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two aajra until it  had reaohod cq- .ilibrivm. The 
^ t o  equilibrium was approximately four weeks.

After the sample had reached equilibrium its  ends 
trimmed fla t  and its  overall dimensions were care- 

^ ,lv  measured. The specimen was tnon weighed and 
’ ced in the high pressure a ll  round compression 

aratua between a ir dry end plates* The specimen was 
&abieoted to an a ll round oorirtolidation test with the 
Increments of load applied at 24 hour in ter alo, The 

applied 3oad wan 32.4 tona/oqu.ft* At the end 
of th ‘eat the specimen was removed, weighed, oven 

juried **■4 weighed again*

Fo-. specimens were tested as above. The in it ia l  
prw*iri deficiencies of the four sample a were pF 3f 
pP 3*5♦ pF 4 and p* 4*5. In f ig .  6.9 is  shown o* log 
p curves for three of the four samples together * ith  
the virgin consolidation curve obtained by performing 
an all round consolidation teat on a sample In it ia lly  
at the liquid lim it* No ©: log p curve was obtained 
for the sample at pF 4.0 as the test was spoilt fcy a 
leak In the rubber membrane. Also shown m f ig .  6.9 

i.o the oj pF curve for the material*

6*8 .Ctetisoli dome ter tests on silty sand at vayipy.?. 
initial degre e  of saturation

fhe samples were thoroughly remoulded at the liquid  
limit and shaped in inch diameter by l i  inch hi£fc 
taoulde. The speoimena wore dried in the atmosphere to [f 
various moisture contents and then placed under be ll 
jars for a few days to allow time for equilibrium of * 
ooisture throughout the sample. Tho samples were then  ̂
tested in the conoolldometer at various In it ia l 
degrees of saturation, loading was taken up to 16 tons/, 
3<huft. at which point tlio anmplos were soaked*

•A

Four samples having in it ia l dogmas of saturation qpj 
69*5$, 49*4  ̂, 40.7$ and 36*5$ wore tooted* (An additional
mm. _ _ . » 1  -»/Nrtf m « rt 4*̂  Art '̂̂ raK1"'

t f 'ru# f/* 'a • '■A --------

sample was brought to approximately 30$ saturation 
Ll 1 a, zero applied 1 nnd t-.-.n consolidated by 
®eans of applied loads.) The es log p curves for the 
five specimens together with the virgin compression 
®brve for the material ar^ shown i »  f i « *  6*”*
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AflALYoIo AM) JPIgCUSSJQH OP TEST ftEflULTSf

7.T Cocrregaion testa on gilt

It can He aser. from fig * 6.2 that the e. log p 
eurve for the sample Vfhioh **as seated at 0.1 ton/sq-uuft* 
joins up with the virgin compression curve at an applied 
load of approximately 4 ton/squ. ft . Thereafter the 
serve i& alroot coincident witn the virgin line. This 
behaviour Is consistent with classical consolidation 
experience which h*j shown that ± precoop rested so il 
will return zo a unique 1 virgin * compression curve Sf 
it is re-*coQpr*?«?el •

The a ir  dry specimens are very much more 
ineoKpresaibl^ with respect to applied pressures than 
the eaturat^i specimen* : nr toad of joining up with the 
virgin curve tho *j Tog p curver for the a ir dry s i lt  
actually croon i t .

The comprccci curve for the saturated s ilt  is  in 
tsri.8 of e ff'.c ' tvo st -g ,. However the compression 
eum for iV.t -,ir Iry s i lt  is In terms of applied 
strvtn because *he positit effective stress coaponefit 
due to the prsp.^ur . deficiency in the soil is  unknown. 
Although the effective stresn conditions in the air dry 
•oil are indeterminate we can definitely day that* at 
a specific void ratio, the effective stress in the s a il  
**•1 he greater then tho applied load acting on the 
a°il. It can bo Been from fig* that the void ratio  
^  the air dry e llt  is always greater than the void 
ratio of the saturated Bilt at any ape o i f  id applied 
load, t m b  in clearly contrary to tho principle of 
•ffective s t r e a a  whioh implies that the v o id  ratio I d   ̂
determined only by the effective stress in the soil*
If tho a n t  wore to have behaved in accordance with the j »' 
prinoinic of effective stress the void ratio of the 
air dried sample ahould have been less than the t e i l  ■ 
**Uo of tho mr.turatod a mple at a specific applied ***» [



Fig. 6.2 shows that in every case when the samples 
were soaked under constant applied load they underwent 
additional settlement or ’ collapsed’ . The phenomenon 
0f collapse was discussed in chapter IV where it was 

shown that such bt tviour in contrary to the principle 
of effective stress*

The results of the oonsolidometer tests on air dry 
silt soaked at constant void ratio (sec f ig . 6.3) offer 
further evidence that the normal concept of effective 
stress is not valid for the material. I f  the principle 
of effective street* were valid for the material it  
could be expooted fcnat soaking at constant volume would 
involve an increase in applied stress o *■ This 
Increase in applied stress should bo approximately 
equal to the magnitude of the pore pressure x»PM 
relieved us b result of soaking. However the results 
show that in order to retain constant volume during 
soaking it is noccsimry actually to reduce the applied 
load,

An important observation cur. be made from figs. 6.2 
and 6.3. Allowing for small errors in determining the 
initial void ratios of the specimens it can be seen 
that the s ilt  returns to a unique saturated compression 
curve on soaking. This behaviour appears to be 
independent of the method of soaking or the value of 
applied load at which soaking wan initiated.

The double nonoolidometcr test on a compact s ilt  
shows the same characteristic®t only to a lessor degree, 
aa the ten to on the loosely packed s ilt  (ace fig* 6*4). 
The material in far lose compressible under changes in 
applied pressure deficiencies than under externally 
applied loads. Also when soaked under conditions oi 
aPplied load the material 'collapseo* to a saturated 
compression lino /:h h in unique for the material at 
its specific in it ia l condition Of applied lead and 
strens hintory. 71 can therefore ba deduced that even 
in a compact condition the a ir dry a ilt  does not obey 

the principle of effective stress.
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It can be f.tton that the to ll behaviour in equal 
all round compression ia v e r y  similar to the behaviour 
hi lateral]y c o n f in e d  ootopreoaion. As observed in 
tbe oofleolidomr t e r  tent, the a i r  dry s ilt  is rauô  * e0a 
oomprenoibio with r e n p e o t  t o  a p p l ie d  lr ido than tho 
saturated o i l t .  M o r e o v e r ,  on soaking under a given 
Applied l o a d ,  i he p o l l  undergo a a rapid reduction in 
volure and ♦c o l l a p s e s '  to  a unique saturated ooapreaaio 
c»rv<=. c u a r l y  tin, b eh av iou r  of the aoil cannot be 
^Plained by th e  a c t i o n  o f  ohoar stresses developing 
fro® d i f f e r o n e o n  in  p r i n c i p a l  o t r e s e e o  aa postulated 
b* Hilf, Thu only reanonabl® explanation for the 
c°llapae phenomenon ooemo to  be the one offered In

1 Or,u }

( i )  A H  round c oir.p r o a a ion t o . ,to or, a i ,  , <1t

Ihe stress  c o n d i t i o n s  not up in  a partly saturated soil 
during a la te ia lly  c o n f in e d  compression toot are vopy 
complicat^d. Q u ito  a p a r t  from secondary edge effects 
the nample i s  s u b j e c t e d  to  u complex shear condition 
resulting from th e  d i f f e r e n c e s  in  magnitude of the 
jjajor arid minor principal stresses* H ilf (1956) 
explains the c o l l a p a c  effect, discussed above and in 
chapter IV, purely an the baaie thut saturation of the 
aoil releases a certain amount rf the confining stress 
and the sample fa i ls  i n  nhear w i th  the r - suit that it 
undergoes a d d i t i o n a l  settlement. Wagoner (i960) points 
out that i f  collapse o f  structure wore due only to the 
shear at ro se  a c t  up ae  a result o f  differences in 
principal atrtaaea then a t  small applied loads no 
collapse v'vuld o c c u r .  However i t  has been observed 
(Knight I960, Wagoner I960) that even at very small 
applied loads c o l l a p s e  s t i l l  takes p^ace.

The only r e a l l y  s a t i s f a c t o r y  way to teat whether 
collapse of s t r u c t u r e  la due to shear stresses, whioh 
can be accounted f o r  by the principle of effective 
stress, or by structural changes, which cannot be 
accounted f o r  i n  t h i s  way, in  to tost the soil in 
equal a ll round compression, i*o. equal principal 
stresses so thut no shear stresses aro developed. The 
results of auofc a t e n t  on a i r  dry s ilt  are ahown in 
f i g .  M .



( i i ) T r i a x i n l  eoBipronoion- t e s t s  on a i l

r̂peg of natural iof. 1 The* purpose of those testa wag 
determine apP r o x imn 11) 1 y at wp.nt degree of saturation 

* c o l l a p 3 0 • e f f e c t  b e g in s  *o manifest in the s i lt ,  
results ( s e c  fig * 6*f>) show that at 68*4 peroont

at various

l u s i o n a  i The r e s u l t s  o f  the teats 
h is  s e c t i o n  i n d i c a t e  that, as regards

an u la r  m a te r ia la  do not behave

( i i l )  Co 
discussed in 
?olmae change3, fine g 
in accordance with the principle of effective stress 
below a c rit ica l degree of saturation, The behaviour 
of the soil can bo exp 1 Pined by the effects, on the 
stall. y of the •d ll  structure* of high curvature 
aeniaoi acting at grain contact points* In a dry 
state the soil pratns forxr rigid arches bonded together 
by the above mentioned menisci* These bonds resist 
ffiioro shearing offsets imposed by additions of applied 
stress. I f  , nowever, the* « o il is soaked while under 
load tho bonds arc removed, the effective shear 
resistaner) between grains is reduced and the grain 
structure oollapnc* to a more stable arrangement.
^ in g  compression, under saturated conditions, collapse 
of firrMv, n tm  occurs but it takes place

The 'ibnvo dincuarfi on r e v e a l s  

grained noiln taken place mai 
ing o f  p a r t i c l e s  and on ly  to  a 

n d i n t o r t i on a » In  ch ap te r  1 ® 

angle o f  an d iu ined  sh ea r in g  r e
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- r,-d atimusod that compression of the soil 
■ reaul tini o.ily j a 010 grain di ©tortious » It was 
! that coEnpi. o»;p:<.om sight alao result from the 

iIsplftfirmev.'i or g*ain^ and Bishop end EldiT a 
. /.MS modified accordingly. The work preseated 

;-.ctlon 11.4 it ate a that comp̂ e salon due to 
• ind ro llin g  t,f grain® ie w more oorreot 

* i .;r. for & *oi-'* ioxupoped of fine quarts part^aled,
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iT t  (I960) hfio carried out a detailed study of. '
■• ,(’ ture of collapsing so il a* He hue shown that in 
. * •.» roilr. po^eeae a l argo amount of clay* usually 

which tOTUi* ' ee between larger quart#
, 11

On *v 11' uii ' oad the bridges break 
: callnpaa - \ atirucvui J results* The test* just 

show that collapse c* structure la by me mean* 
to a-ndy s ^ i la which contain a relatively high 

■ -■■• of ri*\y but can alec 00005: in purely granular
M  1 3
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rf: poiahtT content plot phoen in fig « 6*7 id 
•• 1.cal of c pittarlat material. The in it ia l e**S? -

? .presents the part where the meniaei f°rte at 
-f-.os of the so il. At the point where the o w e  _ 

flattens the at* water interfftoee have been - 
‘ the moil and a eonoiderable th®

'Tiled pore« asa (wevfcied* The final portion 
curve bend* upwards shows that oonsidertble 

 ̂ in tension w *  required to remove water frdm 
- a which have formed at each grain oontaut
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