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The thermal  conductivities and thermal  diffusivities of frozen monodisperse  silts of glacial 
origin, as functions of t empera ture ,  have been determined experimental ly.  

The thermophysieal  cha rac te r i s t i c s  of porous rocks are subject to substantial changes, depending on 
s t r u c t u r a l - m e c h a n i c a l  factors  (the mineral  composit ion of the par t ic les ,  pore dimensions,  or  par t ic le  size), 
as well as the state of the rocks - porosi ty,  t empera ture ,  mois ture  content. 

The co r r ec t  determination of the thermophysical  charac te r i s t i cs  of the rocks will enable us cor rec t ly  
to design methods of thawing and to evaluate the effectiveness of the proposed technological approaches to 
preparat ion for dredging operations in frozen soils,  a p r imary  element of which will doubtlessly be a thaw- 
ing procedure .  

Rocks of glacial origin - the so-cal led  silts of glacial genesis - are widely encountered in most  
dredging operat ions.  This is a monodisperse  rock containing large amounts of ice, exhibiting a f i l trat ion 
factor  of k = 2 -3 .10-3  m/day .  

As a rule, these silts cover  gold-bear ing gravel ,  and they are  fur ther  covered f rom above with a l -  
luvial g l a c i e r - g r a v e l  deposits with sandstone and sandy loam fi l lers .  

We have every  reason to assume that such rocks will present  par t icular  difficulty in thawing out. 
Moreover ,  this is confirmed by experience.  Thus, in r e s e a r c h  involving the use of hydraulic probes,  a 
control  bore hole (in the center  of a hydraul ic-probe  tr iangle,  with the individual probes sepaIa ted  by 5 
m), drilled through a segment in which the silt  was six meters  thick, showed that the volume of the un- 
frozen rocks is e~ml to the volume of those that remained frozen,  with lengthening of the thawing period 
during the summer  season producing no par t icu lar ly  desirable  result .  This is quite understandable,  if we 
consider  that the process  of s teady-s ta te  fi l tration in such rocks,  even in a state of thawing, will be an in-  
finitely prolonged affair.  

We know that glacial  deposits extend even into the frozen portions of the dredging ground. In the light 
of this, the problem of deciding on a thawing procedure  under such conditions is quite urgent,  and it is ex-  
t r emely  n e c e s s a r y  that we study the thermophysical ,  e lec t r ica l ,  physicotechnical ,  and fil tration proper t ies  
of such rocks .  

We will examine the thermophysica l  cha rac te r i s t i c s  of frozen and thawed si l ts ,  produced on passage 
of a dril l .  

Two procedures  were used in studying the specimen,  whose s t ruc ture  remained unbroken, i.e., an in- 
termit tent  procedure  and a procedure  following a regula r  regime.  

In the f i rs t  case ,  we employed a method of applying br ief  pulses f rom a l inear  heat source ,  developed 
by Vishnevskii [1]. The thermophysica l  cha rac te r i s t i c s  - the thermal  conductivity X and the thermal  dif-  
fusivity a - are  calculated f rom the measurement  resul ts  for the maximum of the tempera ture  wave propa-  
gating through the mater ia l  and f rom the time for  the onset of this maximum, as well as f rom the power of 
the heat pulse. 
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T A B L E  1. T h e r m a l  Di f fus iv i ty  of  F r o z e n  Rocks  (Sil ts  of g l a c i a l  o r -  

ig in) ,  D e t e r m i n e d  by  the  R e g u l a r - R e g i m e  Method 
Depth of specimen sampling, m 

Experimental parameters I 8 [ 9 

Cooling rate m 
Form factor b 
Initial specimen temperature, ~ 
Thermostat-fluid temperature, ~ 
Coefficient of thermal diffusivity, a, 10 4 
Moisture content, % 

4,28 4,64 2,95 3,16 8,2 6,15 
1,98 1 ,98  3,1 I 3,1 1 1,98 / 1,98 

--14,0 --13,0--19,0--26,0 --33,0/--18,0 
--0,2 --0,2 --0,4 --0,7 --1,0~ --0,8 

8,5 9,18] 9,3 9,8 16,2 12,15 
24 ,7  28,8 28,8 

P u l s e  s e n s o r s  w e r e  p r e p a r e d ,  and t h e s e  w e r e  i m b e d d e d  d i r e c t l y  into a s p e c i m e n  tha t  had  been  s a w e d  
open.  The s e n s o r s  w e r e  m a d e  in the  f o r m  of two p a r a l l e l  w i r e s ,  0.2 m m  in d i a m e t e r ,  one of which  was  
m a d e  of c o n s t a n t a n  - 100 m m  long - to s e r v e  as  the p u l s e  h e a t e r ,  whi le  the o t h e r  w i r e  f o r m e d  a c o p p e r  
- c o n s t a n t a n  t h e r m o c o u p l e  whose  "hot"  junc t ion  was  s e p a r a t e d  th rough  a d i s t a n c e  R = I0  m m  f r o m  the  m i d -  
s e c t i o n  of the h e a t e r .  The ncold"  junc t ion  was  l o c a t e d  in a t h e r m o s t a t .  

To d e t e r m i n e  a and ~,, we f ixed  the  t i m e  Tma x at  which  the m a x i m u m  of the  t e m p e r a t u r e  wave  p a s s e d  
t h r o u g h  the  t h e r m o c o u p l e  junc t ion .  S i m u l t a n e o u s l y ,  we e s t a b l i s h e d  the  a m p l i t u d e  of the  t h e r m a l  wave  and 
the p o w e r  of the  h e a t  s o u r c e .  A G Z P - 4 7  m i r r o r  g a l v a n o m e t e r  was  u s e d  fo r  the  m e a s u r e m e n t s .  

The  hea t  p u l s e  was  v a r i e d  in t i m e  fo r  30 to 60 s e c  and w a s  b a s e d  in v i r t u a l l y  eve ry  s p e c i f i c  c a s e  on 
the  " s t r e n g t h "  of the  t e m p e r a t u r e  w a v e .  

The  c o e f f i c i e n t s  of t h e r m a l  d i f fu s iv i t y  a and t h e r m a l  c onduc t i v i t y  X w e r e  c a l c u l a t e d  [2] f r o m  

R ~ a = - ~0a, mZ/h, (1) 
4~ c 

~ _  Qh q~, kcal/m- h. deg, (2) 
4nLcAtma• 

w h e r e  R i s  the  d i s t a n c e  b e t w e e n  the e l e c t r i c  h e a t e r  and the  hot  junc t ion  of the  t h e r m e o u p l e ,  in m; T h is  the  
d u r a t i o n  of  the  hea t  p u l s e ,  in h; (Pa and r a r e  func t ions  which  depend  on the r a t i o  ( 7h/~-max); r m a  x is  the  
t i m e  f r o m  which  the  h e a t e r  is  s w i t c h e d  on to the  o n s e t  of the  t e m p e r a t u r e - w a v e  m a x i m u m ;  L c is  0.1 m,  
which  r e p r e s e n t s  the  w o r k i n g  length  of the h e a t e r ;  Oh is  the  t h e r m a l  p o w e r  of the  l i n e a r  h e a t e r  and is g iven  
by  

Qh = 0,861U = 0.8612rh, keal/h, (3) 

I iS the  c u r r e n t  s t r e n g t h  in the h e a t e r  c i r c u i t ,  in A; r h is  the h e a t e r  r e s i s t a n c e ,  in a ;  A t m a  x is  the  m a x i m u m  
e x c e s s  t e m p e r a t u r e ,  in ~ 

The  r e g u l a r - r e g i m e  me thod  [3] was  u s e d  e x c l u s i v e l y  to d e t e r m i n e  the  c o e f f i c i e n t  of t h e r m a l  d i f fu s iv i t y .  
A c a l o r i m e t e r  in the  f o r m  of  a ho l low c y l i n d e r  was  f a b r i c a t e d .  The c e n t e r  s e c t i o n  of the  c a l o r i m e t e r  c o n -  
t a i n e d  a m e r c u r y  t h e r m o m e t e r .  The i n s ide  c a v i t y  of the  c a l o r i m e t e r  was  f i l l ed  wi th  r o c k  of n a t u r a l  s t r u c -  
t u r e .  The  e x p e r i m e n t s  w e r e  p e r f o r m e d  at  a n e g a t i v e  i n i t i a l  t e m p e r a t u r e  r a ng ing  f r o m  - 1 3  ~ to - 3 3  ~ and the 
t h e r m o s t a t - f l u i d  t e m p e r a t u r e  r a n g e d  f r o m  0.2-1 .0~ 

The  p u r p o s e  of the  e x p e r i m e n t  was  to e s t a b l i s h  the  t e m p e r a t u r e  d u r i n g  the  h e a t i n g  of the  f r o z e n  r o c k  
s p e c i m e n s  and to p lo t  the  c u r v e  fo r  In I t~ = f (7) .  The t angen t  to the  ang le  of i nc l i na t i on  f o r  the  r e c t i l i n e a r  
s e g m e n t  of the  c u r v e  was  then  c a l c u l a t e d ,  i . e . ,  the  he a t i ng  r a t e  m fo r  the  c a l o r i m e t e r .  The t h e r m a l  d i f -  
fu s iv i ty  fo r  the  s p e c i m e n  was  d e t e r m i n e d  f r o m  the  f o r m u l a  

a = rob,  m2/h, (4) 

w h e r e  b is  the  f o r m  f a c t o r  fo r  the  c a l o r i m e t e r .  

Be low we p r e s e n t  the  r e s u l t s  f r o m  the d e t e r m i n a t i o n  of the  t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s .  

The  s p e e d  of the i n t e r m i t t e n t  method  e na b l e d  us to a c h i e v e  a s h a r p l y  d e l i n e a t e d  and s t a b l e  r e l a t i o n -  
sh ip  b e t w e e n  the  t h e r m a l  conduc t i v i t y  X and the  t h e r m a l  d i f fu s iv i t y  of the  f r o z e n  r o c k  r e l a t i v e  to  the  t e m -  
p e r a t u r e  (see F ig .  1). This  r e l a t i o n s h i p  is  m o s t  ev iden t  fo r  the  t h e r m a l  d i f fus iv i ty .  Th is  is  e x p l a i n e d  by  

222 



| 

30 

8 \ 
o 

o @ ~ a  

x - - b  

0-2~, -16 -12 -8 t 

Fig. 1. The relationship of a (m 2 
/h) and k ( k c a l / m . h . d e g ) t o  t (the 
rocks were formed of silts of 
glacial origin;W = 25%; ~/= 1.65 g 
/cm~): a) depth, 9 m; b) 8 m, 

the fact that the thermal  conductivity of the frozen rocks increases  
with a drop in tempera ture ,  while the heat capacity diminishes.  
The main reason for this is the fact that a certain relationship 
exists between the tempera ture  and the phase composit ion of the 
water  in the frozen rocks [4]. The silt rocks are therefore  com-  
pletely f rozen at a t empera ture  below -20~ while in the t em-  
pera ture  range f rom 0 t o - 1 0 ~  the thermal  charac te r i s t i c s  of 
these rocks are subject to substantial changes (see Fig. 1). 

The thermal  charac te r i s t i cs  of thawed silts, in the range 
of interest  to us, are virtually independent of temperature .  The 
thermal  diffusivity of thawed silts is found in the range a -- (12- 
17). 10 -4 m2/h; the thermal  conductivity is k = 1.1-1.5 k c a l / m . h  
�9 deg; and the heat capacity is c = 650-920 kca l /m  3. deg. 

The resul ts  f rom the determination of the thermal  diffusivity 
for the Silts by the r egu l a r - r eg ime  method are  presented in Table 
1. Because of the great  interval between the initial specimen tern- 

perature  and that of the thermosta t  fluid, we Obtained only averaged quantities, but nevertheless  these r e -  
sults indirectly indicate the relat ionship between a and tempera ture ,  as well as its relationship to the mois -  
ture content. 

The result ing tempera ture  relat ionship for the thermal  charac te r i s t i cs  of silt rocks  indicates the 
need for investigating the phase composit ion of the water  in these rocks as a function of tempera ture ,  which 
is of great  significance in view of the high overall  moisture content in the determination of the amount of ice 
present.  At the same time, the resul t ing relat ionships serve as a basis  for specifying the ice content. In- 
deed, silts can be classified on the basis  of their  proper t ies  to the class of clays, which also completely 
f reeze at a tempera ture  below -20~ For  clays a phase composition of water  [4] has been established, and 
this can thus be used to classify the amount of ice in silt rocks .  
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