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SYNOPSIS Field and laboratory vane test results are presented for two highly plastic clays. Anisotropic 
strength analyses show certain anomalies, and tests and analyses are described for investigating the full torque- 
rotation relationship for the vane. It is concluded that the strength on vertical planes only can be measured 
accurately with current techniques, and a three-dimensional finite element analysis is used to provide a partial 
explanation of progressive failure and its effect on vane measured strength.

INTRODUCTION 2.  Aa s  An a l y s i s

Although the vane test would appear to be an ideal 
method for providing design parameters for problems of 
short term stability of soft clays, doubts have been 
expressed recently concerning its accuracy and rele
vance (e.g. Bjerrum 1973). This paper discusses three 
of the main sources of error - soil anisotropy, strain 
rate effects and progressive failure in brittle soils.

Field and laboratory data presented refer to two 
plastic clays, the properties of which are summarised 
in Table I.

w I 
L p sensitivity % < 2\j

Launceston 145 104 100-170 7-11 50-75

Yarra Delta 109 88 60-80 4-8 30-70

TABLE I. AVERAGE SOIL PROPERTIES FOR LAUNCESTON 
AND YARRA DELTA CLAYS.

METHODS OF ANALYSIS 

1. Conventional Analysis

The undrained shear strength of a clay is usually 
calculated from

Aas (1967) showed that for anisotropic soils

^ 1M = Sv + l i >Sh

where s - undrained shear strength on vertical 
surfaces

= undrained shear strength on horiztonal 
surfaces.

Typical Aas plots for Yarra Delta Clay are shown in 
Fig. 1. The value of D/3L for M = 0 gives the

. . . (1)

where M = applied torque
L,D = vane length and diameter.

Equation (1) assumes isotropic properties and uniform 
shear stress around the sheared cylinder of soil.

Jackson (1969) modified the conventional analysis to 
give

s.. ° , 2M „ ••■C2)

where N = 3,0 - uniform shear on cylinder ends,
= 3.5 - parabolic " " " "
= 4.0 - triangular " "
= 3.7 - empirical correlation (Yarra Clay).

3. Wiesel Analysis

Wiesel (1971) first discussed theoretically the pro
blems arising from an Aas analysis if the shear stress 
peaks on the side and ends of the vane should occur at 
different rotations. Wiesel (1973) gave a simpler 
graphical method for the Aas analysis where by plotting 
M against L, for vanes with the same D

M = mv*L + 2Mn ... (4)

where m - torque on unit height of cylinder side.

0 0.5 1.0 0 0.5

D/3L D/3L
Fig. 1 AAS PLOTS FOR YARRA DELTA CLAY

(AFTER JACKSON 1969). 

anisotropy ratio —  . For Yarra Delta Clay Jackson 
Sh

from 0.8 to 1.45. Jordan (1974)

attempted to apply the Aas method to Launceston clay, 
but found that almost all of his graphs sloped the 
wrong way!
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I f  r e s u l t s  a r e  p l o t t e d  a t  p e a k  t o r q u e  t h e  Wi e s e l  a n d  

Aa s  a n a l y s e s  a r e  i d e n t i c a l  a n d  wi l l  b e  r e f e r r e d  t o  as  

t h e  Wi e s e l - Aa s  a n a l y s i s .  A Wi e s e l  p l o t  f o r  L a u n c e s t o n  

Cl a y  i s  s h o wn  i n  Fi g .  2.
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Fi g .  2 WI ESEL  PL OT  F OR L AUNCEST ON CL AY 

( AFTER J ORDAN 1974)

T h e  a v e r a g e  i n t e r c e p t  o n  t he  M a x i s  g i v e s  2 M^  -  0,

i . e .  p e a k  t o r q u e  o n  t h e  e n d s  h a s  o c c u r r e d  a t  s ma l l e r  

r o t a t i o n s  t h a n  o v e r a l l  p e a k  t o r q u e ,  a n d  i n  a  b r i t t l e  

s o i l  t h e  e n d  s h e a r  s t r e s s  r a p i d l y  f a l l s  t o a  l o w 

v a l u e .  I t  wa s  t h e r e f o r e  d e c i d e d  t o r e c o n s i d e r  

Wi e s e l ' s  1 9 7 1  p r o p o s i t i o n  a n d  me a s u r e  t h e  f u l l  M- 0 ,  

t o r q u e - r o t a t i o n  c u r v e  f o r  a l l  v a n e s .

4.  Pr o p o s e d  Me t h o d

T h e  a n a l y s i s ,  b a s i c a l l y  s i mi l a r  t o  Wi e s e l ’ s ,  i s  s h o wn  

i n  Fi g .  3.  Sh e a r  s t r e s s e s  ma y  b e  c a l c u l a t e d  f r o m a n y

-B)

A

( A- B)

<ZZZZ2>

47772»

C SI DE A ENDS 

(Mv) (2Mh)
( I NFERRED)  ( I NFERRED)

Fi g .  3 ANI SOT ROPI C ( M- e )  ANAL YSI S

a s s u me d  d i s t r i b u t i o n  a n d  t h e  i n f e r r e d  t o r q u e s .  Th e  

c a l c u l a t i o n s  c a n  b e  c a r r i e d  o u t  a t  a n y  r o t a t i o n ,  0,  

a s s u mi n g  t h a t  t h e  mo b i l i s e d  s h e a r  s t r e s s  p a t t e r n s  a r e  

s i mi l a r  f o r  v a n e s  o f  d i f f e r e n t  l e n g t h s  a t  t h e  s a me  

r o t a t i o n .  Ty p i c a l  L a u n c e s t o n  r e s u l t s  a r e  g i v e n  i n  

Fi g .  4 a n d ,  i n  a g r e e me n t  wi t h  Fi g .  2,  t h e  e n d  t o r q u e  

i s  s e e n  t o  p e a k  e a r l y  a n d  d r o p  t o  a  l o w v a l u e  b e f o r e  

t h e  s i d e  t o r q u e  p e a k s .

\

C

MEASURED

I S|D E  (A .

V  I

Fi g .  4 TORQUE v s .  ROT ATI ON F OR L AUNCEST ON CL AY 

UNDER EMBANKMENT

EXPERI MENT AL  TECHNI QUES

1.  F i e l d  Va n e

A Ge o n o r  v a n e  wa s  u s e d  f o r  a l l  f i e l d  t e s t i n g ,  wi t h  

6 5  mr a x  1 3 0  mm a n d  6 5  mm x  6 5  mm v a n e s .  Fa i l u r e  

o c c u r r e d  i n  4 - 8  mi n u t e s ,  r o t a t i n g  t h e  v a n e  a t  6® p e r  

mi n u t e .  A l a r g e  i n d e p e n d e n t l y  mo u n t e d  p r o t r a c t o r  wa s  

u s e d  f o r  r o t a t i o n  me a s u r e me n t .

2.  L a b o r a t o r y  Va n e

A mo d i f i e d  Wy k e h a m Fa r r a n c e  l a b o r a t o r y  v a n e  a p p a r a t u s  

wa s  u s e d ,  f i t t e d  wi t h  a  s t i f f  b u t  s e n s i t i v e  t o r q u e  

me t e r ,  s o  t h a t  wo r k  s o f t e n i n g  b e h a v i o u r  c o u l d  b e  

f o l l o we d .  T h e  r o t a t i o n  r a t e  wa s  24°  p e r  mi n u t e .

3.  St r a i n  Ra t e  Co r r e c t i o n s

F o l l o wi n g  Bj e r r u m ( 1 9 7 3 )  t h e  v a n e  t e s t s  we r e  c o r r e c t e d  

t o  t h e  s a me  s t r a i n  r a t e  as  u s e d  i n  l a b o r a t o r y  d i r e c t  

s i mp l e  s h e a r  t e s t s ,  v i z .  0 . 0 8 % p e r  mi n u t e .  T h e  r a t e  

e f f e c t s  we r e  f o u n d  e x p e r i me n t a l l y  t o  b e

L a u n c e s t o n  -  9 % s t r e n g t h  c h a n g e / l o g  c y c l e  o f  t i me  

Ya r r a  -  1 0 % "  "  /  "  "  "  "

l e a d i n g  t o  t h e  c o r r e c t i o n  f a c t o r s  i n  T a b l e  I I ,  wh i c h  

h a v e  b e e n  a p p l i e d  t o  a l l  t h e  v a n e  r e s u l t s  p r e s e n t e d  

i n  t h i s  p a p e r .

TEST CORRECTI ON FACTOR

L a u n c e s t o n Ya r r a

Si mp l e  s h e a r 1. 00 1. 00
Fi e l d  Va n e 0 . 8 7 0 . 8 6

L a b . Va n e 0 . 8 1 0 . 8 0

T ABL E I I .  CORRECTI ON FACTORS FOR RATE OF  TEST I NG 

T ESTS ON L AUNCEST ON CL AY

1.  L a b .  v a n e  t e s t s

Re s u l t s  f r o m J o r d a n  ( 1 9 7 4 )  a n d  Pa r k e r  ( 19 7 6 )  a r e  

g i v e n  i n  Fi g .  5.  T h e  a v e r a g e  s h e a r  s t r e n g t h ,  s  f r o m 

e q n .  ( 1 ) ,  i s  r e l a t i v e l y  i n d e p e n d e n t  o f  v a n e  p r o p o r t i o n s  

b u t  d e p e n d s  o n  t h e  v a n e  s i z e .  F o r  a n i s o t r o p i c  

a n a l y s e s  s v  i s  s i g n i f i c a n t l y  l a r g e r  t h a n  s y , an d

v a r i e s  u n p r e d i c t a b l y . T h e  s ^ / s v  r a t i o  r a n g e s  f r o m
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Aver age shear  st r engt h Su — k Pa 

10 20 3 0 40 50 60 70 80

50 25

25 25

25 12.5

12.5 12.5

(a)  I SOTROPI C ANALYSES

LAUNCESTON C

(a) Field Vane (Jordan) - no n
e. (simple sheer) 
a (Wlesel-Aas)-

(b) Field Vane (Parker) - r

[II ANISOTROPY RATIOS

vertical _h . 0

asurenenc of rotation.

.83 (b » 0. Wlesel-Aas)

Wl esel - Aas anal ysi

( b)  ANI SOTROPI C ANALYSES

Fi g .  5

V Sv Wiesel (large vanes) o s h (M —0 ) (large vanes)

□  Sh Wiesel (large vanes) 
uniform shear

X Sv (M — 0) (small vanes)

S3 ditto triangular shear • sh (M - 0 ) (small vanes)

A Sv Wiesel (small vanes) + Sv (M—0) (large vanes)

L ABORATORY VANE 

( r a t e  c o r r e c t e d )

TESTS - L AUNCEST ON CL AY

i anal ysi s
( l arge vanes 
onl y -  smal l  
vane s = 0)

(d) Lab.  Vane (Parker )  -  remoul ded cl ay.

Wl esel - Aas a

0 , 6  t o  3 . 9 !  An i s o t r o p y  r a t i o s  f r o m t h e  v a r i o u s  

a n a l y s e s  a r e  g i v e n  i n  T a b l e  I I I .

Re mo u l d e d  s o i l  wa s  a l s o  t e s t e d  t o r e mo v e  t he  e f f e c t s  

o f  an y  n a t u r a l  a n i s o t r o p y  t h e  s o i l  mi g h t  h a v e  p o s s e s s e d .  

Th e  r e s u l t s  a r e  s u mma r i s e d  i n  T a b l e  I V.  s y / s v  s e e ms  

t o d e p e n d  o n  v a n e  p r o p o r t i o n s  a n d  i s  s e l d o m e v e n  c l o s e  

t o 1. 0.  I t  mu s t  b e  c o n c l u d e d  t h a t  a n i s o t r o p i c  ( M- 9)  

a n a l y s e s  ma y  n o t  b e  r e l i a b l e .

2 : 1  a n d  1 : 1  v a n e s 1 : 1  a n d  ?:1 v a n e s

s ^ i k Pa ) s h (kPa) s . / s  
h  v

s v ( k Pa) s h ( k Pa) s.  I s  
h  v

Se r i e s  2 5 . 8 16. 6 2. 9 8 . 7 22 . 4 2. 6

Se r i e s  3 5 . 8 22 .k 3. 9 8 . 7 7. 2 0 . 8

Se r i e s  U 4 . 8 1 8 . 4 3 . 8 8 . 6 8. 3 1 . 0

TABL E I V.  L ABORAT ORY T ESTS ON REMOUL DED 

L AUNCEST ON CL AY

YARRA DELTA CLAY

Direct shear tests on ve

(a) Field Vane (Jackson) - n

(b) Fi el d Vane (Nal sml t h)  -  r ot at i on

Anl sot r opi c(M-8)  anal ysi s

Wl esel - Aas anal ysi s

Wl esel - Aas anal ysi s

2.  F i e l d  Va n e  -  Vi r g i n  So i l

J o r d a n ' s  ( 19 7 4 )  t e s t s  p e r f o r me d  wi t h o u t  me a s u r e me n t  o f  

r o t a t i o n ,  a r e  p l o t t e d  i n  Fi g .  6  ,  t o g e t h e r  wi t h  d i r e c t

Shear strength. S -

(c) Lab.  Vane (Jackson)  -

14.3
15.8
17.7

0.85
0.85
0.85

Fi g.  6.  F I EL D VANE T ESTS -  L AUNCEST ON ( r a t e  

c o r r e c t e d )
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s h e a r  t e s t s  o n  h o r i z o n t a l  s a mp l e s .  Ag a i n  t h e  1 : 1  v a n e  

s  s t r e n g t h s  we r e  l o we r  t h a n  t h e  2 : 1  v a n e  v a l u e s ,  b o t h  

b e i n g  l o we r  t h a n  s v  f r o m a Wi e s e l  a n a l y s i s  ( wi t h  s ^  -  0)  

Us i n g  t he  s i mp l e  s h e a r  v a l u e s  as  s,  ,  t he  a v e r a g e  s.  I s  

wa s  0 . 8 5 .  V

3.  F i e l d  Va n e  -  Un d e r  L e v e e  Ba n k

Te s t s  wi t h  r o t a t i o n  me a s u r e me n t  b y  Pa r k e r  ( 1976)  o n  

s o i l  b e n e a t h  t h e  L a u n c e s t o n  l e v e e  b a n k  a r e  p r e s e n t e d  

i n  Fi g .  7.  T h e  s a me  g e n e r a l  p i c t u r e  e me r g e s  as  f o r

Shear strength, S— k Pa

Fi g .  7.  F I EL D VANE T ESTS -  L AUNCEST ON ( b e n e a t h  l e v e e  

b a n k ) .  ( Ra t e  c o r r e c t e d )

v i r g i n  s o i l  t e s t s .  Va l u e s  o f  s,  f r o m t h e  a n i s o t r o p i c  

( M- 6 )  a n a l y s i s  a r e  e x c e s s i v e l y  n i g h ,  t h e  g r a p h  f o r  a 

t r i a n g u l a r  s t r e s s  d i s t r i b u t i o n  p l o t t i n g  we l l  o f f  t he  

r i g h t  h a n d  s i d e  o f  t h e  f i g u r e .  Di r e c t  s i mp l e  s h e a r  

t e s t s  o n  v e r t i c a l  a n d  h o r i z o n t a l  s a mp l e s  g a v e  

s h / s v  =  0 . 8 9 .  Ot h e r  a n i s o t r o p y  r a t i o s  a r e  l i s t e d  i n  

T a b l e  I I I .  Va l u e s  o f  s ^  c a l c u l a t e d  f r o m t h e  Wi e s e l -  

Aa s  a n a l y s i s  a p p e a r  r e a s o n a b l e ,  t h o u g h  s e n s i t i v e  t o 

t h e  a s s u me d  s h e a r  d i s t r i b u t i o n .

4.  Ot h e r  L a b o r a t o r y  Te s t s

Fo r  c o mp a r a t i v e  p u r p o s e s  t e s t  d a t a  o b t a i n e d  b y  J o r d a n

( 1974)  a r e  l i s t e d  i n  T a b l e  V.

T EST  TYPE

Tr i a x i a l  Co mp r e s s i o n

F i e l d  Va n e  ( s ^  f o r  s ^  =  0)

Di r e c t  s i mp l e  s h e a r

T r i a x i a l  Ex t e n s i o n

F i e l d  Va n e  ( c o n v e n t i o n a l  s  )  
u

s h e a r  s t r e n g t h  ( u n d r a i n e d )  

e f f e c t i v e  o v e r b u r d e n  p r e s s u r e

TABL E V.  UNDRAI NED PROPERTI ES OF  L AUNCESTON CL AY

Th e  s o i l  i s  a n i s o t r o p i c  i n  i t s  s t r e n g t h  b e h a v i o u r ,  

wi t h  c o n v e n t i o n a l  v a n e  t e s t s  ( r a t e  c o r r e c t e d )  g i v i n g  

t h e  l o we s t  n o r ma l i s e d  s t r e n g t h .

T ESTS ON YARRA DEL T A CL AY

Fi e l d  v a n e  t es t s ,  wi t h  r o t a t i o n  me a s u r e me n t ,  b y  

Na i s mi t h  a r e  p r e s e n t e d  i n  Fi gs .  8 a n d  9.  Th e  s o i l  i s  

mo r e  b r i t t l e  t h a n  L a u n c e s t o n  c l a y  a n d  t h e  ( M- 6)  

a n a l y s i s  y i e l d s  i mp o s s i b l e  n e g a t i v e  v a l u e s  o f  e n d  

t o r q u e  a t  i n t e r me d i a t e  r o t a t i o n s .  Th i s  r a i s e s  s e r i o u s  

d o u b t s  a b o u t  t h e  a p p l i c a b i l i t y  o f  t h e  a n a l y s i s  t o  

b r i t t l e  s o i l s .

J a c k s o n ' s  ( 1969)  r e s u l t s  f r o m a  Wi e s e l - Aa s  a n a l y s i s  o f

0 20 40 60

VANE ROTATI ON ( DEGREES)

Fi g .  8 T ORQUE vs .  ROT ATI ON F OR YARRA DEL T A CL AY

f i e l d  t e s t s  a r e  g i v e n  i n  F i g .  10 .  Av e r a g e  v a l u e s  o f  

s ^ / s v  we r e  1 . 1 5  f o r  f i e l d  v a n e s  a n d  1 . 04  f o r  l ab .  

v a n e s .  Di r e c t  s h e a r  t e s t s  ( n o t  s i mp l e  s h e a r )  g a v e  

s ^ / s v  =  1 . 0 4 .  Th e  a g r e e me n t  wi t h  l a b o r a t o r y  v a n e s  

s e e ms  e x c e l l e n t ,  b u t  i s  p o s s i b l y  f o r t u i t o u s .

Fi g .  9 ( a )  s h o ws  s  v a l u e s  c a l c u l a t e d  f r o m v a r i o u s  

a s s u mp t i o n s .  Ex c e l l e n t  a g r e e me n t  i s  o b t a i n e d  b e t we e n  

t he c o n v e n t i o n a l  a v e r a g e  s t r e n g t h ,  s ,  [ eqn.  ( 1 ) ] ,  s  

f r o m a Wi e s e l - Aa s  a n a l y s i s  a s s u mi n g  s i mu l t a n e o u s  p e a k s  

o n  s i d e  a n d  e n d s ,  a n d  d i r e c t  s h e a r  t e s t s  o n  v e r t i c a l l y  

o r i e n t e d  s a mp l e s  ( p o i n t s  J ) . Va l u e s  o f  s c a l c u l a t e d  

f r o m t h e  f u l l  M- 0  a n i s o t r o p i c  a n a l y s i s  a r e  h i g h ,  a n d  

d e p e n d e n t  o n  v a n e  p r o p o r t i o n s .

Fi g .  9 ( b )  s h o ws  s.  v a l u e s  a n d  a  g r e a t e r  v a r i a t i o n  i n  

s t r e n g t h .  Be l o w 14 m d e p t h  t h e  a g r e e me n t  i s  a g a i n  

e x c e l l e n t  a n d  t h e  s ^ l s ^  r a t i o  a v e r a g e s  1 . 0 5 .  T h e  a n i 

s o t r o p i c  ( M- 8)  a n a l y s i s  g i v e s  v e r y  h i g h  s ^  v a l u e s ,  b u t  

t he a v e r a g e  a n i s o t r o p y  r a t i o  f o r  t h e s e  a n a l y s e s  i s  o n l y  

1 . 3 ,  a mu c h  mo r e  r e a l i s t i c  v a l u e  t h a n  t h e  o n e  o b t a i n e d  

f o r  L a u n c e s t o n  c l a y .  Ho we v e r  t h i s  i s  a  r e s u l t  o f  c o m

p e n s a t i n g  e r r o r s ,  a s  b o t h  s ^  a n d  s v  a r e  g r o s s l y  o v e r 

e s t i ma t e d .  T h e  p o i n t s  ma r k e d  R r e p r e s e n t  r o t a t i o n a l  

s h e a r  t e s t s  o n  c y l i n d r i c a l  s p e c i me n s  b y  Na i s mi t h  ( 1975)  

T h e  l o w s t r e n g t h  v a l u e s  ( b a s e d  o n  t r i a n g u l a r  s h e a r  

d i s t r i b u t i o n )  a r e  t h o u g h t  t o  b e  du e  t o n o n - u n i f o r m 

s t r e s s i n g  a n d  p r o g r e s s i v e  f a i l u r e .  T h e  s p e c i me n s

0 . 9 2

0. 58
0 . 5 7

0 . 4 7

0 . 4 3
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(a) Shear  st rengt h Sv — k Pa
Shear  st rengt h S k Pa

□ _/ / _o Su — convent i onal  

o——o S v — ani sot ropi c

(b) Shear strength SH—kPa

E

.c 13-

Fi g .  9  UNDRAI NED STRENGTH ( FI ET D VANES)  ON

( a)  VERT I CAL  SURFACE AND ( b)  HORI ZONTAL  

SURFACES F OR YARRA DEL T A CL AY

d e f o r me d  e l a s t i c a l l y  p r i o r  t o  s u d d e n  f a i l u r e  i n  a 

s t r e s s  c o n t r o l l e d  l o a d i n g  s i t u a t i o n .

F I NI TE EL EMENT  ANAL YSI S

Th e  i n c o n s i s t e n c i e s  i n  t h e  r e s u l t s  o b t a i n e d  d e mo n 

s t r a t e d  t h e  n e e d  f o r  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  

a c t u a l  s t r e s s  d i s t r i b u t i o n  a r o u n d  t h e  s h e a r e d  c y l i n d e r .  

Th i s  i s  a n  e x t r e me l y  c o mp l e x  p r o b l e m b u t  s o me  p r e l i m

i n a r y  a n a l y s e s  h a v e  b e e n  ma d e  u s i n g  a t h r e e - d i me n s i o n a l  

f i n i t e  e l e me n t  p r o g r a mme .  T h e  p r o g r a mme  u s e d  wa s  SOL I D 

SAP wi t h  a 3 - D s o l i d  b r i c k  e l e me n t  h a v i n g  t h r e e  

d e g r e e s  o f  f r e e d o m a t  e a c h  n o d e  ( Z i e n k i e wi c z  -  I r o n s  

b r i c k  Z I B 8) .

Th e  e l e me n t  me s h  u s e d  i s  s h o wn  i n  F i g .  11.  1 0 0 8

J a c k s o n )  ( Ra t e  c o r r e c t e d )  ( Wi e s e l - Aa s  a n a l y s i s )

c o n d i t i o n  wa s  a  s ma l l  i mp o s e d  r o t a t i o n a l  d i s p l a c e me n t  

o f  t he  a s s u me d  r i g i d  v a n e .  Po i s s o n s  r a t i o n  wa s  t a k e n  

a s  0 . 4  8 a n d  a n o mi n a l  mo d u l u s ,  E,  wa s  u s e d  i n  t h e  c a l 

c u l a t i o n s .  Th e  p r o g r a mme  i s  a  l i n e a r  e l a s t i c  o n e  a n d  

o n l y  o n e  c a l c u l a t i o n  o f  s t r e s s  v e r s u s  r o t a t i o n  wa s  

ma d e  t o  g i v e  a  p i c t u r e  o f  t h e  r e l a t i v e  p r o p o r t i o n s  o f  

s h e a r  s t r e s s  a c t i n g  o n  d i f f e r e n t  s e c t i o n s  o f  t he  s u r 

f a c e  wh i c h  wi l l  b e c o me  t h e  f a i l u r e  c y l i n d e r .

T h e  me s h  wa s  n o t  f i n e  e n o u g h  t o  g i v e  an a c c u r a t e  p i c 

t u r e  o f  s t r e s s e s  c l o s e  t o t h e  v a n e  b l a d e s ,  s o  t he  

c u r v e s  i n  Fi g .  1 2  a r e  p l o t t e d  o n  t h e  p l a n e  mi d wa y  b e 

t we e n  t he  b l a d e s .  T h e s e  d i s t r i b u t i o n s  mu s t  n o t  b e  r e 

g a r d e d  a s  c r o s s - s e c t i o n s  o f  a s o l i d  o f  r e v o l u t i o n  

a b o u t  t h e  l o n g i t u d i n a l  a x i s ,  as  t he d i s t r i b u t i o n s  wi l l  

u n d o u b t e d l y  v a r y  wi t h  o r i e n t a t i o n .  Ho we v e r ,  t wo  ma i n  

f e a t u r e s  e me r g e  -  t he  e n d  d i s t r i b u t i o n  i s  r o u g h l y  p a r a 

b o l i c  an d  t h e  s i d e  s h e a r s  a r e  s i g n i f i c a n t l y  h i g h e r  a t  

t h e  e n d s  t h a n  i n  t h e  c e n t r e .  Wo r k  i s  c o n t i n u i n g  o n  

t h i s  a n a l y s i s  a n d  t h e  r e s u l t s  wi l l  b e  p u b l i s h e d  e l s e 

wh e r e  .

DI SCUSSI ON

T h e  s h e a r  s t r e n g t h  d a t a  p r e s e n t e d  i n  t h e  F i g u r e s  a n d  

T a b l e s  c o v e r s  a  wi d e  r a n g e ,  t h e  a c t u a l  v a l u e s  b e i n g  

d e p e n d e n t  o n  t h e  me t h o d  o f  a n a l y s i s  u s e d  a n d  t h e  s i z e  

a n d  p r o p o r t i o n s  o f  t h e  v a n e s .

Co n v e n t i o n a l  An a l y s i s

F o r  t h e  c o n v e n t i o n a l  a n a l y s i s ,  a s s u mi n g  u n i f o r m s h e a r  

a l l  a r o u n d  t h e  v a n e  c y l i n d e r ,  t h e  f o l l o wi n g  c o n c l u s i o n s  

c a n  b e  d r a wn :

L AUNCEST ON CL AY

( i )  Sma l l  v a n e s  g i v e  h i g h e r  s t r e n g t h s  t h a n  l a r g e  

v anes ;
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Fi g .  13

( b)  -  PL ASTI C RANGE 

POSSI BL E SHEAR STRESS DI STRI BUTI ONS

WI L L  BECOME THE FAI L URE SURFACE

-  e l a s t i c  r a n g e  o n l y .

-  3 D F. E.  a n a l y s i s

( i i )  2 : 1  v a n e s  g i v e  h i g h e r  s t r e n g t h s  t h a n  1 : 1  v a n e s ;

( i i i )  t h e  a v e r a g e  s t r e n g t h ,  s  ,  i s  s i g n i f i c a n t l y  

s ma l l e r  t h a n  t h e  c o r r e c t  s t r e n g f e  o n  v e r t i c a l  p l a n e s  -  

as  e s t i ma t e d  f r o m a n i s o t r o p i c  a n a l y s e s  o r  d i r e c t  s i mp l e  

s h e a r  t e s t s  ( r e a s o n a b l e  a g r e e me n t  wa s  h o we v e r  o b t a i n e d  

f o r  l a b o r a t o r y  t e s t s  wi t h  " l a r g e "  v a n e s ) ;

( i v )  f o r  r e mo u l d e d  L a u n c e s t o n  c l a y  t h e  1 : 1  l ab .  

v a n e s  we r e  f o u n d  t o g i v e  1 . 0 5  t i me s  t he  a v e r a g e  s t r e n g t h  

d e r i v e d  f r o m t h e  2 : 1  v a n e s .  An y  e f f e c t s  o f  s o i l  

s t r u c t u r e  s h o u l d  h a v e  b e e n  a b s e n t  f r o m t h e s e  t es t s .

Fo r  a n  i s o t r o p i c  wo r k - s o f t e n i n g  s o i l  t h e  p e a k  s t r e n g t h  

wo u l d  b e  r e a c h e d  f i r s t  a t  t h e  v a n e  c o r n e r ,  a n d  b y  t he  

t i me  p e a k  t o r q u e  h a d  b e e n  r e a c h e d  t h e  s t r e s s  d i s t r i 

b u t i o n  wo u l d  b e  s i mi l a r  t o  t h a t  i n  Fi g .  1 3 ( b ) .  A 

me t h o d  o f  a n a l y s i s ,  b a s e d  o n  u n i f o r m s t r e s s  d i s t r i b u t i o n  

s h o u l d  g i v e  a p p r e c i a b l e  u n d e r e s t i ma t e s  o f  b o t h  s ^  a n d  

s ( wh i c h  mi g h t  s t i l l  a p p e a r  t o b e  e q u a l ,  a s  t h e y  

s h o u l d  f o r  i s o t r o p i c  s o i l s ) . T h e  c o r n e r  e f f e c t  wo u l d  

b e  mo r e  s i g n i f i c a n t  f o r  t h e  1 : 1  v a n e  t h a n  f o r  t h e  2 : 1  

v a n e .  Th e  L a u n c e s t o n  v a n e  t e s t s  o n  u n d i s t u r b e d  c l a y  

( Fi gs .  5 , 6 )  v e r i f y  t h e s e  c o n c l u s i o n s .  Fo r  r e mo u l d e d  

L a u n c e s t o n  c l a y  t h e  s c a l e  e f f e c t  wa s  a l mo s t  a b s e n t  a n d  

as  t he s a mp l e s  we r e  o n l y  s l i g h t l y  wo r k - s o f t e n i n g  t h e  

p r o g r e s s i v e  f a i l u r e  c o n c e p t s  o f  Fi g .  1 3 ( b )  we r e  n o t  

r e l e v a n t .  Fo r  s u c h  c o n d i t i o n s  t h e  c o n v e n t i o n a l  u n i f o r m 

s h e a r  s t r e s s  a n a l y s i s  c a n  b e  u s e d  c o n f i d e n t l y .

YARRA DEL TA CL AY

( i )  1 : 1  v a n e s  g i v e  a s l i g h t l y  h i g h e r  s  t h a n  2 : 1  

v a n e s .  ( Av e r a g e  v a l u e s  we r e  p l o t t e d  i n  Fi g .  1 0  -  t he  

r a t i o  wa s  v e r y  c o n s i s t e n t  a t  s l : l / s 2 : l  = 1 . 1  ( J a c k s o n ) ;  

Na i s mi t h ' s  t e s t s  g a v e  a  r a t i o  o f  1 . 0 2 ) ;

( i i )  s  i n  g e n e r a l  a g r e e s  we l l  wi t h  t h e  c o r r e c t  

s t r e n g t h  o n  v e r t i c a l  p l a n e s  e s t i ma t e d  f r o m d i r e c t  

s h e a r  t e s t s  o r  Wi e s e l - Aa s  a n i s o t r o p i c  a n a l y s e s .

Th e  d i f f e r e n c e s  b e t we e n  s ma l l  a n d  l a r g e  v a n e s  c a n  b e  

a t t r i b u t e d  t o  s c a l e  e f f e c t s .  Bo t h  c l a y s  h a v e  a  mi l d l y  

f i s s u r e d  s t r u c t u r e  wh i c h  wo u l d  f a v o u r  h i g h e r  s t r e n g t h s  

wi t h  s ma l l e r  v a n e s .  Ho we v e r ,  a  c o mp e n s a t i n g  e f f e c t  

e x i s t s  wh e n  c o mp a r i n g  v a n e s  o f  t h e  s a me  D b u t  d i f f e r e n t  

L.  Fi g .  1 3 ( a )  s h o ws  a  s i mp l i f i e d  p o s s i b l e  s t r e s s  d i s 

t r i b u t i o n  a r o u n d  a v ane,  b a s e d  o n  t he  r e s u l t s  i n  Fi g .

12.  Th e  d i s t r i b u t i o n  i s  v a l i d  f o r  t h e  e l a s t i c  r a n g e  

o n l y ,  b u t  f o r  t h e  s o i l s  i n v e s t i g a t e d  p r e - p e a k  b e h a v 

i o u r  wa s  p r e d o mi n a n t l y  e l a s t i c .

T h e  r e s u l t s  f o r  Ya r r a  De l t a  c l a y  a r e  a l i t t l e  mo r e  

d i f f i c u l t  t o  i n t e r p r e t .  T h e  s o i l  e x h i b i t s  a mo r e  

b r i t t l e  f a i l u r e  t h a n  t he  L a u n c e s t o n  c l a y  a n d  t he  

e f f e c t s  o f  p r o g r e s s i v e  f a i l u r e  wo u l d  b e  e x p e c t e d  t o b e  

mo r e  s i g n i f i c a n t .  Ho we v e r ,  t h e  1 : 1  v a n e s  g a v e  c o n s i s 

t e n t l y  s  e q u a l  t o  1 . 1  t i me s  t h e  v a l u e  f o r  2 : 1  v a n e s ,  

and i t  i s  p o s s i b l e  t h a t  t h e  s c a l e  e f f e c t  f o r  t h e  

s ma l l e r  1 : 1  v a n e  o u t we i g h e d  t h e  r e d u c t i o n  d u e  t o p r o 

g r e s s i v e  f a i l u r e .  Th e  a v e r a g e  v a l u e  o f  s  a l s o  a g r e e d  

we l l  wi t h  a l l  o t h e r  t e s t s  ( Fi g .  9)  -  a g a i n  a s u r p r i s i n g  

r e s u l t ,  b u t  i t  i s  p o s s i b l e  t h a t  a l l  t h e  t e s t s  r e p r e 

s e n t e d  we r e  a f f e c t e d  t o a p p r o x i ma t e l y  t h e  s a me  d e g r e e  

b y  p r o g r e s s i v e  f a i l u r e .  T h e  s h e a r  b o x  t e s t s  c a r r i e d  

o u t  b y  J a c k s o n  we r e  t y p i c a l  6 0  mm s q u a r e  d i r e c t  s h e a r  

b o x  t es t s ,  wh i c h  i n v o l v e  a p p r e c i a b l e  e d g e  e f f e c t s ,  a n d  

n o t  d i r e c t  s i mp l e  s h e a r  t e s t s  as  p e r f o r me d  o n  t h e  

L a u n c e s t o n  c l a y  ( i n  an  N. G. I .  t y p e  ma c h i n e ,  Ge o n o r  

mo d e l .
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An i s o t r o p i c  An a l y s e s

Two  me t h o d s  o f  a n i s o t r o p i c  s t r e n g t h  a n a l y s i s  h a v e  b e e n  

u s e d  i n  t h e s e  i n v e s t i g a c i o n s . Th e  o n e  r e f e r r e d  t o as  

t he a n i s o t r o p i c  ( M- 0)  a n a l y s i s  wa s  a n  a t t e mp t  t o a l l o w 

f or  s i d e  a n d  e n d  t o r q u e s  p e a k i n g  a t  d i f f e r e n t  r o t a t i o n s  

Th e  o t h e r  wa s  t he  Wi e s e l  a n a l y s i s  f o r  t he  s p e c i a l  c a s e  

o f  t o r q u e s  p e a k i n g  a t  t h e  s a me  r o t a t i o n ,  wh i c h  h a s  b e e n  

r e f e r r e d  t o a s  t he  Wi e s e l - Aa s  a n a l y s i s ,  as  i t  s h o u l d  

g i v e  t he s a me  r e s u l t s  as  A a s 1 o r i g i n a l  p r o c e d u r e s .

Th e  f u l l  r a n g e  o f  a n i s o t r o p y  r a t i o s ,  s ^ / s ^ ,  o b t a i n e d  

h a s  b e e n  g i v e n  i n  Ta b l e  I I I .  Th e  mo s t  s t r i k i n g  f e a 

t u r e s  o f  t h i s  t a b l e  a r e  t ha t  t h e  a n i s o t r o p i c  ( M- 0)  

a n a l y s i s  f r e q u e n t l y  l e a d s  t o e x c e s s i v e  e s t i ma t e s  of  

t he  r a t i o ,  r e g a r d l e s s  o f  t he  d i s t r i b u t i o n  o f  e n d  s h e a r  

a s s u me d ,  a n d  t h a t  t h e  Wi e s e l - Aa s  a n a l y s i s  e i t h e r  wo r k s  

v e r y  we l l ,  f o r  a t  l e a s t  o n e  p l a u s i b l e  e n d  s h e a r  d i s t r i 

b u t i o n ,  o r  n o t  a t  a l l  -  g i v i n g  s ^  = 0!  F r o m t he  o t h e r  

l a b o r a t o r y  t e s t s  p e r f o r me d  o n  o r i e n t e d  s a mp l e s  i t  s e e ms  

r e a s o n a b l e  t o a s s u me  t h a t  r e a l i s t i c  v a l u e s  o f  t he  a n i 

s o t r o p y  r a t i o s  a r e

L a u n c e s t o n  s,  / s  -  0 . 9

Ya r r a  De l t a  s , / s V -  1 . 0 5  
h v

I t  s h o u l d  a l s o  b e  n o t e d  t h a t  a l t h o u g h  t he  a v e r a g e  

v a l u e s  o f  s h o w s o me  c o n s i s t e n c y ,  t he  v a r i a t i o n s

wi t h i n  e a c h  c o Yu mn  c a n  b e  l a r g e .  Bj e r r u m ( 1973)  p r e 

s e n t e d  d i r e c t  s i mp l e  s h e a r  t e s t s  r e s u l t s  f o r  s a mp l e s  

c u t  wi t h  a wi d e  r a n g e  o f  o r i e n t a t i o n s ,  a n d  e v e n  f o r  

s o i l s  wh i c h  s h o we d  a l a r g e  d i f f e r e n c e  b e t we e n  t he a b 

s o l u t e  ma x i mu m a n d  mi n i mu m s t r e n g t h s  t he  r a t i o  o f  s,  

t o s d i d  n o t  d e p a r t  g r e a t l y  f r o m 1,  i . e .  a n y  me t h o d  

o f  v a n e  t es t  i n t e r p r e t a t i o n  wh i c h  l e a d s  t o v e r y  h i g h  

o r  v e r y  l o w v a l u e s  o f  a n i s o t r o p y  r a t i o  mu s t  b e  s u s p e c t .

Fo r  L a u n c e s t o n  c l a y  t he  Wi e s e l - Aa s  me t h o d  a p p e a r s  t o 

g i v e  r e a s o n a b l e  a n i s o t r o p y  r a t i o s  f o r  a n  en d  s h e a r  

d i s t r i b u t i o n  b e t we e n  u n i f o r m a n d  t r i a n g u l a r .  Th i s  i s 

i n  a g r e e me n t  wi t h  t he  c o n c e p t s  o f  Fi g .  1 3 ( b ) .  Ho we v e r ,  

i n  t wo c a s e s  -  t he s ma l l  l a b o r a t o r y  v a n e s  i n  u n d i s t u r 

be d  s a mp l e s  a n d  J o r d a n ' s  f i e l d  v a n e s  i n  u n d i s t u r b e d  

s o i l  -  r a t i o s  c l o s e  t o z e r o  we r e  o b t a i n e d .  Fo r  t he 

o n l y  o n e  o f  t h e s e  c a s e s  wh i c h  c o u l d  b e  c h e c k e d  b y  t he 

( M- 0)  a n a l y s i s  -  t he  s ma l l  l a b o r a t o r y  v a n e s  i n  u n d i s 

t u r b e d  s a mp l e s  -  a  r e a s o n a b l e ,  t h o u g h  s l i g h t l y  h i g h  

v a l u e  o f  1 . 2  wa s  o b t a i n e d  f o r  a u n i f o r m e n d  s h e a r .  At  

p r e s e n t  i t  i s  i mp o s s i b l e  t o s a y  wh y  o n l y  s o me  s e r i e s  

o f  t e s t s  s h o w s ^  -  0 wh e n  s r e a c h e s  i t s  ma x i mu m,  b u t  

f or  t h o s e  t e s t s  t h a t  do,  b o Yh  me t h o d s  o f  a n a l y s i s  i n 

d i c a t e  t ha t  p e a k  mo me n t  o c c u r s  o n  t he  e n d s  a t  l o we r  

r o t a t i o n s  t h a n  o n  t he s i d e ,  a n d  t ha t  t he en d  mo me n t  

t hen  r a p i d l y  d e c a y s  t o s ma l l  v a l u e s .  Un f o r t u n a t e l y  

t he v a l u e  o f  s ^  c a l c u l a t e d  f r o m t he ( M- 0)  a n a l y s e s  i s  

u s u a l l y  e x c e s s i v e l y  l a r g e  ( Fi gs .  5 a n d  7)  a n d  e v e n  wh e n  

s , / s  s e e ms  t o b e  r e a s o n a b l e  i t  i s  o n l y  b e c a u s e  b o t h  

s t r e n g t h s  a r e  o v e r  e s t i ma t e d .

Fo r  t he  r e mo u l d e d  s a mp l e s  t h e  Wi e s e l - Aa s  a n a l y s i s  

s u r p r i s i n g l y  g i v e s  s l i g h t l y  l o w v a l u e s  o f  a n i s o t r o p y  

r a t i o  o n  t h e  a v e r a g e ,  u n l e s s  a t r i a n g u l a r  e n d  d i s t r i 

b u t i o n  i s  a s s u me d ,  b u t  t he  s c a t t e r  o f  r e s u l t s  i s  e x 

c e s s i v e  a n d  f u r t h e r  t e s t s  wo u l d  b e  r e q u i r e d .  Th e  ( M- 0)  

a n a l y s i s  a g a i n  g i v e s  h i g h  r e s u l t s  e x c e p t  f o r  o n e  o r  

t wo s p e c i f i c  t es t s .

Fo r  Ya r r a  De l t a  c l a y  t he Wi e s e l - Aa s  a n a l y s i s  i n  a l l  

c a s e s  s e e ms  t o  g i v e  a n  e x c e l l e n t  e s t i ma t e  o f  t he  a n i 

s o t r o p y  r a t i o  wi t h  a n  e n d  s h e a r  d i s t r i b u t i o n  s o me 

wh e r e  b e t we e n  u n i f o r m a n d  t r i a n g u l a r ,  t he  l a t t e r  

g e n e r a l l y  g i v i n g  t h e  h i g h e r  r e s u l t s .  Fo r  t he  f i e l d  

v a n e s  a n d  t he  ( M- 0)  a n a l y s i s  r e a s o n a b l e  v a l u e s  a r e  

o b t a i n e d  f r o m t he  u n i f o r m en d  s h e a r  a s s u mp t i o n ,  i n

s p i t e  o f  t he b r i t t l e  n a t u r e  o f  t he s o i l .  Ho we v e r ,  

r e f e r e n c e  t o Fi g .  9 s h o ws  t h a t  b o t h  s ^  a n d  s a r e  o v e r 

e s t i ma t e d  a n d  t he r e a s o n a b l e  a n i s o t r o p y  r a t i o s  a r e  

q u i t e  f o r t u i t o u s .

A p a r t i a l  e x p l a n a t i o n  f o r  t h e s e  p h e n o me n a  c a n  b e  ma d e  

wi t h  r e f e r e n c e  t o Fi g .  13 ( b ) .  As  d i s c u s s e d  e a r l i e r  

p r o g r e s s i v e  f a i l u r e  wo u l d  l e a d  t o u n d e r e s t i ma t e s  o f  s^  

a n d  s , e v e n  wh e n  t h e y  p e a k e d  s i mu l t a n e o u s l y .  I f  t he  

c o r n e r  a n d  e n d  e f f e c t s  we r e  of  t h e  s a me  ma g n i t u d e  f o r  

2 : 1  an d  1 : 1  v a n e s  t h e n  s u b t r a c t i o n  o f  t o r q u e s  a t  f a i 

l u r e  wo u l d  s t i l l  y i e l d  r e a s o n a b l y  a c c u r a t e  v a l u e s  f o r  

p e a k  s h e a r  s t r e n g t h  o n  t he  s i d e  o f  t he  v a n e .  Th i s  i s  

b o r n e  o u t  b y  t h e  e v i d e n c e  p r e s e n t e d .  Ho we v e r  s u b t r a c 

t i o n  o f  t wi c e  t h e  t o r q u e  d i f f e r e n c e  t o g i v e  t h e  e n d  

t o r q u e s  wo u l d  l e a d  t o a n  u n d e r e s t i ma t e  o f  s.  , p a r t i c u 

l a r l y  u s i n g  t h e  u n i f o r m s t r e s s  d i s t r i b u t i o n ,  a n d  t h i s  

wa s  f o u n d  t o o c c u r  f r e q u e n t l y  wi t h  t he  Wi e s e l - Aa s  

a n a l y s i s .  ( Bo t h  a n a l y s e s  s h o u l d  g i v e  i d e n t i c a l  r e s u l t s  

i f  t he t o r q u e s  p e a k  s i mu l t a n e o u s l y . )

Fo r  t he ( M- 0)  a n a l y s i s  t he a s s u mp t i o n  t ha t  t he  f o r m o f  

t he s t r e s s  d i s t r i b u t i o n  o v e r  t he  wh o l e  f a i l u r e  s u r f a c e  

i s  i d e n t i c a l  f o r  v a n e s  o f  d i f f e r e n t  p r o p o r t i o n s ,  a t  

t he  s a me  r o t a t i o n  0,  n e e d s  c l o s e r  i n v e s t i g a t i o n .  Th e  

c u r v e s  f o r  Ya r r a  De l t a  c l a y  s h o w t ha t  t he i n i t i a l  

s e c t i o n s  o f  t h e  M- 0  c u r v e s  a r e  a l mo s t  i d e n t i c a l  an d  

t h e  s o i l  i s  o b v i o u s l y  r e a c t i n g  e l a s t i c a l l y  i n  t h i s  

r e g i o n .  Th e  s t r e s s  d i s t r i b u t i o n s  o f  Fi g .  13 ( a)  wo u l d  

t h e n  a p p l y ,  a n d  a t oo  s ma l l  p r o p o r t i o n  o f  t he  t o t a l  

t o r q u e  wo u l d  b e  a s s i g n e d  t o  t he  s i d e  s he a r ,  l e a d i n g  t o 

e x c e s s i v e  v a l u e s  o f  s ^ .  Th e  s a me  r e ma r k s  a p p l y  t o a 

s l i g h t l y  l e s s e r  d e g r e e ,  t o L a u n c e s t o n  c l ay .

Re f e r e n c e  t o  Fi g .  8 s h o ws  t h a t  t he  d i f f e r e n c e  c u r v e ,  

wh i c h  p u r p o r t s  t o r e p r e s e n t  t h e  t o r q u e  d u e  t o s i d e  

s hear ,  r i s e s  t o t oo  l a r g e  a v a l u e  g i v i n g  t he  i mp o s s i b l e  

s i t u a t i o n  wh e r e  t wi c e  t he  t o r q u e  d i f f e r e n c e  i s  mu c h  

g r e a t e r  t h a n  t he  f u l l  t o r q u e  o n  t he  2 : 1  v a n e .  Th i s  i s  

b e c a u s e  t he  2 : 1  v a n e  s t i l l  h a s  e s s e n t i a l l y  a n  e l a s t i c  

s t r e s s  d i s t r i b u t i o n  wh i l e  t he  1 : 1  v a n e  h a s  a p l a s t i c  

d i s t r i b u t i o n  wi t h  t he  s t r e n g t h  o n  e n d s  a n d  s i d e  we l l  

b e l o w p e ak .  Su b t r a c t i o n  wi l l  i n e v i t a b l y  l e a d  t o  an  

o v e r e s t i ma t e  of  s  , p a r t i c u l a r l y  f o r  b r i t t l e  s o i l s .

Th i s  e f f e c t  a l s o  e x i s t s  t o a l e s s e r  e x t e n t  i n  t he 

L a u n c e s t o n  c l a y  t es t s .

Th e  a p p a r e n t  i n d e p e n d e n c e  o f  t h e  i n i t i a l  s e c t i o n s  of  

t he  M- 0  c u r v e s  on  v a n e  s i z e  o r  g e o me t r y  c a n  be  

e x p l a i n e d  by  St .  Ve n a n t ' s  p r i n c i p l e ,  as  an  a p p r e c i a b l e  

v o l u me  o f  s o i l  i s  b e i n g  d i s t o r t e d  b y  t he  v a n e  a n d  Che 

o v e r a l l  d e f o r ma t i o n s  wi l l  b e  r e l a t i v e l y  i n d e p e n d e n t  o f  

t he d e t a i l e d  ma n n e r  i n  wh i c h  t he  s t r e s s e s  a r e  b e i n g  

t r a n s f e r r e d  f r o m v a n e  t o s o i l .  Th e  M- 0  r e l a t i o n s h i p s  

f o r  t he  s i d e  a n d  e n d  s u r f a c e s  c a n n o t  b e  t r e a t e d  i n d e 

p e n d e n t l y ,  as  t hey  a r e  i n  c u r r e n t  me t h o d s  o f  v a n e  

a n a l y s i s ,  a s  t he s t r a i n s  p r i o r  t o f a i l u r e  a r e  p r e d o mi 

n a n t l y  e l a s t i c  r a t h e r  t h a n  p l a s t i c .  Fo r  e x a mp l e ,  f o r  

Ya r r a  De l t a  c l a y  o v e r a l l  f a i l u r e  r e q u i r e d  r o t a t i o n s  of  

30°  t o 60° ,  b u t  wi t h  t he  t o r s i o n a l  s h e a r  s a mp l e s ,  wh e r e  

s t r a i n s  we r e  c o n f i n e d  t o a t h i n  l ay e r ,  f a i l u r e  o c c u r r e d  

a f t e r  1°  t o  3°  r o t a t i o n .

CONCL USI ONS

A u n i v e r s a l l y  c o r r e c t  me t h o d  f o r  a n a l y s i n g  t he v a n e  

t es t  h a s  y e t  t o b e  d e v e l o p e d .  Th e  s t r e n g t h  on  

v e r t i c a l  s u r f a c e s ,  s  , i s  b e s t  e s t i ma t e d  f r o m t e s t s  on  

t wo  d i f f e r e n t  p r o p o r t i o n s  o f  v an e ,  a n a l y s e d  by  t he 

Wi e s e l - Aa s  me t h o d .  Th e  s t r e n g t h  o n  h o r i z o n t a l  s u r f a c e s  

s^ ,  c a n n o t  b e  e s t i ma t e d  r e l i a b l y  b y  an y  c u r r e n t  me t h o d ,  

u n l e s s  t he  s o i l  i s  i s o t r o p i c  a n d  n o n  wo r k - s o f t e n i n g .

Th e  a n i s o t r o p y  r a t i o ,  s ^ / s ^ ,  ma y  be  e s t i ma t e d  f o r  s o me
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s o i l s  b y  t he Wi e s e l - Aa s  a p p r o a c h ,  b u t  a n i s o t r o p y  i s  

b e t t e r  i n v e s t i g a t e d  u s i n g  o t h e r  t es t s .

A p a r t i a l  e x p l a n a t i o n  o f  v a n e  b e h a v i o u r  ma y  b e  

d e r i v e d  f r o m a t h r e e - d i me n s i o n a l  s t r e s s  a n a l y s i s .

Th i s  a n a l y s i s  n e e d s  t o  b e  e x t e n d e d  t o c o v e r  d i f f e r e n t  

v a n e  p r o p o r t i o n s  and,  i f  p o s s i b l e ,  e l a s t i c - p l a s t i c  

b e h a v i o u r .  I t  s h o u l d  a l s o  i n v e s t i g a t e  s t r e s s  v a r i a 

t i o n s  a r o u n d  t he  c i r c u mf e r e n c e  o f  t h e  s h e a r e d  

c y l i n d e r  b u t  i t  i s  d o u b t f u l  wh e t h e r  t he  c o mp l i c a t i o n s  

i n v o l v e d  wi l l  b e  j u s t i f i e d  b y  a n y  i n c r e a s e d  

u s e f u l n e s s  o f  t he  v a n e  r e s u l t s .
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