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SO MMAIRE 

Une s6r ie  de mesures de l a  resistance au cisaillement avec 
un scissom'etre menCe dans le sous -sol de quatre remblais 
de g6om6trie diffdrente e t  construits su r  les argiles de l a  
mer Champlain pr'es dlOttawa, au Canada, ont domC les 
mbmes valeurs que celles trouvCes avant la  construction. 
D1autre part ,  lea essais  de compression triaxiale en labora- 
toire effectubs su r  des Cchantillons intacts, pr is  en  mBme 
temps que les mesures du scissom'etre ont montr6 une aug- 
mentation definitive de la rCsistance au cisaillement lorsque 
mis & l 'essai  dans des conditions de contraintes comparables 
& celles sous les remblais. Les facteurs qui ont pu contri- 
buer 'a ce dCsaccord sont discutgs. 
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SYNOPSIS A s e r i e s  o f  f i e l d  vane s t r e n g t h  measurements conducted i n  the  s u b s o i l  o f  f o u r  f i l l s  o f  d i f f e r e n t  
geometry and cons t ruc ted  on Champlain Sea c l a y s  n e a r  Ottawa, Canada, gave values  t h e  same as  those  found p r i o r  
t o  cons t ruc t ion .  On the  o t h e r  hand, l abora to ry  t r i a x i a l  compression t e s t s  conducted on undis turbed p i s t o n  
samples taken a t  t h e  same time a s  t h e  vane measurements showed a d e f i n i t e  i n c r e a s e  i n  s h e a r  r e s i s t a n c e  when 
t e s t e d  a t  s t r e s s  cond i t ions  comparable t o  t h e  e f f e c t i v e  s t r e s s e s  e x i s t i n g  under t h e  f i l l s .  The p o s s i b l e  f a c t o r s  
c o n t r i b u t i n g  t o  t h i s  d iscrepancy a r e  d i scussed .  

INTRODUCTION a p a r t  t o  avoid  mutual i n f l u e n c e .  

When s o f t ,  s e n s i t i v e  marine c l a y s  a r e  loaded, s e t t l e -  
ments occur  ove r  long pe r iods  o f  t ime owing i n  p a r t ,  
i t  i s  be l i eved ,  t o  a breakdown i n  s t r u c t u r e  and 
r e s u l t i n g  i n c r e a s e  i n  pore  wa te r  p re s su re  (Crawford 
and Burn, 1976). Under such circumstances s t a g e  
cons t ruc t ion  is  somewhat hazardous i f  used t o  achieve 
a gain  i n  s t r e n g t h  and an i n c r e a s e  i n  s t a b i l i t y  with 
t ime.  A number o f  f i l l s  i n  t h e  Ottawa reg ion  have 
been under obse rva t ion  ove r  a p e r i o d  o f  s e v e r a l  years .  
This pape r  r e p o r t s  some o f  t h e  long- term obse rva t ions ,  
t h e  measured s t r e n g t h s  under the  f i l l s  (u s ing  f i e l d  
and l abora to ry  t echn iques ) ,  and d i scusses  f a c t o r s  
a f f e c t i n g  t h e  measurement o f  s t r e n g t h  when t h e  f i e l d  
vane i s  used. 

A t h i r d  f i l l  i s  l oca ted  a t  Kars Bridge, 40 km south  
o f  Ottawa. This i s  an  approach embankment, b u i l t  i n  
s t a g e s ,  o f  .granular  s o i l .  The f i r s t  l i f t  was placed 
i n  November 1959 t o  a h e i g h t  o f  6 . 1  m and was brought  
t o  i t s  f i n a l  e l e v a t i o n  o f  8 .0  m 20 months l a t e r .  The 
top width o f  t h e  f i l l  is  15.2 m and t h e  s i d e  s lopes  
2 : l .  

SITES AND FILLS 

Four f i l l s  cons t ruc ted  a t  t h r e e  s i t e s  on Champlain 
Sea c l a y s  i n  the  Ottawa region a r e  considered.  The 4 

general  c h a r a c t e r i s t i c s  o f  t h e  s u b s o i l s  involved 
are similar t o  those r e p o r t e d  e a r l i e r  by Crawford 
(1961).  A t  each site, s u b s o i l s  were sampled wi th  t h e  
54-m &a NGI p i s t o n  sampler (Bjerrum, 1954) o r  t h e  
Osterberg 127-mrn dia  sampler (Osterberg,  1952). E a 
Routine c l a s s i f i c a t i o n ,  t r i a x i a l  and conso l ida t ion  
t e s t s  were c a r r i e d  o u t ;  and t h e  r e s u l t s ,  t o g e t h e r  

I 
,- 0. 

with  the  a p p l i e d  v e r t i c a l  p r e s s u r e s ,  a r e  summarized ", 
0 

i n  Figures  1 t o  3.  The f i l l s  were ins t rumented 
e x t e n s i v e l y  and some o f  t h e  measurements were 1 2  

r e p o r t e d  elsewhere (Eden and Poorooshasb, 1968; 
Bozozuk and Leonards , 1972) . 
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Two f i l l s  were cons t ruc ted  i n  the  f a l l  o f  1967 n e a r  
South Gloucester ,  21 km s o u t h - e a s t  o f  Ottawa, Canada. 

1 b 

One, a t e s t  embankment cons t ruc ted  i n  an  excavat ion 
1 . 2  m deep, i s  a g r a n u l a r  f i l l  3 . 7  m h igh ,  9 .2  m 
wide and 36.6 m long a t  t h e  top,  wi th  1 .5 : l  s i d e  
s lopes .  A p lane  s t r a i n  cond i t ion  p r e v a i l s  a t  i t s  20 

middle s e c t i o n  where t h e  bulk  o f  t h e  in s t rumen ta t ion  
was i n s t a l l e d .  The second f i l l ,  b u i l t  o f  m a t e r i a l s  
f r o m  t h e  e x c a v a t i o n ,  is  c i r c u l a r ,  about 2.4 m 
h igh and 22.4 m i n  d iameter  a t  t h e  top,  wi th  1 .5 : l  
s i d e  s lopes .  The two f i l l s  were s u f f i c i e n t l y  f a r  Figure  1 Geotechnical P r o f i l e  a t  Gloucester  
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Figure 2 Geotechniczl  P r o f i l e  a t  Kars Bridge 

The fou r th  f i l l  i s  s i t u a t e d  about 6 .5  km e a s t  o f  t h e  
Glouces ter  s i t e  on Boundary Road where i t  c ros ses  
Highway 417. This was cons t ruc t ed  i n  June 1970 as  a  
two-level t e s t  embankment wi th  he igh t s  o f  2 .7  and 
4 . 3  m,  r e spec t ive ly .  I t  was graded a  y e a r  l a t e r  t o  
form an approach f i l l  with a  maximum he igh t  o f  4 . 3  m. 
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Figures 4  t o  6 show t h e  v e r t i c a l  compression and 
excess pore  p re s su re  measured i n  t h e  s o i l  formations 
i n  which t h e  imposed load exceeded t h e  preconsol ida-  

t i o n  p re s su re  below t h e  c e n t r e l i n e  o f  t h e  f i l l s .  
S u b s t a n t i a l  compression (4 t o  8 p e r  cen t )  has  t aken  
p l ace ,  wi th  t he  a c t u a l  amount depending on t h e  
i n t e n s i t y ,  geometry, and du ra t ion  o f  loading. These 
a r e  s i m i l a r  t o  those  observed beneath t h e  shou lde r  of 
t he  f i l l s .  The r a t i o s  o f  s u r f a c e  s e t t l e m e n t  below 
the  shou lde r  t o  t h a t  below t h e  c e n t r e  a r e  62  p e r  c e n t  
a t  t he  Glouces ter  c i r c u l a r  f i l l ,  9 2  p e r  c e n t  a t  Kars 
Bridge and 86 pe r  c e n t  a t  t h e  Boundary Road. 

Excess pore  water  p re s su re  g e n e r a l l y  developed 
immediately on loading.  Following cons t ruc t ion ,  i t  
d i s s i p a t e d  r e l a t i v e l y  rapid1 y  a t  f i r s t ,  t hen  slowly 
dropped t o  a  value o f  l e s s  than 1  m o f  wa te r  head. 
This r e s u l t e d  i n  a  v e r t i c a l  e f f e c t i v e  s t r e s s  exceed- 
i n g  the  p reconso l ida t ion  p r e s s u r e  i n  a l l  cases .  

FIELD VANE SilEAR TESTS UNDER FILLS 

During 1974 and 1975, s e r i e s  o f  f i e l d  vane t e s t s  were 
performed a t  t h e  f o u r  f i l l s .  A t  Glouces ter ,  one 
bo r ing  was made through the  c e n t r e  o f  t h e  t e s t  
embankment and t h r e e  were made through the  c i r c u l a r  
f i l l  a t  varying d i s t ances  from t h e  c e n t r e .  A t  t h e  
approach embankment o f  Kars Bridge two vane bor ings  
were performed through the  shou lde r  where t h i cknesses  
o f  f i l l  were 7.9 and 5 . 2  m, r e spec t ive ly .  The induced 
s t r e s s e s  a t  t he se  l oca t ions  were s i g n i f i c a n t l y  
d i f f e r e n t .  For undrained cond i t i ons  ( sho r t -  term 
loading) no zone o f  l o c a l  f a i l u r e  ( r eg ion  i n  which 
the  s o i l  i s  s t r a i n e d  beyond t h e  peak s t r e n g t h )  was 
de t ec t ed  i n  the  lower s e c t i o n ,  b u t  an ex t ens ive  zone 
was found beneath the  h ighe r  s e c t i o n  (Law, 1974). 
The l a s t  vane bo r ing  was c a r r i e d  o u t  through t h e  
shoulder  o f  t he  Boundary Road f i l l  a t  a  s e c t i o n  where 
t h i ckness  was about 3 . 0  m .  

The r e s u l t s  o f  t h e  vane t e s t s  a r e  shown i n  Figures  7  
t o  9.  Also p l o t t e d  on these  f i g u r e s  a r e  t h e  pre- 
cons t ruc t ion  i n  s i t u  f i e l d  vane s t r e n g t h s  measured 
wi th  the  same equipment. In genera l .  t h e r e  i s  l i t t l e  
d i f f e r e n c e  between the  two s e t s  o f  r e s u l t s ,  implying 
t h a t  t h e  sus t a ined  loading and r e s u l t i n g  l a r g e  
compression d id  n o t  e f f e c t  t h e  s h e a r  s t r e n g t h  o f  t h e  
s o i l .  

Figure 3  Geotechnical  P r o f i l e  a t  Boundary Road For t h e  c i r c u l a r  f i l l  a t  Glouces ter  t h e r e  was no 
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Figure 4 Records of Settlement and Excess Pore Water 
Pressure Under Centrel ine o f  the  F i l l s  a t  Gloucester 
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Figure 6 Settlement and Excess Water Head 
Under Shoulder of  Embankment a t  Boundary Road 
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Figure 7  F i e l d  Vane S t r eng ths  a t  Gloucester (All  
Tes t s  Restored t o  Pre-const ruct ion 
Elevat ions)  

0 BENEATH 7 9 m F l l l .  
I 6  Y E I R S  AFTER P L A C E M E N T  1 

Figure 8 F ie ld  Vane S t r eng ths  Under Kars Bridge F i l l  
(All  Tes ts  Restored t o  Pre-const ruct ion 
Elevat ions)  

appreciable  d i f f e rence  i n  measured shea r  s t r e n g t h  
beneath t h e  c e n t r e  and the  shoulder ,  implying t h a t  t h e  
r o t a t i o n  o f  p r i n c i p a l  s t r e s s e s  beneath the  shoulder  
d i d  no t  change t h e  vane s t r eng th .  A t  Kars Bridge 
a l s o ,  t he  r e s u l t s  i n d i c a t e  no change i n  undrained 
shea r  s t r e n g t h ,  whether o r  not  l oca l  f a i l u r e  
condi t ions  e x i s t .  

TRIAXIAL COMPRESSION TESTS 

A program o f  undrained t r i a x i a l  compression t e s t s  was 
c a r r i e d  ou t  on the  s o i l s  from Kars Bridge and 
Gloucester.  There were t h r e e  s e r i e s  o f  t e s t s :  
(1) CIU and CAU t e s t s  performed a t  d i f f e r e n t  consol i -  
da t ion  p res su res  on undisturbed samples obta ined p r i o r  
t o  cons t ruc t ion  (pre-const ruct ion s o i l s ) ;  (2) same a s  
(1) except  on undis turbed s o i l  samples taken from 
under the  f i l l s  (post -const ruct ion s o i l s )  a t  t he  time 
o f  vane shea r  t e s t i n g ;  (3)  CAU t e s t s  performed on 
post -const ruct ion s o i l  samples conso l ida ted  t o  s t r e s s  
condi t ions  comparable t o  those  e x i s t i n g  under the  
f i l l s .  The r e s u l t s  o f  the  t e s t s  a r e  shown i n  Figures  
10 t o  12. 

The s t r e n g t h  envelope depic ted i n  Figures 10 and 11 i s  
s i m i l a r  t o  t h a t  descr ibed by Eden and J a r r e t t  (1971). 
I t  has a  pronounced curve a t  low e f f e c t i v e  p res su res  
and i s  l i n e a r  a t  h ighe r  p res su res .  This envelope 
remains p r a c t i c a l l y  unchanged f o r  the  post -const ruc-  
t i o n  s o i l .  

The undrained s t r eng ths  deduced from the  f i e l d  vane 
and t r i a x i a l  t e s t s  corresponding t o  p re -cons t ruc t ion  
and 1975 condi t ions  a r e  shown on Figures 10 and 11.  A 
s i z a b l e  s t r e n g t h  inc rease  can be noted from the  
t r i a x i a l  t e s t s .  

A f u r t h e r  comparison o f  the  t r i a x i a l  s t r eng ths  o f  t he  
Kars Bridge s o i l  i s  presented i n  Figure 12. Resul ts  

F I E L D  V A N E  S T R E N G T H .  k g i c m 2  

- P R I O R  TO C O N S T R U C T I O N  

o 5 Y E A R S  AFTER P L A C E M E N 1  

Figure 9  F i e l d  Vane S t r eng ths  Under Boundary Road 
F i l l  (All  Tes ts  Restored t o  Pre-const ruct ion 
Elevat ions)  
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Figure  11 S t r eng th  Envelope f o r  S o i l  Layer Between Depths 7.0 m and 11 .3  m (Kars) 

a r e  shown o f  CIU t e s t s  on t h e  p re -  and pos t -  
cons t ruc t ion  s o i l s  a t  va r ious  depths ,  bo th  conso l i -  
da t ed  t o  t h e  same p res su re  c l o s e  t o  the  e f f e c t i v e  

Figure  12 Comparison o f  Shear  S t r e n g t h s  o f  Pre- and 
Pos t-cons t r u c t i o n  S o i l s  (Kars) 

overburden load.  A d i s t i n c t  s t r e n g t h  i n c r e a s e  may 
again  be  observed. 

DISCUSSION 

To re so lve  t h e  ques t ion  o f  whether t h e r e  is  any 
s t r e n g t h  i n c r e a s e  beneath f i l l s ,  two more observa- 
t i o n s  may be  noted.  (1) There i s  a marked reduct ion 
i n  mois ture  con ten t  i n  the  s u b s o i l  beneath the  f i l l s .  
This  r educ t ion  is  compatible wi th  the  observed 
compression (Table I ) ,  i n d i c a t i n g  t h a t  l a t e r a l  

TABLE I COMPARISON OF OBSERVED 

AND DEDUCED COMPRESSIONS 

Compression 
deduced from 

Observed change of 
Depth Compression water  con ten t  

S i t e  m p e r  c e n t  p e r  c e n t  

Gloucester  2.4 t o  5.0 5.20 4.64 

Kars 7.6 t o  10.7  8.14 7.72 



y ie ld ing  had l i t t l e  influence on conpression. The 
subso i l s  beneath the  f i l l s  had reached, t he re fo re ,  a 
denser s t a t e .  (2) Based on measurement o f  l a t e r a l  
p re s su re  beneath the  Gloucester  t e s t  embankment 
(Bozozuk, 1974), t h e  deduced maximum shea r  s t r e s s  
exceeded the  vane s t r e n g t h  down t o  a depth of  5 . 3  m. 
A t  3 m f o r  i n s t ance ,  shea r  s t r e s s  i s  50 pe r  cen t  i n  
excess o f  vane s t r e n g t h .  These observat ions  tend t o  
throw add i t iona l  suppor t  t o  the  b e l i e f  t h a t  t h e r e  i s  
a c t u a l l y  a s t r e n g t h  i n c r e a s e .  

Reasons why the  f i e l d  vane f a i l e d  t o  measure any 
s t r e n g t h  gain  inc lude :  

(1) E s s e n t i a l l y ,  t he  f i e l d  vane measures shea r  
r e s i s t a n c e  along a v e r t i c a l  p l ane ,  which corresponds 
t o  t he  s t r e n g t h  o f  a ho r i zon ta l  specimen (Lo and 
Milligan, 1967).  As t h e  s o i l  d i sp lays  s t r e n g t h  
anisot ropy (Mitchel l ,  1970). t h e r e  may n o t  be an 
inc rease  of s t r eng th  along the  v e r t i c a l  p l ane  wi th in  
the  v e r t i c a l  p re s su re  i n t e n s i t y  encountered i n  these  
cases .  

( 2 )  By recogniz ing t h a t  vane s t r e n g t h  corresponds t o  
t h a t  a long a v e r t i c a l  p l ane ,  one can argue t h a t  t h e  
s t r e n g t h  change depends l a r g e l y  on the  change i n  
e f f e c t i v e  ho r i zon ta l  p re s su re ,  A u ~ .  Bozozuk (1974) 
showed by means of hydraul ic  f r a c t u r e  t e s t s  t h a t  Au{ 
i s  approximately equal t o  zero beneath the Gloucester  
t e s t  embankment. Numerical analyses  r evea l  t h a t  under 
the  o t h e r  f i l l s  t h e  f i n a l  e f f e c t i v e  ho r i zon ta l  
p re s su re  i s  l e s s  than 60 p e r  c e n t  o f  t he  v e r t i c a l  
p reconso l ida t ion  p res su re .  Hence, i n  a l l  t hese  cases  
Au,', i s  r a t h e r  small .  This may l a r g e l y  exp la in  the  
anomaly between t r i a x i a l  and vane s t r e n g t h s .  

(3) Pre l iminary  numerical analyses  c a r r i e d  o u t  f o r  
t h i s  s tudy  show t h a t  i n t r u s i o n  o f  t h e  vane b lade  i n t o  
t h i s  p a r t i c u l a r  s o i l  induces a s h e a r  s t r a i n  t h a t  can 
exceed t h e  s t r a i n  a t  f a i l u r e  along the  p rospec t ive  
c y l i n d r i c a l  f a i l u r e  s u r f a c e .  Thus the  vane would 
measure a s t r eng th  in t e rmed ia t e  between t h e  peak and 
the  r e s i d u a l .  How t h i s  i n t e rmed ia t e  s t r e n g t h  v a r i e s  
with conf ining p res su re  i s  not  c l e a r ,  b u t  i t  would 
con t r ibu te  t o  the  observed discrepancy. 

CONCLUSIONS 

F i e l d  and l abora to ry  measurements o f  shea r  s t r e n g t h  
under fou r  f i l l s  cons t ruc ted  on Champlain Sea c l ays  
l ead  t o  t h e  following conclus ions:  

(1) F ie ld  vane s t r e n g t h  does n o t  change with (a)  time 
up t o  16 years  a f t e r  placement o f  f i l l ;  (b) loading 
geometry corresponding t o  e i t h e r  p lane  s t r a i n  o r  
axisymmetric cond i t ions ;  (c) load i n t e n s i t y  t o  values  
moderately beyond t h e  p reconso l ida t ion  p res su re ;  
(d) r o t a t i o n  o f  p r i n c i p a l  s t r e s s e s  e x i s t i n g  beneath 
t h e  shoulder  of  f i l l .  

(2) T r i a x i a l  t e s t s  show t h a t  t h e r e  has  been s t r e n g t h  
inc rease  beneath the  f i l l s .  

(3) Fie1 d evidence and pre l iminary  analyses  suppor t  
t h e  view t h a t  t he re  i s  s t r e n g t h  gain  under sus t a ined  
loading.  
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