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FOREWORD 

T h i s  Annual  R e p o r t  i s  a  summary o f  t h e  a c t i v i t i e s  o f  
C a n a d i a n  members o f  t h e  I n t e r n a t i o n a l  S o c i e t y  o f  S o i l  Mechanic  s 
and F o u n d a t i o n  E n g i n e e r i n g ,  f o r  t h e  p e r i o d  J u l y  1 9 5 8  t o  
.June 1959 .  

It  i s  p u b l i s h e d  f o r  t h e  p u r p o s e  o f  k e e p i n g  C a n a d i a n s  
i n fo rmed  o f  t h o s e  s o i l  m e c h a n i c s  i n v e s t i g a t i o n s  which a r e  
b e i n g  c o n d u c t e d  i n  t h e i r  own c o u n r t y .  I n  t h i s  way, it w i l l  
a s s i s t  i n  overcoming  t h e  n a t u r a l  h a n d i c a p  o f f e r e d  by  t h e  wide-  
s p r e a d  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  s o i l  m e c h a n i c s  work i n  
Canada ,  It w i l l  s upp lemen t  t h e  Annual  C a n a d i a n  S o i l  Mechan ic s  
C o n f e r e n c e ,  w h i c h  h a s  now b e e n  h e l d  f o r  t w e l v e  y e a r s  u n d e r  t h e  
a u s p i c e s  o f  t h o  A s s o c i a t e  Commit tee  o n  S o i l  and Snow Mechan ic s .  

T h i s  r e p o r t  i n  p r i n c i p l e  d o e s  n o t  i n c l u d e  r e p o r t s  o n  
r o u t i n e  work of  t h e  members o f  t h e  S o c i e t y .  It i s  d i f f i c u l t ,  
however ,  t o  d i s t i n g u i s h  i n  t h e  a n n u a l  r e p o r t s  o f  i n d i v i d u a l  
members on which t h i s  r e p o r t  i s  b a s e d  be tween  r o u t i n e  and non- 
r o u t i n e  work ,  It  i s  p r o b a b l e ,  t h e r e f o r e ,  t h a t  some o f  t h e  work 
n o t e d  was o f  a  r o u t i n e  n a t u r e  b u t  was c o n s i d e r e d  w o r t h  i n c l u d i n g  
b e c a u s e  o f  p o s s i b l e  g e n e r a l  i n t e r e s t .  B r e v i t y  i n  r e p o r t i n g  
t h e  work h a s  b e e n  a t t e m p t e d .  
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1, SQEL PROPERTIES AND THEIR MEASUREMENT 

HoGoAcres  & Com~anv  Limited:  

[ a )  Cont inued s t u d y  o f  s h e a r  s t r e n g t h  and c o m p r e s s i b i l i t y  
c h a r a c t e r i s t i c s  o f  s a t u r a t e d  and u n s a t u r a t e d  c l a y s ,  i n c l u d i n g  
t h e  e f f e c t  o f  n e g a t i v e  pore  p r e s s u r e s  on s h e a r  s t r e n g t h  pa r ame te r s ,  
i n  connec t i on  w i t h  t h e  d e s i g n  and c o n s t r u c t i o n  o f  e a r t h  dams, 

( b )  T r i a x i a l  t e s t i n g  o f  c o r e  samples from permanent ly  
f r o z e n  i n o r g a n i c  c l a y  and s i l t  f o r  t h e  d e t e r m i n a t i o n  o f  s t r e n g t h  
and c o n s o l i d a t i o n  c h a r a c t e r i s t i c s ,  T r i a x i a l  c o n s o l i d a t i o n  
t e s t s  were c a r r i e d  o u t  under  Kg c o n d i t i o n s .  The r e s u l t s  o f  t h e  
t e s t s  were used  f o r  t h e  a n a l y s l s  o f  s t a b i l i t y  and s e t t l e m e n t  o f  
dykes  on pe rmaf ro s t  founda t l .ons .  

( c )  Examinat ion o t  t h e  p r o p e r t i e s  o f  a n o r t h o s i t e  rock  w i t h  
r e s p e c t  t o  u s a b i l i t y  i n  a  r o c k - f i l l  dam. 

A s e r i e s  o f  c r i t i c a l  vo id  r a t i o  t e s t s  was performed on 
c l e a n  sand from t h e  McMurray t a r  sand d e p o s i t s o  It was 
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  Casagrande c r i t i c a l  vo id  r a t i o  
o b t a i n e d  c o r r e l a t e d  w i t h  t h e  vo id  r a t i o  o f  a  s m a l l  p i l e  o f  t h e  
same m a t e r i a l  i n  a  s a t u r a t e d  c o n d i t i o n ,  which became quick  when 
submi t t ed  t o  v i b r a t i o n s ,  The l a t t e r  vo id  r a t i o  was de te rmined  
on t h e  b a s i s  of  m o i s t u r e  c o n t e n t  i n  a  s a t u r a t e d  s t a t e .  

Con t i nu ing  measurement o f  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  
a t  Norman W e l l s ,  NoW.To, i n  co -ope ra t i on  w i t h  t h e  D i v i s i o n  o f  
B u i l d i n g  Resea r ch ,  N a t i o n a l  Research  C o u n c i l ,  and a t  Kapuskasing 
i n  co-opera t  i o n  w i  t h  t h e  Dominion Experiment  S t  a t i o n .  

A s t u d y  o f  t h e  m i n e r a l o g i c a l  compos i t ion  o f  sands  i n  
Sou the rn  O n t a r i o  by ( ~ r s , )  C a r y l  D e l l ,  The f i r s t  p a r t  o f  t h i s  
h a s  been completed .  

S tudy  o f  e f f e c t  o f  t ime  and s t r e s s  on s t r a i n  and f a i l u r e  
o f  c l a y s ,  

S tudy  o f  r e l a t i v e  d e n s i t y  of low N g l a c i a l  t i l l .  



Study  o f  fundamenta l  p r o p e r t i e s  of  some O n t a r i o  c l a y s  
w i t h  emphasis on t h f  xo t ropy ,  

Div i , s ion  o f  Bu i l d inq  Resea r ch ,  N a t f o n a l  Research  Counc i l :  

On a  s e n s i t i v e  mar ine  c l a y  t r f a x i a l  compression t e s t s  
were c a r r i e d  o u t  w i t h  po re  p r e s s u r e  measurements,  i n  o r d e r  t o  
o b t a i n  t y p i c a l  s h e a r  s t r e n g t h  pa r ame te r s  i n  t e rms  of  e f f e c t i v e  
s t r e s s e s ,  These t e s t s  showed t h a t  t h e  r a t e  of  s t r a i n  had a 
c o n s i d e r a b l e  i n f l u e n c e  on t h e  f a i l u r e  s t r e s s  and on t h e  pore  
p r e s s u r e  a t  f a i l u r e .  The s h e a r  s t r e n g t h  pa r ame te r s  were 
t h e r e f o r e  a f f e c t e d  by t h e  r a t e  o f  s t r a i n ,  A pape r  ha s  been 
submi t t ed  t o  ASTM, 

A s e r i e s  of  c o n s o l i d a t i o n  t e s t s  h a s  been done i n  o r d e r  t o  
a s s e s s  t h e  i n f l u e n c e  of v a r i a t i o n s  i n  t e s t  p rocedu re ,  I n  
a d d i t i o n  t o  t h e  u s u a l  i n c r e m e n t a l  l o a d i n g  t e c h n i q u e ,  a  number o f  
t e s t s  were c a r r i e d  o u t  u s i n g  c o n s t a n t  r a t e  of  s t r a i n  a p p l i c a t i o n  
and c o n s t a n t  r a t e  of  s t r e s s  i n c r e a s e ,  The p r e c o n s o l i d a t i o n  
l oad  was found t o  be  c o n s i d e r a b l y  i n f l u e n c e d  by t h e  method of  
t e s t i n g ,  A paper  on t h i s  w a s  p r e s e n t e d  t o  ASTM, 

P r e l i m i n a r y  l a b o r a t o r y  t e s t s  t o  a s s e s s  s t r e n g t h  r e g a i n  
w i t h  t ime  a f t e r  remoulding were made, Based on t h e s e  t e s t  
r e s u l t s  a more e x t e n s i v e  programme h a s  been unde r t aken .  

Labora to ry  t e s t s  t o  s t u d y  volume change/water  c o n t e n t  
r e l a t i o n s h i p s ,  volume change r e v e r s i b i l i t y ,  l i n e a r  and vo lume t r i c  
shrinkage and s w e l l i n g  p r e s s u r e s  a r e  c o n t i n u i n g .  

Work o n  varved c l a y s  h a s  i n c l u d e d  a  comparison o f  f i e l d  
vane and l a b o r a t o r y  s t r e n g t h  t e s t s  r e s u l t s ,  t h e  a n a l y s i s  of a  
road f i l l  f a i l u r e  o v e r  varved c l a y  and some s e t t l e m e n t  o b s e r v a t i o n s o  

L i t e r a t u r e  on t h e  t e c h n i q u e  of  measur ing s o i l  m o i s t u r e  
s u c t i o n  and t h e  a p p l i c a t i o n  of  t h e s e  measurements t o  e n g i n e e r i n g  
problems was reviewed and pub l i shed  i n  ASTM Proceed ings .  

C o r r e l a t i o n  o f  t h e  one-po in t  l i q u i d  l i m f t  t e s t  w i th  t h e  
s t a n d a r d  t e s t  was made f o r  s e v e r a l  hundred samples  and t h e  r e s u l t s  
p r e s e n t e d  t o  ASTM, 

O b s e r v a t i o n s  o f  t h e  e f f e c t  o f  l and  c l e a r i n g  on pe rmaf ro s t  
c o n d i t i o n s  were made a t  F o r t  Simpson i n  a r e a s  where t h e  land 
c l e a r i n g  d a t e s  a r e  known and some ex tend  back t o  t h e  N ine t een th  
Cen tury .  The i n v e s t i g a t i o n s  i n i t i a t e d  l a t e  i n  August 1958 
c o n s i s t e d  o f  d r i l l i n g  t h i r t y  b o r e h o l e s  ( ave r age  dep th  - 25 f e e t )  
a t  v a r i o u s  l o c a t i o n s  th roughout  t h e  i s l a n d  on which t h e  town i s  
l o c a t e d ,  O b s e r v a t i o n s  were made on t h e  dep th  o f  p e r m a f r o s t ,  
t e r r a i n  f e a t u r e s ,  s o i l  t y p e s  and i c e  c o n t e n t s ,  



Ecole  Po ly techn iaue :  

Mapping o f  p l e f s t o c e n e  d e p o s i t s  i n  t h e  C i t y  o f  Mont rea l  
i n c l u d e  some p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  main d e p o s i t s e  
( ~ h e s i  s by S o  Hode ~ e y s e r )  . 

S h e a r i n g  p r o p e r t i e s  o f  compacted t i l l ,  

Research  con t i nued  on cohes ion  and c o m p r e s s i b i l i t y  
c o n d i t i o n s  of  c l a y s  a s  r e l a t e d  t o  doub le  l a y e r  d a t a ;  subsequen t  
r e s e a r c h  on s t a b i l i z a t i o n  of  n a t u r a l  cohes ive  s o i l s  and a r t i f i c i a l  
g r a n u l a r  f i l l s  by adding f i l l e r s  and n a t u r a l  d e p o s i t s .  

( a )  S tudy  o f  l a t e r a l  p r e s s u r e s  s e t  up i n  s t a c k s  o f  
pulpwood t o  de t e rmine  t h e  e f f e c t  o f  p r e s s u r e s  
induced t h e r e b y  on a d j a c e n t  f o u n d a t i o n s .  

( b )  S t u d i e s  o f  s e t t l e m e n t s  r e s u l t i n g  from t h e  thawing 
o f  pe rmaf ro s t .  

I n  connec t i on  w i t h  proposed c o n s t r u c t i o n  o f  a  permanent 
t o w n s i t e ,  t h e  Department o f  P u b l i c  Works h a s  r e c e n t l y  under taken  
a s e r i e s  o f  t e m p e r a t u r e  r e a d i n g s  i n  t h e  pe rmaf ro s t  s o i l  a t  
F r o b i s h e r  Bay, N.W.T. The maximum d e p t h  from which r e a d i n g s  
were o b t a i n e d  was e i g h t y - f i v e  f e e t  below ground s u r f a c e .  
Thermocouples w i t h  p o t e n t i o m e t e r  were used  t o  o b t a i n  t h e  
t e m p e r a t u r e  r e a d i n g s ,  

Have completed a  p r e l i m i n a r y  r e p o r t  o f  s o i l  c o n d i t i o n s  
and review o f  geology o f  t h e  Kings ton  a r e a .  Repor t  i s  t i t l e d  
"Geology and t h e  Eng inee r i ng  P r o p e r t i e s  of  S o i l s  i n  t h e  Kings ton  
Arean 

W o  K a l b f l e i s c h :  

The bogland s o i l s  o f  Newfoundland a r e  o f  r e l a t i v e l y  r e c e n t  
g e o l o g i c a l  f o rma t ion  and do no t  have t h e  same c h a r a c t e r i s t i c s  
a s  bog o r  p e a t  s o i l s  of  I r e l a n d .  These s o i l s  have an o r g a n i c  
c o n t e n t  o f  a lmost  100 p e r c e n t .  

S p e c i a l  a t t e n t i o n  i s  be ing  g i v e n  t o  methods o f  d r a i n a g e  
o f  t h e s e  s o i l s  and t o  t h e  d e s i g n  o f  equipment f o r  t h i s  purpose ,  



D i t c h e s  1% f e e t  wide  and 2 f e e t  d e e p  c u t  w i t h  c o n v e n t i o n a l  
V-plows w i l l  c l o s e  i n  a lmost  c o m p l e t e l y  i n  2 t o  4 y e a r s  due  t o  
s o i l  f low,  Moreover,  s p o i l  banks  from V-plow d i t c h e s  r e s t r i c t  
s u r f a c e  d r a i n a g e ,  

A s  an a l t e r n a t i v e ,  c i r c u l a r  r o t a r y  b l a d e  d i t c h e r s  a r e  b e i n g  
d e s i g n e d  f o r  t e s t  purposes ,  The s o i l  b e a r i n g  c a p a c i t y  o f  about  
1& pounds p e r  s q u a r e  i n c h  i s  a  c r i t i c a l  f a c t o r  i n  machinery  d e s i g n ,  

Wate r  l e v e l  r e c o r d s  a r e  b e i n g  s e c u r e d  i n  r e l a t i o n  t o  t h e  
d e p t h  and s p a c i n g  o f  d i t c h e s .  Crops  can  be  r e a s o n a b l y  s u c c e s s f u l l y  
produced on t h e s e  s o i l s  when t h e  w a t e r  t a b l e  i s  6  t o  1 2  i n c h e s  
below t h e  s u r f a c e ,  Due t o  t h e  h i g h  w a t e r  t a b l e  and s o f t  s o i l  
c o n d i t i o n s ,  a g r i c u l t u r a l  t i l l a g e  and h a r v e s t i n g  equipment a l s o  
p r e s e n t  problems i n  t h e  u t i l i z a t i o n  o f  bogland s o i l s ,  

J o A o K n i  q h t  2 

Sponsor ing  u n i v e r s i t y  r e s e a r c h  on t h e  e f f e c t  o n  b a s e  
exchange o f  ca lc ium c h l o r i d e  on i l l i t e  c l a y  found i n  t h e  Ot tawa 
V a l l e y ,  R e p o r t  e x p e c t e d  i n  1960. 

D r ,  W ,H.Mathews 

With Drs, JoR.MacKay and B,S.MacNeish - a n a l y s i s  o f  d a t a  
on a r c t i c  s o i l s  a t  t h e  E n g i g s t c i a k  a r c h a e o l o g i c a l  s i t e ,  Yukon 
T e r r f t o r y ,  and t h e  p r e p a r a t i o n  o f  a  r e p o r t  e n t i t l e d  "Geology o f  
t h e  E n g i g s t c i a k  A r c h a e o l o g i c a l  S i t e n  d e a l i n g  w i t h  t h e  o v e r t u r n i n g  
o f  t h e  a c t i v e  l a y e r  i n  an A r c t i c  envi ronment ,  

Resea rch  h a s  been s t a r t e d  on an i n v e s t i g a t i o n  o f  t h e  s k i n  
f r i c t i o n  between c l a y s  and c o n s t r u c t i o n  m a t e r i a l s .  Undra ined 
d i r e c t  s h e a r  t e s t s  a r e  b e i n g  made w i t h  v a r i o u s  c l a y s  and c o n c r e t e ,  
s t e e l  and wood h a v i n  d i f f e r e n t  s u r f a c e  c o n d i t i o n s   a aster's 
t h e s i s  by ~ . ~ . D e ~ o r ~ q .  

L a b o r a t o r y  s t u d i e s  o f  t h e  r e l a t i o n s h i p  between t h e  impact  
e n e r g y  p e r  blow and t h e  compaction o f  d r y  and m o i s t  sand have  
been c o n t i n u e d ,  (Resea rch  by V . E . ~ a u g h a n ) .  

Due t o  t h e  economic s i g n i f i c a n c e  o f  r e l a t f v e  d e n s i t y  
d e t e r m i n a t i o n  s t u d i e s  by Gibbs  and H o l t z   o on don Conf , )  a  l o c a l  
s t u d y  of  r e l a t i v e  d e n s i t i e s  was i n i t i a t e d  a s  g roup  d i s c u s s i o n  and 
l a t e r  e x p e r i m e n t a l  i n v e s t i g a t i o n  was made i n  till s o i l s ,  



P r e c o n s o l i d a t i o n  was a l s o  s t u d i e d  i n  g r o u p  d i s c u s s i o n s  
w i t h  emphas i s  on  methods  o f  d e t e r m i n a t i o n  o f  p r e c o n s o l i d a t i o n  
l o a d  and o f  e s t i m a t i n g  s e t t l e m e n t s  f o r  l o a d s  l e s s  t h a n  t h e  
p r e c o n s o l i d a t i o n  l o a d ,  

The r e l a t i o n s h i p  o f  s t r e n g t h  o f  c l a y  s o i l s  t o  t i m e  was 
s t u d i e d  by means o f  t r i a x i a l  t e s t s  a t  v e r y  s l o w  l o a d i n g  r a t e s o  

S t u d i e s  a r e  c o n t i n u i n g  on t h e  s h e a r  s t r e n g t h ,  s w e l l i n g  and 
c o n s o P i d a t i o n  c h a r a c t e r i s t i c s  o f  h i g h l y  p l a s t i c  c l a y s ,  c l a y  
s h a l e s  and compacted c l a y s ,  

Racey ,  hlaccallum and A s s o c i a t e s  L i m i t e d  

I n f o r m a t i o n  i s  b e i n g  g a t h e r e d  o n  t h e  g e o t e c h n i c a l  p r o p e r t i e s  
of  t h e  Leda c l a y  i n  an e f f o r t  t o  s e e  i f  any  s t a t i s t i c a l  i n t e r -  
r e l a t i o n  be tween i t s  p r o p e r t i e s  e x i s t s ,  

A d e t a i l e d  s t u d y  o f  t h e  d e f o r m a t i o n  p r o p e r t i e s  o f  c l a y  
d e p o s i t s  n e a r  F o r t  W i l l i a m ,  O n t a r i o ,  i s  b e i n g  c a r r i e d  o u t  i n  t h e  
t r i a x i a l  c o m p r e s s i o n  a p p a r a t u s  u t i l i z i n g  a  p o r e  p r e s s u r e  
m e a s u r i n g  d e v i c e  which  h a s  been  c o n s t r u c t e d  i n  a c c o r d a n c e  w i t h  
t h e  b a s i c  d e s i g n  o f  B i shop  and H e n k e l ,  It i s  hoped t h a t  t h e  
s t u d y  may a l s o  be  e x t e n d e d  t o  i n c l u d e  t h e  c l a y  d e p o s i t s  from 
t h e  s o u t h - w e s t e r n  r e g i o n s  o f  O n t a r i o ,  

A means o f  d i s t i n g u i s h i n g  o r i g i n  o f  p h y s i o g r a p h i c  
difference between c e r t a i n  g i v e n  a r e a s  o f  o r g a n i c  t e r r a i n  by 
r e f e r e n c e  t o  m i c r o s c o p i c  i n d i c e s  i n  t h e  p e a t  o f  t h e  t e r r a i n  
h a s  been  r e p o r t e d  on a t  t h e  a n n u a l  m e e t i n g  o f  t h e  Roya l  S o c i e t y  
o f  Canada - p a p e r  u n d e r  t h e  a u t h o r s h i p  o f  N,W,Radforth and 
L . S . S u g u f t a n ,  

A ,  Rutka :  

It i s  hoped t o  d e v e l o p  an  e n g i n e e r i n g  c h a p t e r  f o r  e a c h  s o i l  
s u r v e y  r e p o r t  p r e p a r e d  by t h e  Depar tment  o f  A g r i c u l t u r e o  Samples  
o f  a l l  s o i l  t y p e s  a r e  now b e i n g  t a k e n  f o r  P e e l  C o u n t y ,  O n t a r i o .  

S t ,  Lawrence Seaway A u t h o r i t y :  

An i n v e s t i g a t i o n  o f  t h e  s e t t l e m e n t  o f  g r a n u l a r  f i l l s  was made, 
T i m e - s e t t l e m e n t  c u r v e s  were  d e r i v e d  from f i e l d  o b s e r v a t i o n s  o f  



f i l l s  o f  g l a c i a l  t i l l  and b roken  s h a l e ,  l i m e s t o n e  and s a n d s t o n e ,  
p l a c e d  under  a  v a r i e t y  o f  c o n d i t i o n s ,  S u p p o r t i n g  d a t a  were 
o b t a i n e d  from a  r ev iew o f  l i t e r a t u r e ,  

By e m p i r i c a l  methods i t  was a t t e m p t e d  t o  a s s e s s  t h e  e f f e c t  
on s e t t l e m e n t s  o f  v a r i a t i o n s  i n  t y p e  o f  m a t e r i a l  and method of 
p l a c e m e n t ,  h e i g h t  o f  f i l l ,  submergence,  t r a f f i c ,  l e n g t h  o f  
c o n s t r u c t i o n  p e r i o d ,  s u r c h a r g e s  and t i m e  o f  i n i t i a l  o b s e r v a t i o n ,  

The age o f  f i l l  a t  which f u t u r e  s e t t l e m e n t  would be 
n e g l i g i b l e  was e s t i m a t e d  f o r  each  m a t e r i a l ,  R e s u l t s  o f  t h e  
programme were a p p l i e d  t o  a  c o n s i d e r a b l e  v a r i e t y  o f  p r a c t i c a l  
p rob lems ,  

R,G.Tanner ,  "The S e t t l e m e n t  o f  G r a n u l a r  F i  11s" ,Master1 s 
T h e s i s ,  U n i v e r s i t y  o f  L i v e r p o o l ,  March 1959.  

F o r t  S t "  John  s h a l e  and c l a y s  from t h e  Dawson Creek  a r e a  
a r e  b e i n g  s t u d i e d  t o  d e t e r m i n e  t h e  n a t u r e  and e x t e n t  o f  t h e  
rebound c h a r a c t e r i s t i c s  o f  t h e s e  m a t e r i a l s ,  

U n i v e r s i t y  o f  A l b c r t a  and/or  A l b e r t a  R e s e a r c h  C o u n c i l :  

A l a b o r a t o r y  s t u d y  o f  t h e  v a r i a t i o n  i n  u n i t  w e i a h t  and 
s t r e n g t h  o f  t y p i c a l  A l b e r t a  s o i l s  d u r i n g  c y c l i c  c l o s e d  sys tem 
f r e e z i n g  and thawing ,  

A l a b o r a t o r y  s t u d y  o f  t h e  v a r i a t i o n  o f  p e r m e a b i l i t y  o f  
a  b a s e  c o u r s e  w i t h  v a r y i n g  q u a n t i t i e s  o f  chemica l  a d d i t i v e s .  

A s t u d y  of  t h e  permanence o f  t h e  e f f e c t  o f  a d m i x t u r e s  i n  
r e d u c i n g  t h e  p l a s t i c i t y  o f  b a s e  c o u r s e  f i n e s .  

H y d r o - E l e c t r i c  Power Commission of  O n t a r i o :  

I n v e s t i g a t i o n  o f  t h e  s h e a r i n g  p r o p e r t i e s  o f  c l a y s  - T h i s  
work i n v o l v e s  s t u d y i n g  t h e  methods o f  l a b o r a t o r y  d e t e r m i n a t i o n  
o f  t h e  s h e a r  p a r a m e t e r s  i n  t e r m s  o f  e f f e c t i v e  s t r e s s e s  c '  and 
f l l  and more s p e c i f i c a l l y  t o  e f f e c t s  on  c '  o f  t h e  s t r e s s  h i s t o r y  
o f  a sampleo  

Fo l lowing  Henkel  ( u n p u b l i s h e d )  and R u t l e d g e  (1947)  t h e  
d r a i n e d  and u n d r a i n e d  t e s t s  w i l l  g i v e  s i m l l d r  r e s u l t s ,  t h e  s h e a r  
s t r e n g t h  v a r y i n g  o n l y  w i t h  m o i s t u r e  c o n t e n t  a t  f a i l u r e .  The 
c u r r e n t  s t u d y  s e e k s  t o  conf i rm t h i s  i n  t e r m s  o f  t h e  u n d r a i n e d  
t e s t  w i t h  p o r e  p r e s s u r e  measurement and t h e  d r a i n e d  t c s t ,  bo th  



w i t h  i n c r e a s i n g  a x i a l  e f f e c t i v e  s t r e s s  and w i t h  d e c r e a s i n g  
l a t e r a l  e f f e c t i v e  s t r e s s  i n  t h e  hope t h a t  t h e s e  d r a l n e d  t e s t s  
may t h e n  be  used  t.o de t e rmine  a c c u r a t e l y  t h e  s h e a r  pa r ame te r s  .in 
p r e c o n s o l f d a t e d  m a t e r i a l s ,  

S t r e n s t h  c h a r a c t e r i s t i c s  o f  f r o z e n  s o i l  - f u r t h e r  
i . n v e s t i g a t i o n 4 0 f  behav iour  o f  f r o z e n  s o i l  under  v a r y i n g  
c o n d i t i o n s  o f  l o a d i  ng, 

Phys i  co-chemical a n a l y s i  s of h i g h  s w e l l i n g  c l a y s  - 
co- ,opera t ive  s t u d y  w i t h  D r ,  Warkentfn o n  t h e  p r o p e r t i e s  and 
behav iour  of  h igh  s w e l l i n g  c l a y s  - sodium and ca lc ium mont- 
m o r i i l o n i t e  so f  l s ,  

Labo ra to ry  s t u d y  o f  behav iour  o f  s i l t  under  l o a d i n g  - a 
s t u d y  ~ f  t h e  * e l a s t f c W  c o n s t a n t s  o f  s i l t s  and t h e i r  r e l a t i o n  t o  
behav iour  under  l o a d ,  Model c o r r e l a t i v e  t e s t s  under  s i m u l a t e d  
f i e l d  c o n d i t i o n s ,  

2, TECHNIQUES OF FIELD MEASUREMENT AND SAMPLING 

H,G.Acres and Comwanv Limi ted  

[ a )  E x t r a c t i o n  of  2- inch d i a m e t e r  c o r e s  o f  permanent ly  
f r o z e n  i n o r g a n i c  c l a y  and s i l t  u s i n g  f u e l  o i l  a s  a  d r i l l i n g  
l u b r i c a n t .  

($1 Se i smic  d e t e r m i n a t i o n  o f  bedrock p r o f i l e  and 
g e n e r a l  c l a s s i f i c a t i o n  o f  overburden up t o  .200 f e e t  deep  of  
30  m i l e s  o f  r i v e r  u s i n g  a  wa t e r -bo rne  high-powered echo sounder  
I n  o r d e r  t o  a s s i s t  i n  t h e  i n i t i a l  s e l e c t i o n  o f  dam s i t e s .  A 
s i m i l a r  d e t e r m i n a t i o n  from i c e  o f  e i g h t  r i v e r  c r o s s i n g s . .  
t o t a l l i n g  6 ,000  f e e t  w i t h  maximum overburden dep th  o f  120 f e e t  
was made u s i n g  p o r t a b l e  r e f r a c t i o n  t y p e  s e i s m i c  equipment i n  
o r d e r  t o  a s s i s t  i n  t h e  f i n a l  s e l e c t i o n  o f  l o c a t i o n s  o f  h y d r a u l i c  
s t r u c t u r e s ,  

( c )  Des ign ,  i n s t a l l a t i o n  and o p e r a t i o n  o f  ex tensomete r  
t y p e  a p p a r a t u s  i n  rock  p lug  60-foot  d i a m e t e r ,  60  f e e t  t h i c k ,  
s e r v i n g  a s  a  w a t e r t i g h t  s e a l  between t h e  bottom o f  a  r e s e r v o i r  
and t h e  end o f  an i n t a k e  t u n n e l  p r i o r  t o  i t s  removal by b l a s t i n g ,  
T h i s  work a l lowed t h e  rock movements i n  t h e  p lug  t o  be  d e t e c t e d  
d u r i n g  a  p o r t i o n  o f  t h e  p e r i o d  o f  rock  excava t i on  benea th  t h e  p l u g ,  



A s t u d y  o f  t h e  f n f l u e n c e  o f  o v e r s i z e  p a r t i c l e s  i n  t h e  
d e t e r m i n a t i o n  o f  t h e  f i e l d  d e n s i t y  o f  g l a c i a l  t i l l .  

An e x p e r i m e n t  was conduc ted  t o  s t u d y  d i f f e r e n t  methods  o f  
i n s t a l l i n g  t h e  e l e c t r i c a l  r e s i s t a n c e  u n i t s  i n t o  s o i l  
f o r  m o i s t u r e  measu remen t s ,  The u n i t s  were  i n s t a l l e d  i n  t h r e e  
d i f f e r e n t  ways: 

( a )  i n  u n d i s r u p t e d  s o i l  c o r e s ;  

( b )  i n  s i e v e d  s o i l  packed  t o  o r i g i n a l  f i e l d  
d e n s i t y ;  

( c )  i n  unpacked  s i e v e d  s o i l ,  

T h r e e  s o i l  t y p e s  were  u s e d ,  The m o i s t u r e  c o n t e n t  r e a d i n g s  
o b t a i n e d  by t h e  gypsum u n i t s  f o r  t h e  same e l e c t r i c a l  r e s i s t a n c e  
v a r i e d  w i t h  t h e  t y p e  o f  i n s t a l l a t i o n .  The d i f f e r e n c e s  were 
g r e a t e r  on t h e  f i n e - t e x t u r e d  t h a n  on  t h e  c o a r s e - t e x t u r e d  s o i l s .  
The v a r i a t i o n  i n  s o i l  m o i s t u r e  o b t a i n e d ,  r a n g e d  from 1 t o  6 
p e r c e n t  w i t h i n  t h e  a v a i l a b l e  w a t e r  r a n g e ,  

C a r e  must  be  t a k e n  i n  i n s t a l l i n g  b l o c k s  i n  t h e  f i e l d  t o  
g e t  good p a c k i n g o  

W o G e E o  Brown: 

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

P l a t e  l o a d  t e s t i n g  on s a n d s  and c l a y s  t o  measure  i n  s i t u  
s t r e n g t h  and s u b g r a d e  r e a c t i o n s  f o r  b u i l a i n g  f o u n d a t i o n s ,  

Comparison o f  normal  open  S h e l b y  t u b e  s a m p l i n g  w i t h  p i s t o n  
s a m p l i n g ,  

D i v i s i o n  o f  B u i l d i n q  R e s e a r c h ,  N a t i o n a l  R e s e a r c h  C o u n c i l  

An a n n o t a t e d  b i b l i o g r a p h y  on t h e  f i e l d  vane s h e a r  t e s t  was 
p r e p a r e d ,  Some i n  s i t u  vane  t e s t i n g  was d ~ n e  u s i n g  d i f f e r e n t  
t y p e s  o f  v a n e  ana t h e  r e s u l t s  compared w i t h  l a b o r a t o r y  t e s t s ,  

A n e u t r o n  m e t e r  f o r  t h e  i n  s i t u  measurement  o f  s o i l  m o i s t u r e ,  
employing scf  n t i l l a t f o n  c o u n t i n g  t e c h n i q u e  h a s  been  c o n s t r u c t e d ,  



Much c o n s i d e r a t i o n  was g iven  t o  t h e  p r e p a r a t i o n  o f  a r t i f i c i a l  
media f o r  l a b o r a t o r y  c a l i b r a t i o n  o f  t h e  a p p a r d t u s  and t h e  
c a l i b r a t i o n  was begun, 

A d r i l l i n g  programme was c a r r i e u  o u t  a t  Normdn W e l l s ,  
N . W , T . ,  t o  o b t a i n  expe r i ence  and i n f o r m a t i o n  on d r i l l i n g  deep 
h o l e s  i n  pe rmaf ro s t  and t o  o b t a i n  more i n f o r m a t i o n  on pe rmaf ro s t  
t e m p e r a t u r e s ,  Two h o l e s  were d r i l l e d  t o  d e p t h s  o f  s l i g h t l y  
g r e a t e r  t h a n  200 f e e t ,  u s i n g  a  diamond d r i l l .  O b s e r v a t i o n s  
were made on wash wa t e r  t e m p e r a t u r e s ,  r a t e s  and t i m e s  o f  
p e n e t r a t i o n  and b i t  p r e s s u r e s ,  Measurements of ground 
t e m p e r a t u r e s  i n  t h e s e  deep  h o l e s  began i n  t h e  s p r i n g  o f  1959. 

A s t u d y  was made of t h e  p o s s i b i l i t i e s  o f  g e o p h y s i c a l  
methods i n  pe rmaf ro s t  a r e a s .  F i e l d  f n v e s t i g a t i o n s  w i th  a  
p o r t d b l e  shal low r e f r a c t i o n  seismograph and an  e a r t h  r e s i s t i v i t y  
measur ing d e v i c e  were conducted t o  e v a l u a t e  t h e i r  u s e  i n  
de t e rmin ing  t h e  d e p t h  t o  pe rmaf ro s t .  

Eco l e  Po lv t echn i aue :  

S tudy  of  l a b o r a t o r y  and f i e l d  measurements o f  p r o p e r t i e s  
o f  n a t u r a l  d e p o s i t s  o f  s o i l  by t h e  u s e  o f  t h e  "GEOCEL" 
p r e s s i o m e t r i c  d e v i c e s .  

The e x e c u t i o n  o f  an e x t e n s i v e  d r i l l i n g  programme i n  t h e  
Azores I s l a n d s ,  d r i l l i n g  from tower s  i n  a  bay exposed t o  ocean 
s w e l l s ,  

Sampling v e r y  s o f t  o r  l o o s e  m a t e r i a l  t h a t  cou ld  no t  be 
unde r t aken  w i t h  normal D.P.W. sampl ing equipment ,  f .  e .  She lby  
t u b e s  and s t a t i o n a r y  p i s t o n  samples ,  ha s  been c a r r i e d  o u t  w i th  
s u c c e s s  l a s t  w i n t e r  a t  P o r t n e u f ,  P .Qo 

D i s t u r b e d  samples o f  s o f t  r i v e r  bottom m a t e r i a l  have been 
r ecove red  by d r i v i n g  a  %-inch c a s i n g  down t o  r e f u s a l  i n t o  h a r d  
m a t e r i a l  w i t h  a  view t o  p lugg ing  t h e  c a s i n g  shoe ,  E i g h t  5 - f t .  
s e c t i o n s  o f  %-inch c a s i n g  have been used  and t h e  c a s i n g s  were 
s e n t  t o  D.P.W. T e s t i n g  L a b o r a t o r i e s  f o r  i d e n t i f i c a t i o n  and 
c l a s s i f i c a t i o n  of  t h e  m a t e r i a l .  

Undis tu rbed  samples o f  v e r y  s o f t  and l o o s e  r i v e r  bottom 
m a t e r i a l  have been r ecove red  by pushing down t o  r e f u s a l  a  p ipe  
equipped w i t h  a  sampl ing shoe made up o f  She lby  t u b e ,  The end 



of  t h e  sampling shoe i s  prov ided  w i t h  a  curved door  o p e r a t e d  by 
means of  a  r od  connected  t o  a  hand l e  f i x e d  a t  t h e  t o p  o f  t h e  
s t r i n g  o f  p i p e ,  The door  i s  kep t  open when lower ing  down t h e  
p fp e  and sampling shoe and i s  c l o s e d  when t h e  p rede te rmined  
e l e v a t i o n  i s  r eached .  T h i s  sample r ,  c a l l e d  a  "Mud Sampler" ,  
i s  expec ted  t o  be s t a n d a r d  D.P.W. equipment i n  f u t u r e .  E i g h t  
5 - f t ,  s e c t i o n s  o f  2- inch p i p e  have been used and t h e  p i p e s  were 
s e n t  t o  DOPOW, T e s t i n g  L a b o r a t o r i e s  f o r  t h e  e v a l u a t i o n  of  t h e  
mechanical  and p h y s i c a l  p r o p e r t i e s  o f  t h e  m a t e r i a l  r e cove red ,  

With D r ,  JoR.MacKay - i n v e s t i g a t i o n  o f  s o l i f l u c t i o n  i n  
t h e  Mount G a r i b a l d i  a r e a ,  B . C . ,  and a  s t u d y  o f  t h e  i n f l u e n c e  
o f  snow c r e e p  on movement of t h e  s u r f a c e  l a y e r  o f  t h e  s o i l ,  
Methods have been e s t a b l i s h e d  t o  measure s e a s o n a l  d i sp l acemen t  
o f  t h e  s o i l  and r a t e  o f  moverr,ent o f  t h e  w i n t e r  snow pack,  
F i e l d  work i s  c o n t i n u i n g ,  

The u s e  o f  h e l i c o p t e r s ,  a l though  seemingly  expens ive ,  
h a s  proved t o  be v e r y  economical  f o r  c a r r y i n g  o u t  p r e l i m i n a r y  
g e o l o g f c a l  su rveys  f o r  hydro power developments ,  even i n  f a i r l y  
a c c e s s i b l e  a r e a s .  Apart  from be ing  a g r e a t  t ime - save r ,  t h e  
r e s u l t s  a r e  more complete t h a n  t h e y  would o t h e r w i s e  be .  Also 
u s i n g  h e l i c o p t e r s  we have been a b l e  t o  d r i l l  " imposs ib le"  h o l e s  
s e v e r a l  hundred f e e t  up on a  canyon w a l l ,  

E l e c t r i c a l  r e s i s t i v i t y  geophys i ca l  su rveys  have been c a r r i e d  
o u t  on  dams i t e s  t o  supplement d r i l l i n g .  However, t h e  r e s u l t s  
of such su rveys  i n  t h e  c o a r s e  overburden  found d e p o s i t e d  i n  many 
o f  B r i t i s h  Columbia ' s  v a l l e y s  a r e  q u e s t i o n a b l e ,  

Fo r  d e t e c t i o n  of  seams o r  f i s s u r e s  i n  r ock  d e p o s i t s ,  
p o r t a b l e  d r i l l s  u s i n g  o p e r a t o r s '  weight  a s  r e a c t i o n  have been 
found t o  g i v e  p o s i t i v e  i d e n t i f i c a t i o n  sometimes l a c k i n g  w i t h  
conven t i ona l  d r i l l  methods. 

A s e r i e s  o f  h o l e s  was d r i l l e d  on t h e  South  Saskatchewan 
R i v e r  Dam p r o j e c t ,  i n  which con t i nuous  u n d i s t u r b e d  sand samples 
were o b t a i n e d .  The samples were used t o  de t e rmine  d e n s i t i e s  
o f  t h e  sand ,  and t o  s t u d y  i t s  s t r a t i f i c a t i o n o  



An i n v e s t i g a t i o n  o f  t h e  q u a l i t y  o f  samples  o b t a i n e d  i n  
a  h i g h l y  p l a s t i c  c l a y ,  u s i n g  v a r i o u s  sampl ing  methods ,  i s  u n d e r  
way, 

S e i s m i c  and r e s i s t i v i t y  s u r v e y s  a l o n g  r o u t e  o f  p roposed  
r a i l w a y  and a t  s i t e s  f o r  power deve lopment s  i n  L a b r a d o r ,  

Racey ,  MacCallum and A s s o c i a t e s  L i m i t e d  

A Dutch deep- sound ing  a p p a r a t u s  equ ipped  f o r  s o i l  s ampl ing  
by  means o f  a  s p e c i a l  t y p e  p i s t o n  s a m p l e r  and i n c o r p o r a t i n g  a  
r e c e n t l y  d e v e l o p e d  " F r i c t i o n  M a n t l e  Cone",  which f a c i l i t a t e s  t h e  
measurement o f  l o c a l  f r i c t i o n  a t  any  d e p t h  and h a s  p roven  t o  be  
a  v a s t  improvement o v e r  t h e  o r i g i n a l  method o f  m e a s u r i n g  t h e  
t o t a l  f r i c t i o n  on t h e  r o d s ,  h a s  been  a c q u i r e d .  It  i s  f e l t  t h a t  
t h i s  a p p a r a t u s  w i l l  a l l o w  a  c l o s e r  e v a l u a t i o n  o f  t h e  b e a r i n g  
c a p a c i t y  o f  b o t h  p i l e  and s p r e a d  f o u n d a t i o n s  i n  g r a n u l a r  and 
n o n - s e n s i t i v e  c l a y  s o i l s  t h a n  i s  p o s s i b l e  w i t h  t h e  c o n v e n t i o n a l  
me thods ,  

The t h e o r y  o f  measurement i n  r e l a t i o n  t o  d r a i n a g e  and 
b e a r i n g  s t r e n g t h  o f  muskeg was a  s u b j e c t  r e p o r t e d  on a t  t h e  
F o u r t h  Muskeg C o n f e r e n c e  1958 (T .M.  No.519, NRC O t t a w a ,  August 1 9 5 8 ) .  
T h i s  work h a s  b e e n  ex tended  b u t  no f u r t h e r  r e p o r t  i s  a v a i l a b l e  a t  
t h i s  t i m e ,  

I n  a d d i t i o n ,  a  method whereby t e n s i l e  s t r e n g t h  o f  muskeg 
mat c a n  b e  measured  i s  b e i n g  e x p l o r e d  w i t h  t h e  a p p l i c a t i o n  o f  
an anchor  t y p e  i n s t r u m e n t  t o  which  a  f o r c e  i s  a p p l i e d  w h i l e  t h e  
anchor  i s  i n s e r t e d  i n  muskeg mat o f d e s i g n a t e d  t y p e .  

S t .  Lawrence Seawav A u t h o r i t y :  

The s e e p a g e  o f  w a t e r  t h r o u g h  a  s a n d s t o n e  w i t h  h o r i z o n t a l  
bedd ing  w a s  i n v e s t i g a t e d  u s i n g  p r e s s u r e  and f l o w  m e a s u r i n g  
d e v i c e s .  The r e s u l t s  r e l a t e d  t o  a c t i o n  o f  t h e  w a t e r  o n  a  
s t r u c t u r e  embedded d e e p  i n  t h e  b e d r o c k .  

A new t y p e  o f  p i s t o n  s a m p l e r  h a s  b e e n  d e v e l o p e d  and i s  
b e i n g  t e s t e d .  



3 ,  FOUNDATIONS OF STRUCTURES: 

( a )  G e n e r a l  S u b j e c t s  and F o u n d a t i o n s  o t h e r  t h a n  P i l e d  
F o u n d a t i o n s  

H o G o A c r e s  & Company L i m i t e d  

Examina t ion  o f  t h e  e f f e c t  o f  a d m i x t u r e s  o n  cement g r o u t  
w i t h  r e s p e c t  t o  t h e  e f f e c t  o n  m o b i l i t y ,  r e t e n t i o n ,  s h r i n k a g e ,  
b l e e d i n g  and s t r e n g t h o  

Des ign  o f  mat f o u n d a t i o n s  u s i n g  r a t i o n a l  s o i l  r e a c t i o n s ,  

S t u d y  o f  t e m p e r a t u r e  d i s t r i b u t i o n  below f o u n d a t i o n s  w i t h  
r e s p e c t  t o  d e c r e a s i n g  f r o s t  c o v e r  o n  f o u n d a t i o n s  and p r e d i c t i n g  
d e s i c c a t i o n  e f f e c t s  u n d e r  h o t  s t r u c t u r e s ,  

S u p e r v i s i o n  and a n a l y s i s  o f  r o c k  a n c h o r  t e s t s  f o r  
c a n t i l e v e r  h a n g a r s ,  

A p p r a i s i n g  r o c k  c o r e s  t o  p e r m i t  h i g h e r  b e a r i n g  p r e s s u r e  
t h a n  i n  T a b u l a r  V a l u e s ,  

Check ing  e f f e c t s  o f  f o u n d a t i o n  movement o n  r i g i d  f r ame  
highway b r i d g e s ,  

Examining e f f e c t s  o f  f r o s t  a c t i o n  t h r o u g h  normal  
c o n s t r u c t i o n  f r o s t  p r o t e c t i o n ,  

A d v i s i n g  on  dam f o u n d a t i o n s  o n  r o c k  c o n t a i n i n g  s t r u c t u r a l  
i m p e r f e c t i o n s  

D i v i s i o n  o f  B u i l d i n s  R e s e a r c h ,  N a t i o n a l  R e s e a r c h  C o u n c i l :  

C o r r e l a t i o n  o f  a c t u a l  s e t t l e m e n t  w i t h  p r e d i c t e d  s e t t l e m e n t  
o f  b u i l d i n g s w a s  c o n t i n u e d .  A s  a check on t h e  l a b o r a t o r y  v a l u e s ,  
one  f u l l - s c a l e  e x p e r i m e n t  i s  b e i n g  c o n d u c t e d  i n  which  t h e  
compress ion  o f  a  d e e p  d e p o s i t  o f  m a r i n e  c l a y  u n d e r  a  2 3 - f o o t  
h i g h  e a r t h  f i l l  i s  b e i n g  measu redo  A s p e c i a l  i n s t r u m e n t  was 
d e v e l o p e d  f o r  r emote  measurement  o f  t h e  c o m p r e s s i o n  o f  
i n c r e m e n t a l  l a y e r s  o f  t h e  s u b s o i l .  T h i s  i n s t r u m e n t  i s  d e s c r i b e d  
i n  a  p a p e r  s u b m i t t e d  t o  GEOTECHNIQUE. A second  f u l l - s c a l e  
i n v e s t i g a t i o n  o f  t h i s  t y p e  i s  p l a n n e d ,  i n  which  p o r e  p r e s s u r e s  
w i l l  be measured  i n  t h e  s u b s o i l ,  a l o n g  w i t h  t h e  s e t t l e m e n t  
measu remen t s ,  

I n f o r m a t i o n  o n  t h e  e f f e c t  o n  t r e e s  o n  ground movements i n  
c l a y  s o i l s  which  h a s  been  c o l l e c t e d  i n  O t t a w a  d u r i n g  t h e  l a s t  



f o u r  y e a r s  w a s  a s s e s s e d  and s u b m i t t e d  t o  GEOTECI-INIQUE f o r  
p u b l i c a t i o n ,  S t u d i e s  o f  t h e  s e a s o n a l  movements o f  e x i s t i n g  
b u i l d i n g  f o u n d a t i o n s  and t h e  measurement o f  ground movements a t  
v a r i o u s  d e p t h s  and d i s t a n c e s  from t r e e s  i s  c o n t i n u i n g ,  

I n  c o - o p e r a t i o n  w i t h  t h e  C i t y  o f  Winnipeg,  a  f i e l d  s t u d y  
o f  b a c k f i l l i n g  p r a c t i c e s  w a s  made a s  a  f u r t h e r  s t e p  toward an 
u n d e r s t a n d i n g  o f  t h e  r e a s o n s  f o r  t h e  h i g h  i n c i d e n c e  o f  watermain  
f a i l u r e s  i n  Winnipeg,  An e x t e n s i v e  f i e l d  i n v e s t i g a t i o n  o f  
ground movements around newly i n s t a l l e d  wa te rmains  i s  b e i n g  
c a r r i  ed o u t .  

J.Za Dobrowolski:  

P r o v i s i o n  o f  sand b e l t  1 2  i n c h e s  t h i c k  and e q u a l  i n  d e p t h  
t o  t h e  d e p t h  o f  f o u n d a t i o n  w a l l s  s u c c e s s f u l l y  p r e v e n t e d  damage 
t o  t h e  Saska toon  Armoury B u i l d i n g  by  e x c e s s i v e  s w e l l i n g  o f  heavy 
c l a y e y  s o i l  t y p i c a l  f o r  t h i s  l o c a t i o n .  

E c o l e  P o l y t e c h n i a u e :  

F i e l d  s t u d y  o f  c r e e p  o f  loaded  s o i l s  i n  o r d e r  t o  compute 
b e a r i n g  c a p a c i t y  w i t h  r e s p e c t  t o  d i f f e r e n t i a l  and long- term 
s e t t l e m e n t ,  

( a )  E n g i n e e r i n g  s t u d i e s  f o r  t h e  u n d e r p i n n i n g  o f  a 
l a r g e  s t r u c t u r e  which i n c l u d e d  t h e  e x e c u t i o n  o f  p l a t e  b e a r i n g  
t e s t s  w i t h  p r e s s u r e s  up t o  20 t o n s  p e r  s q u a r e  f o o t .  

( b )  The f o u n d a t i o n  i n v e s t i g a t i o n  o f  a  s t r u c t u r e  which 
exper fenced  s e t t l e m e n t s  g r e a t e r  t h a n  3 f e e t  soon a f t e r  e r e c t i o n ,  

( c )  The c o r r o s i v e  e f f e c t s  of  ground w a t e r ,  con tamina ted  
by t h e  e f f l u e n t s  o f  a  p a p e r  m i l l ,  on s t e e l  and c o n c r e t e  
f o u n d a t i o n s .  

D r .  G o  G .ili!eyerhof: 

An i n v e s t i g a t i o n  h a s  been made f o r  an e x t e n s i v e  i n d u s t r i a l  
p l a n t  t o  be  b u i l t  on f i l l  p l a c e d  i n  a s e a - w a t e r  bay e n c l o s e d  
by an e a r t h  dam c a r r y i n g  a  highway. 

A f r o s t  r e s e a r c h  programme w a s  c o n t i n u e d ,  p r i m a r i l y  t o  
d e t e r m i n e  t h e  e f f e c t s  o f  f r o s t  a c t i o n  on s p i l l w a y  s t r u c t u r e s ,  



A p p a r a t u s  was i n s t a l l e d  t o  measu re  t h e  d e p t h  o f  f r o s t  p e n e t r a t i o n ,  
t h e  amount o f  h e a v e  due  t o  f r o s t  a c t i o n ,  and  t h e  f l u c t u a t i o n  i n  
g round  w a t e r  l e v e l s ,  T h i s  a p p a r a t u s  was i n s t a l l e d  a t  11 s i t e s  
i n  W e s t e r n  Canada ,  and was r e a d  a t  two-week i n t e r v a l s  t h r o u g h o u t  
t h e  p e r i o d  when f r o s t  a c t i o n  m i g h t  o c c u r .  L a b o r a t o r y  t e s t s  
were  c o n d u c t e d  t o  measu re  c a p i l l a r i t y  and g r a i n  s i z e  o f  p o t e n t i a l  
f r o s t  h e a v i n g  s o i l s .  

O b s e r v a t i o n s  w e r e  c o n t i n u e d  o n  t h e  h e a v e  a s s o c i a t e d  w i t h  
s p i l l w a y  s t r u c t u r e s  founded  on  c l a y  s h a l e  and o t h e r  c l a y  s o i l s .  

A u n i q u e  t y p e  o f  p r e l o a d i n g  i s  b e i n g  u s e d  t o  e l i m i n a t e  
any  p o s s i b l e  s e t t l e m e n t  o f  t h e  A lexandra  B r i d g e  i n  t h e  F r a s c r  
Canyon,  
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( b )  P i l i n q  and P i l e d  F o u n d a t i o n s  

S t u d y i n g  methods  o f  more a c c u r a t e l y  a p p r a i s i n g  p i l e  
s a f e t y  f a c t o r s  t o  r e d u c e  c o s t s  o n  l a r g e  p i l i n g  j o b s .  

A d v i s i n g  o n  p i l e  l o a d i n g  t e s t i n g  i n  p e r m a f r o s t ,  

( a )  Compact ing  o f  s andy  s o i l  b y  v i b r o f l o a t a t i o n  i n  l i e u  
o f  p i l i n g  method was i n v e s t i g a t e d  b u t  n o t  y e t  u s e d .  R e s u l t s  o f  
compac t ing  by  t h i s  method i n  Canada would be  a p p r e c i a t e d .  

( b )  S t a t i c  t e s t i n g  i n  l i e u  o f  p e n e t r a t i o n  t e s t s  a l s o  
would be  a p p r e c i a t e d  i f  t h i s  method w i l l  p r o v e  s a t i s f a c t o r y .  

I n  o r d e r  t o  d e t e r m i n e  t h e  a v e r a g e  s k i n  f r i c t i o n  v a l u e  i n  a  
s o f t  c l a y  f o r  d e s i g n  o f  a  f l o a t i n g  p i l e  f o u n d a t i o n ,  a  1 2 - i n c h  @ 
t u b e  p i l e  was j a c k e d  down u n d e r  a  n e a r b y  b u i l d i n g ,  i n  l e n g t h s  o f  
a p p r o x i m a t e l y  2 f t .  6 i n .  t o  a  d e p t h  of  49 f e e t  below s u r f a c e .  
T h i s  o p e r a t i o n  t o o k  13 d a y s  t o  c o m p l e t e .  

The j a c k i n g  and f a i l u r e  p r e s s u r e s  w e r e  n o t e d  f o r  e a c h  
embedded l e n g t h  and a  s k i n  f r i c t i o n  v a l u e  o f  s t e e l  a g a i n s t  c l a y  
was d e r i v e d .  T h i s  v a l u e  was found  t o  b e  o f  t h e  o r d e r  o f  



760 l b ,  p e r  s q u a r e  f o o t ,  Knowing t h a t  t h e  f r i c t i o n  v a l u e  o f  
rugged c o n c r e t e  a g a i n s t  c l a y  would be somewhat h i g h e r ,  t h e  
u l t i m a t e  b ~ a r i n g  c a p a c i t y  o f  a  22"@-concret e  s h a f t  was d e r i v e d ,  

A l o a d  t e s t  was c a r r i e d  o u t  on  one o f  t h e  p i l e s  t o  a v a l u e  
of  t w i c e  t h e  d e s i g n  l o a d  (120 t o n s ) ,  The r e s u l t s  were v e r y  
s a t i s f a c t o r y ,  

[ a )  The a p p l i c a t i o n  o f  e l e c t r o - o s m o s i s  t o  i n c r e a s e  
pe rmanen t ly  t h e  c a p a c i t y  o f  s t e e l  f r i  c t i o n  p i l e s  i n  c l a y ,  

( b )  The measurement o f  p o r e  p r e s s u r e s  induced  i n  s i l t  
by p i l e  d r i v i n g ,  by  means o f  p i e z o m e t e r s .  

( c )  The s t u d y  o f  t h e  e f f e c t  o f  a r t e s i a n  p r e s s u r e  on  
t h e  c a p a c i t y  of  S tee l -H  f r i c t i o n  p i l e s  d r i v e n  i n  s i l t  by  means 
o f  p i l e  d r i v i n g  and l o a d i n g  t e s t s  and p i e z o m e t e r  o b s e r v a t i o n s .  

( d l  The u s e  o f  c r e o s o t e d  s q u a r e  t i m b e r  p i l e s  i n  p r e b o r e d  
h o l e s  f o r  a  l a r g e  s t r u c t u r e  i n  a  p e r m a f r o s t  a r e a ,  

P e t e r  K o z i c k i :  

An e v a l u a t i o n  o f  t h e  e f f e c t  o f  s k i n  f r i c t i o n  and end b e a r i n g  
on t h e  c a r r y i n g  c a p a c i t y  of  c a s t - i n - p l a c e  c o n c r e t e  p i l e s  i n  
t y p i c a l  Edmonton c l a y s  r e v e a l e d  t h a t  t h e  s k i n  f r i c t i o n  deve loped  
was 50 p e r c e n t  g r e a t e r  t h a n  t h a t  i n d i c a t e d  by l a b o r a t o r y  t e s t  
r e s u l t s  made on t h e  m a t e r i a l ,  R e s u l t s  of  f i e l d  t e s t s  on end 
b e a r i n g  o f  t h e  p i l e s  ag reed  w i t h  v a l u e s  d e t e r m i n e d  from l a b o r a t o r y  
t e s t s ,  

The i n f l u e n c e  o f  compact ion  of  g r a n u l a r  s o i l s  on t h e  b e a r i n g  
c a p a c i t y  o f  d r i v e n  p i l e s  and F r a n k i  d i s p l a c e m e n t  c a i s s o n s  h a s  
been s t u d i e d  by f u l l - s c a l e  f i e l d  t e s t s ,  l a b o r a t o r y  r e s e a r c h  and 
t h e o r e t i c a l  a n a l y s i s ,  A p a p e r  summarizing t h i s  work h a s  been  
p r e p a r e d  f o r  p u b l i c a t i o n ,  

The p o s s i b i l i t y  o f  f a i l u r e  o f  a  p i l e - s u p p o r t e d  b r i d g e  
abutment due t o  c r e e p  o f  medium c l a y  f o u n d a t i o n  s t r e s s e d  by t h e  
approach f i l l  was i n v e s t i g a t e d .  



A v e r t i c a l  and a  l a t e r a l  l o a d  t e s t  h a s  b e e n  c a r r i e d  o u t  
o n  t i m b e r  p f l e s  d r i v e n  i n t o  s a t u r a t e d  s a n d ,  

Raymond C o n c r e t e  P i l e  Comwanv, Z t d ,  

The u l t i m a t e  c a p a c i t i e s  o f  t h e  p i l e s  a s  checked  b y  l o a d  
t e s t s  proved  t o  b e  c o n s i d e r a b l y  h i g h e r  t h a n  p r e d i c t e d  b y  
e m p i r i c a i  f o r m u l a e .  

Two b o r l n g s  were  made on a  d i a g o n a l  a c r o s s  t h e  s i t e ,  
S t a n d a r d  P e n e t r a t i o n  T e s t s  w e r e  made e v e r y  f t o  t o  42 f t  
Both  b o r i n g s  i n d i c a t e d  good c o n t i n u i t y  o f  s o i l  c o n d i t i o n s ,  To 
a  d e p t h  o f  1 2  f e e t  were  found s t r a t a  o f  f i n e  sand  and s i l t  w i t h  
a t r a c e  o f  o r g a n i c  m a t t e r ,  The S t a n d a r d  Penetration T e s t s  
i n d i c a t e d  s o i l s  h a v i n g  N-values  f rom 2  t o  8 b lows  p e r  f o o t .  
Below 1 2  f e e t  and e x t e n d i n g  t h r o u g h  t h e  d e p t h  o f  t h e  b o r i n g  was 
found a  v e r y  c l e a n  medium d e n s e  sand  w i t h  a  t r a c e  o f  f i n e  
g r a v e l ,  The N-va lues  o f  t h i s  s t r a t u m  v a r i e d  be tween  1 2  and 
1 7  b lows  p e r  f o o t  The w a t e r  t a b l e  was a t  g round s u r f a c e .  

F i v e  Raymond S t a n d a r d  p i l e s  were  d r i v e n  t o  d e p t h s  r a n g i n g  
f rom 27 f t ,  t o  3 7  f t ,  T h e s e  p i l e s  have  an 8 i n c h  d i a m e t e r  p o i n t  
and a r e  u n i f o r m l y  t a p e r e d  which i n c r e a s e d  t h e i r  d i a m e t e r  1 i n c h  
f o r  e v e r y  a f e e t  o f  p i l e  l e n g t h ,  

G e n e r a l l y ,  f n  a l l  c a s e s ,  t h e  p i l e s  a f t e r  r u n n i n g  t h e  f i r s t  
10 f t  b u i l t  up  r e s i s t a n c e  u n i f o r m l y ,  R e s i s t a n c e  a t  27  f t  
a v e r a g e d  ,? blows p e r  i n c h  and a t  3 7  f t .  a b o u t  9 b lows  p e r  i n c h ,  
u s i n g  a  N o , l  Vu lcan  s team hammer. R e t a p p f n g  o f  p i l e s  showed a 
b u i l d - u p  o f  r e s i s t a n c e  o f  50 t o  s e v e r a l  hundred  p e r c e n t  a f t e r  a  
d a y  o r  more ;  however ,  t h i s  b u i l d - u p  was t e m p o r a r y  and b r o k e  
down t o  s l i g h t l y  o v e r  t h e  o r i g i n a l  r e s i s t a n c e  a f t e r  3 t o  6 i n c h e s  
o f  p e n e t r a t i o n ,  

R e s u l t s  o b t a i n e d  showed p i l e s  o f  a p p r o x i m a t e l y  3 7  f e e t  i n  
l e n g t h  t o  have  an u l t i m a t e  c a p a c i t y  o f  280 t o n s ,  w h i l e  t h e  
s h o r t e r  p i l e s  o r  p i l e s  o f  a p p r o x i m a t e l y  2 7  f e e t  f a i l e d  a round  
180 t o n s ,  

I t  i s  f e l t  t h a t  one  s h o u l d  n o t  g e n e r a l i z e  i n  c l a s s i f y i n g  
a l l  t a p e r  p i l e s  a s  b e l o n g i n g  t o  one  c a t e g o r y  f o r  e s t i m a t i n g  p i l e  
c a p a c i t y  by  e m p i r i c a l  f o r m u l a e .  The d e g r e e  o f  t a p e r  i s  b e l i e v e d  
t o  b e  a most  i m p o r t a n t  i t e m .  

A ,  Rutka :  

I t  was d i s c o v e r e d  by p i l e  l o a d  t e s t s  a t  t h e  B ig  P i c  R i v e r  
on TCH 17 t h a t  s u f f i c i e n t  l o a d  b e a r i n g  c a p a c i t i e s  c o u l d  n o t  be 



deve loped  a f t e r  t h e  p i l e s  were d r i v e n .  Labo ra to ry  t e s t s  
i n d i c a t e d  t h a t  p i l e  c a p a c i t i e s  cou ld  be i n c r e a s e d  by e l e c t r o -  
osmos i s ,  T h i s  p r o j e c t  w i l l  i n c l u d e  a d d i t i o n a l  p i l e  l o a d  t e s t s  
and u n d i s t u r b e d  sampl ing p r i o r  t o  e l e c t r o - o s m o s i s  t r e a t m e n t ,  
u n d i s t u r b e d  sampl ing d u r i n g  e l e c t r o - o s m o s i s  and p i l e  load  t e s t s  
and u n d i  s t u r b e d  sampl ing a f t e r  e l e c t r o - o s m o s i  s t r e a t m e n t  I t  
i s  i n t e n d e d  t o  f i n d  o u t  t h e  i n c r e a s e  i n  s h e a r  s t r e n g t h  and 
i n c r e a s e  i n  p i l e  c a p a c i t y  by t h e  e l e c t r o - o s m o s i s  t r e a t m e n t .  

U n i v e r s i t y  o f  A l b e r t a  and/or A l b e r t a  Research  Counc i l  

P i l e  l o a d i n g  t e s t s  on d r i l l e d ,  c a s t - i n - p l a c e  c o n c r e t e  
p i l e s ,  

4, ROADS , RUNWAYS AND R A I L  -TRACKS 

R .  Audy: 

( a )  I n s t a l l a t i o n  of  70,000 f e e t  o f  v e r t i c a l  sand 
d r a i n s  a s  a  means o f  f o u n d a t i o n  c o n s o l i d a t i o n  and a c c e l e r a t i n g  
s e t t l e m e n t  o f  an embankment ove r  s o f t  c l a y .  S tudy  o f  t h e  
complete  r e co rds :  s e t t l e m e n t  p l a t e s ,  d i sp l acemen t  s t a k e s  and 
p i ezome te r s .  

( b )  S tudy  o f  f r o s t  p e n e t r a t i o n .  

P.M.Bi lodeau:  

S p e c i a l  i n v e s t i g a t i o n s  c a r r i e d  o u t  d u r i n g  t h e  y e a r  i n c l u d e d  
24 p e d o l o g i c a l  s t u d i e s ,  3 s t u d i e s  o f  compaction and c o n t r o l ,  19 
s t u d i e s  o f  f r o s t  heav ing  and 3 s t u d i e s  o f  bank s t a b i l i t y .  

The Canadian Good Roads A s s o c i a t i o n  h a s  e s t a b l i s h e d  a 
S p e c i a l  Committee on Pavement Design and E v a l u a t i o n  w i t h  t h e  
f o l l o w i n g  two p r i n c i p a l  o b j e c t i v e s :  

( a )  To deve lop  economical  methods o f  d e s i g n  f o r  r i g i d  
and f l e x i b l e  pavements f o r  Canadian c o n d i t i o n s  
o f  environment and t r a f f i c ;  

( b )  To deve lop  one o r  more methods f o r  e v a l u a t i n g  
t h e  s t r e n g t h  and s e r v i c e a b i l i t y  o f  e x i s t i n g  
r i g i d  and f l e x i b l e  pavements.  



An o v e r a l l  p l a n  f o r  t h e  Committee 's  i n v e s t i g a t i o n  was developed 
w i t h  t h e  foP lswing  t h r e e  c o n s t i t u e n t  phases :  

(1) The d e t e r m i n a t i o n  s f  s e a s o n a l  v a r i a t i o n  i n  load  
c a r r y i n g  c a p a c i t i e s  of  e x i s t i n g  highways,  

123 An i n v e n t o r y  o f  a  paved highway system t o  
de t e rmine  i t s  adequacy and t o  deve lop  d a t a  from 
which new pavements may be d e s i g n e d ,  

( 3 )  A d e t a i l e d  i n v e s t i g a t i o n  of  c e r t a i n  pavement 
d e s i g n s  t o  e x p l a i n  t h e  performance o f  t h e s e  
d e a i g n s  so  t h a t  p r e s e n t  expe r i ence  can be 
complemented t o  new c o n d i t i o n s ,  

I n  O n t a r l o ,  Phase I o f  t h e  programme i s  w e l l  i n  hand,  F i v e  
complete  coverages  of  s e l e c t e d  s e c t i o n s  of  highway i n  S,W,Ontario 
have been completed ,  For  t h e s e ,  Benkleman Beam d e f l e c t i o n s  
have been t a k e n  f o r  bo th  t h e  o u t e r  and i n n e r  wheel  pa th  under  
a  s t a n d a r d  9,000 l b o  wheel l o a d ,  Pavements i n  t h e  adequa t e ,  
b o r d e r  l i n e  and i nadequa t e  range  have been i nc luded  under  v a r y i n g  
t r a f f i c ,  s o i l  c o n d i t i o n s ,  and pavement d e s i g n .  

P l a n s  a r e  w e l l  advanced f o r  t h e  second Phase o f  t h e  
programme and an i n v e n t o r y  of a l l  e x i s t i n g  pavements i n  a  
s e l e c t e d  a r e a  of  t h e  Prov ince  w i l l  beg in  J u l y  15, Seasona l  
v a r i a t i o n  r e a d i n g s  w i l l  be con t i nued  f o r  t h e  f u l l  y e a r  f o r  t h e  
s e l e c t e d  s e c t i o n s  a s  w e l l  a s  t h e  p r o s e c u t i o n  of  t h e  i n v e n t o r y ,  

An a n a l y s i s  o f  t h e  d a t a  i s  be ing  made and t h e  i n f o r m a t i o n  
t a b u l a t e d  and ana lysed  f o r  i n t e r i m  r e p o r t s  t o  be made i n  t h e  
n e a r  f u t u r e ,  

S u p e r v i s i o n  of  maintenance  and a l t e r a t i o n s  on t h e  r a c e  
t r a c k s  a t  F o r t  E r i e ,  Woodbine and Old Woodbine, The amount o f  
s o i l  blown and washed o f f  t h e s e  t r a c k s  i s  c o n s i d e r a b l e ,  Some 
e x t r a  m a t e r i a l  was added on a l l  f o u r  i n  1958,  

S tudy  breakdown o f  s h a l y  g r a v e l s  - p r o p e r t i e s  a s  base  
cou r se  m a t e r i a l  b e f o r e  and a f t e r  c y c l e s  of  f r e eze - t haw ,  wet and 
d r y ,  wear t e s t ,  e t c ,  

D i v i s i o n  o f  Bu i l d inq  Resea r ch ,  N a t i o n a l  Research  Counc i l :  

I n  c o n t i n u i n g  work on t h e  fundamenta l  p r o c e s s  o f  f r o s t  
a c t i o n  i n  s o i l s ,  a  new f r e e z i n g  a p p a r a t u s  was developed i n  which 



h e a t  f low i n t o  and o u t  of a  specimen can be measured t o g e t h e r  
w i t h  m o i s t u r e  f l o w ,  amount o f  heave and m o i s t u r e  t e n s i o n ,  
E f f o r t s  a r e  be ing  made t o  d e s i g n  a s imp le  t e s t  f o r  f r o s t  a c t i o n  
p o t e n t i a l  based on a  complete  u n d e r s t a n d i n g  o f  t h e  mechanism, 
Fundamental i n v e s t i g a t i o n s  on t h e  f r e e z i n g  p o i n t  d e p r e s s i o n  and 
r a t e  o f  c r y s t a l l i z a t i o n  a s  a f u n c t i o n  of  t h e  c o n c e n t r a t i o n  o f  
l i g n o s o l  s o l u t i o n s  h a s  thrown some l i g h t  on t h e  mechanism by 
which t h i s  m a t e r i a l  r e d u c e s  f r o s t  a c t i o n ,  P u b l f c a t l o n  o f  t h i s  
work i s  main ly  t h rough  t h e  U.So Highway Research  Board,  

A major  highway e n g i n e e r i n g  problem i n  Canada i s  t h e  
d e s i g n  and c o n s t r u c t i o n  of  r o a d s  o v e r  muskeg t e r r a i n ,  To s t u d y  
t h i s  problem,  a  c o - o p e r a t i v e  programme w i t h  t h e  Department o f  
Highways o f  O n t a r i o  w a s  o rgan i zed  t o  a s s e s s  t h e  performance o f  
r o a d s  o v e r  muskeg i n  Nor the rn  O n t a r i o o  Dur ing t h e  summer o f  
1958 a  sma l l  f i e l d  p a r t y  t r a v e l l e d  6,500 m i l e s  t o  make a g e n e r a l  
a s sessment  o f  t h e  a r e a ,  The r e s u l t s  o f  t h i s  work w i l l  be 
p r e s e n t e d  t o  CGRA, A second f i e l d  t r i p  i s  be ing  unde r t aken  
i n  1959 t o  s t u d y  a  few t y p i c a l  l o c a t i o n s  i n  more d e t a i l ,  

The s t udy  o f  pe rmaf ro s t  i n  r e l a t i o n  t o  t h e  c o n s t r u c t i o n  
and performance o f  f a c i l i t i e s  a t  I n u v i k ,  N o W , T o ,  i n c l u d e d  s o i l  
t empe ra tu r e  o b s e r v a t i o n s  unde r  v a r i o u s  s t r u c t u r e s  and t e r r a i n  
c o n d i t i o n s ,  A d e t a i l e d  r e c o r d  of  t h e  h i s t o r y  and method of  
road  c o n s t r u c t i o n  i n  t h e  a r e a  up t o  1958 was completed ,  S p e c i a l  
depth-of- thaw o b s e r v a t i o n s  under  v a r i a t i o n s  o f  moss cover  were 
con t i nued  and an a r e a  f o r  f u t u r e  q u a l i t a t i v e  o b s e r v a t i o n s  on 
t h e  i n s u l a t i n g  v a l u e  of  p e a t  a s  a  c o n s t r u c t i o n  f i l l  m a t e r i a l  was 
p r epa red ,  S o i l  t e m p e r a t u r e  o b s e r v a t i o n s  unde r  t h e  a i r s t r i p  
con t i nued  t o  be r e c o r d e d  on a  weekly b a s i s  i n  co -ope ra t i on  w i t h  
t h e  Department o f  T r a n s p o r t o  

Eco l e  Po ly t echn i aue :  

Bea r ing  c r i t e r i a  o f  r o a d s  from c o m p r e s s i b i l i t y  and 
s t r e n g t h  d a t a  o f  b a s e  cou r se  and s u b s o i l ,  

( a )  The d e t e r m i n a t i o n  of  s i nkage  p r o f i l e s  o f  s e v e r a l  
f i l l s  and causeways founded on s o f t  ground by means o f  
e l e c t r i c  r e s i s t i v i t y  su rveys ,  

( b )  S tudy  of  highway f o u n d a t i o n s  on p e a t o  



I n v e s t i g a t i o n s  were c a r r i e d  o u t  t o  d e t e r m i n e  t h e  n a t u r e  
and c a u s e s  o f  t h e  l a n d  s l i d e s  and s o i l  movements a s s o c i a t e d  
w i t h  r a i l w a y  and highway c o n s t r u c t i o n  i n  t h e  Peace  R i v e r  a r e a  
of B r i t i s h  Columbia and A l b e r t a ,  Based on o u r  e n g i n e e r i n g  
r e p o r t s  r e m e d i a l  work t o  c o u n t e r a c t  t h e s e  e f f e c t s  i s  now 
p r o c e e d i n g  a l o n g  t h e  P.GoEo r a i l w a y  r igh t -o f -way  and t h e  Alaska  
Highway, 

Con t inued  a n a l y s i s  and r e s e a r c h  on t h e  p h y s i c a l  p r o p e r t i e s  
o f  p e a t  and v e r y  s o f t  s i l t - c l a y s  r e l a t i v e  t o  highway c o n s t r u c t i o n  
o v e r  t h e s e  m a t e r i a l s .  T e s t  s e c t i o n  r e s u l t s  now i n  p r o c e s s  o f  
be fng  a n a l y s e d  and r e p o r t  f i n a l i z e d .  

Resea rch  h a s  been completed on t h e  i n f l u e n c e  o f  ca lc ium- 
c h l o r i d e  o n  t h e  w o r k a b i l i t y  of  g r a n u l a r  f i l l ,  The e f f e c t  on  
i n d e x  p r o p e r t i e s ,  P r o c t o r  d e n s i t y ,  C a l i f o r n i a  B e a r i n g  R a t i o  and 
w o r k a b i l i t y  o f  g r a v e l s ,  sand and s i l t  h a s  been s t u d i e d  a t  
f r e e z i n g  t e m p e r a t u r e s .  ( h 4 a s t e r t s  t h e s i s  by C.O.Brawner) . 

An e x t e n s i v e  i n v e s t i g a t i o n  h a s  been made f o r  t h e  runways 
and s t r u c t u r e s  o f  a  l a r g e  aerodrome on sand w i t h  a  h i g h  w a t e r  
t a b l e ,  The p h y s i c a l  and mechan ica l  p r o p e r t i e s  o f  t h e  sand 
have  been s t u d i e d  by l a b o r a t o r y  and f i e l d  t e s t s  i n c l u d i n g  
C a l i f o r n i a  and p l a t e  b e a r i n g  t e s t s  under  r e p e a t e d  l o a d i n g ,  

A compara t ive  s t u d y  o f  d e n s i t i e s  o b t a i n e d  i n  a s p h a l t i c  
c o n c r e t e  runway pav ing  by s t e e l  wheel  and r u b b e r  t i r e  r o l l i n g ,  
F i r s t  r e s u l t s  i n d i c a t e  heavy,  s e l f - p r o p e l l e d  r u b b e r  r o l l e r s  
produce  d e n s i t i e s  about  t h r e e  p e r c e n t  g r e a t e r  t h a n  t h o s e  produced 
by two and t h r e e - a x l e  tandems. 

Using mixes  ( a s p h a l t i c  c o n c r e t e )  from d i f f e r e n t  a i r p o r t  
pav ing  p r o j e c t s ,  a  compara t ive  s t u d y  i s  i n  p r o g r e s s  o f  v a r i o u s  
methods o f  d e t e r m i n i n g  maximum s p e c i f i c  g r a v i t y ,  z e r o  a i r  
v o i d s ,  Comparisons a r e  be fng  made between vacuum s a t u r a t i o n ,  
s o l v e n t  and c a l c u l a t e d  methods. 

P r e l i m i n a r y  t o  l a y i n g  a  t e s t  s e c t i o n ,  some l a b o r a t o r y  work, 
M a r s h a l l  Method, h a s  been done u s i n g  a  powdered l a t e x  a d d i t i v e  
i n  a s p h a l t i c  c o n c r e t e  mixes ,  



Development o f  a  g e n e r a l  method f o r  c o r r e c t i n g  maximum 
d e n s r t y  and optimum m o i s t u r e  c o n t e n t  o f  compacted s o i l s  f o r  
o v e r s i z e  p a r t i c l e s ,  ( p u b l i s h e d  i n  ASTM P r o c e d u r e s  f o r  T e s t i n g  
S o i l s ,  A p r l l  1 9 5 8 ,  p , 1 4 3 ) ,  

"Good S o i l  C o n s t r u c t i o n  and M a i n t e n a n c e  P r a c t i c e s " ,  
( ~ r . e s e n t e d  a t  t h e  F i r s t  O n t a r i o  Good Roads  A s s o c i a t i o n  
T ,JnMahoney  Road S c h o o l ,  T o r o n t o ,  O n t a r i o ,  May 11 and 1 2 ,  1 9 5 9 . )  

F l e l d  and l a b o r a t o r y  i n v e s t i g a t i o n s  o n  f r o s t  a c t i o n  were  
continued, T h i s  y e a r ,  many s e v e r e  f r o s t  h e a v e s  have  been  
i n v e s t i g a t e d  and r e s u l t s ,  i n c l u d i n g  c h a r a c t e r i s t i c s  o f  pavement ,  
b a s e  c o u r s e s  and s u b g r a d e  s o i l s ,  we re  r e c o r d e d  t o g e t h e r  w i t h  
t h e  l o c a t i o n  o f  t h e  w a t e r  t a b l e ,  t h e  d e p t h  o f  f r o s t  p e n e t r a t i o n ,  
t h e  a c t u a l  d r a i n a g e ,  s e e p a g e ,  e t c o  T h ~ s e  r e s u l t s  o f  f i e l d  
o b s e r v a t i o n s  and l a b o r a t o r y  a n a l y s i s  h a v e  b e e n  added t o  p r e v i o u s  
onesand  a  t e n t a t i v e  c l a s s i f i c a t i o n  o f  t h e  d e g r e e  o f  f r o s t  
s u s c e p t i b i l i t y  o f  s o i l s  h a s  b e e n  e s t a b l i s h e d ,  A t  mos t  o f  t h e  
f r o s t  heave  l o c a t i o n s ,  d r a i n a g e  was i n a d e q u a t e  and improvement  
o f  d r a i n a g e  c o n d i t i o n s  h a s  c o n t r i b u t e d  t o  r e d u c e  c o n s i d e r a b l y  
t h e  f r o s t  a c t i o n ,  

The e f f e c t  o f  b l a s t i n g  and t r a f f i c  v i b r a t i o n  on  b u i l d i n g s  
and w e l l s  a d j a c e n t  t o  t h e  r o a d  was s t u d i e d  a s  w e l l  a s  t h e  
s e e p a g e  o f  t h e  roadway w a t e r  o n  p r i v a t e  p r o p e r t y ,  

A few c a s e s  o f  s l o p e  s t a b i l i t y  have  b e e n  a l s o  i n v e s t i g a t e d  
u s i n g  u s u a l  b o r i n g  equ ipmen t .  

A c c e s s ,  now r e g a r d e d  a s  t h e  most  u r g e n t  s t u d y  i n  muskeg 
r e s e a r c h ,  h a s  r e c e i v e d  f u r t h e r  a t t e n t i o n ,  A p a p e r  e n t i t l e d  
" M o b i l i t y  i n  t h e  Muskeg F r o n t i e r s "  by  N.W.Radforth and J, Eve1 
h a s  been  s u b m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  J u l y  i s s u e  o f  t h e  
J o u r n a l  o f  t h e  E n g i n e e r i n g  I n s t i t u t e  o f  Canada .  

A p r o j e c t  i s  u n d e r  way j o i n t l y  w i t h  t h e  N a t i o n a l  R e s e a r c h  
C o u n c i  1 t o  e v a l u a t e  r o a d  pe r fo rmance  o v e r  muskeg i n  O n t a r i o  and 
i t  i s  i n t c n d e d  t o  f i n d  some c o r r e l a t i o n  be tween  muskeg t y p e  a s  
c l a s s i f i e d  by t h e  R a d f o r t h  c l a s s i f i c a t i o n  s y s t e m  and r o a d  
p e r f o r m a n c e ,  T h i s  p r o j e c t  i s  s t i l l  u n d e r  way, 



A s  p a r t  of t h e  Depar tment  o f  T r a n s p o r t  Runway E v a l u a t i o n  
Programme, t h e  l o a d  c a r r y ~ n g  c a p a c i t y  o f  u n r e n n f o r c e d  c o n c r e t e  
pavements  was d e t e r m i n e d  by  l o a d  t e s t i n g  t h e  f r e e  c o r n e r  o f  
c o n c r e t e  s l a b s <  Any s u p p o r t  f rom a d j a c e n t  s l a b s  was removed 
by c u t t i n g  it f r e e  t o  t h e  f u l l  d e p t h  o f  t h e  pavement by diamond 
saw, The d e f l e c t i o n  o f  t h e  s l a b ,  t h e  modulus  o f  s u b g r a d e  
r e a c t i o n  and t h e  modulus cf r u p t u r e  was measured  a t  t h e  same 
t i m e ,  I t  was indicated by t h e s e  t e s t s  t h a t  t h e  l o a d  c a r r y i n g  
c a p a c i t y  of c o n c r e t e  pavement i s  h i g h e r  t h a n  t h a t  g i v e n  ~ y  t h e  
W e s t e r g a a r d  e q u a t i o n ,  

A t h e o r e t i c a l  a n a l y s i s  was made f o r  t h e  d e t e r m i n a t i o n  o f  
t h e  e f f e c t  o f  a  F l e x i b l e  O v e r l a y  on  t h e  l o a d  c a r r y i n g  c a p a c i t y  
o f  R i g i d  Pavements  f o r  d i f f e r e n t  wheel  l o a d s ,  t i r e  p r e s s u r e s  
and wheel  c o n f i g u r a t i o n s ,  

I n  c o n n e c t i o n  w i t h  s e t t l e m e n t  o f  g r a d e ,  s e l e c t i o n  o f  
b a l l a s t ,  and f r o s t  h e a v e  p rob lems ,  t r i a l  s e c t i o n s  o f  t h e  P a c i f i c  
G r e a t  E a s t e r n  R a i l w a y  ape  b e i n g  t r e a t e d  e x p e r i m e n t a l l y  t o  
d e t e r m i n e  t h e  most  economica l  way o f  e l i m i n a t i n g  o r  r e d u c i n g  
f r o s t  h e a v i n g  s o u t h  o f  F ~ r t  ' S t o  J o h n c  

The f o l l o w i n g  two p r o j e c t s  a r e  b e i n g  s p o n s o r e d  by t h e  
J o i n t  Highway R e s e a r c h  P r o ~ e c t  o f  t h e  Depar tment  o f  Highways 
f o r  O n t a r i o :  

Compact ion S t u d i e s ;  F f e l d  t e s t i n g  t o  d e t e r m i n e  
t h e  v a r i o u s  f a c t o r s  which  w i l l  a f f e c t  t h e  
p r o d u c t i o n  e f f i c i e n c y  o f  highway compac to r s  
was c o n t i n u e d  d u r i n g  1958 ,  Some 8 0  t e s t s  were  
comple t ed  o n  t h e  A - 4  s o i l  e n c o u n t e r e d  on  one  
c o n t r a c t  a t  N e w c a s t l e ,  O n t a r i o ,  R e s u l t s  h a v e  
been  a n a l y z e d  and a r e  b e i n g  p r e p a r e d  f o r  
p u b l i c a t i o n ,  

(b) Sand S t a b i l i z a t i o n :  T e s t  s e c t i o n s  o f  b i t u m i n o u s  
e m u l s i o n  s t a b i l i z a t i o n  o n  s a n d - c u s h i o n  highway 
s u b - b a s e s  and numerous f i  e l d  o b s e r v a t i o n s  o f  
v a r i o u s  c o n s t r u c t i o n  p r o j e c t s  were  c o n d u c t e d  
d u r i n g  t h e  summer, From t h e  r e s u l t s  o f  t h e  
l a b o r a t o r y  a n a l y s i s  o f  f i f t e e n  samples  i t  
a p p e a r s  t h a t  s a n d s  whose P r o c t o r  d e n s i t y  i s  



l e s s  t h a n  70% r e l a t i v e  d e n s i t y  w i l l  b e  
u n s t a b l e  u n d e r  t r a f f l c o  T h e s e  s a n d s  w i l l  
need  s t a b i l i z a t i o n  t r e a t m e n t  i n  a d d i t l o n  t o  
t h e  no rma l  c o n t r o i  o f  m o i s t u r e  w i t h  v a r i o u s  
s a l t  a d d i t i v e s ,  

T e s t i n g  o n  a  l a r g e r  s c a l e  i s  b e i n g  c o n d u c t e d  d u r i n g  
t h e  p r e s e n t  summer, and i t  i s  e x p e c t e d  t h a t  a  p r e l i m i n a r y  r e p o r t  
w i l l  be a v a i l a b l e  b e f o r e  t h e  end  o f  t h e  y e a r ,  

U n i v e r s i t y  o f  A l b e r t a  and/or  A l b e r t a  R e s e a r c h  C o u n c i l  

A f i e l d  s t u d y  o f  t h e  u s e  o f  s o i l - c e m e n t  a s  b a s e  c o u r s e  
m a t e r i a l  on  t h r e e  s e p a r a t e  highway p r o j e c t s  i n v o l v i n g  s a n d  and 
c r u s h e d  s a n d s t o n e ,  

A f i e l d  s t u d y  o f  t h e  p e r f o r m a c c e  o f  4% m i l e s  o f  F o r t l a n d  
cement  c o n c r e t e  t e s t  r o a d  i n v o l v i n g  s e v e n  d i f f e r e n t  d e s i g n s ,  

H y d r o - . E l e c t r i c  Power Commission o f  O n t a r i o :  

A s t u d y  o f  t h e  u s e  o f  l f m e - f l y  a s h  c o m p s s f t l o n s  f o r  r o a d  
b a s e  s t a b f l i z a t i o n  was c o n t i n u e d ,  A f i e l d  t r i a l  b a s e  was 
c ~ n s t r u c t e d  c o m p r i s i n g  an  a r e a  a p p r o x i m a t e l y  o f  20 ,000  s q ~ f t .  
1i-i whlch  v a r l o u s  m i x t u r e s  o f  l l m e  and f l y  a s h  w e r e  added t o  
b a s e  c o u r s e  m a t e r i a l  and i n - p l a c e  s o f l ,  Compres s ive  s t r e n g t h  
t e s t s  c a r r i e d  o u t  o n  cube  spec imens  o b t a i n e d  from t h e  c o m p l e t e d  
b a s e  a f t e r  a p p r o x i m a t e l y  3 months  v a r i e d  upwards t o  2000 p s i .  
A d d l t l o n a l  l a b o r a t o r y  t e s t s  w e r e  c a r r i e d  o u t  o n  v a r i o u s  s o i l  
t y p e s  including t i l l ,  c l a y ,  f i n e  s and  and g r a v e l ,  

A s t u d y  of  t h e  p e r f o r m a n c e  o f  o u r  e x i s t i n g  pavements  b a s e d  
o n  Benkeiman Beam d e f l e c t i o n  t e s t s  was c o n t i n u e d o  Such  t e s t s  
were  c c r r e l a t e d  w i t h  pavement and s u b g r a d e  c h a r a c t e r i s t i c s ,  
Pavement d e f l e c t i o n  s t u d i e s  were  a p p l i e d  t o  pavements  p r i o r  t o  
r e s u r f a c i n g  and a f t e r  r e s u r f a c i n g  t o  d e t e r m i n e  t h e  i n c r e a s e  i n  
s t r e n g t h  o f  pavement p e r  u n i t  t h i c k n e s s  o f  pavement a p p l i e d ,  
A s t u d y  was made s f  t h e  p o s s i b i l i t y  o f  a p p l y l n g  t h e  Benkelman 
Beam t e s t  t o  f l n i s h e d  b a s e  c o u r s e s  i n  o r d e r  t o  d e t e r m i n e  any  
i n a d e q u a c i e s  I n  t h e  s u r f a c i n g  t h i c k n e s s ,  

A r a p f d  pavement t h i c k n e s s  d e s i g n  method b a s e d  o n  o u r  
s w ~ g r a d e  s o i l  Group  I n d e x  v a l u e s  was d e v e l o p e d  f o r  u s e  i n  
p r e l i m i n a r y  d e s i g n  c o n s i d e r a t i o n s  o n l y ,  The method i s  
a p p r o x i m a t e  i n  n a t u r e  and must  be  s u b s % a n t i a t . e d  by o u r  s t a n d a r d  
d e s i g n  method i n  t h e  f i n a l  s t a g e s  o f  d e s i g n ,  



Compacted d e n s i t i e s  o f  b i tuminous  c o u r s e s  were s t u d i e d  
on a l l  c o n s t r u c t i o n  paving p r o j e c t s ,  It was found t h a t  pavements 
compacted t o  d e n s i t i e s  below minimum des igned  d e n s i t i e s ,  due 
t o  i nadequa t e  compaction method and paving i n  c o l d  wea the r ,  
r a v e l l e d  d u r i n g  t h e  w i n t e r ,  

A complete  s t u d y  of  l i t e r a t u r e  a v a i l a b l e  on c o n s t r u c t i o n  
of  highways i n  muskeg was made, and a  manual o u t l i n i n g  recommended 
methods was p r epa red  f o r  u s e  by c o n s t r u c t i o n  e n g i n e e r s  a s s i gned  
t o  c o n s t r u c t i o n  o f  n o r t h e r n  r o a d s o  

A s t u d y  o f  t h e  r e l a t i o n  o f  t i r e  p r e s s u r e s  and wheel  l o a d s  
t o  t i r e  s i z e  w a s  made, The purpose  of t h e  s t u d y  was t o  
de t e rmine  whether  maximum a x l e  l o a d s  should  be  based on t i r e  
w id th  o r  s i z e  o f  t i r e ,  Among o t h e r  f i n d i n g s ,  i t  was found t h a t  
f o r  t i r e s  o f  c o n s t a n t  d i a m e t e r ,  t h e  t i r e  ground c o n t a c t  a r e a  
v a r i e d  d i r e c t l y  w i t h  t h e  t i r e  w id th .  T h i s  s u b s t a n t i a t e d  o u r  
method o f  s p e c i f y i n g  maximum wheel  l o a d s  based on t i r e  w i d t h ,  

A s t udy  t o  de t e rmine  changes i n  compacted s h o u l d e r  subgrade  
d e n s i t i e s  from y e a r  t o  y e a r  was i n i t i a t e d ,  T h i s  s t u d y  i s  a p p l i e d  
main ly  t o  d u s t - l a i d  r oads  u s i n g  a s p h a l t i c  o i l ,  and was con f ined  
t o  Highway No,7, Rosetown t o  F i s k e ,  

5, EARTH PRESSURE ON STRUCTURES AND TUNNELS 

HoGoAcres  8 Company Limi ted  

S tudy  o f  t h e  s t a b i l i z a t i o n  o f  a  110- foo t  h i g h  v e r t i c a l  
g r a n i t e  g n e i s s  rock  f a c e  w i t h  f o r t y  80- ton pos t - t en s ioned  
expansibl .e  h o r i z o n t a l  anchorages ,  120 f e e t  l ong ,  

"Energy Re l ea sed  i n  Rockburs t s"  3 rd  Symposium o f  Rock 
Mechanics,  1959,  Colorado School  of  Mines. 

Advis ing on r e t e n t i o n  of  compressed a i r  by s o i l  o v e r  deep  
and sha l low t u n n e l s ,  

Analyzing e f f e c t s  o f  t ime  on b r i d g e  abutment s t a b i l i t y  and 
on t u n n e l  c o n s t r u c t i o n  i n  c l a y .  

P l ann ing  o r o g e n i c  s t r e s s  s t u d y  i n  38- inch d i ame te r  v e r t i  c a l  
h o l e s  i n  r o c k .  

Examining rock s t a b i l i t y  problems underground i n  s e v e r a l  
mines ,  



E l e c t  ro-osmssf  s s t a b i l i z a t i o n  o f  s i l t y  f i l l  b e h i n d  b r i d g e  
a b u t m e n t s ,  t c r e d  sn some P o c a t ~ n n s  d u r i n g  p r e v i o u s  y e a r s ,  
r e s u l t e d  i n  o n l y  l i m i t e d  s u c c e s s ,  Replacement  o f  s i l t y  f i l l  
w ~ t h  g r a v e l  gave  g e n e r a l l y  goad r e s u l t s ,  

( a )  A p p l i c a t i o n  o f  t h e  f r e e z i n g  p r o c e s s  t o  s t a b i l i z e  
a w a t e r - b e a r i n g  s i l t  s t r a t u m  p r i o r  t o  t u n n e l l i n g ,  

( b )  The i n v e s t i g a t i o n  o f  t h e  f a i l u r e  o f  a s t e e l  s h e e t  
p i k e  c o f f e r d a m  i n  s o f t  c l a y ,  i n  which  a n  e x c e l l e n t  ag reemen t  
was o b t a i n e d  w i t h  t h e  t h e o r y  o f  b a s e  f a i l u r e s ,  

S t u d i e s  and measurements  a r e  c o n t i n u i n g  o n  t h e  d e f l e c t i o n  
o f  f l e x i b l e  m e t a l  c u l v e r t s  i n s t a l l e d  b e n e a t h  an e a r t h  dam and 
a highway f i l l ,  

S t ,  Lawrence Seaway A u t h o r i t y ?  

An i n v e s t i g a t i o n  was made o f  t h e  d e f l e c t i o n  o f  an  openwork 
abutment  u n d e r  a c t i v e  and p a s s i v e  e a r t h  p r e s s u r e s ,  

6 ,  EARTH DAMS, SLOPES AND OPEN EXCAVATIQNS 

H o G n A c r e s  & Company L imi t ed :  

( a )  Des ign  o f  a  r o c k - f i l l  dam, 110 f e e t  h i g h ,  w i t h  a  
t h i n  s l o p i n g  c o r e  c o n s t r u c t e d  o f  r o l l e d  e a r t h  f i l l ,  P roposed  
impervious f n l l  c o n s i s t s  o f  p l a s t i c  c l a y  w i t h  a  l i q u i d  l i m i t  u p  
t o  60 p e r c e n t  and a p l a s t i c i t y  i n d e x  up t o  35 p e r c e n t .  

b E x a m i n a t i o n  o f  t h e  u s e  o f  t h e  w e t - f i l l  method f o r  
t h e  c o n s t r u c t i o n  o f  t h e  v e r t i c a l  i m p e r v i o u s  c o r e  o f  an  e a r t h  
dam, 85 f e e t  h i g h ,  u s i n g  g l a c i a l  t i l l  w i t h  a  n a t u r a l  m o i s t u r e  
c o n t e n t  o f  9 p e r c e n t ,  l i q u i d  l i m i t  o f  25 p e r c e n t  and a  p l a s t i c i t y  
i n d e x  o f  1 0  p e r c e n t "  T r i a x i a P  t e s t i n g  o f  t h e  t i l l  was c a r r i e d  
o u t  i n  o r d e r  t o  d e t e r m i n e  t h e  v a r i a t i o n  o f  s h e a r  s t r e n g t h  
p a r a m e t e r s  w i t h  m o i s t u r e  c o n t e n t  below and above t h e  p r o c t o r  
optimums f o r  t h e  v a r i o u s  s t a t e s  o f  compac t fono  

[ c )  Des ign  and s u p e r v i s i o n  o f  c h e m i c a l  and cement g r o u t i n g  
programme f o r  s t o p p i n g  u n d e r s e e p a g e  t h r o u g h  s a n d  and g r a v e l  s t r a t a  
t.o a d e p t h  o f  a p p r o x f m a t e l y  200 f e e t ,  



( d )  D e s i g n  and i n s t a l l a t i o n  o f  a  f u l l y  e f f e c t i v e  r e l i e f  
w e l l  sys t em a t  t h e  downstream t o e  o f  an e a r t h - f i l l  dam, f o r  
r e d u c i n g  a r t e s i a n  p r e s s u r e s  i n  t h e  dam f o u n d a t i o n c  

( e )  P h o t o g e o l o g i c a l  s t u d y  o f  t h e  power r e a c h e s  o f  p a r t  
o f  t h e  Quebec N o r t h  S h o r e  i n  o r d e r  t o  d e t e r m i n e  t h e  geomorphic 
h i s t o r y  and c l a s s i f i c a t i o n  o f  s u r f a c e  d e p o s i t s ,  Examina t ion  
o f  t h e  fo rm,  e x t e n t  and p r o f i l e  o f  t h e  t e r r a c e s  i n d i c a t e s  p o s t -  
g l a c i a l  upwarp and i t  i s  s u g g e s t e d  t h a t  m a r i n e  o r  e s t u a r i n e  
d e p o s i t s  can  be e x p e c t e d  i n  a r e a s  where  t h e  s u r f a c e  o f  t h e  
p r o j e c t e d  upwarp o f  t h e  f o r m e r  Champlain S e a  l e v e l  i s  above o r  
i n t e r s e c t s  t h e  p r e s e n t  t o p o g r a p h y ,  

I n s t a l l a t i o n  o f  a  g r o u t  c u r t a i n  t o  p r o v i d e  a  c u t - o f f  
b e n e a t h  t h e  M i s s i o n  Dam from e l e v a t i o n  -150 (below a c l a y  
s t r a t u m )  t o  e l e v a t i o n  -510 (bo t tom o f  v a l l e y )  i n v o l v i n g  t h e  
g r o u t i n g  o f  a l l u v i a l s ,  mora ine  and s l f d e  m a t e r i a l s  and u s i n g  
clay/cernent  b a s e  g r o u t s ,  

I n s t a l l a t i o n  o f  s h e e t  p i l e  c u r t a i n  r o u g h l y  i n  t h e  m i d d l e  
o f  t h e  c l a y  c o r e  o f  t h e  o l d  d i v e r s i o n  dam which now forms t h e  
t o e  o f  M i s s i o n  Dam. T h i s  j o b  r e q u i r e d  t h e  e x t r a c t i o n  o f  p i l e s  
from 13 b u r i e d  c r o s s w a l l s  and t h e  f o r m a t i o n  o f  a  t r e n c h  by 
d r i l l i n g  t a n g e n t  h o l e s  i n t o  which p i l e s  were  p l a c e d  and 
s u b s e q u e n t l y  d r i v e n ,  

R e s e a r c h  i s  b e i n g  c a r r i e d  o u t  on a  m a j o r  l a n d s l i d e  which 
o c c u r r e d  a t  Dunvegan, A l b e r t a ,  T h i s  s l i d e  i n v o l v e s  some f o u r  
t o  f i v e  m i l l i o n  c u b i c  y a r d s  o f  e a r t h .  The o b j e c t  o f  t h e  
i n v e s t i g a t i o n  i s  t o  d e t e r m i n e  t h e  p o s s i b l e  s l f d e  mechanism and 
c o r r e s p o n d i n g  c o r r e c t i v e  measures .  The m a t e r f a l  c o n s i s t s  o f  
b e n t o n i t i c  s i l t s  and c l a y s .  T r i a x i a l  t e s t s  w i t h  p o r e  p r e s s u r e  
measurements  w i l l  be  per formed i n  c o n n e c t i o n  w i t h  t h i s  l a n d s l i d e .  

O t h e r  t r o u b l e s o m e  s l i d e  a r e a s  i n  t h e  Peace  R i v e r  a r e a  a r e  
b e i n g  i n v e s t i g a t e d  i n  c o n n e c t i o n  w i t h  t h i s  programmeo 

D r F t  C o a t e s :  

Economic s t u d y  o f  s l o p c d  v e r s u s  s h e e t e d  e x c a v a t i o n s  i n  
two d e e p  c u t s  i n  c l a y ,  

Examining and a d v i s i n g ,  b e f o r e  and a f t e r  p o o l  f i l l i n g ,  
on  u n d e r s e e p a g e  p o t e n t i a l s  and r e l i e f  w e l l  i n s t a l l a t i o n  and 
i n s p e c t i o n  programme u n d e r  e a r t h  dams, 



I n s p e c t i o n  o f  e a r t h  d y k e s ,  e s p e c i a l l y  p l e z o m e t r i c  
p r e s s u r e s  i n  f o u n d a t i o n  i n  t h e  I n t e r n a t i o n a l  S e c t i o n  o f  t h e  
S t ,  Lawrence R i v e r ,  Over  o n e  hundred  p i e z o m e t e r s  and r e l i e f  
w e l l s  were o b s e r v e d  i n  C o r n w a l l ,  O n t a r i o ,  and Massena ,  N O Y O ,  
a r e a  i n  c o n n e c t i o n  w i t h  t h e  S t o  Lawrence Power and Seaway P r o j e c t ,  

P u b l i s h e d  an a r t i c l e  " S t o  Lawrence R i v e r  D i v e r s i o n  by a  
R o c k - F i l l  Cofferdam" i n  The E n g i n e e r i n g  J o u r n a l ,  September  1958,  

D i v i s i o n  of  B u i l d i n s  R e s e a r c h ,  N a t i o n a l  R e s e a r c h  C o u n c i l :  

To e v a l u a t e  f i e l d  p e r f o r m a n c e ,  t h e  f a i l u r e s  of  a b r i d g e  
approach f i l l  o v e r  s o f t  mar ine  c l a y  and o f  a  r o c k  f i l l  r o a d  g r a d e  
o v e r  va rved  c l a y  were s t u d i e d ,  F i e l d  vane  t e s t s  and l a b o r a t o r y  
t e s t , s  on u n d i s t u r b e d  samples  were  made and t h e  computed f a c t o r  
o f  s a f e t y  compared w i t h  t h e  a c t u a l  f a c t o r  o f  s a f e t y ,  

A s t u d y  was begun o f  dykes  t o  be c o n s t r u c t e d  i n  an a r e a  
of  s p o r a d i c  p e r m a f r o s t  on  t h e  Nelson R i v e r  i n  N o r t h e r n  Mani toba ,  
S p e c i a l  i n s t r u m e n t s  were d e s i g n e d  and f a b r i c a t e d  and f i v e  
i n s t a l l a t i o n s  were comple ted ,  two i n  t h e  f u t u r e  r e s e r v o i r  a r e a  
and t h r e e  f n  an u n d i s t u r b e d  a r e a  of  t h e  s i t e ,  O b s e r v a t i o n s  o f  
s o i l  t e m p e r a t u r e s  t o  d e p t h s  of  20 f e e t  were begun on 1 November 
1958 on a  weekly  b a s i s ,  Work was s t a r t e d  on t h e  d e s i g n  and 
f a b r i c a t i o n  o f  s p e c i a l  s e t t l e m e n t  gauges  and a d d i t i o n a l  ground 
t e m p e r a t u r e  i n s t r u m e n t s  f o r  i n s t a l l a t i o n  i n  t h e  dykes  t o  be  
c o n s t r u c t e d  on p e r e n n i a l l y  f r o z e n  ground i n  t h e  s p r i n g  of  1 9 5 9 =  

F i e l d  i n v e s t i g a t i o n s  i n t o  t h e  t i m i n g  and magni tude  of  
d e f o r m a t i o n s  o c c u r r i n g  i n  n a t u r a l  s o i l s  under  v a r i o u s  s u b - A r c t i c  
c o n d i t i o n s  were i n i t i a t e d  a t  S c h e f f e r v i l l e ,  P o Q o  E a r l i e r  f i e l d  
e x p e r i e n c ~  and r e v i e w  o f  t h e  l i t e r a t u r e  p o i n t e d  t o  t h e  p o s s i b i l i t y  
o f  s i g n i f i c a n t  d e f o r m a t i o n s  by c r e e p  u n d e r  r e l a t i v e l y  low s t r e s s e s  
l n  t h e  f r o z e n  s o i l ,  A number o f  s i t e s  were s e l e c t e d  which showed 
l i t t l e  s u r f f c i a l  i n d i c a t i o n  o f  movement and p o l y e t h y l e n e  t u b e s  o f  
s m a l l  d i a m e t e r  were i n s e r t e d  t o  v a r i o u s  d e p t h s ,  Deformat ion  o f  
t h e s e  t u b e s  i s  t o  be a c c u r a t e l y  r e c o r d e d  a t  i n t e r v a l s  by means o f  
e l e c t r i c a l  a p p a r a t u s .  

( a )  S t a b i l i t y  o f  s l o p e s  i n  c u t s  made i n  o v e r c o n s o l i d a t e d  
P e a c e  R i v e r  s h a l e s  was sought  by  s i m u l t a n e o u s  a p p l i c a t i o n  of  t h e  
f o l l o w i n g :  

- d r a i n i n g  away t h e  s u r f a c e  r u n o f f ;  



- d r i l l i n g  30 t o  70 f t ,  .deep d r a i n  h o l e s  i n  s h a l e ,  
1 2  i n c h e s  i n  d i a m e t e r ,  f i l l i n g  them w i t h  g r a v e l  and 
c o n n e c t i n g  them t o  d r a i n  c o l l e c t o r s ;  

- l i m i t i n g  t h e  removal o f  e x i s t i n g  overburden  t o  
p r e v e n t  u n l o a d i n g  o f  o v e r c o n s o l i d a t e d  s t r a t a .  

( b )  Dra inage  o f  s l o p e s  i n  s i l t y  s o i l  was t r i e d  by d r i l l i n g  
h o r i z o n t a l  and u p - s l o p i n g  h o l e s  up t o  30 f t ,  l o n g  and auger  packing 
t h e  h o l e s  w i t h  sand.  R e s u l t s  n o t  y e t  known, 

E c o l e  Po lv technf  aue: 

( a )  R e s e a r c h  c o n t i n u e d  o n  t h e  s t u d y  o f  l a n d s l i d e s  i n  
e a s t e r n  Canada; 

( b )  Computing c h a r t s  f o r  t h e  s t a b i l i t y  of  c o h e s i v e  s l o p e s ;  

( c )  S t u d y  o f  s t a b i l i t y  o f  s l o p e s  i n  s t i f f  f i s s u r e d  
L a u r e n t i a n  c l a y s .  

F e d e r a l  Department o f  P u b l i c  Works, B a n f f ,  A l t a :  

Two-fnch d i a m e t e r  h o r i z o n t a l  p e r f o r a t e d  d r a i n s  were i n s t a l l e d  
i n  u n s t a b l e  highway b a c k s l o p e s  i n  an a t t e m p t  t o  lower t h e  seepage  
c o n d i t i o n s ,  The i n s t a l l a t i o n s  proved t o  be q u i t e  e f f e c t i v e  and 
economical ,  

The d e s i g n  o f  a  causeway a c r o s s  a  bay which h a s  a  2 8 - f t .  t i d e  
i n  which emphasis  was on  changes  i n  c o n s t r u c t i o n  m a t e r i a l s  and 
methods o f  p l a c i n g  i n  o r d e r  t o  e f f e c t  a  c l o s u r e ,  

Work d u r i n g  t h e  p a s t  y e a r  i n v o l v e d  r e m e d i a l  work t o  r o c k  f i l l  
dyke damaged by p i p i n g  t h r o u g h  f o u n d a t i o n  bedrock .  

Pore  p r e s s u r e  s t u d i e s  c o n t i n u e d  on s l o p i n g  c l a y  c o r e  r o c k -  
f i l l  dam, 

Some t i m e  and s t u d y  h a s  been s p e n t  on seepage  from e x i s t i n g  
r e s e r v o i r s  t h r o u g h  sandy g r a v e l s  and va rved  c l a y s  and t h e  a s s o c i a t e d  
u n s t a b l e  s l o p e s  and p i p i n g  problems.  



S t u d i e s  a r e  b e i n g  c o n t i n u e d  o f  s e e p a g e s  from s t o r a g e  
r e s e r v o i r s  t ,hrough n a t u r a l  m a t e r i a l s  r e s u l t i n g  i n  l o s s e s  o f  
needed w a t e r ,  e r o s i o n  a t  s p r i n g  o u t l e t s ,  and some damage by 
t h e s e  seepage  w a t e r s o  

A n a t u r a l  s l o p e  i n  s t i f f - u l t r a s e n s i t i v e  c l a y ,  e x i s t i n g  
a t  s t a b i l i t y  r a t i o  n e a r  u n i t y  was u n a f f e c t e d  by v i b r a t i o n s  due  
t o  d r i v i n g  s h e e t  p i l e s  a t  t o e  o f  s l o p e ,  O b s e r v a t i o n s  of  long  
term c r e e p  now b e i n g  o r g a n i z e d ,  

Measurement o f  l a t e r a l  movement i n  s l o p e s  and embankments 
wi%h t h e  s l o p e  i n d i c a t o r  deve loped  by Shannon and Wilson i s  
c o n t i n u i n g ,  

S t ,  Lawrence Seaway A u t h o r i t y :  

F o L o P e c k o v e r  and T . G o T u s t i n  " S o i l  and Founda t ion  Problems 
o f  t h e  S t ,  Lawrence Seawayn,  E n g i n e e r i n g  J o u r n a l ,  September 1958. 

A r e p o r t  was made on a  s t u d y  o f  t h e  numerous r e c u r r e n t  
s l o p e  movements a t  t h e  Welland C a n a l ,  S t  C a t h a r i n e s ,  O n t a r i o ,  
w i t h  p a r t i c u l a r  r e l a t i o n  t o  l o c a l  s o i l  d r a i n a g e  c o n d i t i o n s ,  The 
p r o j e c t  i n c l u d e d  a  s t u d y  o f  t h e  r e g i o n a l  g e o l o g y ,  a n a l y s e s  o f  
r e c o r d s  o f  p a s t  s l o p e  movements, e s t a b l i s h m e n t  o f  t y p i c a l  
e n g i n e e r i n g  s o i l  p r o p e r t i e s ,  and c o r r e l a t i o n  o f  f i n d i n g s ,  The 
s l o p e  movements were shown t o  o c c u r  p a r t i c u l a r l y  a t  s e a s o n s  o f  
r a p i d  ground w a t e r  r i s e  and t o  be  r e l a t e d  t o  t h e  d i r e c t i o n  o f  
s u r f a c e  d r a i n a g e ,  

The e x c a v a t i o n  o f  a  p o r t i o n  o f  a  n a v i g a t i o n  channe l  i n  an 
a r e a  o f  s o f t  c l a y  u n d e r  a r t e s i a n  p r e s s u r e  a d j a c e n t  t o  an i m p o r t a n t  
e x i s t i n g  dyke was c a r r i e d  o u t  under  c l o s e  s u p e r v i s i o n .  The 
a r t e s i a n  p r e s s u r e  was drawn down by pumping i n  t h e  u n d e r l y i n g  
w a t e r - b e a r i n g  s a n d s t o n e  and c o n s t a n t  check was k e p t  on  w a t e r  
p r e s s u r e s  by p i e z o m e t e r s  and s u r f a c e  o b s e r v a t i o n s ,  

cha 
g r a  

The f l o o d i n g  o f  p o r t i o n s  o f  newly c o n s t r u c t e d  n a v i g a t i o n  
n n e l s  l i n e d  w i t h  dykes  was s u p e r v i s e d .  E f f e c t s  of  t h e  r e s u l t i n g  
d u a l  r i s e  o f  ground w a t e r  i n  t h e  v i c i n i t y  were fo l lowed  w i t h  

p i e z o m e t e r s  and w e i r s ,  C o n t r o l  o f  t h e  seepage  f l o w s  which 
o c c u r r e d  m a i n l y  t h r o u g h  l i m e s t o n e  and s a n d s t o n e  bedrock was 
m a i n t a i n e d  by i n s t a l l a t i o n  o f  r e l i e f  t r e n c h e s  and f i l t e r  b l a n k e t s ,  



Unusual  under - seepage  c o n d i t i o n s  were  e n c o u n t e r e d  d u r i n g  
e x c a v a t i o n  t h r o u g h  222 f t .  of g l a c i o  f l u v i a l  and d e l t a i c  d e p o s i t s ,  
Vacuum-ass is ted  d e e p  w e l l s  were  used  t o  a s s i s t  i n  d r a i n a g e  o f  t h e  
groundwater  and e x c a v a t i o n  was a c h i e v e d  by m o n i t o r i n g  and d r e d g i n g ,  

T h r e e  f u l l - s c a l e  h o r i z o n t a l  d r a i n  programmes have been 
c a r r i e d  o u t  a t  l o c a t i o n s  where p o r e  p r e s s u r e s  were  found t o  be  
t h e  p r i n c i p a l  s o u r c e  o f  i n s t a b i l i t y .  O b s e r v a t i o n s  have  been made 
f o r  one  y e a r  and t h e  programme found t o  be  e f f e c t i v e ,  These  a r e  
t h o u g h t  t o  be  t h e  f i r s t  f u l l - s c a l e  h o r i z o n t a l  d r a i n  programmes t o  
be  c a r r i e d  o u t  i n  w e s t e r n  Canada. The t y p e  o f  machine found t o  be  
e f f e c t i v e  f o r  t h i s  work i s  a  s p e c i a l  machine d e v e l o p e d  by t h e  
F a i l i n g  D r i l l i n g  Company. 

U n i v e r s i t y  o f  A l b e r t a  and/or  t h e  A l b e r t a  R e s e a r c h  Counc i l :  

The d e t a i l e d  i n s t r u m e n t a t i o n  and a n a l y s i s  o f  an i n f i n i t e  
s l o p e  s l i d e  i n v o l v i n g  5 m i l l i o n  c u b i c  y a r d s  o f  s o i l .  



APPENIIIX "A" 

MEMBERS OF THE CANADIAN SECTION OF THE INTERNATIONAL 
SOCIETY OF SOIL MECHANICS AND FOLINDATZON kNGINEERING 

Name T i t l e  o r  Addres s  
O c c u p a t i o n  

Adams, J . I .  E n g i n e e r  

Anderson ,  KoO. A s s i s t a n t  
P r o f e s s o r  

H y d r o - E l e c t r i c  Power 
Comrnission o f  Ont  a r . l o  , 

620 U n i v e r s i t y  Avenue, 
TORONTO, O n t .  

Dept  o f  C i v i l  E n g i n e e r i n g ,  
U n i v e r s i t y  o f  A l b e r t a ,  
EDMONTON, A l t a ,  

Andersson ,A,GoL.  D r i l l i n g  R i p l e y  8 A s s o c i a t e s ,  
S u p e r v i s o r  1930 West Broadway, 

VANCOUVER , B 3 C . 
Ange l ,  H .  E n g i n e e r  S o l e t a n c h e  8 A s s o c i a t e s ,  

Room 5 0 9 ,  R o y a l  Bank B l d g , ,  
675  West H a s t i n g s  S t r e e t ,  
VANCOUVER , B  C 

Audy, R, S o i l  F,!echanics 6 C a r t f e r ,  C o t e  8 P i e t t e ,  
M a t e r i a l s  E n g i n e e r  366  Avenue L a f l e u r ,  

LASALLE , P. Q 

B a s a r k e ,  N < ,So  P r o j e c t  Des ign  Dept o f  Highways,  
Engl .neer  P a r l i a m e n t  B u i l d i n g s ,  

TORONTO i 2 ,  O n t o  

B a z e t t ,  D o J o  S u p e r v i s i n g  Hydro-E l e c t r f  c  Power 
Eng i  n e e r  Commission o f  O n t a r i o ,  

620 U n i v e r s i t y  Avenue, 
TORONTO, O n t o  
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APPENDIX B 

L i s t  o f  Members A s s o c i a t e d  w i t h  O r q a n i z a t i o n s  

I n  some c a s e s ,  r e p o r t s  h a v e  b e e n  s u b m i t t e d  i n  t h e  name o f  
o r g a n i z a t i o n s ,  F o l l o w i n g  i s  a  l i s t  o f  members a s s o c i a t e d  w i t h  
t h o s e  o r g a n i z a t i o n s .  I n d i v i d u a l  a d d r e s s e s  a r e  i n  Appendix " A " .  
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