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The mois tu re - re ta in ing  capaci ty  p(~o) of nonswelling porous bodies is explained from the 
point of view of the s tat is t ical  geomet ry  of the pore space,  and on the basis of the resulting 
representa t ion of p(w) it is shown that it is possible to obtain the distr ibutions of pores with 
respec t  to the radii and their  derivative.  

In soil physics,  construct ion engineering,  and related fields, one of the important  cha rac te r i s t i c s  of 
porous bodies is the i r  ability to retain mois ture  when subjected to suction p ressure  [1]; however,  up to the 
present  time we have no theoret ical  explanation of the resul ts  obtained in such experiments .  An attempt to 
find such an explanation is made in the present  study on the basis of a previously developed stat ist ical  ap-  
proach to the descr ipt ion of the s t ruc ture  of porous bodies and the equil ibrium of liquid in them [2, 3]. 

The porous body is assumed to be nonswelling, homogeneous,  and isotropic;  the pores in it may inter-  
sect  a rb i t r a r i ly  and the variat ion of the pore radius along the pore axis is regarded as the realization of a 
s ta t ionary random process .  

A porous body completely saturated with liquid is situated in the l ayer  0 -< z -< h; below this, at z < 0, 
there is a f ine-pore f i l ter  and liquid (Fig. 1). The fil ter is able to withstand negative p ressu re  drops from 
0 to Pm, and therefore  for suction p r e s su re s  in the range 0 < p < Pm the liquid level remains constant and 
does not separate  from the porous body. The var iat ion of mois ture  content with pressure  is known for the 
filter; this makes it possible to plot the curves  of mois ture - re ta in ing  capacity from the porous bodies being 
tested.  

As the suction p ressu re  increases ,  there is d ra inage  of the liquid from the porous body. In [3] it is 
shown that in the descr ip t ion of the equilibrium distr ibutions of liquid in porous bodies which are  achieved 
in the drainage process ,  it is more  convenient to operate with voids instead of filled pores .  

We denote by Wp(Z) the equilibrium volumetr ic  mois ture  content at level z for a suction p ressu re  p 
in the absence of evaporation.  At level z = h the liquid can remain only in those pores in which p + pgh~ 
< 2~cos0/r  o r  r < a / p  + pgh and consequently 

F a 

o r  

u p ( h ) = l - - F ( ~ ) , a  " (1) 

where Up(Z) = 1 -Wp(Z) is the probabili ty of finding an empty pore at level z. 

We shall assume to s t a r t  with that the pores do not intersect .  In the porous body we single out a thin 
layer  from z to z - dz. It is not difficult to show [2] that the increment  Up(Z) in this layer  has the form 

- -  d% (z) = - -  )~ (z) dz% (z), (2) 
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Fig .  1. Scheme  of the 
e x p e r i m e n t :  1) po rous  
body being t es ted ;  2) f ine -  
po re  f i l t e r ;  3) l iquid,  p 
= ogH. 

whe re  kp(z)dz i s  the p r o b a b i l i t y  tha t  r ( z - d z )  < R ( z -  dz) when r(z) > R(z), 
i . e . ,  ~.p(z)dz = P [ r ( z - d z )  < R ( z -  dz) r(z) > R(z)].  Ca lcu l a t i ons  ana logous  to 
those  of [2] g ive  us  

~,~ (z) = I~ ~ (R (z)) Fp (z) . (3) 
1-- F (R (z)) ' 

h e r e  rp (Z)  = [t~(z) + r ' ] r  Thus ,  f r o m  (2) we obta in  a f i r s t - o r d e r  
--~(z) 

d i f f e ren t i a l  equa t ion  
dup (z) 

- -  d z  = - -  ~'p  ( z )  u v (z) (4) 

with the  boundary  condi t ion (1). I t  i s  obvious  tha t  b ranch ing  of the p o r e s  
l eads  to an i n c r e a s e  in the n u m b e r  of  e m p t y  p o r e s  and,  consequen t ly ,  in the 
p r o b a b i l i t y  of  f inding them,  Up(Z). Deta i led  c o n s i d e r a t i o n  of the e l e m e n t a r y  
even t s  taking p lace  with e m p t y  p o r e s  in the l a y e r  (z, z - d z )  shows [3] tha t  
Eq. (4) b e c o m e s  the m o r e  c o m p l i c a t e d  equat ion  

d%(z) ~p(z)u,(z) +-~,(z)Pp(z). (5) 
dz 

H e r e  kp(z)dz  is the p robab i l i t y  of v a r i a t i o n  of the  r ad iu s  of the po re  in the 
l a y e r  

(z, z--dz) f rom r(z--dz) > R (z--dz) to r(z) < R (z). 

Pp(Z) i s ' t h e  p robab i l i t y  tha t  a void will  be found in such  a p lace .  The funct ions ~p(Z) and Pp(Z} m a y  be c a l -  
cu la ted  by us ing  a method  ana logous  to tha t  of [3]: 

~ (z) = 6f (R (z)) [Fp (z) - -  ~t (z)l/F (R (z)) > O, 
h 

P~ (z) = exp {- -  .[ [~,p (y) -l- %~/3.(1 - -  F (R (y))) wp (y)] dy}. 
g 

We define the a v e r a g e  m o i s t u r e  con ten t  of the po rous  body, wh(p), as  

h 

1 ~wp(y)dy.  (6) 

0 

The i n v e r s e  r e l a t ionsh ip  p = p(cv) h is  u s u a l l y  ca l led  [1] the m o i s t u r e - r e t a i n i n g  capac i t y  of the po rous  body. 
The v o l u m e  of the liquid V(p) which has f lowed out  of the p o r o u s  body as  the suc t ion  p r e s s u r e  v a r i e s  f r o m  
0 to p is 

h 

V (p) = rash - -  mS S wp (y) dy = rash [ 1 - -  r h (p)] 
0 

or  ~ch(p) = 1 - V ( p ) / m S h .  Consequen t ly  the a v e r a g e  m o i s t u r e  content  is  e x p r e s s e d  in t e r m s  of  V(p), which 
can be m e a s u r e d  e x p e r i m e n t a l l y .  

Thus ,  we have shown tha t  in o r d e r  to expla in  the m o i s t u r e - r e t a i n i n g  capac i ty  of a p o r o u s  body it  is  
n e c e s s a r y  and suff ic ient  to know the d i s t r ibu t ion  funct ions  f o r  the p o r e s  with r e s p e c t  to the r ad i i  and the i r  
d e r i v a t i v e ;  in addi t ion,  p = P(~'h) will  depend e s s e n t i a l l y  on h, the th i ckness  of the l a y e r  of  the p o r o u s  body. 

We wr i t e  L = i l l /3,  w h e r e  f~ is the c h a r a c t e r i s t i c  vo lume  of the p o r o u s  body,  def ined in [4]. Now sup-  
pose  that  h << L; in th is  ca se  we can neg lec t  the a p p r o a c h  of vo ids  to level  z f r o m  below, i .e . ,  we can 
neg lec t  the t e r m  Pp(Z) in Eq. (5). Thus ,  in the c a s e  h << L Eq.  (4) is val id;  solving it ,  we obtain 

h 

wp (z) = 1 - -  [1 - -  F (R (h))] exp (--  ~ %p (y) dy}. 
2 

In th is  ca se  we find f r o m  (6), to within t e r m s  of f i r s t  o r d e r  in h, that  
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j ,  
(7) 

where  r ( p ) =  rp(0) .  

F r o m  (7) we find that  ~0h(p)/Dh = K(p~ is  independent  of  h. Consequen t ly  

(~ (s) 

Hence 

,(}) < = - -  . [ ~ - -  K'h], ~ = d~h(P) 
a dp 

(9) 

C o m p a r i n g  (7) and (9), we find that  

- -  o~',, pglp2+afp ~.K (p) = M (p). 
r (p) = _~co,  h 

(I0) 

s ince  wp(z) = w(p + pgz),  it fol lows that  dwp(z)/dp = p g d w p ( z ) / d z  < 0; f r o m  this  and (6) it fo l lows that  w~ 
< 0, and t h e r e f o r e  M(p) > 0. I t  is e a s y  to ve r i fy  that  

r ' ( p ) =  p~ 1 - r  - p~ ) 3 ,  

or ,  f r o m  (10) 

t--cP ( - -  apg ~= p~ \ p~" ] ,2apg M' (p) = Q (p). 

Making use of the fac t  that  ~o(r') = ~o(-r'), we f inal ly obtain 

r ( ape 1 = Q @). 

Thus ,  m e a s u r i n g  the m o i s t u r e - r e t a i n i n g  c a p a c i t y  of  a po rous  body fo r  two va lues  h and h I such that  
h - h  I << h and h << L, we can  obtain the d i s t r ibu t ions  of  p o r e s  with r e s p e c t  to the radi i  and the i r  de r iva t ive .  

I t h a s  usua l ly  been  a s s u m e d  that  f o r  a de sc r i p t i on  of the s t r u c t u r e  of a pore  space it is suff ic ient  to 
know the d i s t r ibu t ion  of the pores  with r e s p e c t  to the radi i ;  as  has been shown e a r l i e r  [2, 3] and in the p r e -  
sen t  s tudy,  the d i s t r ibu t ion  of po res  with r e s p e c t  to the ra te  of va r i a t ion  of the rad i i  p lays  an equal ly  i m -  
po r t an t  ro le .  This  r e c a l l s  the s i tuat ion in radio  eng ineer ing  in which the s igna ls  a r e  c h a r a c t e r i z e d  not only 
by the d i s t r ibu t ion  with r e s p e c t  to ampl i tude  but a l so  by the d i s t r ibu t ion  with r e s p e c t  to f r equenc ie s .  

r(z) 
(Y 

0 

P 
F(r) 

g 

m 

S 

a = 2(~ cos 0; ~ (r') 

NOTATION 

is the radius of capillary at level z; 
is the surface tension; 
is the boundary angle; 
ts the density of liquid; 
Is the pore distribution function with respect to radii; 
is the tortuosity of the pores; 
ts the acceleration of gravity; 
IS the porosity; 
Is the surface area of the porous body; 
is the pore distribution function with respect to the derivative of the radius; 

I/v 0 is the average distance between branchings of pores; 
q~(r') = ~' (r') ; f(r) = F v (r) ; R(z) =a/(p+pgz) ; #(z) =apg/(p+pgz) '2. 
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