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T ors ional F ie ld Shear Tests

E s s a is  d e  c h a n t ie r  d e  c is a ille m e n t  e n  t o r s io n

K . V .  H E L E N E L U N D ,  Profe ssor, Ins titu te  o f  T e chnology , He ls ink i, Fin land

S U M M A R Y

A  de s c r ipt ion is  g ive n o f s imple  fie ld e qu ip me n t  inte nde d fo r  

in- siiu de te rm ina t ion  o f  the  s he a r  s tr e ngth o f  fr ic t io na l soils . In  

p r in c ip le , the  tes ts  invo lve d  are  c onc e rne d w ith  to r s io na l s he ar , 

a n d  are  c a r r ie d  o u t  a t  the  propos e d fo u n d a t io n  le ve l in  a n  e x ca 

va te d  p it , or  a t  d iffe re nt  leve ls  in  a  s he e te d bor e  ho le . T h e  no r m a l 

s tress  o n the  h o r izo n t a l o r  s phe r ica l s ur face  o f  r u ptur e  is a pplie d  

by me a ns  o f  we ights , o r  by a ir  pre s s ure , a nd  the  s he ar  s tress  is 

de te r m ine d  by me a s ur e me nt  o f  the  t or s iona l m o m e n t  in the  s ame  

m a n ne r  as  is  e m plo y e d  in a  va ne  tes t (F ig . 1 ). If  a  n um be r  o f 

tes ts  are  m a d e  w ith  d iffe r e nt  n o r m a l stresses in  the  s ame  soil 

laye r , it  is  pos s ible  to a r r ive  a t  the  cohe s ion a nd  angle  o f fr ic t ion  

o f  the  s oil. T he  e m plo y m e n t  o f  pe r me a b le  filte rs  e nable s  pe r 

fo rm a nc e  o f  the  tes t as a  uu-  o r  cu- test.

T he  re sults  o f  a  series  o f  t or s iona l fie ld s he a r  tes ts  are  r e por te d. 

A  c o m p a r is o n dr aw n be twe e n the  fie ld s he ar- s tre ngth va lue s  and 

the  c or r e s po nd ing  va lue s  fo u nd  in  o r d ina r y  la b o r a to r y  s he ar  box  

tes ts  s hows  t ha t  the  fie ld s tr e ngth o f  g la c ia l t ill is ge ne ra lly  gre ate r  

tha n  the  s tr e ngth de te r m ine d  by  me a ns  o f  la b o ra to r y  tes ts  (F ig . 

3 ) . In  c o nc lus ion , s ome  s he ar  v ane  m o d ific a t ions  are  de s cr ibe d; 

these  fac ilita t e  the  pe r fo rm a nc e  o f in- silu s he a r  tes ts  a t  gre a te r  

de pths  (F igs . 5 a nd  6 ).

i n  a n  i n v e s t i g a t i o n  o f  t h e  b e a r in g  c a p a c it y  o f  g la c ia l t ill 

d e p o s it s , it  b e c a m e  ne ce s s a r y  t o  d e t e r m in e  t he  s h e a r in g  

s t r e n g th  o f  t h e  s o il in s itu, as  e x t r e m e  d iffic u lt y  w a s  a s s o 

c ia t e d  w it h  o b t a in in g  u n d is tu r b e d  s a m p le s  fo r  la b o r a t o r y  

s tu die s . T h e  s im p le s t  s o lu t io n  s e e m e d  to  b e  t h a t  o f  c o n 

s t r u c t in g  a  r in g  s h e a r  d e v ic e , b y  m e a n s  o f  w h ic h  t h e  s h e a r  

s t r e n g th  c o u ld  be  d e t e r m in e d  in  a  s m a ll te s t p it  o r  b o r e h o le , 

u s in g  o r d in a r y  s o u n d in g  w e ig h t s  a n d  r o d s  (F ig .  1 ) .  T h e  

s o u n d in g s  w e r e  m a d e  b y  a p p lic a t io n  o f  t h e  S w e d is h  w e ight-  

s o u n d in g  m e t h o d .)  A  n u m b e r  o f  ty pe s  o f  s o u n d in g  bo x e s  

w e r e  c o n s t r u c t e d  (F ig .  2 ) ;  the s e  w e r e  pr e s s e d  d o w n  in t o  t h e  

s o il, a  p a r t  o f  t h e  s o il m a s s  o u t s id e  t h e  s h e a r  b o x  w a s  

r e m o v e d ,  t h e  s o il g iv e n  a n  e ve n  s u r fa c e  a n d  lo a d e d  w ith  

w e ig h t s , a n d  t h e n  s ub je c t e d  t o  a  s h e a r in g  s tre s s  a n d  s h e a re d  

b y  a  t o r s io n a l m o m e n t  o f  w h ic h  t h e  m a x im u m  v a lu e  w a s  

m e a s u r e d . In  t h is  w a y , it  w a s  p o s s ib le  b y  m a k in g  t h r e e  te s ts  

o r  m o r e  w ith  d iffe r e n t  lo a d s  t o  d e t e r m in e  t he  s h e a r in g  r e s is 

t a n c e  o f  t h e  s o il a s  a  fu n c t io n  o f  t he  n o r m a l s tre s s  o n  t h e  

s u r fa c e  o f  r u p tu r e  u n d e r  t h e  s h e a r  b o x . A p a r t  f r o m  the  p e a k  

v a lu e , it  is  a ls o  fe a s ib le  t o  m e a s u r e  t he  s h e a r  s t r e n g th  a ft e r  

r e m o u ld in g ,  a n d  t h u s  a r r iv e  a t  a n  e x p r e s s io n  fo r  t h e  s e ns i

t iv it y  o f  the  s o il t o  d is t u r b a n c e .  O b s e r v a t io n  o f  t h e  s h e a r  

s tre s s  a t  d iffe r e n t  a ng le s  o f  r o t a t io n  e n a b le s  t h e  c o n s t r u c t io n  

o f  the  w h o le  s tr e s s - s tra in c u r v e , a n d  t he  c a lc u la t io n  o f  t h e  

m o d u lu s  o f  s h e a r  d e fo r m a t io n  o f  t h e  s o il.

F ie ld  s h e a r  b o x  te s ts  h a v e  b e e n  r e p o r t e d  b y  a n u m b e r  o f  

a u th o r s  ( H u t c h in s o n  a n d  R o lfs e n , 1 9 6 2 ).  O n e  e s p e c ia l 

a d v a n t a g e  o f  s u c h  a te s t  is  t h e  p o s s ib ilit y  o f  d e t e r m in in g  r e a l

S O M M A IR E

O n  dé c r it  u n  s im ple  é qu ip e m e n t  de s t iné  à la  d é te r m ina tio n  in 

s itu de  la  r és is tance  a u c is a ille m e nt  des  s ols  à  fr ic t io n . Les  

essais  s ont  e n p r in c ipe  des  e ssais  de  c is a ille m e nt  e n tor s ion 

exe cutés  a u n ive a u de  la  fo n d a t io n  pr oje té e  da ns  u n  puits  cre us é 

o u  à  diffé re nte s  p r o fo nd e u r s  da ns  u n  t r o u  pe r fo r é  che mis é . 

L ’e ffor t  n o r m a l es t a p p liq u é  s ur  la  s ur fa c e  h or izo nt a le  o u  s phé 

r iqu e  de  r up tur e  à  l’a ide  de  po ids  o u  à  l’a ide  d ’a ir  c o m p r im é  e t la  

rés is tance  a u  c is a ille m e nt  es t dé te r miné e  e n m e s ur ant  le  m o m e n t  

de  to r s ion de  m ê m e  fa ç o n  que  da ns  le s  ess ais  e ffe ctués  ave c l ’a p 

pa r e il à pa le tte s  (fig . 1 ). E n  e x é c uta nt  une  sér ie  d'e s s ais  ave c des 

charge s  nor ma le s  diffé re nte s  da ns  la  m ê m e  c ouc he  de  s ol, o n pe ut 

dé te r mine r  la  c o hé s ion  e t l’ang le  de  fr ic t io n  de  ce  sol. L ’essai 

pe ut  être  fa it  c o m m e  u n  essai “ u u ” o u  “e u” e n u t ilis a n t  u n  filtr e  

pe r mé a ble .

O n  e xpos e  les  rés ulta ts  d ’u ne  s érie  d ’essais  de  c is a ille m e nt  en 

to r s ion s ur  le  t e r r a in . U n e  c o m p a r a is o n  de s  va le ur s  de  la  rés is 

tance  a u  c is a ille m e nt  e n plac e  ave c le s  va le ur s  c or re s pondante s  

des  essais  o r d ina ire s  de  la bo r a to ir e  ave c  la  bo îte  de  c is a ille m e nt  

m o n tr e  que  la  rés is tance  in s itu de s  m o r a ine s  glac ia r e s  e n gé né ra l 

es t s upér ie ure  à  ce lle  dé te r m iné e  à  l’a ide  des  essais  de  la bo r a to ir e  

(fig . 3 ) . F ina le m e n t , o n  dé c r it  que lque s  mo d ific a t io ns  appor tée s  

à  l’appa r e il à  pa le tte s , p o u r  fac ilite r  l’e x é c ution de s  essais  in situ 

à  de  p lus  gr ande s  p r o fo nd e u r s  (figs . 5 e t 6 ).

s t r e n g th  v a lu e s  in  h ig h ly  s e n s it ive  s o ils , a lo n g  w it h  t h e  c a r r y 

in g  o u t  o f  la rge - s c a le  s h e a r  b o x  te s ts : fo r  e x a m p le , 1.8 x  

1.8 s q. m . h a s  b e e n  m e n t io n e d  (S o w e r s  a n d  G o r e , 1 9 6 1 ).  

T h e  p r in c ip le s  o f  t h e  r in g  s he a r  a p p a r a tu s  in t r o d u c e d  by  

H v o r s le v  ( 1 9 3 6 )  h a v e  b e e n  a p p lie d  b y  S o h n e  a n d  S o n n e n  

(1 9 6 1 )  in  a  h ig h ly  m e c h a n iz e d  fie ld  s h e a r  te s t ; in  t h is  

in s t a n c e , t h e  a p p a r a t u s  w a s  m o u n t e d  o n  a t r a c to r . F o r  r a p id  

s h e a r  te s ts , a n d  fo r  m in o r  s tre s s e s , m a n u a l r o t a t io n  c a n  be  

e m p lo y e d  as  in  a n  o r d in a r y  v a n e  te s t. In  t h is  w a y , a  s im p le  

t o r s io n a l fie ld  s h e a r  a p p a r a t u s  is  a c q u ir e d ;  t h is  c a n  be  

e m p lo y e d  fo r  a  s h e a r  te s t  a t  d iffe r e n t  d e p th s  in  a  te s t p it  o r  

b o r e h o le . In  a  la r g e r  p it , o r  fo u n d a t io n  e x c a v a t io n , a  n u m b e r  

o f  s h e a r  r in g s  c a n  be  lo a d e d  w it h  d iffe r e n t  w e ig h t s  a t  the  

s a m e  t im e ,  t h u s  fa c ilit a t in g  t h e  p e r fo r m a n c e  o f  a  s e r ie s  o f  

c o n s o lid a t e d - u n d r a in e d  te s ts  (c u- te s ts ) w it h  a  m in im u m  o f 

d e la y .

T E S T  R E S U L T S

F ig . 3 illu s t r a t e s  t h e  r e s u lt s  o f  s o m e  to r s io n a l fie ld  s h e a r  

te s ts  m a d e  o n  s ilty  g la c ia l t ill (g r a in  s ize  D :10 =  0 .0 4  m m , 

u n ifo r m it y  c o e ffic ie n t  D lt()/ D ]0 =  2 7 , n a t u r a l w a t e r  c o n t e n t  

w =  8 .4  p e r  c e n t , d r y  d e n s it y  y (1 =  2 .0 6  k g / c u .d m . ) .  T h e  te s ts  

w e r e  c a r r ie d  o u t  in  a n  e x c a v a t io n  5 m  d e e p , m a d e  fo r  a  n e w  

m o t o r  r o a d  w e s t  o f  H e ls in k i. T  1 d e n o t e s  te s ts  w it h  a  s h e a r  

r in g  o f  t h e  t y p e  in d ic a t e d  in  F ig . 2 a , w it h  a n  e x t e r na l 

d ia m e t e r  o f  1 2 .4  c m , T  2  te s ts  w it h  a  s im ila r  b u t  la r g e r  s h e a r  

r in g  (d ia m e te r  14 .9  c m ) .  T  3 r e fe r s  t o  te s ts  w it h  t h r e e  s q u a r e  

s h e a r  bo x e s  o f  t h e  t y p e  s h o w n  in  F ig . 2 b , b u t  w ith  a  s h o r t e r
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d is t a n c e  t o  t h e  a x is  o f  r o t a t io n . T h e  r e s u lts  o f  t h e  fie ld  s h e a r  

te s ts  h a v e  b e e n  c o m p a r e d  w it h  o r d in a r y  s h e a r  b o x  te s ts  

c a r r ie d  o u t  o n  u n d is tu r b e d  s o il s a m p le s  in  t h e  la b o r a to r y . 

T h e  la b o r a to r y  te s ts  w e r e  m a d e  a s  c u- te s ts , w it h  s o il s a m p le s  

6 x 6 x 4  c m  ( t h e  v o lu m e  o f  t h e  fie ld  s h e a r  b o x e s  in  F ig .  2 b  

is  6  X  6  X  2 .5  c m ) ,  a n d  w it h  c o n t r o lle d  s t r a in .  F ig . 3 s ho w s  

t h a t  t h e r e  is  a n  a p p r e c ia b le  s c a t t e r in g  b e tw e e n  t h e  r e s u lts  o f  

t h e  d iffe r e n t  te s ts . H o w e v e r , a s  a  r u le , t h e  fie ld  te s ts  p r o v id e  

s lig h t ly  g r e a t e r  s he a r - s tr e ng th  v a lu e s  t h a n  d o  t h e  la b o r a t o r y  

te s ts . P r o b a b ly , t h is  is  a t t r ib u t a b le  t o  t h e  g r e a t  d iffic u lt y  

e x p e r ie n c e d  in  g e t t in g  r e a lly  u n d is tu r b e d  s a m p le s  f r o m  a  

h a r d  t i ll d e p o s it , a n d  a c c o r d in g ly  t h e  la b o r a to r y  s he a r  b o x  

s a m p le s  m a y  b e  s o m e w h a t  d is t u r b e d — e v e n  t h o u g h  t h e  

s a m p le s , a s  in  t h is  c a s e , m a y  be  t a k e n  w it h  t he  g r e a te s t  

p o s s ib le  c a r e . F o r  t h e  s a m e  r e a s o n , t r ia x ia l te s ts  o n  s m a ll 

s a m p le s  r e s u lt e d  in  s u c h  e x c e s s ive  s c a t t e r in g  t h a t  t h e  fin d in g s  

a r e  u n r e lia b le .

S im ila r  te s ts  h a v e  b e e n  m a d e  w it h  s a n d y  t ill , s a n d y  s ilt , 

a n d  o v e r c o n s o lid a t e d  c la y  (A n t t ik o s k i,  1 9 6 4 ).  F ie ld  s he a r  

te s ts  w it h  t h e  T  1 s h e a r  r in g  fu r n is h  v a lu e s  w h ic h  a r e  in  

g e n e r a l o f  t h e  s a m e  o r d e r , o r  a  lit t le  h ig h e r ,  t h a n  t h o s e  

a r r iv e d  a t  in  t h e  la b o r a to r y  s h e a r  b o x  te s t . T h e  T  3 s h e a r

f i g .  1. T o r s io n a l fie ld  s h e a r  te s t , a n d  d e t a il o f  s h e a r  r in g .

f i g .  2. She a r  r ings  a nd  s he a r  boxe s  o f  diffe re nt  types .

N o r m a l s t r e s s  O ' ( ^ 9 / c m 2 )

f i g .  3. T e s t r e s ults  fr o m  fie ld  a n d  la b o r a to r y  s he a r  tes ts  o n  

g la c ia l t ill.

d e v ic e  fr e q u e n t ly  g ive s  g r e a t e r  s h e a r  s t r e n g th  a n d  g r e a t e r  

s c a t t e r in g  t h a n  d o  t h e  r in g  s h e a r  te s ts .

F ig . 4  illu s t r a t e s  s o m e  ty p ic a l s tr e s s - s t ra in c u r ve s  o b t a in e d  

in  fie ld  a n d  la b o r a to r y  s h e a r  te s ts  o n  s a n d y  s ilt  ( g r a in  s ize  

D»o  =  0  0 5  m m ,  u n ifo r m it y  c o e ffic ie n t  D Ct()/ D 10 =  3 .1 , 

n a t u r a l w a t e r  c o n t e n t  w  =  14  p e r  c e n t , d r y  d e n s it y  y,, =  

1 .7 0  k g / c u .d m . )  a t  a  n o r m a l s tre s s  o f  1 .0  k g / s q .c m .  F o r  

t o r s io n a l s h e a r , t h e  s t r a in  h a s  b e e n  d e t e r m in e d  a s  m o v e m e n t  

o f  t h e  c e n t r e  o f  g r a v it y  o f  e a c h  s e p a r a t e  s h e a r  b o x , o r  s h e a r  

r in g  s e c t io n . A s  c a n  b e  s e e n f r o m  th e  fig u r e , t h e  p e a k  v a lu e s  

a r r iv e d  a t  f r o m  d iffe r e n t  s tr e s s - s t ra in c u r ve s  a r e  q u it e  c lo s e  

o n e  t o  t h e  o t h e r ,  w h e r e a s  t h e  u lt im a t e  s h e a r in g  r e s is ta n c e  is
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f i g . 4. Stress - s train curve s  ob ta ine d  f r o m  to r s io na l fie ld s he a r  

tes ts  (T  1, T  2 , a nd  T  3 ) a nd  la b o ra to r y  s he ar  b o x  tes ts  

(T  0 )  o n s andy  s ilt.

le s s  fo r  t h e  fie ld  te s ts  t h a n  fo r  t h e  la b o r a to r y  te s ts . O n e  

a d v a n t a g e  o f  t h e  t o r s io n a l s h e a r  te s t  is  t h a t  t h e  s h e a r in g  

r e s is ta n c e  c a n  b e  d e t e r m in e d  w it h  r e s pe c t  t o  v e r y  la r g e  

s t r a ins .

T h e  c o n t a c t  p r e s s ur e  a g a in s t  a  r ig id  p la t e  is  n o t  e v e n ly  

d is t r ib u t e d ,  b u t  is  g e n e r a lly  c o n c e n t r a t e d  a t  t h e  e dg e s  o f  t he  

p la t e . T o  e n s u r e  a  m o r e  u n ifo r m  p r e s s u r e  d is t r ib u t io n , a  

r u b b e r  d ia p h r a g m  is  in t r o d u c e d  b e tw e e n  t h e  c ir c u la r  lo a d in g  

p la t e  a n d  t h e  s o il s u r fa c e . W h e n  cu- te s ts  a r e  b e in g  m a d e , a  

fle x ib le  p e r m e a b le  filt e r  is  p la c e d  b e tw e e n  r u b b e r  a n d  s o il.

T h e  m a x im u m  lo a d  im p o s e d  o n  t h e  s h e a r  r in g s  h a s  b e e n  

200 k g , c o r r e s p o n d in g  t o  a  n o r m a l s tre s s  o f  2 k g / s q .c m .  o n  

t h e  h o r iz o n t a l fa ilu r e  p la n e  o f  t h e  s m a lle r  s h e a r  r in g ,  a n d  

1 .5  k g / s q .c m .  o n  t h e  la r g e r  o n e . In  c a s e s  w h e r e  a  g r e a t e r  

n o r m a l s tre s s  h a s  b e e n  r e q u ir e d , tw o  o r  m o r e  s y m m e t r ic a lly

s it u a t e d  r in g  s e c t io n s  h a v e  b e e n  c o m p le t e ly  e m p t ie d  o f  s o il, 

w it h  t h e  r e s u lt  t h a t  t h e  p r e s s u r e  o n  t h e  r e m a in in g  s e c t io n s  

h a s  b e e n inc r e a s e d .

S U G G E S T E D  I M P R O V E M E N T S

T h e  t o r s io n a l s h e a r  te s ts  in d ic a t e  t h a t  s h e a r  r in g s  w it h  a  

h o r iz o n t a l r u p t u r e  s u r fa c e  fu r n is h  r e lia b le  r e s u lts , p r o v id e d  

t h e  te s ts  c a n  b e  e ffe c t e d  a t  t h e  g r o u n d  s u r fa c e , o r  in  a n  

e x c a v a t io n  o r  te s t  p it  w h e r e  t h e  m a s s  o f  s o il s u r r o u n d in g —  

a n d  in s id e — th e  r in g  c a n  b e  c a r e fu lly  r e m o v e d . H o w e v e r , 

s h e a r  r in g s  a r e  n o t  s o  p r a c t ic a l fo r  us e  if  t h e  te s ts  h a v e  t o  b e  

m a d e  in  a  n a r r o w  b o r e h o le  d e e p  in  t h e  g r o u n d . In  t h is  e v e n t , 

s h e a r  v a n e s  o f  t h e  t y p e s  illu s t r a t e d  in  F ig s . 5  ( b ,  c , d )  a n d  6 

m a y  b e  e m p lo y e d .

In  F ig .  5 b , t h e  lo a d  is  a c t in g  o n  a  h o r iz o n t a l s u r fa c e  a t  t h e  

b o t t o m  o f  a  (s h e e t e d ) b o r e h o le . T h e  b o t t o m  s u r fa c e  is  

le v e lle d  b y  m e a n s  o f  a  s pe c ia l s p a d e  a u g e r , a n d  t h e  s h e a r  

v a n e  de pr e s s e d  u n t il its  u p p e r  e dg e  is  ju s t  b e lo w  th e  b o t t o m  

s u r fa c e . T h e  c ir c u la r  lo a d in g  p la t e  is  lo a d e d  b y  w e ig h t s  

w h ic h  c o r r e s p o n d  t o  t h e  d e s ir e d  n o r m a l s tre s s  o n  t h e  c u r v e d  

s u r fa c e  o f  r u p tu r e , a n d  t h e  s o il is  a llo w e d  t o  c o n s o lid a t e  

(c u - t e s t ) . W it h  a  v ie w  to  s p e e d in g  u p  t h e  p r o c e s s  o f  c o n 

s o lid a t io n , t h e  v a n e  c a n  be  c o v e r e d  b y  a  p e r m e a b le  m a te r ia l. 

(T e s ts  w it h  v a n e s  c o v e r e d  w ith  f ilt e r  b r o n z e  h a v e  b e e n  

c a r r ie d  o u t  a t  t h e  G e o te c h n ic a l L a b o r a t o r y  o f  t h e  S ta t e  

In s t it u t e  fo r  T e c h n ic a l Re s e a r c h  in  H e ls in k i. )

T h e  s u r fa c e  o f  r u p tu r e  s h o u ld  lie  in  t h e  u n d is tu r b e d  s o il 

b e n e a th  t h e  b o r e h o le , a n d  c o n s e q u e n t ly  t h e  h e ig h t  o f  t h e  

v a n e  s h o u ld  n o t  b e  t o o  s m a ll.  T h e  s u r fa c e  o f  r u p tu r e  d e p e n d s  

o n  t h e  s h a p e  o f  t h e  s he a r  v a n e , o f  w h ic h  t h e  lo w e r  e d g e  c a n  

be  g iv e n  a  c u r v e  w h ic h  c o r r e s p o n d s  t o  a  c e r t a in  s tre s s  is o b a r .

In  F ig . 5 c  ( c f . F ig .  6b )  t h e  s h e a r  v a n e  c o m p r is e s  fo u r  

h a lf- r in g s  c o n n e c t e d  t o  a  r o t a t in g  p ip e . T h e  s h e a r  v a n e  is  

p r e s s e d  d o w n  u n d e r  t h e  b o t t o m  o f  a  s h e e te d  b o r e h o le , in

f i g . 5 . Diffe r e n t  type s  o f  to r s io na l fie ld s he ar  tes t e qu ip me n t.
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f i g . 6 .  She a r  vane s  c o r re s pond ing  t o  F igs . 5 b , c ,  and  d.

w h ic h  t h e  b o t t o m  s u r fa c e  is  m a d e  o f  s p h e r ic a l s h a p e  b y  t h e  

e m p lo y m e n t  o f  a  s pe c ia l a u g e r . A  s p h e r ic a l p r e s s u r e  c e ll 

m o u n t e d  o n  a  lo a d in g  p la t e  is  t h e n  ins e r t e d  in  t h e  p ip e , a n d  

t h e  p r e s s u r e  e x e r te d  o n  t h e  s u r fa c e  o f  r u p t u r e  (h a lf- s p h e r e ) 

is  in c r e a s e d  b y  t h e  d e s ir e d  a m o u n t .  W h e n  cu- te s ts  a r e  b e in g  

c a r r ie d  o u t , t h e  p r e s s ur e  c e ll s h o u ld  be  c o v e r e d  w it h  a  p e r 

m e a b le  filt e r  o r  a  t h in  la y e r  o f  s a n d  in t r o d u c e d  b e tw e e n  t h e  

p r e s s ur e  c e ll a n d  t h e  s u r r o u n d in g  s o il. A f t e r  c o n s o lid a t io n  is  

c o m p le t e , t h e  s h e a r  v a n e  is  e x p o s e d  t o  a  t o r s io n a l m o m e n t , 

f r o m  w h ic h  c a n  b e  c a lc u la t e d  t h e  m a x im u m  v a lu e  o f  t h e  

s h e a r in g  r e s is ta n c e  in  t h e  s u r fa c e  o f  r u p tu r e .

V a n e  te s ts  m a d e  in  s itu  p r o v id e  r e lia b le  v a lu e s  fo r  t h e  

u n d r a in e d  s h e a r  s t r e n g th  o f  c o h e s iv e  s o ils  ( C a d t in g  a n d  

O d e n s t a d , 1 9 5 0 ).  R e lia b le  d e t e r m in a t io n  o f  t h e  c o h e s io n  

a n d  in t e r n a l f r ic t io n  o f  u n d is tu r b e d  s o il la y e r s  c o u ld  b e  

e ffe c t e d  w e r e  t h e  n o r m a l s tre s s  o n  t h e  s u r fa c e  o f  r u p tu r e  

d e t e r m in a b le  a n d  v a r ia b le .  W it h  t h is  a im ,  a  r in g - s h a pe d  v a n e  

o f  t h e  t y p e  in d ic a t e d  in  F ig .  5 d  c o u ld  be  e m p lo y e d .  H e r e ,  

t h e  n o r m a l s tre s s  o n  t h e  s p h e r ic a l s u r fa c e  o f  r u p tu r e  is  r a is e d  

b y  in c r e a s in g  t h e  a ir  p r e s s ur e  in  a  c e n t r a l p r e s s ur e  c e ll. T o  

a c c e le r a t e  t h e  c o n s o lid a t io n  p r o c e s s , t h e  v a n e  ( o r  t h e  p r e s 

s ur e  c e ll)  c a n  b e  c o v e r e d  w it h  a  p e r m e a b le  f ilt e r  m a te r ia l.

C o n s o lid a t e d - u n d r a in e d  te s ts  w it h  por e - w a te r - p r e s s ur e  m e a 

s u r e m e n t s  a r e  a ls o  p o s s ib le , e ve n  if  t h is  e n t a ils  m a k in g  t h e  

e q u ip m e n t  m o r e  c o m p lic a t e d  in  n a tu r e . F u r th e r m o r e , t h e  

p r e s s u r e  c e ll m ig h t  b e  e m p lo y e d  fo r  d e t e r m in a t io n  o f  t h e  

m o d u lu s  o f  d e fo r m a t io n  o f  t h e  s o il, in  t h e  s a m e  w a y  a s  in  

t h e  p r e s s u r e m e te r  te s t  in t r o d u c e d  b y  M e n a r d  ( 1 9 5 7 ) .
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