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There is an ever-growing need for the further de- 
velopment of the rheology of soils. However, specially 
designed instruments are required for studies in this 
area. The instruments used for the rheologieal in- 
vestigation of disperse systems are not suitable for 
solving many of the practical problems associated with 
the design of foundations. The instruments used in 
soil mechanics are so constructed that they cannot 
satisfy certain of the requirements of rheological 
tests. This article reviews existing instruments for 
the study of soils and analyzes their usefulness for 
theological research. The state of stress of the sam- 
ple in different instruments is investigated and the 

processes that take place in the sample during testing 

in open and closed systems are examined. 

I. ANALYSIS OF INSTRUMENTS FOR THE RHEO- 

LOGICAL STUDY OF CLAY SOILS. 

I. Standard shear box. This instrument has been 
used by S. S. Vyalov [3], I. M. Gor'kova [4], S. R. 
Meschan [6], and others for studying the rheological 

properties of soils. The advantages of this instru- 
ment include simplicity of construction, the compar- 
ative ease with which the samples can be prepared 
for testing, the simple testing method, and the short 

drainage path. 
Its principal disadvantage is the nonuniformity of 

the stress and strain states of the sample during 
testing (Fig. I). Consequently, the stress distribu- 

tion inside the sample is not known. The shape and 
height of the shear zone depend on the strain rate 
and the properties of the soil and may vary during 

testing. If the test lasts several hours, then, as 
shown by V. S. Fadeeva [18], during the test a 
homogeneous sample of clay soil with coagulation 
bonds between the particles becomes inhomogeneous: 

parallel orientation of the particles is observed in the 

shear zone, accompanied by the migration into this 

zone of the finest fractions of the disperse phase 

and moisture. The deformation is almost entirely 

restricted to a small part of the height of the sam- 
ple. Accordingly, the determination of the relative 
shear strains, the rate of shear flow and the rheo- 

logical parameters--viscosity, shear modulus, etc.- 

involves considerable errors. A disadvantage of 

the shear box is the reduction in the working area of 

the sample during testing--the so-called progressive 

failure effect. This gives a distorted idea of the 

strength of the sample even in short-time tests [19]. 

In long-time tests the importance of this factor is 
particularly great, since a reduction in the working 
area of the sample intensifies the process of concen- 
tration of structural inhomogeneities, microparticles, 
and moisture in the shear zone. In long-time exper- 
iments the moisture of the sample diminishes owing 
to desiccation. The volume strains are not checked 
during the test, which complicates the interpretation 

of the results. 
2. Triaxial compression test apparatus (stabilom- 

eters). These instruments (Fig. 2) have been used 
for rheological studies by Haefeli [12], Gol'dshtein 
[9], Trollope and Chan [14], Murayama [13], and 

others. 
The sample is again under conditions of nonuniform 

deformation, as may be seen from a visual examina- 
tion of the sample after testing. As may be seen from 

Fig. 2, the deformed sample is barrel-shaped. The 
cross-sectional area of the sample F varies over the 
height. During creep under constant axial load the 
value of F may vary so much that the normal stres- 

ses are more than halved in a comparatively short 
time (about two hours) ([3], p. 75). In order to keep 
the normal stresses constant, it is necessary to re- 
gulate the axial load during the test--to increase it 
in proportion to the increase in F. However, since 
the law of variation of F is not known in advance, it 

must be verified during the test. This is quite a com- 
plicated problem, since the change in axial load must 
follow quite quickly after the change in area F. Since 
the value of F varies over the height of the sample, 
it is not quite clear to what area--maximum or aver- 
age--the axial load should be referred in determining 

normal stresses. Bishop and Henkel, for example, 

recommend dividing the axial load by the average 

area. 
The barreling effect is well-known in testing metals. 

Here, in constructing the true sires s-strain relations, 

it is customary to use such laborious methods as, for 
example, the method of Taylor and Kuini [27], which 

consists in compressing a cylindrical specimen under 

successive small load increments, and after each 
application of load cutting from the now barrel-shaped 

specimen a new specimen in which the original pro- 

portions are restored. It is important to note how- 

ever that "barreling" is accompanied by the des- 
truction of the original physical homogeneity of the 

sample. In solid samples the formation of denser nu- 
clei is observed [20], which complicates the stress 
state, while in specimens of plastic clay the different 
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intensity of deformation leads to a considerable  r e -  
dis t r ibut ion of pore water  in the sample [17,21]. In 
the review by Cassagrande and Wilson [21] there are  
re fe rences  to papers  in which it is shown that this 
redis t r ibut ion var ies  according to the t ime of axial  
loading, the s t ruc ture  and minera logica l  composition 
of the clay and its degree  of p re l imina ry  compaction, 
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Fig.  1. Standard shear  box: a) d iagram 
of ins t rument  ( l - - f ixed ring, 2--moving 
ring, 0 - 0 ' - - s h e a r  plane, 3 - - p r e s s u r e  
plate,  4--sample) ;  b) s tate of sheared  
sample  (M--contras t  clay t r a c e r s  show- 
ing nature  of deformat ion of sample,  
the broken l ines denote the shear  zone). 

F o r  normal ly  compacted clay in slow tes ts ,  the m o i s -  
ture content i nc r ea se s  in the end regions due to a d e -  
c r ea se  in mois ture  content in the middle of the s a m -  
ple,  whereas  in overcompacted clays and clay shales  
the opposite effect is observed.  If c lays are  tes ted  in 
the closed sys tem* so rapid ly  that the red is t r ibu t ion  of 
water  cannot take place,  then it is poss ible  to observe  
a nonuniform dis t r ibut ion of pore p r e s s u r e  (the pore 
p r e s s u r e  at the center  of the sample and at the end 
faces may differ  by 4 - 5  t imes).  The s t ab i lomete r  does 
not exclude the p r o g r e s s i v e  fa i lure  effect, as may be 
c lea r ly  seen f rom Fig. 2. 

A. Ya. Turovskaya has shown [22] that in tes t ing 
samples  in the s t ab i lomete r  the deformat ion may also 
be confined to a nar row shear  zone, an effect accom-  
panied by or ienta t ion of the pa r t i c l e s  and concentrat ion 
of mois ture .  Consequently, the magnitude of the zone 
in which deformat ion  occurs  becomes  indeterminate .  
Calculation of the re la t ive  s t ra ins  becomes  more  com-  
plicated.  Invest igat ion of the nominal instantaneous 
s t ra ins  is made difficult because the rapid  motion of 
the r am causes  a p r e s s u r e  wave in the liquid f i l l ing 
the chamber  [23]. A deta i led analys is  of other, l e ss  
impor tant  shor tcomings  of the a p p a r a t u s  (ram f r i c -  
tion, diffusion of water  through rubber  tube in long-  
t ime tes ts ,  etc. ) is given in [23, 21]. An advantage of 
the appara tus  is the poss ib i l i ty  of t es t ing  soils  and 
conditions of combined s t r e s s  in both the open and 
c losed sys tems .  These tes t s  s imulate  the behavior  

*For  more  on the open and closed sys t ems  see Sec-  
tion II. 

of the soil in the foundations of s t ruc tures  in many 
prac t ica l  problems.  

3. D. M. Tols to i ' s  apparatus.  This apparatus is 
used for studying the rheological  p roper t i e s  of soils 
(Fig. 3) in the Savarinski i  Laboratory  for  Hydro- 
geological Problems (I. M. Gor 'kova and coworkers  
[4]), and for  investigating peat in the Kalinin Peat  
Institute (M. P. Volarovich and coworkers  [2,33]). 
The apparatus is s imple in design, It is  being succes s -  
fully used for  studying the theological  p roper t ies  of 
media  whose p roper t i e s  are p rac t ica l ly  independent of 
s t r e s s e s  normal to the shear  plane (paints, oils, etc. ). 
Tols to i ' s  apparatus cannot be used for  studying the 
theological  p roper t i e s  of soils ,  since the soils  used 
as foundations of s t ruc tures  have quite a s trong s t ruc -  
tural  lat t ice.  In o rde r  to impar t  a re la t ive  shear  s t ra in  
to the sample,  it is necessa ry  to apply considerable  
tangential  s t r e s s e s - - o f  the order  of 0 .1--2kg/cm 2, 
and somet imes  even more,  Such s t r e s s e s  can be im-  
par ted  to the sample only if considerable  f r ic t ion 
forces  exis t  between the plate A (Fig. 3) and the s a m -  
pie. It is  obvious that in p rac t ice  the light, f ree ly  
supported plate  cannot create  f r ic t ion forces  of the 
o rde r  mentioned. Loading the plate is not feasible ,  
since it f lat tens the sample.  Fo r  the same reason  
the apparatus  cannot be used to study the dependence 
of the rheological  p rope r t i e s  of a soil  on s t r e s s e s  
normal  to the shear  plane. Long-t ime tes ts  are  l ike -  
wise imposs ib le ,  since all  four ve r t i ca l  faces of the 
sample are  exposed. Fo r  samples  with h = 1 -2  cm 
and more* the s t r a in  will  correspond to s imple shear.  
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Fig. 2. Stabi lometer :  a) d iagram of 
ins t rument  (1--ram for t r ansmi t t ing  
load, 2--tube and values for creat ing 
open and d o s e d  sys tems ,  3 - -hydro-  
s tat ic  p r e s s u r e  ehamber ,  4 - - sample ,  
g - -manometer ,  6 - - rubber  tube); b) 
s tate of sample  af ter  tes t ing for  long-  

t ime  strength. 

*For  c lays  of natural  s t ruc ture  the height cannot be 
l e s s  than 1 -2  cm for  two reasons :  1) it  is very diff i -  
cult to cut such a sample f rom a monolithic block; 2) 
reducing the height of the sample  sharply  i nc r ea se s  
the exper imenta l  e r r o r s  due to contact surface effects.  
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In fact ,  in the To ls to i  appa ra tu s  the tangent ia l  s t r e s -  
s e s  a r e  appl ied  only on edges  A, B. The o the r  two 
edges  C, D a re  f r ee  of tangent ia l  s t r e s s e s .  A c c o r d -  
ingly,  the ro ta t iona l  moment  deve loped  by the s t r e s s  
mus t  be compensa t ed  by nonuniform p r e s s u r e  along 
the edges  A and B. In the upper  lef t  and bot tom r ight  
c o r n e r s  the p r e s s u r e  mus t  be g r e a t e r  than the a v e -  
rage ,  and in the upper  r ight  and bot tom lef t  c o r n e r s  
l e s s  than the a v e r a g e .  This  was r e m a r k e d  upon by 
N. I. Mal in in ,  who r e c o m m e n d e d  loading  the p la te  
A [31]. These  da ta  show that  in the To ls to i  appa ra tus  
the soi l  s amp le  is  in a nonuni form s ta te  of s t r e s s .  

The Nikolaev appa ra tu s ,  used  by G. V. Sorokina  
[32] to study the rheo log i ca l  p r o p e r t i e s  of muds ,  is  a 
va r i an t  of the To ls to i  appa ra tu s ,  ba sed  on the s ame  
p r inc ip l e .  

4. P l a n e - p a r a l l e l  s h e a r  appa ra tu s .  This  appa ra tu s  
has  been used  to study the c r e e p  of c lay  so i l s  (Fig.  4) 
by N. N. Mas lov  [8], R. Haefel i  [12], and S. N. 
Sotnikov [7]. Abroad ,  it  is  ca l l ed  the Swedish Geo-  
t echn ica l  S o c i e t y ' s  a p p a r a t u s  [24]. This  i n s t r u m e n t  is  
b e t t e r  adapted than those  p r e v i o u s l y  d e s c r i b e d  for  
rheo log ica l  s tud ies  of so l id  unc racked  c lay  so i l s .  
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Fig .  3. T o l s t o i ' s  a p p a r a t u s :  a) d i a g r a m  
of a p p a r a t u s  (A and B- -uppe r  and lower  
p l a t e s ,  O - - s a m p l e ,  C and D- -edges ) ;  b) 
s t r e s s  d i a g r a m .  The b r o k e n - l i n e  a r r o w s  
show the f i c t i t ious  f o r c e s  r e q u i r e d  to 

c o m p e n s a t e  the ro t a t i ona l  moment .  

However ,  in th is  i n s t rumen t ,  as  in T o l s t o i ' s  a p p a -  
r a tus ,  the s ta te  of s t r e s s  of the s a m p l e  does  not c o r -  
r e spond  to s i m p l e  s h e a r ,  s ince  the r u b b e r  tube into 
which the s a m p l e  is  i n s e r t e d  cannot  t r a n s m i t  t a n g e n -  
t i a l  s t r e s s e s  ove r  the c y l i n d r i c a l  su r face .  

5. A p p a r a t u s  in  which a hol low c y l i n d r i c a l  s a m p l e  
i s  t e s t e d  in t o r s i o n .  This  appa ra tu s  is  of c o n s i d e r a b l e  
i n t e r e s t  in r e l a t i o n  to r h e o l o g i c a l  s tud ies  [11, 25, 6, 
e tc .  ]. F r o m  a t h e o r e t i c a l  s tandpoin t  i t  has  v e r y  g r e a t  
advan tages .  In us ing  i t  to t e s t  so i l s  (Fig.  5) the ch ie f  
d i f f icu l ty  is  that  to r educe  the nonun i fo rmi ty  of the 
s ta te  of s t r e s s  of the s a m p l e  du r ing  the t e s t  the r a d i i  
of the c y l i n d r i c a l  s u r f a c e s  bounding the s a m p l e  mus t  
d i f f e r  as  l i t t l e  as  p o s s i b l e .  However ,  r educ ing  t h e  
t h i c k n e s s  of the s a m p l e  i n c r e a s e s  the e r r o r s  a s s o -  
c i a t ed  with the con tac t  s u r f a c e s .  P r e p a r a t i o n  of the 
s a m p l e s  fo r  t e s t i ng  ( e s p e c i a l l y  fo r  so i l s  of n a t u r a l  
s t r u c t u r e )  and the t e s t  method  i t s e l f  a r e  v e r y  c o m -  
p l i ca t ed .  In tw i s t i ng  a hol low cy l i nde r ,  as  in the o the r  
a p p a r a t u s  p r e v i o u s l y  d e s c r i b e d  ( ~  1: 2), the s t r a i n  
may  be c o n c e n t r a t e d  in a n a r r o w  zone. Consequent ly ,  
e r r o r s  in d e t e r m i n i n g  the t h e o l o g i c a l  p a r a m e t e r s  due 
to i n a c c u r a t e  d e t e r m i n a t i o n  of the r e l a t i v e  s t r a i n s  a r e  

not excluded.  A de ta i l ed  ana lys i s  of p o s s i b l e  va r i an t s  
of the appa ra tus  for  twis t ing  hollow c y l i n d e r s  and 
p o s s i b l e  loading  condi t ions  wil l  be found in the p a p e r  
by W%itman and H a r k n e s s  [26]. 
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Fig.  4. P l a n e - p a r a l l e l  s h e a r  a p p a -  
r a tus :  a) d i a g r a m  of a p p a r a t u s ,  ( 1 -  
moving  r ing,  2 - - r i n g s  to p reven t  
s a m p l e  f rom c rush ing ,  3 - - r u b b e r  
tube,  4 - - s a m p l e ,  5 - - f ixed  ring);  b) 

s t r e s s  d i a g r a m .  

6. S imple  s h e a r  appa ra tu s .  This  a p p a r a t u s  has  
been  p r o p o s e d  and used  fo r  s tudying the r h e o l o g i c a l  
p r o p e r t i e s  of s o i l s  by the au thor s  and P r o f e s s o r  G. 
M. Lomize  [16, 17]. The des ign  of th i s  a p p a r a t u s  
(Fig. 6) is  i dea l ly  su i ted  for  s tudying so i l s  with a 
l a t e r a l  p r e s s u r e  coef f ic ien t  c lo se  to unity (so i l s  of 
mos t  p r a c t i c a l  i n t e r e s t .  ) As the a u t h r o s '  e x p e r i m e n t s  
have shown, in th is  c a se  the d e f o r m a t i o n o f t h e  s a m p l e  
i s  un i fo rm and c o r r e s p o n d s  to s i m p l e  shea r .  

The  a p p a r a t u s  has  the fo l lowing advan tages :  
1. It m a k e s  i t  p o s s i b l e  to study the dependence  of 

the t h e o l o g i c a l  p r o p e r t i e s  of s o i l s  on the s ta te  of 
s t r e s s .  Di f fe ren t  s t a t e s  of s t r e s s  a r e  c r e a t e d  by 
s e l ec t i ng  c o r r e s p o n d i n g  s t r e s s e s  n o r m a l  to the s h e a r  
p lane .  

! 

Fig .  5. D i a g r a m  of t o r s i o n  a p p a r a t u s :  
1) work ing  p i s ton  t r a n s m i t t i n g  p r e s -  
s u r e  and tw i s t i ng  mome n t ,  2) e h a m -  
b e r s  f i l l ed  with l iquid t r a n s m i t t i n g  
l a t e r a l  p r e s s u r e  to the  s a m p l e ,  3) 

s a m p l e ,  4) r u b b e r  tube.  

2. It m a k e s  it p o s s i b l e  to i n v e s t i g a t e  the e n t i r e  
complex  of s t r a i n s  du r ing  both load ing  and unloading:  
n o m i n a l - i n s t a n t a n e o u s ,  e l a s t i c ,  c r e e p  s t r a i n s ,  e tc .  

3. Thanks  to the use  of an i n t e r f e r o m e t e r  and 
an o r d i n a r y  i n d i c a t o r  the s t r a i n s  (and s t r a i n  r a t e s )  



238 INZHENE RNO-FIZIC HESKII ZHURNAL 

can be m e a s u r e d  within wide l i m i t s - - f r o m  0.015 p to 
l0 mm. 
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Fig.  6. S imple  s h e a r  appa ra tu s :  a) 
d i a g r a m  of appa ra tu s  (1 and 4 - -  
r e a r  and front  d i s t o r t i n g  wal l s ,  2--  
p la te  t r a n s m i t t i n g  p r e s s u r e  and t an -  
gent ia l  s t r e s s e s ,  3 - -h inges ,  5- -  
s amp le ,  6- - f ixed base  of appara tus ) ;  
b) s t r e s s  d i a g r a m ;  c) shape  of s a m -  
p ie  a f t e r  t e s t i ng  (M--chalk  powder  

t r a c e r s ) .  

4. The a p p a r a t u s  is  su i tab le  for  l o n g - t i m e  (more  
than a year}  t e s t s .  F o r  these  p u r p o s e s  i t  is  f i t ted  with 
a spec i a l  tank. 

5. A s t r i c t  check  on vo lume s t r a i n s  can  be kept  
du r ing  the tes t .  

6. The p r o g r e s s i v e  f a i l u r e  ef fec t  is  exc luded,  t o -  
g e t h e r  with the a s s o c i a t e d  e f fec t s  of f o r c e d  change in 
the p h y s i c a l  p r o p e r t i e s  of the o r i g ina l l y  homogeneous  
sample .  This  is  p a r t i c u l a r l y  i m p o r t a n t  in l o n g - t i m e  
t e s t s .  

7. The method  of p r e p a r i n g  the s a m p l e s  for  t e s t i ng  
and the t e s t  method  i t s e l f  a r e  s i m p l e r  than in a s t a -  
b i l o m e t e r  o r  a t o r s i o n  appa ra tu s .  

The a p p a r a t u s  is  only su i tab le  fo r  t e s t i ng  in the 
open s y s t e m , w h i c h  c o r r e s p o n d s  to the m a j o r i t y  of 
p r a c t i c a l  p r o b l e m s .  

7. Roskoe  a p p a r a t u s ,  Th i s  c o n s i s t s  of a c lo sed  
c h a m b e r  in which the s a m p l e  is  sub jec t ed  to c o m p r e s -  
s ion,  and then d i s t o r t e d  in much the s a m e  way as  in 
the s imp le  s h e a r  a p p a r a t u s  [28]. The d i m e n s i o n s  of 
the s a m p l e  in p lan  a r e  6 x 6 cm,  the height  be ing  2 
cm.  However ,  a s  d i s t i n c t  f r o m  the s i m p l e  s h e a r  a p -  
p a r a t u s ,  in Roskoers  a p p a r a t u s  the f r i c t i o n  f o r c e s  on 
the d i s t o r t i n g  w a l l s  a r e  s p e c i a l l y  e l i m i n a t e d  by i n t r o -  
duc ing  s i l i cone  oi l  into the gap be tween  t h e s e  wa l l s  
and the r u b b e r  shea th  s u r r o u n d i n g  the s ample .  The 
f r i c t i o n  f o r c e s  on the o the r  two l a t e r a l  f aces ,  which 
in the  Roskoe  a p p a r a t u s  a r e  made  fixed,  a r e  e l i m i -  
nated in the s a m e  way. The s t a t e  of s t r e s s  of the 
s a m p l e  in the  Roskoe  a p p a r a t u s  is  the s a m e  as  in the 
p l a n e - p a r a l l e l  s h e a r  a p p a r a t u s  (Fig.  4). The a bse nc e  
of t angen t i a l  s t r e s s e s  on the d i s t o r t i n g  wal l s  c r e a t e s  
a nonuni form d i s t r i b u t i o n  of t angen t i a l  and n o r m a l  
s t r e s s e s  in the s amp le .  To c l a r i f y  the cond i t ions  in 
the  d e f o r m e d  s amp le ,  Roskoe  p e r f o r m e d  t e s t s  us ing  

c o n t r a s t  c lay t r a c e r s .  These  t e s t s  conf i rmed  the non- 
un i form de fo rma t ion  of the s amp le  at sma l l  no rma l  
p r e s s u r e s ,  when ndragged-ou t  zones"  a r e  d i s t inc t ly  
obse rved .  

II. OPEN AND CLOSED TEST SYSTEMS 

The rheo log i s t  usual ly  s tudies  media  whose p h y s -  
ical  p r o p e r t i e s  r e m a i n  a lmos t  unchanged dur ing  the 
e x p e r i m e n t  ( suspens ions ,  pa in ts ,  b i tumens ,  o i ls ,  
e tc .  ). In fact ,  in mos t  c a s e s  the dura t ion  of the e x -  
p e r i m e n t  is  shor t .  It is  usual  to a s s u m e  that  s tudies  
of the rheo log ica l  p r o p e r t i e s  of so i l s  should a l so  be 
conducted under  condi t ions  where  the phys ica l  p r o p -  
e r t i e s  r e m a i n  unchanged dur ing  the expe r imen t .  This  
condi t ion is usua l ly  c ons ide r e d  sa t i s f i ed ,  if dur ing  
the e x p e r i m e n t s  the i n t eg ra t ed  m o i s t u r e  content  of 
the s a m p l e  does  not va ry .  The o ther  p r o c e s s e s  tak ing  
p lace  in the s amp le  began to be ana lyzed  only r ecen t ly .  

Soils can be inves t iga t ed  by two d i f fe ren t  methods :  
1. The i n t eg ra t ed  m o i s t u r e  content  of the s amp le  

does  not change dur ing  the e x p e r i m e n t - - c l o s e d  t e s t  
sy s t em.  

2. The i n t e g ra t e d  m o i s t u r e  content  of the s amp le  
does  change dur ing  the e x p e r i m e n t  ( d e c r e a s e s  o r  i n -  
C r e a s e s ) - - o p e n  t e s t  sy s t em.  Since in the c lo sed  s y s t e m  
the i n t eg ra t ed  m o i s t u r e  content  r e m a i n s  unchanged,  
such t e s t s  a r e  c o n s i d e r e d  mos t  su i tab le  for  i n v e s t i -  
ga t ing the rheo log ica l  p r o p e r t i e s  of so i l s .  

However ,  as e s t a b l i s h e d  by the a u t h o r s '  e x p e r i -  
men t s  [17] and as  fo l lows f r o m  the l i t e r a t u r e  da ta  
[20, 9, 18, 23, 15], in s h o r t - t i m e ,  and p a r t i c u l a r l y  in 
l o n g - t i m e  t e s t s  the p h y s i c a l  s ta te  of the so i l  s a m p l e  
is  l i ab le  to change in both open and c lo sed  s y s t e m s .  

In the c lo sed  s y s t e m  t h e r e  can be no d e c r e a s e  in 
i n t e g ra t e d  p o r o s i t y ,  but t h e r e  may be r e d i s t r i b u t i o n  
of wa t e r ,  d i s p l a c e m e n t  and so lu t ion  of t r a p p e d  a i r ,  
aggrega t ion  and d i s p e r s i o n  of s t r u c t u r a l  e l e m e n t s ,  
t r a n s i t i o n  of w a t e r  f rom the bound to the s ta te ,  and 
v ice  v e r s a .  Or i en t a t i on  of the p a r t i c l e s ,  t h ixo t rop ic  
p r o c e s s e s ,  co l lo ida l  againg,  etc.  a r e  e s t a b l i s h e d  
fac t s  [1, 2 ,4 ,  5, 9, 18l. 

In t e s t i n g  in the  c lo sed  s y s t e m  i t  is  n e c e s s a r y  to 
d i s t i ngu i sh  two c a s e s :  

1. The s a m p l e  unde rgoes  un i fo rm p l a s t i c  d e f o r -  
mat ion.  

2. The s a m p l e  unde rgoes  nonuni form p l a s t i c  d e -  
fo rma t ion .  

In the f i r s t  c a s e  m i g r a t i o n  of m o i s t u r e ,  s a l t s ,  and 
m i c r o p a r t i e l e s  wi l l  occu r  within s m a l l  r eg ions  of 
soi l .  This  is  b e c a u s e  when conso l ida t ion  is  comple t ed  
the d i s t r i b u t i o n  of m o i s t u r e  in the s a m p l e  is  not i dea l ly  
un i fo rm,  l a r g e  and s m a l l  p o r e s  ex i s t  in the soi l .  Uni -  
f o r m  p l a s t i c  d e f o r m a t i o n  wil l  be a c c o m p a n i e d b y  e q u a l  
i za t ion  of the d i m e n s i o n s .  W a t e r  wi l l  a l so  be d i sp lace6  
to wet the  new soi l  p a r t i c l e s  f o r m e d  dur ing  d i s p e r s i o n  
In the c a s e  of coagu la t ion  s t r u c t u r e s  s h e a r  deformat io~ 
is  a c c o m p a n i e d  by r e o r i e n t a t i o n  of the p a r t i c l e s :  t h e r e  
is  a t r a n s i t i o n  f r o m  a h o u s e - o f - c a r d s  s t r u c t u r e  to a 
s t acked  s t r u c t u r e  [30, 14], which is m o r e  s tab le .  Thus, 
even  un i fo rm p l a s t i c  d e f o r m a t i o n  l e a d s  to a change in 
the p h y s i c a l  p r o p e r t i e s  of the s a mp le .  
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Nonuniform plas t ic  deformat ion  in a closed sys t em 
also br ings  a r ed i s t r ibu t ion  of mois tu re ,  sa l ts ,  m i c r o -  
pa r t i c l es ,  etc. between remote  par t s  of the sample,  
where the in tens i ty  of p las t ic  deformat ion  is different.  

The d i sp lacement  of water ,  gas, sa l t s ,  a n d  m i c r o -  
pa r t i c l e s  and r eo r i en t a t i on  are  p r o c e s s e s  that do not 
take place ins tan taneous ly ,  but r equ i re  a cer ta in ,  
somet imes  quite cons ide rab le  t ime.  As the d i sp lace -  
ment  of moi s tu re ,  sa l ts ,  etc. p roceeds  and the sample  
pas se s  into a state co r r e spond ing  to the given reg ime  
of p las t ic  deformat ion ,  the rate  of these p r o c e s s e s  
begins  to dec rease .  

In the open sys tem,  apar t  f rom the p r o c e s s e s  c h a r -  
a e t e r i s t i c  of the closed sys tem,  there  will  be an ex-  
change of water  and sal ts  between the deforming  s a m -  
ple and the su r round ing  med ium (studies at the Labo-  
r a to ry  for  Hydrogeologieal  P rob l ems ,  Gidroproekt ,  
and fore ign research) .  The in tens i ty  of this  p r oc e s s  
will dec rease ,  if the p las t ic  deformat ion  p roceeds  at 
n o n i n c r e a s i n g  rate .  

The effect of the above fac tors  on the rheological  
p r o p e r t i e s  of soi ls  has s t i i l  only been super f ic ia l ly  
studied and it is not yet  poss ib le  to cha rac t e r i ze  the 
phenomenon e i the r  f rom a quant i ta t ive  or a qual i ta t ive  
viewpoint.  However,  it may be cons ide red  es tab l i shed  
that the p las t ic  deformat ion  of a ceil  is  always a s s o -  
c iated with the t r a n s f o r m a t i o n  of the s t ruc tu re  of the 
soil and the var ious  p r o c e s s e s  accompanying  this  
t r an s fo rma t ion .  There fo re  the choice of sys t ems  for  
t e s t ing  soi ls  in c reep ,  l ong- t ime  s t rength,  etc. mus t  
depend on which sys t em bes t  r eproduces  actual  con-  
di t ions of opera t ion  of the soil  in the foundations of 
s t r uc tu r e s .  In na tu ra l  condit ions,  over  long per iods ,  
the act ion of the soi l  mos t  nea r ly  co r re sponds ,  in 
the overwhe lming  ma jo r i ty  of eases ,  to the condit ions 
of the ':open sys tem."  The same conc lus ion  was 
reached,  in p a r t i c u l a r ,  by V. A. F l o r i n  on the bas i s  
of an ana lys i s  of the behavior  of soi ls  under  d i f ferent  
opera t ing  condi t ions  [29]. 

SUMMARY 

1. The i n s t r u m e n t s  now being used to study the 
rheological properties of disperse systems with a low 

concentration of disperse phase are not suitable for 

investigating the rheological properties of soils, prin- 

cipally because they do not permit the determination 

of the dependence of the rheological characteristics on 

the state of stress. 
2. The ordinary shear boxes and stabilometers 

widely used in soil mechanics are not satisfactory 
for studying the rheological properties of soils owing 

to the nonuniformity of the stress and strain field in 

the sample during testing. 
3. The plane-parallel shear apparatus and Roskoe~s 

apparatus are quite suitable for rheological research. 

However, the boundary conditions in these appara- 

tuses do not correspond to the scheme of simple shear, 

since there are no tangential stresses on two sides of 

the sample .  
4. F r o m  the theore t i ca l  viewpoint  the bes t  p o s s i -  

b i l i t i e s  a re  afforded by an i n s t r u m e n t  in which a ho l -  

low cylindrical sample is tested in torsion. However, 
since a uniform stress and strain field in the sample 

is achieved only in testing a thinawalied cylinder, the 
advantages of the apparatus are much reduced by the 
conditions of experimental error, associated with the 
important role of boundary surface effects and the pos- 
sibility of concentration of deformation in a narrow 

zone (which is attributable to the specific properties 
of soils), as well as by difficulties in preparing and 
testing the samples. This limits the area of usefulness 
of the apparatus to special types of investigation. 

5. In any test system the properties of the sample 
vary during the process of plastic deformation. To a 
considerable extent, the open system simulates the 
changes that take place in foundation soils. 

6. It is recommended that studies of soils and 

other materials whose rheological properties depend 
not only onthe tangential but also on the normal stresses 

be carried out on a simple shear apparatus. 
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