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Experimental  results are used to construct a relat ion between the 

specific permeability, the effective specific surface per unit volume, 
and the porosity for a number of clay minerals and softs. 

The pr inc ipa l  fac tors  de te rmin ing  the pe rmeab i l i ty  
of soi ls  a re  the porosi ty ,  the amount of bound water ,  
and the specific surface  of the solid phase [1]. 

However, a t tempts  to find a un ive r sa l  re la t ion  be -  
tween these p roper t i es  of a porous medium and the 
permeabi l i ty  of soils  in which the par t i c les  a re  bound 
together  in aggregates  in var ious  ways [1] have proved 
unsuccessful .  

The p resen t  invest igat ion is  r e s t r i c t ed  to na tu ra l  
clays of the kaolinite, illite, and montmoriilonite 
groups : Glukhovetskii kaolin (Vinnitsa Region), Chasov- 
Yar monothermitie clay (Artemovsk, UkrSSR), Cri- 
mean kill Kurtsevskii deposit), Pyzhevskii bentonite 
(Khmel'nitskii Region), and clay from the "Gershona" 
deposit (Brest). 

Values of the specific permeability were obtained 
for each specimen at various porosities. 

Experimental. The experimental setup (Fig. 1) 
consisted of vessel 1 with a perforated bottom, in 
which the specimen was placed, base 3 of this vessel, 
upper cylinder 2 in which a given water level was 

Fig. 1. Diagram of exper i -  
menta l  apparatus .  

main ta ined  by means  of sea led- in  tube 6, water  r e -  
s e rvo i r  4, f i l t ra te  f lask 5, t h e r m o m e t e r  7, and mount-  
ing board 8. E lements  1-5  were made of glass.  

The soil was placed in the apparatus af ter  being 
m o i s t e n e d  and kept under  special  condit ions until  the 
swell ing process  was complete.  

$,,0 

J 

l.o ( 

_ _ . . . . . - ' - - 7  

o eo ~o so ao ,oo rzo k(~.)2 

Fig. 2. Relation between specific permeabi l i ty  k, 
effective specific surface  per  unit  volume S~ff 
and poros i ty  e for  clay so i l s :  1) C r i me a n  kill;  
2) Pyzhevski i  bentonite;  3) Chasov-Yar  clay; 4) 
4) Glukhovetskii  kaolin; 5) clay f rom the "Ger -  

shona" deposit .  

During each run  las t ing f rom 15 to 30 days for 
the different  soi ls ,  we measu red  per iodical ly  the 
amount of f i l t ra te  cor responding  to a specific t ime 
in te rva l  and water  t empera tu re ;  the exper iment  was 
t e rmina ted  when the change in the flow of f i l t ra te  did 
not exceed 5-7% over  a period of 5 - 7  days. After  
each m e a s u r e m e n t  we de te rmined  the length of the 
f i l t ra t ion  path, the mois tu re  content,  and the porosi ty 
of the specimen.  

The permeabi l i ty  was found f rom 

k = q ~ L .  (1) 
h PF 

In our  exper iments  A P / L  is  the p r e s s u r e  gradient  
acting on a length L, and amounted to 20 000-30 000 
N/m s, i . e . ,  within the l imi ts  of a l inear  re la t ion  be-  
tween velocity and gravi ta t ional  f i l t ra t ion  gradient .  

Analys is  of the resu l t s .  The following re la t ion  {Fig. 
2, curves  1-5) was obtained between the spec i f i cpe r -  
meabi l i ty ,  the porosi ty,  and the effective specific 
sur face  per  unit  volume for all  the sys tems  inves t i -  
gated 

k =  (e - -e~  ~- ( e - -e~  (2) 

S~ff = S~f ~, (3) 

for which the s ta t i s t i ca l  sca t te r  of the data did not 
exceed 5-7%. 
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Values  of S e r  f used  in the  ca lcu la t ions  a r e  p r e -  
sented in the tab le .  They were  obtained f rom a b s o r b e d  
w a t e r  dens i ty  d i s t r ibu t ion  cu rves  [3]. T h e r e  is  a 2 -  

Calcula ted  Values  of the Maximum Swell ing Mois tu re  
Content of Clay Mine ra l s  Compared  with the Amount 
of W a t e r  Not P a r t i c i p a t i n g  in Grav i t a t iona l  F i l t r a t i o n  

Ws 
W from filtra- from swelling 

Soil Serf, tion curves, 
m2/g �9 % kinetics curves, 

% 

Crimean kill 
Pyzhevskii bentoniCe 
Chasov-Yar clay 
Glukhovet skii kaolin 
Clay from the "Gershona" 

deposit (Brest) 

422.1 
477.7 
202.0 

76.0 

141.8 

I00~0 
80,0 
60.0 
42.8 

25,0 

114,3 
83.7 
52.7  
43.1 

27.0 

3% di f fe rence  between these  and the va lues  ca lcu la ted  
f rom the in t eg ra l  heats  of wett ing [2]. 

F o r  c l ay  m i n e r a l s  with an expanding c r y s t a l  l a t t i ce  
(Cr imean  ki l l ,  Pyzhevsk i i  bentonite) we subst i tu ted 
into Eq. (3) values  of S e r  f for  the c leavage  s u r f a c e s  
and ex te rna l  basa l  su r f aces  of the  l a t t i ce  [3]. 

The amount  of wa te r  abso rbed  by the c l a y - s o i l  
s t r uc tu r e  W =d"(e0/d  0) 100% (d o is  the so i l  dens i ty  
and d" the dens i ty  of the water)  was c lose  to the max i -  
mum swel l ing  m o i s t u r e  content of the s y s t e m s  (Ws). 

In the tab le ,  va lues  of W ca lcu la t ed  f rom the f i l t r a -  
t ion cu rves  (Fig .  2) a r e  c o m p a r e d  with W s de t e rmine d  
f rom the swel l ing k ine t ics  curves  for  the c l ays  in 
wa te r  [2]. 

C lea r ly ,  the na tu re  of the  bonds that  keep pa r t  of 
the w a t e r  volume out of g rav i t a t iona l  f i l t r a t ion  is  de -  

t e rmined ,  a s  in swel l ing ,  by osmot ic  and c a p i l l a r y  
suct ion fo r c e s ,  and in the ca se  of d i s p e r s e  s y s t e m s  
with an expanding c r y s t a l  l a t t i ce  ( C r i m e a n k i l l ,  Pyzhev-  
sk i i  bentonite) by the pene t ra t ion  of wa te r  f i lms  into 
the space  between l a t t i ce  p lanes .  

NOTATION 

k is  the p e r m e a b i l i t y  (speci f ic  pe rmeab i l i t y ) ,  m2; 
q is  the f i l t r a t e  flow ra te ,  m3/sec ;  # is  the v i s cos i t y  
coeff ic ient  fo r  wa te r ,  N �9 sec/mZ;  L is  the f i l t r a t ion  
path,  m; A p  is the p r e s s u r e  drop  a c r o s s  the f i l t r a -  
t ion path,  N/mZ; e is  the po ros i t y  of the soil ;  e 0 is  the 
po ros i t y  co r r e spond ing  to the volume of w a t e r  not 
pa r t i c ipa t ing  in the f i l t r a t ion  p r o c e s s  (at e = e 0, k = 0); 

! 
S e f  f is  the effect ive  spec i f i c  su r f a c e  of so i l  p e r  unity 
volume,  l / m ;  6 is  the  dens i ty  of abso lu te ly  d ry  s0i l ,  
kg/m3; S e r  f is  the effect ive spec i f ic  su r f ace  p e r  unit 
m a s s  of abso lu te ly  d ry  so i l ,  m2/kg; m is a coeff ic ient  
de t e rmin ing  the f r ac t ion  of the spec i f ic  effect ive  s u r -  
face  p e r  unit volume of the m a t e r i a l  (Sef f) in t e rac t ing  
with the moving liquid. ( F o r  a l l  the sy s t e ms  inves t i -  
gated m = 0.155.) 
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