air  increases with  an  increase

 Fig. s. Relatien  between  pore  in the void  ratio  and  the degree of  satura-

 PressureandDegreeofSaturation  tion.

                          SHEAR  RESISTANCE

  Table 2, Table 3 and  Table 4 show  the results  of  shear  tests of  Test 1,

Test 2 and  Test 3, respectively.  Apparent  cohesien  and  angle  of  shearing

resistance  in these tables were  calculated  from test results  by means  of  the

method  of  least squares.  In Test 2, the results  obtained  with  the chamber

pressure a,  =  O were  exeluded  from  these calculations.  In Test 2, the ap-

parent cohesion  and  the angle  of  shearing  resistance  were  obtained  from  two

values,  namely,  the measured  value  (a,-a,)f and  the calculated  value

<ai-a3).f, in the equation  for eorrecting  the dilatancy effect.  Aecording  to
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Table 2. Results of  Shear Test, Test  1

InitialVatue mpleotShearingTestVoidRatjoWaterDegreeofApparentCehesionCd(kg!cdi)Resistanceptd

morrilbereContenfur(et,)satmatiSr(nl.)by(ai-6Dfasuredby(6,-6rfbY(ff,-C3)fcaLculatedrnoasuredby(ti,-ff"rfcalcutated

1-40O.69018,247.6O,O19O.02034.22'35'54'
50O.81621.457.9O.037O.O2529`55'32e17'

2-40O.84414.342.4o,14eO,11233"oor35"11'
50O.B2617.252.2O,077O.06332"47'34e37r
60O.77220,363.9O.089O.07929048'31e3oJ
70O.67822.17B.9O.033O,Ol63le41'33016,

3-40O,67Btl,O42.2O.223O.t9534018'35047'
50O.69313.649,6O,144O.14836oo7t37"05'
60O.63816,O61.5O.180O,14035"oor36e32'
70O.63S17,670.9O.228O.20S3fe13'32e30'
80O.63320.3S3.3O,166O.15230018'31e43t
90O.60121.791.6O,OS3O,0683le52'32eser

4-40O.5458.740,8O,603O,75535"34'33e06t
50O.54210,S51.8O.626O.56935e09'3501lt
60O.54413.062.1O,547O.50435"5st35e52'
70O.52914.973,5O,501O.44S3seos'3se4o'
80O.53716.981,5O.521O.4703004ot31e33'
90O.55618.78B,OO,342O,31531e1o'32e12'

'

Table  3. Res-lts  ef  Shear  Test, Test 2

InitiatVaLueTestNumberve'xieMtiotenttervc,t"roeiraiApparentCoheslencuCkorcmuO.OG4O,056
AngLe.ot5ltepringRest17b20'7e19'

1-40501,11616.4'
115421.93s.eO.3

2-40506070O.844e.se9O.BB4O.S4912,817,1t9.92,O40.350.959.871,O.219o,23eO,161O.0726eS7'20.59'15.4e'3･2B'

3-40506e7eso90O.6S6O.690O,701O.675O.6B2O.67310.112,615.B16.720.421,3e.948.559.865.479,4B4.SO.41OO.539O.307O.324O.299O.4033O"3O'26e49''2701724.49'S.27'4.51'32.59'33.23t31.2431}oo'29.16i27.464

4-405060708090O.562O,557O,ES7O,S71O.561O.557S.89,911J14,215.717,241.4a6.855.666,173.98L8O,79SO.621O.679O,749O.63BO.442

these the  following may  be said  regarding  the apparent  eohesion  and  the

angle  of  shearing  resistance.

  Regarding the apparent  eohesion,  the values  which  were  corrected  for the

dilatancy effect  were  smaller  than  the values  whieh  were  not  corrected.  In

Test 2, the angles  of  shearing  resistance  which  were  corrected  for the dila-

tancy effect  were  larger than the uncorrected  values  by 10 to 20 regardless

of  the void  ratio  and  the  degree of  saturation.  Concerning the apparent  eo-

hesion and  the  angle  of  shearing  resistanee  which  were  calculated  from

measured  maximum  deviator stress  (a,-a,)f, the following observation  may

be made.  On  the basis of  the  Table 2, the relationship  between apparent
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Table  4. Results of  Shear Test,Test 3

41

:niialVatue byTetatStressbyEffect{veStress
TestNumbefoldRatioeWateraDntentw(ele)Degreeof

SaturatiSr(el.)
Apparent
Cohesion
Cu(kglcm')si'as{en'nOg'istance¢ uApoarent

Cohesion
c'ckorcM

Angte.ot
Shearing
fes

¢
,S

1-40Or81913.242.6o.oe73O"32tO.04438e14
60O.79619.463.9O.10020047'O,05635"29'
80O.76725,78S.2O.0843eso'O.074

r13"4

2-OO.631o o O.04744"45'O.O164602g'
40O.6391O.543.7･O,22634e28'O.19536'55'
60O.67014.858.2o.2eo28"52'O.10236"5s'
80O.66819.677s2O.2162le1O'O.03137e23'

1OOO.62223.598.7O.307O"1O'm -

3H40O.4S57.439,8O.8033904oiO.B294O'13'
6qO,4B41Ll60,1O,63037e37tO.53139e3g'
80O.50314.e77.2O.51632e53'o,2e639'22'
sooO.520le,191,6O.2873OO48'- -
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Fig. 9. Relation between  Apparent Cohesion  Fig. Ie. Relation between  Angle  of

        and  Void  Ratio  in Test 1 Shearing  Resistance  and  Degree ot

                                              Saturation in Test 1

cohesion  (C.) and  void  ratio  (e> and  the relationship  between angle  of  shear-

ing resistanee  (di.) and  degree of  saturation  (S.) are  plotted in Fig. 9 and
Fig. 10 respectively.  0n  the basis of  Table 3, the relationship  between
apparent  cohesion  <Cd) and  void  ratio  (e), and  the relationship  between angle
ef  shearing  resistance  (ed) and  degree of  saturation  (S.) are  plotted in Fig.
11 and  Fig. 12, respectively,  On the basis of  Table 4, a  Mohr's circle, the
relationship  between apparent  cohesion  (C., C') and  void  ratio  (e), and  the
relationship  between  angle  of  shearing  resistance  (ip.,e') and  degree of
saturation  (S.> are  plotted in Fig. 13, Fig. 14 and  Fig. 15, respeetively.

From  these graphs the following observation  may  be made:
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Fig. 13. Mohr'sCircle inTest  3

  Test 1:-The  apparent  eohesion  decreases with  an  increase in void  ratio

regardless  of  the degree of  saturation.  When  the degree of  saturation  is
large, for a  small  inerease in the void  ratio  the decrease of  apparent  co-

hesion is large. With  an  increase in degree of  saturation,  the slopes  of  C.-e
curves  (Fig. 9) seem  steep  but this trend is not  very  clear.  The angle  of

shearing  resistance  decreases sharply  with  an  inerease in void  ratio,  and

this tendency  to decrease becomes large with  an  increase in degree of  satu-

ration.  With  an  increase in degree of  saturation,  the angle  of  shearing

resistance  decreases sharply.  When  the void  ratio  is large, for a  small

inerease in the degree of  saturation  there is a large decrease in the  angle

of  shearing  resistance.

  Test 2:-Regarding  the apparent  cohesion  in this test, the same  ean  be
said as for Test 1. The  angle  of  shearing  resistance  deereases somewhat
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                                             Saturatien in Test 3

as  the void  ratio  increases, but this tendency  is not  so  clear  as  the  apparent

cohesion.  This value  also decreases with  an  increase in degree of saturation.

  The apparent  eohesion  deereases abruptly  to near  zero,  namely,  about

O.02 kglcm2 when  the void  ratjo  and  the degree of  saturation  beeome large.
However, the angle  of  shearing  resistance  does not  decrease so  much,  and

settles  at  about  300. Sinee this test is the drained ¢ ompression  test, the
decrease in the angle  of shearing  resistance  was  avoided.

  Test 3:-When  the  degree of  saturation  is constant,  the apparent  eohesion

decreases with  an  increase in void  ratio.  This value  does not  seem  to be
affected  by the degree of  saturation  when  the void  ratio  is large. However,
when  the  void  ratio  beeomes small,  this value  decreases with  an  inerease in
degree of saturation.  These  tendencies are  the same  for the two  kinds of

apparent  eohesions  whieh  are  obtained  from the total stress  and  the  effeetive

stress.  The  value  of  the apparent  eohesion  which  is obtained  from the ef-

fective stress  is smaller  than  that obtained  from the total stress.  Comparing
the two  kinds of  angles  of  shearing  resistance  obtained  from  the total stress

and  effective  stress,  the latter is Iarger than the former. The angle  of

shearing  resistanee  obtained  from the total stress  shows  similar  tendencies

as  that obtained  in undrained  Test 1. When  the degree of  saturation  is
small,  the angles  of  shearing  resistance  calculated  from  the effective stress

are  not  affeeted  so  mueh  by a  change  in void  ratio.  Only in the case  of

large void  ratios,  it is found that the  angle  of  shearing  resistance  decreases
with  an  increase in degree of  saturation.
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44 SOILS  AND  FOUNDATIONS

                     APPLICATION  OF  TEST  RESULTS

  wnen  an  embankment  is constructed  with  sandy  soils which  have a  eon-

sisteney  and  a  grain size  distribution such  as  
"Masa"-soil,

 the following

considerations  should  be taken into aecount.  In undrained  tests, the ap-

parent cohesion  and  the angle  of  shearing  resistance  decrease with  an  in-

erease  in degree of  saturation.  In drained tests, the apparent  cohesion

decreases with  an  increase in degree of  saturation,  but the angle  of  shear-

ing resistance  does not  decrease so  much.  This means  that a  slope  erosion

and  an  embankment  failure may  oceur  easily  due to a deerease in the ap-

parent cohesien  with  an  inerease in the degree of  saturation  due to rainfall.

When  drainage is permitted, the influence of  the  angle  of  shearing  resistance

on  the failure of  the embankment  is srnaller  than  that of apparent  cohesion.

  When  the soil  is compacted  with  a  larger void  ratio  than  that eorrespond-

ing to the maximum  density of  the standard  compaetion  test even  though

the degree of  saturation  is low, the apparent  cohesion  (C., Cd) and  the angle

of  shearing  resistanee  (e.) deerease sharply.  This indicates that the com-

paction of  the embankment  should  be conducted  with  care.

                              SUMMARY

  The  shearing  characteristics  of  partially saturated  soils, especially  the in-

fiuence of  the void  ratio  and  the degree of  saturation  on  change  of  volume,

stress-strain,  pore pressure,  and  shearing  resistance  have  been made  fairly

elear.  The volume  change  seems  to be influenced primarily by the void

ratio  and  secondly  by the degree of  saturation.

  The apparent  cohesions,  obtained  in the drained test and  the undrained

test, are  influeneed mostly  by the void  ratio.  The influence of the degree
of  saturation  on  these values  is not  very  large. The angle  of  shearing  re-

sistance  in the drained test is not  greatly infiuenced by the void  ratio  and

the degree of  saturation.  In the undrained  test, however, the infiuence of

the void  ratio  and  the degree of  saturation  on  the angle  of  shearing  re-

sistance  is fairly large. On the basis of  the effective  stress,  as  in the re-
sults  of  the drained test, the apparent  cohesion  is controlled  mainly  by the

void  ratiQ,  but the angle  of  shearing  resistanee  is net  controlled  so  much

by the void  ratio  and  the degree of  saturation.  The  shearing  resistanee  of

compacted  sandy  soils such  as  
"Masa"-soil

 deereases with  an  increase in the
degree of  saturation  due  to rainfall.  When  an  embankment  is constructed

using  sandy  soi!s, the slope  should  be well  protected and  the soil eompaeted

with  care.
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and  Takuro  Tanaka, research  students,  for performing  the Iabora-

                  NOTATIONS

 apparent  cohesion  in drained shear  test

 apparent  cohesion  in terms of  total stress  in undrained  shear

 test

 apparent  cohesion  in terms  of  effective  stress in undrained  shear

 test

 dilatancy index named  by Prof. Akai

 increase in the rate  of  change  of  volume  divided by the  change

 in unit  shear  strain

        1958,

        58t

 Bishop, A. W.,
        Fig. 38.
       L, R.

        partially saturated

Sep. 1967. pp. 7-13.

void  ratio

plasticity index
degree of  saturation

rate  of  change  of volume

water  eontent

liquid limit
optimum  water  content

plastic limit
maximum  dry density
straintotal

 normal  stress

effective  normal  stress

measured  maximum  deviator stress

deviator stress  required  to overcome  the eohesive  resistance  and
the frietional resistanee  of  the soil

shear  stress

angle  of  shearing  resistance  in drained shear  test
angle  of  shearing  resistance  in terms  of  total stress  in undrained
shear  test
angle  of  shearing  resistance  in terms of  effective stress  in un-
drained shear  test 

'
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