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The d i l d t o i e t r l c a l   b e h a v i o u r  or c a l c a r o u s  rocks c y l i n d e r s  was m e a s u r e d   i n  
dfametet and i n   l e n g t h   d u r i n g   f r e e z e - t h a w   c y c l e s .   T h e s e   m e a s u r e m e n t s  have 
shown i n t r i c a t e   a n d   n o n - i s o t r o p i c   v a r i a t i o n s   i n   t h e   d i m e n s i o n s  of t h e  rocks 
which are i n   c o n n e c t i o n  w i t h  m i g r a t i o n s  of u n f r o z e n  water w i t h i n   t h e  samples a t  
n e g a t i d ' t e m p e r a t u r e s .   T h e s e   m i g r a t i o n s   c a n  h regarded as responsible for 
c o n t r a c t i o n s   i n s t e a d  of t h e  global expansion which was p r e v i o u s l y   e x p e c t e d .  
These   expe r imen t s  stress t h e   i m p o r t a n c e  of f a c t o r s   w h i c h  have been acknowledged 
by many a u t h o r s ,  ie  t h e  water c o n t e n t  in t h e  sample, i t s  l i t h o l o g y ,  t h e  rate o f  
c o o l i n g   a n d  the s l i g h t   a l t e r a t i o n s  of t h e   e x p e r i m e n t a l  device. 

INTRODUCTfON 

A v e r y   i m p o r t a n t . d i l a t o m e t r i c   r e s e a r c h   d n  
materials u n d e r g o i n g   f r e e z i n g   a n d   t h a w i n g  was 
p u b l i s h e d  by Thomas (i938). H e  h a s  observed 
c o m p l i k a t e d   c u r v e s  o f  v a r i a t i o n s   i n   l e n g t h  of 
some rocks, b r i c k s  and tiles samples when t h e y  
are f r e e z i n g .  We tried t o  e x p l a i n   t h e s e  
v a r i a t i o n s   b u t   h a d  some d i f f i c u l t i e s  t o  
u n d e r s t a n d  why some wet materials undergo  
c o n t r a c t , i o n   u n d e r   f r e e z i n g .  H e  e x p l a i n e d   t h a t  
i n s i d e   t h e s e  samples, t h e  pressure giverl by 
t he   newly - fo rmed  ice i n d u c e s   l i q u e f a c t i o n  for  
t h e  ice i n   f a v o u r a b l e   p o s i t i o n ,   a n d   t h a t   t h i s  
process p r o m o t e s   i n t r u s i o n  of water i n t b  
u n f i l l e d   p o r e s .  

Lehmann (1955) h a s   d e s c r i b e d  a similar 
c o n t r a c t i o n  of wet bricks u n d e r   f r e e z i n g .  His 
o b s e r v a t i o n s  became e x p l i c a b l e  in the  papers 
of Powers  and Beelmuth (1953) a n d  Powers (1958) 
on t h e  dilatometric v a r i a t i o n s  o f  cement 
pastes ( f i g u r e  1) They  have  shown  that .  i f  
microscopic bubbles i re  i n s i d e  tkie cement 
pastes (the bubbles   'mus t  be So nirmerouri t h a t  
t h e y  are separated b y   l a y e r s   o f  paste o f . o n l y  
a f e w  t h o u s a n d t h s  o'f a n   i n c h  thick) ,, Che 
f r e e z i n g   p r o d u C e s e s " s h r i n k a g e   r a t h e r   t h i A  I' ' 

, d i l a t a t ' i o n .  And t h e y  proposed t o ' e x p l a i n   t h i s  
s h r i n k a g e  by t r a n s f e r  of water from t h e  paste 
t o  'the a i r  b u b b l e s .  

This m i g r a t i o n  of water by c r y o s u c t i o n  
g i j e s -  o n   e x p l a n a t i o n  for some part of t h e  
d i l a t o m e t r i c   c u r v e s  recorded i n   e x p e r i m e n t s  
carried out w i t h   p o r o u s   l i m e s t o n e .   W i t h   t h e s e  
e x p l a n a t i o n s ,  t h e  d i l a t o i e t r i c  c u r v e s   e n a b l e  
o n e  t o  see what   happens   dur ing  the f r e e z i n g  o f  
w e t  m&kerlal a n d  t h e  process of gelifract*ion. 

, : , < , ,  

Fiqure 1 : Dilatometric c u r v e s  of. cement 
pastes - Upper c u r v e  shows d i l a t a t i o n   p r o d u c e d  
i n  paste c o n t a i n i n g  no a ir  b u b b l e s .  Lower 
curve  shows same paste with  e n t r a i n e d  air; 
DIJL = l e n g t h   c h a n g e   i n   m i l l i o n t h s   ( P o w e r s ,  
1958) - 

F i g u r e  2- shows t h e   e x p e r i m e n t a l  device w i t h  
which w e  h a v e  made dilatometric measurements. 
The e x p e r i m e n t  samples are c y l i n d e r s  o f ' ,  
l i m e s t o n e  f 10 cm i n   l e n g t h   a n d  4 c m  i n  
diameter. The m a i n   p e c u l i a r i t y  of our sys tem 
is t h a t  we n o t   o n l y   m e a s u r e   t h e   v a r i a t i o n s  in 
l e n g t h  of c y l i n d r i c  sample i n   o n e  place but i n  
several l o c a t i o n s  : in t h e  c e n t r a l   p o i n t  a f '  
t h e  circular base, near t h e  border of the:  'silme 
base, a n d  a l so  on t w o  p o i n t s   w h i c h  are f a c i n g  
each other o n   t h e  sides o f  t h e  c y l i n d e r .  With 
a l l  t h e s e   m e a s u r e m e n t s ,   w e . x e g i s t e r  not o n l y  
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t h e  v a r i a t i o n s  i n  l e n g t h  o f  t h e   c y l i n d e r   b u t  
also i t s  v a r i a t i o n s   i n  diameter. 

F i g u r e  2 : E x p e r i m e n t a l  device u s i d   i n   o u r  
e x p e r i m e n t s .  

The e x p e r i m e n t s   t h a t  w e  p r e s e n t  below were 
made w i t h  two k i n d s  of r o c k  : t h e   s t o n e  of 
Caen  which is a b a t h o n i a n  bioclastic l i m e s t o n e  
a n d  a t u r o n i a n  V.uffeau" called Bz4zb.  The 
porosity of t h e  s t o n e  of Caen i s  between 32 
and  33,2 k; f o r  t h e  BrBzb, t h e  v a l u e  i s  
be tween 46,6 a n d  48  S .  

T h e  measurements  were made w i t h   l i n e a r  
e l e c t r o n i c   d i s p l a c e m e n t   t r a n s d u c e r s  made by 
Schlumberger  (Sangamo)  which give v a r i a t i o n s  
i n   l e n q t h  w i th  a n   a c c u r a c y  o f  1 mm or less. 

i n s i d e  a steel Fylinder o n   w h i c h   t h e  
d i s p l a c e m e n t  tkansducers were set. The , ~ 

d i l a t a t i o n   c u r v e s   t h a t  w e  present be,$,ow were 
corrected fo r  t h e   c o e f f i c i e n t  of expans iont  of 
t h e  steel c y l i n d e r .  ,. , 

* The bases of t h e ,  studied samples were s t u c k  

of our 
The i n t e r p r e t a t i o n s  of dilatometr ic  curves 

o b F a i n e d   d u r i n g   f r e e z i n g   a n d   t h a w i n g  were 
i l l u m i n a t e d  by t h e   r e s u l t s  of d i l a t o m e t r i c  
measurements  made on t ,he same c a l c a r e o u s   r o c k s  
d u r i n g   d e s s i c c a t i o n   e x p e r i m e n t s   ( P i s s a r t   a n d  
Lautridou, 1984: Hamls..et a l . ,  1987). In t h e s e  
pasdra' we h a v e  shown. t h a t   i m p o r t a n t   c h a n g e s  i n  
t h e  l e n g t h  of c y l i n d e r s  of t h e  sane r o c k s  
o c c u r  when t h e  water c o n t e n t   f l u c t u a t e s .  
V a r i a t i o n s   i n   l e n g t h  are a t  the h i g h e s t ,  when 
t h e . w a t e r  moves i n  or out of t h e   t h t r m e f  
f i s s u r e s  of  t h e  r o c k s .  This reqult; w a s  
d e m o n s t r a t e d  when we observed that She l o s s  of 

a v e r y  small amount of water gives i n   s a m p l e s  
w i t h  very l i t t l e  water an   impor t an t  
d i l a t o m e t r i c   s h r i n k a g e .   T h i s   c o n t r a c t i o n   i n  
l e n g t h  was by f a r  less i m p o r t a n t  when t h e  
sample he ld  more water and lost t h e  same 
weight  by d e s s i c c a t i o n .  

that w e  give beelow w i l l  d e m o n s t r a t e  t h e  
i n f l u e n c e  of  t h e  water c o n t e n t ,  of t h e  
poros i ty  of t h e  rock, uf t h e  s l i g h t  
a l t e r a t i o n s , o f  the e x p e r i m e n t a l   d e v i c e  and the 
rate of c o o l i n g ,  a l l  f a c t o r s   w h i c h  are well 
known as controll i ing g e l i f r a c t i o n  pKOCeSSeS. 

The  p r e s e n t a 9 i o n  of d i l a t o m e t r i c   c u r v e s  

saau2k , j '  

We s h a l l  see t h e  effect  of v a r i a t i o n s   i n  
t h e  water content of B r i z B  samples through t h e  
compar ison   of  dilatometric c u r v e s   r e c o r d e d  f o r  
a c y l i n d e r  which c o n t a i n s  5 6 , 8  g of water 
( w h i c h   r e p r e s e n t s  98 % of t h e   f u l l   s a t u r a t i o n )  
w i t h  a c y l i n d e r  which held 4 2 . 1  g of water 
tha t  is t o  say 72 t of  i t s  f u l l   s a t u r a t i o n .  
The rate of c h a n g e   i n  temperature d u r i n g   b o t h  
e x p e r i m e n t s  w a s  2 %/h. 

F i g u r e  3 gives a view of t h e   v a r i a t i o n   i n  
l e n g t h   a n d   i n  diameter observed f o r   t h e  sample 
wi th  98 % o f  h i s  f u l l   s a t u r a t i o n .  On t h i s  
graph ,  we r e c o g n i z e   t h e   s u c c e s s i v e   p h a s e s  : 
1. C o n t r a c t i o n  of 20 rnm i n   l e n g t h   a n d  
d i l a t a t i o n  o f  10 nun i n  diameter when t h e  
sample goes from 20 Oc to 0 O C .  

2. Great i n c r e a s e   i n   l e n g t h   a n d  i n  diameter 
when t h e  sample r e m a i n s  at 0 O C  ( z e r o  
c u r t a i n )  , 
3 .  S m a l l   i n c r e a s e   i n   l e n g t h  when t h e  
t e m p e r a t u r e  o f  t h e  sample goes down u n t i l  
-10.7 OC,: t h e  diameter i n c r e a s e s   d u r i n g  a 
l o n g e r  t i m e .  
4 .  Low s h r i n k a g e  i n  l e n g t h   a n d   i n  diameter 
d u r i n g  the  16 h o u r s  when t h e  sample remains a t  
a temperature of -12,5 Oc. 
5 .  I m p o r t a n t   c o n t r a c t i o n   d u r i n g   t h e   w a r m i n g  
u n t i l  0 OC and t h e  zero c u r t a i n .  
6 .  I n c r e a s e  in l e n g t h   a n d  i n  diameter when t h e  
warming  occurs  above 0 'C. 

p r o b a b l y  be e x p l a i n e d  by t h e  processes 
d e s c r i b e d  now, taking i n t o   a c c o u n t  t h e  numbers 
g i v e n  above : 
1. T h e r m i c   c o n t r a c t i o n   a n d   m i g r a t i o n  of water 
i n s i d e   t h e  sample b y   t h e   f o r m a t i o n  of a 
g r a d i e n t   o f  temperature i n s i d e   t h e   c y l i n d e r .  
2. F r e e z i n g  of t h e  free water i n   t h e   r o c k  
almost a t  t h e  full s a t u r a t i o n .  
3 .  The adsorbed water f r e e z e s  a t  temperatures 

4 .  Unfrozen water r e m a i n s  at -12.5 "C. Some of 
t h i s  water is m o v i n g   i n s i d e   o f   t h e  sample to 
pares which are void. 

T h e s e   d i f f e r e n t  parts of t h e   c u r v e  may 

below 0 . v .  
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Figurh 3 : Dilatometric  curves  recorded  far a cylinder of "tuffeau de 
BrBzi"' with 98 % of the  full  saturation. Rate of cooling 2 OC/h. The 
numbers  indicate  the  different  phases  described  in the text. 
Legend : To in  the  sample = temperature  measured w i t h  PtlOO inside the 
sample: A 1  = dilatometric  variations  in pm; Sup.Centrb = measure  on  the 
central point of the superior face of the  cylinder: Sup.Border = measure 
on the border of the superior  face of the cylindre; Flanks - sum of the 
measures  made on the sides of  the  cylinder. 
All wur dilatometrical  measurements  are put to the initial.  value Of $0 in 
order to facilitate the cornparision  between  curves. 

, ,  

Figure 4 ; Dilatometric  curves  recorded  for  a  cylinder of "tuffeau de 

See legend  below  figure 3. 
' BrezB" with  72 % of the full saturation. Rate of cool ing -2 OC/h. 
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Figure 5 : Dilatometric  curves  recorded for a  cylinder of Stone of  Caen 
with 77 % of' the  full saturation. Rate of cooling -2 .aC/P. 
See  legend below figure 3. ' ' '  

5 2 5  



., *I ' 

5 .  D u r i n g  the warming when t h e   t e m p e r a t u r e ,  
r e m a i n s  below 0 OC,'the ice which i s  under  
p r e s s u r e   a n d   w h i c h  ,is i n   c o n t a c t   w i t h  some 
sa l t s  b e g i n s  to melt or a l l o w s  a s h r i n k a g e  of 
t h e  rock. 
6 .  The water which comes from the m e l t i n g  O f  

t h e  ice goes back i n t o   t h e   t h i n n e r  pores of  
t h e  rock and gives a d i l a t a t i o n .  A t  the same 
time a thermal d i l a t + t i o n   o c c u r s .  

0 "C,  t h e  dilatom'tri'c ' c u r v e  becomes ' 

c o m p l e t e l y   d i f f e r e n t  '' ( - f igure 4 )  : 

related m a i n l y  t o  t h e   t h e r m a l   c o e f f i c i e n t  O f  

d i l a t a t i o n .  The f r e e z i n g  of t h e  free water 
w h i c h   o c c u r s  a t  0 "C (zero c u r t a i n )  did not 
give a n y   d i l a t a t i o n   b e c a u s e   t h e r e  were enough:  
voids w i t h o u t  water i n s i d e  t h e  sample to, i ,  . 

accept t h e  c h a n g e  in volume  of   tP&freeqing,  
water w i t h o u t  a s i g n i f i c a n t   i n c r e a s e ;  ,,in ~ 

p r e s s u r e .   A f t e r   t h e   z e r o   c u r t a i n .   t h e  sample 
u n d e r g o e s  a very impor t an t   r e t r ac t ion : ! ,wh ich  is 
t h e  same phenomenon as t h e  one dsscribsd by 
Thomas (1938) t h a t  w e  have  ment ioned i n   t h e  
i n t r o d u c t i o n   o f   t h i s  paper. The v a r i a t i o n  i n  
diameter is similar t o  t h e   v a r i a t i o n   i n   l e n g t h  
if it i s  remembered t h a t   t h e   l e n g t h  o f  the 
s t u d i e d   c y l i n d e r  i s  10 cm and its diameter 4 
cm. By c o m p a r h o n   w i t h  t h e  i n t e r p p t a t i o n  o f  
Powers  (1958) w e  believe t h a t   t h i * . . r e ; t r g c t i o n  
r e s u l t s  from t h e   m i g r a t i o n   o f  water' from t h e  
v e r y   t h i n   f i s s u r e s   p r e s e n t   i n   t h e  rock t o  t h e  
n e a r e s t   e r n p t y , l a r g e r  pores where ice c r y s t a l s  
are growing .  

A slow m i g r a t i o n  of water goes on when t h e  
t e m p e r a t u r e  oscillates around -15 

D u r i n g   t h e  warming, t he  movement of t h e  
water g o i n g   b a c k -  b&o-Ulsb , t h i n   f i s s u r e s  i s  t h e  
main reason w h y ~ ~ i ~ ~ ~ t a ~ ~ ~ n ~ ~ o c c u r s .  

With 72  I of the: d u , l l   s a t u r a t i o n , .  belaw 

T h e   r e t r a c t i o n  of tkie sample above 0 "C i s  

. .  

I ,  : , ,  , 

e of -Poroslitv.ofh* 
With a similar amount  of water (77 % of t h e  

f u l l   s a t u r a t i o n ) ,  t he  c u r v e s  recorded w i t h  a 
c y l i n d e r  of s t u n e  de  Caen ( f i g u r e  5)  do n o t  
show t h e  s h r i n k a g e  we have s e e n   u n d e r   t h e  same 
c o n d i t i o n s   i n  t h e  sample o f   B r b z i  (tigurg 4 )  
As s o o n  as the;; (freeaing b e g i n s  (moment c l e a r l y  
visible on the ;   t emp$ra t t r re ,&urve  by t h e  small 
i n c r e a s e   i n   t e r n p e r a t t r r e ' w b i c h  occurs i n s i d e  
the sample), we observe a small d i l a t a t i o n  
w h i c h   c o n t i n u e s   u n t . $ l   t h e   t e m p e r a t u r e  reaches 
-1 ' C .  Below t h i s  t e m p e r a t u r e  a c o n t r a c t i o n  
o c c u r s   a n d  t h i s  p r o b a b l y  appears when t h e  
m i g r a t i o n  of watar f rom  . the  smaller pores and 
f i s s u r e s   e x c e e d s   t h e   d i l a t a t i o n  related t o  t h e  
i n c r e a s e   i n   v o l u m e  by water f r e e z i n g .  

The d i f f e r e n t   r e s p o n s e s  o f  the Caen  and 
Br4zB stones must be seen i n   c o n n e c t i o n   w i t h  
t h e   c h a r a c t e r i s t i c s   o f  porosity of t h e  two 
r o c k s   ( f i g u r e  6 ) .  The BrizP: a t o n e   h a s  a great 

-number of poxes smaller t h a n  0 , 0 5  mm. These 

very small pores are known to induce   impor tan t  
s h r i n k a g e  by d e s s i c c a t i o n .  

0.00 1 0.01 1 

1 

F i g u r e  6 : D i s t r i b u t i o n  o f  t h e  pore s i z e   i n  
a t o n e s   o f   C a e n   a n d   i n   V u f f e a u x  de Br4z4" as 
t h e y  are m e a s u r i d   w i t h  a mercury porosimeter. 
T h e   p e r c e n t a g e  of  t h e  pores under  0.15 mm i s  
h i g h e r   i n  the "Br4~&*~ t h a n   i n  t h e  s t o n e  of 
C a e n ,   T h e . d i E f e r e n c e   b e t w e e n   t h e s e   t w o  
1 i m e s t o n e s ; i s  greater f o r  t h e  pores below 
0 ,025  m. - 

The e x p e r i m e n t   p r e s e n t e d  i n  figure 5 l i k e  
t h e   o t h e r   o n e s  we have p r e s e n t e d  till now had 
o c c u r e d  i n  o u r  refrigerator i n  which there i s  
n o   v e n t i l a t i o n   s y s t e m .   F o r   t h e   e x p e r i m e n t  
shown i n  f i g u r e  7 ,  a n  electric fan  was set 
inside t h e  cold room to mix t h e  air  d u r i n g   t h e  
e n t i r e   e x p e r i m e n t .   T h e s e   c o o l i n g   c o n d i t i o n s ,  
w i t h  a cold a i r  cur ren t ;   which  blows 
h o r i z o n t a l l y ,  are d i f f e r e n t   f r o m  t h e  
c o n d i t i o n s  used for t h e   p r e v i o u s   e x p e r i m e n t s ,  
a n d   c o n s e q u e n t l y  ,we n o t i c e   d i f f e r e n c e s  in t h e  
dilatometrical behaviour. 

We h a d   s e e n   o n   f i g u r e  5 a pronounced 
d i l a t a t i o n  i n  l e n g t h   a n d   i n  diameter i n  
c o n n e c t i o n   w i t h  t h e  f r e e z i n g   o f   f r e e  water. 
Figure 7 shows a dilatornettical response i n  
l e n g t h   w h i c h  i s  d i f f e r e n t   f r o m  t h a t  i n  
diameter, i f  w e  remember thaf; the l e n g t h  of 
t h e   c y l i n d e r  i s  10 cm, a n d  i t s  diameter, 4 cm. 
The b e h a v i o u r   s h o w n   o n   t h i s   f i g u r e  is v e r y  
d i f f e r e n t   f r o m   t h e  one observed on f i g u r e  5 .  
This seems n o r m a l   s i n c e  it i s  known that these 
b e h a v i o u r s  are related t o  d i f f e r e n t  water 
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Figure 7 : Dilatometric c u r v e s  for a s t o n e  of Caen w i t h  7 7  % of t h e  f u l l '   s a t u r a t i o n .  Rate of c o o l i n g  
-2 OC/h. An electric f a n   h a s   m i x e d   t h e  a i r  i n   t h e   r e f r i g e r a t o r   d u r i n g  t h e  e n t i r e   e x p e r i m e n t .  5ee 
l e g e n d  below figure 3 .  

' .  

F i g u r e  8 : Dilatometric curves for  a s t o n e  of Caen w i t h  12 I of t h e   f u l l   s a t u r a t i o n .  Rate of c o o l i n g  
-0,5 OC/h. S e e   l e g e n d  ~ I O W  f i g u r e  3 .  

m i g r a t i o n s   i n d u c e d  by d i f f e r e n t   d i r e c t i o n s  of 
t h e   f r e e z i n g   f r o n t   p r o p a g a t i o n .  

Measurements of t h e   d i s t r i b u t i o n  of H20 
i n s i d e  a c y l i n d e r  of Breze f r o z e n  under t h e  
same c o n d i t i o n s  have shown t h a t  some water was 
moving  from the c e n t e r  of t h e   c y l i n d e r  t o  t h e  
sides. This m i g r a t i o n  of water, induced  by t h e  
l o c a t i o n   o f  a la teral  g r a d i e n t  of temperature 
d u r i n g   t h e   f r e e z i n g   e x p l a i n s   t h e   a n i s o t r o p i c  
c h a r a c t e r  of t h e  d i l a t a t i o n  of t h e  sample. 
T h e s e   o b s e r v a t i o n s  show c l e a r l y   t h a t  it is 
impossible t o  u n d e r s t a n d   t h e   d i l a t o m e t r i c  
r e s p o n s e  of a rock i f  measurements are n o t  
made i n . d i f f e r e n t   d i r e c t i o n s .  

of c o w  
The  comparison o f  t h e   d i l a t o m e t r i c   c u r v e s  

g i v e n  on t h e  f i g u r e s  5 and 8 i l lustrates t h e  
i n f l u e n c e s  of t h e  rate o f  c o o l i n g  of t h e  
samples. With a rate of 2 OC/h a dilatation 
was observed d u r i n g   t h e   f r e e z i n g .   W i t h   a n  
amount of water that i s  n o t   v e r y   d i f f e r e n t  
(72 S a g a i n s t  I1 % ) ,  t h e   e x p e r i m e n t  shown on 
f i g u r e  8 w i t h  a rate of c o o l i n g  of 0 , 5  "C/h 
p r o v o k e s   o n l y  a c o n t r a c t i o n  of  t h e  sample. I t  
seems that w i t h  a v e r y   s l o w   f r e e z i n g ,   t h e  
g r a d i e n t  of t e m p e r a t u r e  w a s  n o t   i m p o r t a n t  
enough t o  g ive  m i g r a t i o n s  of water and  a 
d i l a t a t i o n .  However. a s l o w   f r e e z i n g  allows 
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the migration of, water from the narrow 
fissures to the larges pores where it Ereezes. 

CONCLOSIONS 
, ,, 

These  experiments show the complexity of 
the dilatometric variations of wet samples of 
rocks undergoing freezing and thawing. The 
increase in volume related to the 
transformation of water in i c e  is the main 
mechanism  when the sample is close to 
saturation; it becomes less impartant whbn 
voids in the rocks are not filled with water. 
In t h i s  case, the migration of water becomes 
the main process. Transformation of water in 
ice gives  a dilatation of the rock; migration 
of water from the small pores and fissures to 
larger empty pores gives a contraction o€ the 
rock * 

factors  we  have  discussed here, i.e. the 
content of water in the sample, the 
distriburion of the porosity in the rock, the 
influence of slight alterations of the 
experimental  device and the rate o f  freezing 
are important parameters in the gelifraction 
of the rocks. 

Here, we have shown that  these influences 
may be seen on  dilatometric curves and that 
their role in qelifraction may be approached 
in a  single freezing cycle. We believe that  
the dilatometric  research will become an 
important method to analyze the qelifraction 
process in different materials. Because it 
clearly spwa the influence o f  the 
displacement  of 'Cater inside the rocks which 
corxespond to a proass of dessiccation and 
hydration in the smallest fissures, the 
dilatometric  research may help answei the 
aggressive  question of White (1976) : "Is frost 
action really only hydration shattering?lV. 
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