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PREFACE 

It has not been possible i n  papers published 
by the Division on i t s  shear research on Leda a lay  t o  
include a complete record of a l l  t e s t s .  Several 
workers who wanted t o  make a detai led study of the 
t e s t s  have asked f o r  more complete information. This 
report  provides supplementary information on the more 
important t e s t s  and should therefore be used together 
with the quoted references. 'Phe author, a c i v i l  
engineer, i s  Read of t h e  S o i l  Mechanics Section, 
DB R/NRC . 

Ottawa 
April  1963 

R. F. Legget 
Direct o r  



T R I A X I A L  TESTS ON LEDA CLAY 

C. B. Crawford 

General engineering proper t ies  o f  Leda c lay  have 
been recorded (1) but  t h i s  record i s  f a r  from complete. 
Detailed s tud ies  of shear s t rength  have been confined t o  
samples from the  Ottawa area.  E a r l i e r  t e s t s  on tube samples 
indicated the need f o r  fundamental s tud ies  on good undisturbed 
block samples. A t  every opportunity, there fore ,  block samples 
have been obtained f r o m  deep excavations. 

To date  it has been possible t o  ca r ry  out compre- 
hensive t e s t s  on specimens cut  f r o m  r e l a t i v e l y  uniform layers  
of undisturbed block samples obtained from three  locat ions .  
The average propert ies o? the  s o i l  i n  these blocks a re  given 
i n  Table I. A l l  specimens were sa tura ted and undisturbed. 

TESTS AND TEST RESULTS 

The f i rs t  s e r i e s  of consolidated undrained (CU) 
t e s t s ,  designed t o  inves t iga te  the  influence of r a t e  of s t r a i n  
on t e s t  r e s u l t s ,  has been published ( 2 ) .  Detailed supplemen- 
t a r y  information on each t e s t  i s  given i n  Table I1 of t h i s  
present repor t .  Consolidated drained ( C D )  t e s t s  w i t h  increas-  
ing a x i a l  stress resu l ted  i n  such d i s t o r t i o n  of the  s o i l  
t h a t  the  t e s t s  were judged t o  be unsatisfactory.  Detailed 
information f o r  each consolidated drained t e s t  specimen i s  
,given i n  Table I11 and the s t r e s s - s t r a i n  curves a r e  shown i n  
Figure 10 of Reference ( 2 ) .  

The second s e r i e s  of consolidated undrained t e s '  
designed t o  invest igate  the  i n f l  
t e s t  r e s u l t s  and in t e rp re t a t ion ,  
Further de t a i l ed  infor.&ation on- 

.uence 
ha s 

each 

of  axia 
been pub 
t e s t  is 

1 s t r a i n  on 
l i shed  (3) .  
given i n  

Tables I V  and V. The consolidated drained t e s t s  on th is  
s o i l  have not  been published and a re  reported i n  Table VI 
and Figures 1 t o  8. 

These consolidated drained t e s t s  were considered 
t o  confirm the e a r l i e r  i n t e rp re t a t ion  t h a t  the  ordinary 
consolidated drained t e s t  with a x i a l  loading is  an unsat is -  
f ac to ry  t e s t  method. Figures 1 t o  4 show the  normal trend 
of continuing increase i n  devia tor  s t r e s s  a t  s t r a i n s  i n  
excess o f  20 per cent.  This may prove t o  be a t e s t  o f  the  



remoulded s o i l  but  cannot be considered t o  represen t  t h e  
performance of t h e  undisturbed s o i l .  Figures 5 and 6 
i l l u s t r a t e  s i m i l a r  performance of specimens from an  ad jacen t  
block. 

Consolidated drained t e s t s  w i t h  a x i a l  s t r e s s  
decreas ing  may be b e t t e r  s u i t e d  t o  this mat e r i a l ;  Figures 7 
and 8 show r e s u l t s  of such t e s t s .  Each specimen was first  
consol idated and then  t h e  l a t e r a l  s t r e s s  was decreased i n  
s t age s  while t h e  a x i a l  s t r e s s  remained cons tant .  I n  t he se  
cases ,  it was poss ib le  t o  apply  about 3/4 of t he  u l t ima te  
shea r  s t r e s s  under f u l l y  drained condi t ions  while a x i a l l y  
s t r a i n i n g  t h e  specimen by only 1 per  cen t .  Fur ther  inc reases  
i n  the  shear ing  s t r e s s  would cause much r e a t e r  a x i a l  s t r a i n  
u n t i l  t h e  l a s t  increment causes f a i l u r e  probably under only 
p a r t i a l l y  drained condi t ions)  . 7 

The volume changes noted on Figures 7, and 8 a r e  
probably unre l i ab le .  Due t o  the  long dura t ion  of t h e  t e s t  
t he  independently estimated magnitude of membrane leakage i s  
of t h e  same order  a s  the  measured volume change. Assessment 
of membrane leakage i s  d i f f i c u l t  but  i n  t he  average s t r e s s  

v 

range these  
2 

t e s t s  it may amount t o  about  0.1 cm3 

o r  1.5 cm' during t h e  period of shear .  Membrane leakage may 
i n  f a c t  account f o r  most of the  measured volume change dur ing  
t h e  long shear ing  period of t e s t s  96-3-3 and 96-3-4.  Since 
volume change during t h e  conso l ida t ion  s tage  i s  computed by 
s ub t r a c t i n g  volume change dur ing  t he  period of shea r  from t o t a l  
volume change th i s  may account f o r  t h e  lower than  average aVc 
recorded f o r  these  two t e s t s .  

A t h i r d  s e r i e s  of t e s t s ,  designed t o  i nves t i ga t e  
shea r  a t  low e f f e c t i v e  s t r e s s  l e v e l s ,  has  been completed and 
i s  i n  process  of pub l i ca t ion  ( 4 ) .  This s e r i e s ,  pr imar i ly  on 
block sample 94-21, inc ludes  unconfined compression, consol i -  
dated undrained t e s t s ,  and consol idated drained t e s t s  a t  
cons tant  volume, 

This r e p o r t  was intended t o  supplement published 
information by g iv ing  d e t a i l e d  t e s t  r e s u l t s .  It inc ludes  
t h e  r e s u l t s  of a  number of consol idated drained t e s t s  which 
have no t  been published, These t e s t s  round out  t h e  t e s t  
s e r i e s  bu t  a r e  n o t  considered t o  be s u f f i c i e n t  f o r  a  genera l  
assessment of shea r  s t r e n g th  of Leda c lay .  
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TABLE I 

PROPERTIES OF SOILS TESTED 

Sample 

Depth, f t  

Elevation, f t  

Preconsolidation press ,  kg/cm2 

water content ,  $ 

Liquid l i m i t ,  .% 

P l a s t i c  l i m i t ,  $ 

Liquidi ty  index 

Clay content ,  % 

Specif ic  g rav i ty  

Act iv i ty  

S a l t  content ,  grams/litre 

83-27 
83-28 

16 

234 

2.2 

67 

65 

26 

1.0 

60 

- 

0.65 

0.5 

96-3 
96-4 

33 

222 

2.0 

58 

53 

25 

1.2 

62 

2.80 

0.45 

1.7 

94-21 

53 

117 

4.5 

53 

31 

23 

3.7 

65 

2.83 

0.12 

0.03 



TABLE I1 

COI?SOLIDATED UNDRAINED TESTS ON SAMPLE 8 3  -27 

( s e e  a l s o  Reference ( 2 ) )  

A = d e v i a t o r  stress, kg/sq cm 

B = pore pressure, kg/sq cm 

Specimen 
No. 

83-27-8 

Stra in ,  $ 

0.25 

A 

0 .60  

0.32 

G.27 

0.55 

0.50 

0.46 

0.33 

0.23 

0.62 

0.72 

0.52 

0.56 

0.82 

2.0 

1.76 

1 . 9 1  

1.72 

7 

1 .73  

1 . 9 1  

1 .98  

2.06 

2.25 

2.39 

3.34 

3.47 

11 I 0.81 

0.50 

1 .28 

3.36 

1.29 

1.32 

1 .27 

1 .32 

1 . 4 1  

1.40 

1 .75 

1.78 

2.45 

2.76 

3.0 

1.64 

1 .72 

1 .69  

1 .70  

1 .72 

1.88 

1 - 9 7  

2.06 
- 

2.38 

3.31 

3.42 

B 

0.28 

A 

1.50 

1 .15 

1 . 2 8  

1.87 

1.70 

1 .53  

1 .43 

1 4 5  

2.38 

2.50 

2.06 

3.39 

3.39 

10 

3 

2 

1 

6 

7 

9 

5 

4 

1 3  

12 

A 

1.09 

0.55 

0.54 

0.97 

0 .91  

0.78 

0.64 

0.50 

1.12 

1.29 

1.01 

1.27 

1.62 

A 

1.46 

1.32 

1 .44 

2.02 

1.97 

1.68 

1.62 

1 - 6 4  
- 
- 

2.33 

3.98 

3.77 
i 

B 

1.18 

0.e7 

0.82 

0.84 

0.85 

0.78 

0.85 

0.95 

1 .20 

1 .20 

6 

1 .90 

B 

0 .51  

B 

1 .33  

1 .5  

1.80 

1.97 

1 .72  

1.74 

1.72 

1.88 

2.00 

1.99 

2.22 

2.36 

3.27 

3.46 

0.75 

1.58 

A 

1 . 5 1  

1 .03 

1 . 1 4  

1.75 

1.55 

1.34 

1 .25 

1 3 0  

2.08 

2.27 

1.89 

3.00 

3 .01 

1.0 

1 .73  

1.88 

1 .63  

1.64 

1 .63 

1.75 

1.89 

1.80 

2.11 

2.23 

3.07 

3.37 

A 

1.35 

0 .71  

B 

1.04 

A 

1.48 

0 .83  

0 .91  

1.47 

1 .33  

1 .17 

1 .03  

0.98 

1 .69 

1.92 

6 

2.37 

2.52 

B 

0.70 

B 

0.83 

1.72 j 0.74 

1 .51  

1 .53 

1 .51  

1.50 

1.74 

1.65 

1 .98 

2.07 

2.85 

3.18 

1.26 

1.16 

1.02 

0.87 

0.75 

1.43 

1 .65 

1.38 

1.88 

2.13 



TABLE I11 

CONSOLIDATED DRAINED TESTS ON SMvlPLE 83-28 

( s e e  a l s o  Reference ( 2 ) )  

bcl = E f f e c t i v e  c o n s o l i d a t i o n  s t r e s s  

Tc = Time of c o n s o l i d a t i o n  

a V c  = Volume change dur ing  c o n s o l i d a t i o n  s t a g e  

A V ~  = Tota l  volume change dur ing  t e s t  

Specimen 
No. 

83-28-1 

83-28-2 

83-28-3 

1 
bc , 

kg/cm2 

2.0 

2.8 

4.0 

Water Content,  % 
Tc ,  

min 

2300 

4300 

7000 

I n i t i a l  

66.7 

67.3 

67.4 

F i n a l  

46.7 

41.5 

36.8 

d V c ,  

% 

3.5 

12.8 

19.4 

AVT, 

$ 

20.5 

24.8 

29.3 

.I 

Rate of 
s t r a i n ,  
%/b 

0.17 

0.17 

0.17 



TABLE IV 

CONSOLIDATED UNDRAINED TESTS OW SAMPLE 96-4 

( s e e  a l s o  Reference ( 3 ) )  

o Devia to r  s t r e s s  c o n s t a n t  ( s e e  F igure  2 of Reference 3 )  

Sp;cinen 
IT0 . 

-- 

36-4-1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

A = Devia to r  s t r e s s ,  kg/cm 
2 

B = Pore p r e s su re ,  kg/cm 
2 

I 

S t r a i n ,  % 

0.25 

A 

0.66 

0.99 

6 

2.20 

0.65 

0.96 

1 .22 

1 .83  

0 .50 0.75 

B 

0.46 

0.60 

0.52 

0 .83 

0 .31  

0.44 

0.20 

0.35 

0 . 4 3 ~ ~ 0 . 4 ~ ~ ~ 0 . 8 8  

0.85; ' : -0.32%0.85 

0 .89 -0 .73 : ' 1 . 73  

1 .30z0.57:  

A 

0.93 

1 .32 

1 . 9 1  

2.93 

0 .93 

1 .30  

1.72 

2.56 

2.18 

A 

1.07 

1 .50 

2.15 

3.30 

1.07 

1 .50  

1 .94  

2.98 

1.04 

1 . 5 1  

2.05 

2.89 

B 

0.74 

0.95 

0.96 

1 .53  

0.60 

0.77 

0.39 

0.84 

0.77 

0.74 

1 . 2 1  

1 .13 

B 

0.93 

1 .20  

1 . 3 3  

2.06 

0.85 

1 .09  

0.58 

1.36 

0.96 

1.08 

1.55 

1.58 

1 .0  

A 

1.14 

1 .60  

2.23 

3.49 

1.18 

1 .63  

2.07 

3.26 

1 .13  

1 .68  

2.18 

3.21 

B 

1.07 

1 .40  

1 . 6 1  

2.44 

1.01 

1 .28  

0.75 

1 .82 

1.07 

1 .30 

1 .78  

1 .98 

1 .5  

A 

1 .23  

1 .72 

2.44 

3.70 

1 .27 

1 .76  

2.23 

3.56 

1.19 

1.81 

2 .31  

3.50 

B 

1.25 

1 .67 

1 .98  

2.92 

1 .24  

1 .58  

1 .07 

2.52 

1.24 

1 .59  

2.11 

2.60 

2.0 

A 

1 . 2 5  

1 .78  

2.50 

3.79 

1 .29  

1 .82 

2.30 

3.70 

1 .22 

1.86 

2.37 

3.64 

B 

1.36 

1.85 

2.18 

3.27 

1 .40 

1 .75  

3 3  

2.97 

1.36 

1-78  

2.33 

2.99 

3.0 5.0 

A 

1.25 

1,80 

2.55 

3.83 

1 .27 

1 .84 

2.33 

3 .81 

1 . 2 1  

1 .87 

2.40 

3.74 

A 

1 .20  

1 .78  

2 .51  

3.77 

1 .20  

1 .82 

2.30 

3.80 

s 

1 . 5 1  

2.02 

2 .51  

3.72 

1 .56  

2.00 

1 .68  

3.56 

1 .52 

2.01 

2.62 

3.50 

a 

1 - 6 5 )  

2.30 

2 - 8 5  

4*16  

1.55 

2 . 2 4  

2.05 

4*14  
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TABLE V I  

CONSOLIDATED DRAINED TESTS ON SAMPLES 96-3 AND 96-4 

6c1 = Effec t ive  conso l ida t ion  s t r e s s  

Tc = Time of conso l ida t ion  

d V C  = Volume change dur ing  conso l ida t ion  s t age  

a V t  = Tota l  volume change during t e s t  

Specimen 
No. 

96-4-13 

96-4-14 

96-4-15 

96-4-16 

96-3-1 

96-3-2 

96-3-3 

96-3-4 

Water Content, $ 1 
6, , 

kg/cm2 

3 

3 

6 

6 

6 

6 

6 

6 

I n i t i a l  

57.1 

58.3 

61.6 

57.5 

57.6 

52.6 

57.4 

55.9 

F ina l  

35.1 

35.9 

30.6 

30.2 

29.8 

25.3 

38.3 

36.4- 

Tc, 

min 

6200 

4000 

6700 

4200 

4300 

4000 

4000 

3900 

bVc ,  

% 

13.6 

12.5 

22.4 

21.3 

20.9 

21.8 

18.8 

18.3 

I 

Avt9 

% 

23.6 

23.6 

31.6 

29.0 

29.6 

31.6 

20.6 

21.2 

Rate of 
s t r a i n ,  

%fir 

2.0/0.4 

0.2 

0.4 

0.2 

0.2 

0.2 

- 

- 
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FIGURE I 
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STRESS - STRAIN R E L A T I O N  ( D R A I N E D  TEST ) 
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FIGURE 3 

S T R E S S  - S T R A I N  R E L A T I O N  ( D R A I N E D  TEST)  
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FIGURE 4 

STRESS - STRAIN R E L A T I O N  [DRAINED T E S T )  
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FIGURE 5 

STRESS - STRAIN RELATION ( DRAINED TEST ) 
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STRESS - STRAIN  R E L A T I O N  (DRAINED TEST ) 
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FIGURE 7 

STRESS - STRAIN RELATION (DRAINED TEST 

WITH DECREASING 6,) 

w 
> 
n 

Cc 
1 

V) 

> 
4 
0 

to 

< >  
a 
0 - 

- 

c- c 3  

1 

- > 
a 
0 

- 

- 

4 HOURS 
4 b 

-. 

- 

- 
I 

- 
cr; ---- 

I ------- - 
/ - 

A V  - 
1 %I= KGICM* 

- 
/ 

b / SPECIMEN 96-3-3  
/ 

1 I I I I 



I0 15 

S T R A I N ,  O/o 

I I I I 
T I M E  I N T E R V A L  

FIGURE 8 
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