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                                 ABSTRACT

  Both  original  and  shear-induced  fabrics have  a  significant  influence on  the  deformation
and  strength  properties of  clays.  The  shear-induced  structure  appears  to  be the  prime
cause  for the  fermation of  constant  residual  angle  irrespective  of  the  stress  history or  the

initial structure.  Initiation of  shear-induced  fabric is controlled  by the  mobilization  of

true  angle  of  frlction. A  comparison  of  true  and  residual  friction angles  from field data
is rnade,  The  correlations  of  Bjerrum  for residual  friction angle  and  Skempton-Gibson-
Bjerrum  for true  friction angle  with  plasticity index have been used  to get  additional

data for the  comparison.  It is founcl that  the  residual  friction angle  is nearly  equal  to

true  friction angle  for solls  with  clay  content  greater  than  about  40%.  Residual friction
angle  approaches  true  friction angle  at  low  normal  pressure in soils  with  high percent  of

montmonillonite.

Key  words:  TgEid-g..a..1--g/t-r.e..ng.!.b,, g.hear.-p.t.r-tugth, progressive  failure, soil  structure,

            cohesive  soilt clay  minerals
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                               INTRODUCTION

  The  works  of  Skempton  (1964) and  Morgenstern and  Tchalenko  (1967 a, b) on  laboratory
samples  and  samples  from $hear  zones  of  landslides have revealed  the  presence  of  shear-

induced structure  at  vesidual  state.  The  influence of  known  original  fabric (or initial

structure)  has been studied  at  length upto  residual  by  Mergenstern  and  Tchalenko  (1967 a)
and  Ramiah  and  Raj (l971). Further  it has been drawn  to  attention  that  the  shear

induced structure  seemed  to be the primary  cause  for the  formation of  constant  residual

angle,  P'., irrespective of  the  stress  history or  the  initial structure.

 It is often  cited  that  at or  near  failure slip  planes  develop rr}arking  the  initiation of  shear

indueed fabric and  according  to Gibson (1953) the  appearance  of  these planes is controlled
by the  mobilization  of  Hverslev's angle  of  frietlon. It was  thought  (Gibson, 1953;
Gould, 1960) that  the  ultimate  strength  which  might  control  stability  of  slope  was  equal

to the  true  angle  of  friction, e,, without  cohesion.  A  preliminary  study  by Ramiah
and  Raj (1972) on  synthetic  soils  (obtained by mixing  bentonite, kaolinite ancl  fine sand

in different proportions by weight)  $howed  a  favourable comparison  (Table 1) of  residual

friction angles  (from reversal  shear  box  on  normally  consolidated  intact specimens)  and

Hvorslev's true  friction angles  being deterrnined by adopting  the  procedure of  Crawford
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Table 1.Comparisen  of

RAJ

angles  offriction  (Ramiah &  Raj, 1972)
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Note  : +Obtained  by  plotting  shear  and  norrnal  stresses  censidering  c,'=O

B  : Bentonite  (LL=400%  ; PL=45.  75%)

K  t Kaolinite  (LL=66%  ; PL  =43,  40%)
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 with  residualThus,

 it appears  to be appropriate  to

angle  of  friction.

                      CeMPARISON  OF  ANGLES  OF  FRICTION

  The  results  of  Ramiah  and  Raj  (1972) of  synthetic  soils  and  the  cerrelations  presented

by Bjerrum (1968) for residual  angle  ef  friction and  Skempton-Gibson-Bjerrum for true

friction angle  with  plasti'city index, (reported by Bjerrum  and  Simons, 1960), Fig.1,

showed  the  scope  for the  present  study.

  Thus  a carefully  made  literature survey  yielded  Table 2 for natural  clays  with  clay

content  greater  than  40%  in rnajerity  of  the  cases.  In cases  where  O, values  are  not

available  values  are  obta;,ned  from  Skempton-Gibson-Bjerrum  correlation.  The  data fiom
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Table  2.Fieladata  ontrueand  residualfrictionangles

Sl,No./

   iuu---l･1
Soil type  and  Source
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 Sl,
 No.

  19

L.L%
 %Claycen-tellt

RAJ

     Soil type  and  Source

  1'Sl'u' i5 ciay-india'  

"
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  1(Datye  et  al.  1967)  :20

 Muda  dani Mudstone
   (Jarnes, 1970)

P.I.% 1

TypeofsheartestN6;tttt',""''
Pressurerange(kNfm2)

1 Residual
! strength
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 (aegree)

 Truel;'.i.'S.""

 i Reinarks

, (degree) :
                         3s-s7  o.lo -  Ds  -  16--rs

                        I ls l e.42 -  Ds  274.22ly766.4o  lg.s                        tt
                        Ii
NoTE  : a-k'hsidttal  angle  obtained  from  Bi,errum's  096S) Chart  cFig, 1)

      b-.True  friction angle  obtained  from  Skempton-Gibson-Bierrum  (1960) Chart
     DS-Reversal  direct shear  test

     RS-Ring  or  torsion  shear  apparatus

      Ro-Special Direct  shear  npparatus  of  O'Neil  (1962)
     TS-Triaxial  shear  with  precut  specimen

       1
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       i
21.s, 1
      1
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Table 2 is plottecl in Fig. 2. The
range  of  true  and  residual  friction
angles  are  also  plotted  in a  few
cases.  In general,  it is found
that  the  true  friction angle  is
alrnost  equal  to  the  residual

frlction angle,  But  in clays,  proba-
bly with  high montmorillenite

mineral  there  is a variation  in
residual  angle  with  normal  pres-
sure  (e, g. Brown  London  Clay).
It appears  that  in such  cases  the

residual  friction angle  at  Iow
normal  pressures ccrreF.ponds  to

true  friction ang'le.

           CONCLUSION

  The  residual  friction angle  ap-

pears  to  be equal  to true  friction
angle  for soils  with  clay  content

greater  than  40%.  In soils  with

high  rnontmorillonite  mineral  con-

tent  the  resiaual  friction angle

approaches  trLie  friction angle  at

low  norrnal  pre$sure.
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