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Changes taking p lace  in the Rb, Ko, and Ki m number s  during hea t  t r ea tmen t  a r e  studied. 
Analys i s  of the c r i t e r i a l  re la t ionships  p resen ted  r evea l s  the mechan i sm of hea t  and m a s s  
t r a n s f e r  for va r ious  methods of applying the heat ,  i .e . ,  the mechan i sm which influences 
s t r u c t u r e  fo rmat ion  in cement  stone.  

Accord ing  to a pape r  by Lykov [1], a mutual  r e l a t i o n s h i p m a y  be es tabl ished between the ave r a g e  in-  
t egra ted  values  of the m o i s t u r e  content u and the t e m p e r a t u r e  t, on the one hand,, and the intensi t ies  of hea t  
and m a s s  t r a n s f e r  qh and qm (and hence the r a t e  of heat  t r ea tmen t  or  drying),  on the o ther ,  in the fo rm of 
a hea t -ba l ance  equation, by using the laws of energy  and m a s s  conservat ion.  The pr incipal  equation govern -  
ing the kinet ics  of drying or  heat  t r ea tmen t  takes the fo rm [1] 

du 
qn (~) = 7oRv r -~ -  ( ! + Rb). (1) 

This  equation es tab l i shes  a re la t ionship between the hea t  t r an s f e r  qh and the m o i s t u r e  t r an s f e r  du/dT" by 
way of the Rebinder  number  Rb. The Rebinder  number ,  der ived  by A. V. Lykov,  is de te rmined  f rom the 
re la t ion  

Rb=(dT-~)  Cr -= bCr ' (2) 

where  b = d t / d u  is the t e m p e r a t u r e  coefficient  of drying.  

Accord ing  to Eq. (1), for  calculat ing the intensi ty of heat  t r a n s f e r  in the cou r se  of drying or  hea t  
t r e a t m e n t  it  is r equ i red  to know the manner  in which the Rb number  depends on the mo i s tu r e  content of the 
m a t e r i a l  u. 

We calculated the Rb num ber  f rom the re  sults of an exper imenta l  invest igat ion into the kinetic cha rac t e r i  s -  
t i c s  of the heat  t r e a t m e n t  of cement  m o r t a r  s and concre te ,  this  t r e a t m e n t  being applied e i ther  by means  of an 
a l ternat ing e l ec t romagne t i c  field or  by s teaming.  The method and technique of the exPer iments  were  set  out in 
[2, 3]. The samples  were  p r epa red  f rom m o r t a r  and ord inary  heavy concre te  200 x 200 • 60 m m  in s ize and sub-  
jected to heat  and mo i s tu re  t r e a t m e n t  in meta l  molds ,  which r e s t r i c t ed  the i r  volume on five s ides .  The mo i s tu re  
evapora ted  f rom the upper  su r face ,  i .e . ,  a one-dimensional  p rob lem of m a s s  t r ans f e r  was p resen ted  for  
considera t ion .  Hea t  t r e a t m e n t  was c a r r i e d  out in the following opt imum mode ,  as  de te rmined  by p r e l i m i n -  
a r y  invest igat ions:  the t e m p e r a t u r e  was r a i sed  a t  a r a t e  of 15~ to a max imum of 80~ in 4 h, held a t  
80~ for  3 h, and then reduced a t  13~ for 3 h. The re la t ive  humidity of the medium was kept a t  a level  
of ~ = 90%. In all  the expe r imen t s  the concre te  and m o r t a r  were  initially held a t  t = 20~ for  4 h. 

For  the calcula t ions  we used curves  r ep resen t ing  the t ime dependence of the l a y e r - b y - l a y e r  mo i s tu r e  
content and t e m p e r a t u r e  [3]. 
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Fig. i. The Rb number and coefficient B as functions of moisture 
content u: a) cement mortar; b) concrete. During electromagnetic 
heat treatment: I, 2) values of Rb in the periods corresponding to 
the heating of the material and the falling rate of moisture loss re- 
spectively; i', 2') values of B in the same periods. During steam 
treatment; 3,4) values of Rb in the periods corresponding to the 
heating of the material and the falling rate of moisture loss respec- 
tively; 3', 4') values of B in the same periods, u, kg/kg. 

The quantity Rb indicates the ratio of the amount of heat used in heating the sample to the amount of 
heat used in evaporating the moisture over an infinitely short period of time. 

The value of the temperature coefficient of drying b -- dt/du was calculated by A. G. Temkin's meth- 
od, i.e., the discrete differentiation [4] of the t(u) curves during heat treatment. The values of the coeffi- 
cients c and r (Tables 2 and 3) were determined from the equations [5] 

c = Co + cb-,  (3)  

r - -  5 9 5  - -  0 . 5 5  ( T  - -  273 ) .  ( 4 )  

The values of the Rb numbers were calculated while heating the material and also in the period correspond- 
ing to the falling rate of moisture loss; in the period corresponding to the constant rate of moisture loss, 
Rb equalled zero. 

The Rb number is shown in Fig. 1 as a function of the average integrated moisture content u. 

Analysis of the curves shows that, in the period during which the temperature of the mortar is rising 
(when the mortar is being hardened by heat treatment in an electromagnetic field) the value of the Rb num- 
ber falls smoothly as the moisture content u diminishes (curve 1 in Fig. In). In the case of the steam treat- 
ment of mortar, the Rb number falls smoothly with increasing moisture content u over the same period (the 
process is accompanied by the soaking of moisture into the material) (curve 3 in Fig, in). The Rb number 
falls far more in absolute magnitude during this period for the electromagnetic mode of heat treatment than 
in the case of steaming. Here we may mention that, in electromagnetic heat treatment, rather less heat 
is spent in heating the material than in steaming. This is due to the difference in the mechanisms of heat 
and mass transfer, since in the first case the mass of material diminishes during heat treatment (u < u0) 
while in the second it increases (u > u0). 

Analogous relationships are obtained in this period for concrete (curves 1 and 3, Fig. ib). While the 
temperature is rising and the hardening material is in the form of a colloid, and capillary porosity is only 
beginning to develop, the osmotic form of moisture binding is predominant. 

It follows from Fig. la that, in the period of falling temperature of the mortar (for both forms of heat 
supply), there is first of all a rise in the Rb number with decreasing moisture content and then a fall or 
stabilization of the Rb value (2 and 4, Fig. la). During this period, the development of the capillary porous 
structure is practically completed in the material, the moisture assumes an open capillary aspect, and 
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Fig. 2. Curves  giving the r a t e  of mo i s tu re  loss  du/d~- = f(u) in the heat  t r ea tmen t  of m o r t a r :  1) 
m =  

s teaming;  2) e lec t romagne t ic  t r ea tment ,  du/d~-,  k g / k g . h .  

Fig. 3. Dependence of the Ko number  on the mo i s tu r e  content u of m o r t a r  and concre te .  For  
e lec t romagne t ic  hea t  t r ea tment :  1, 2) values  of Ko in the heat ing per iod and the per iod of fall ing 
m o i s t u r e  loss  r a t e  for the m o r t a r ;  1 ' ,  2') the s a m e  for concre te .  For  s t e a m  t rea tment :  3, 4) 
values  of Ko in the heat ing per iod and the per iod of falling m o i s t u r e  loss  r a t e  for  m o r t a r ;  3 ' ,  4 ')  
the s a m e  for concre te .  

men i scuse s  a r e  fo rmed,  tending to pass  down into the ma te r i a l  as  heat  t r ea tmen t  p roceeds .  The m o i s t u r e  
is chiefly d isp laced  in the fo rm of cap i l l a ry  mo i s tu re  in this per iod.  

The appea rance  of points of inflection on the Rb(u) curves  may  be explained as  being due to a r r i v a l  a t  
the boundary between the two bas ic  s ta tes  of the mo i s tu r e  in the cap i l l a r i es :  m i c r o e a p i l l a r y  and s e a m - t y p e  
(pendular).  

These  conclusions a r e  to a fa i r  a ccu racy  suppor ted  by the disposi t ions  of the cr i t ica l  points ( e o r r e -  
spondingto thebo_undaries of the different  fo rms  of binding between the mo i s tu r e  and the solid phase  of the 
m o r t a r )  on the du/d~-(u) cu rves  in Fig. 2. As is apparen t  f rom Fig. 2, each of the curves  p a s s e s  through 
two cr i t i ca l  points ,  K t and K 2. According to the fundamental  p r inc ip les  of the doctr ine  re la t ing  to the fo rms  
of binding between m o i s t u r e  and ma te r i a l  developed by Kazanski i  [13], we may  cons ider  that the f i r s t  c r i t i -  
cal  point (K1) on the d u / d T  = f(u) curve  cor responds  to the instant  at  which the su r face  of the s amp le s  
r eaches  hygroscopic  m o i s t u r e  content. Between the f i r s t  and second cr i t ica l  points (K 1 and K2), the m o i s -  
ture  a s soc ia t ed  with cap i l l a ry  forces  is removed.  Close  to the second c r i t i ca l  point,  the mo i s tu r e  in the 
m a t e r i a l  p a s s e s  into the pendular  (seam) s tate ,  evaporat ing ent i re ly  within the ma te r i a l .  The t ime a t  which 
the second c r i t i ca l  point  a p p e a r s  on the cu rves  of mo i s tu r e  r e m o r a [  r a t e  (Fig. 3) co r r e sponds  to the t ime  
of development  of the bend on the Rb(u) curves  (Fig. l a ) .  

The bend appea r s  far  e a r l i e r  on the Rb(u) curve  during e lec t romagnet ic  heat  t r ea tmen t  than it does 
in the cour se  of s t eam t r e a t m e n t  (u = 0.120 k g / k g  instead of 0.114 kg /kg ) ;  this evidently indicates the p r e s -  
ence of a l a r g e  amount  of m o i s t u r e  with the adsorpt ion type of binding in the cement  stone. This  in turn 
conf i rms  the exis tence  of a l a rge  internal  specif ic su r face  of the cap i l l a r i e s  in the cement  s tone,  i .e . ,  an  
improvemen t  to the s t r u c t u r e  of the pore  space  by v i r tue  of an i nc rea se  in the volume of the m i c r o c a p i l -  

l a r i e s  (r < 10 -5 cm).  

A dist inguishing c h a r a c t e r i s t i c  of the heat  t r ea tmen t  of concre te  by both methods of heat  supply in the 
per iod  of fai l ing t e m p e r a t u r e  is the tr~tnsfer of m o i s t u r e  predominant ly  bound by cap i l l a ry  forces  (curves 
2 and 4, Fig. lb ) .  Thus for  this mode of heat  t r ea tmen t  (both in the case  of the electroma_gnetic method of 
hea t  supply and in that of  the s teaming  technique) no second c r i t i ca l  point appea r s  on the du/d~-(u) cu rves  
of concre te ,  nor  a r e  the re  any inflections on the Rb(u) curves .  This  s i tuat ion may  be explained by con-  
s ider ing  the d i f ference  between the cha rac t e r  and magnitude of the cap i l l a ry  poros i ty  in m o r t a r  and con-  
c r e t e  r e spec t ive ly .  

The Rb(u) re la t ionships  obtained for  concre te  and m o r t a r  in different  per iods  of hea t  t r ea tmen t  we re  
analyzed in the fo rm of emp i r i ca l  fo rmulas .  Fo r  this purpose  we plot ted graphs  in coordinates  of logRb 
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and l o g  (U-Up) .  T h e  e x p e r i m e n t a l  p o i n t s  [log Rb;  l o g  ( u - u p ) ]  then  fe l l  on  s t r a i g h t  l i n e s .  
e ach  of  t h e s e  l i n e s  m a y  be  w r i t t e n  in  the  f o r m  

Ig Rb = n tg (u - -  Up~ ~-  Ig A 

o r  

The  equa t ion  of  

R b  = A (u - -  up) n. (5) 

The  c o n s t a n t s  A and  n w e r e  found in the fo l lowing  way .  The  v a l u e s  of  n w e r e  found f r o m  the t angen t  
of  the  a n g l e  of i n c l i n a t i o n  of  e ach  of  the s t r a i g h t  l i n e s  to the  h o r i z o n t a l  a x i s .  The  i n t e r c e p t  cu t  off on the  
v e r t i c a l  a x i s  by  each  l ine  was  n u m e r i c a l l y  equal  to l o g A .  The  v a l u e s  of  A and n for  v a r i o u s  m o d e s  of  h e a t  
t r e a t m e n t  a r e  g iven  in  T a b l e  1. 

T h e  d e t e r m i n a t i o n  of  the  Rb n u m b e r  e n a b l e s  us  to c a l c u l a t e  the  i n t e n s i t i e s  of  h e a t  and  m a s s  t r a n s f e r  
c o m p l e t e l y  w h i l e  the  m a t e r i a l  is  be ing  h e a t e d  and  a l s o  in  the  p e r i o d  c o r r e s p o n d i n g  to the  f a l l i ng  r a t e  of  
m o i s t u r e  l o s s .  T h e  u s e  of the Rb n u m b e r  fo r  c a l c u l a t i n g  the  k i n e t i c s  of  the  h e a t - t r e a t m e n t  p r o c e s s  i s  c o n -  
ve n i en t  because (as indicated by experimental data [6]) in the majority of cases it is independent of the par- 
ameters of the process and depends solely on the moisture content of the material u. 

The mutual relationship between the heat transfer qh(r) and the mass transfer du/dr may be estab- 
lished for any method of heat treatment by using the Rb number or the B/Ko number from the fundamental 
equation of heat-treatment kinetics, which may be written in the form 

H e n c e  the  d i s c o v e r y  of  e m p i r i c a l  f o r m u l a s  for  Rb = f(u) and  13 = f(u) i s  of g r e a t  i n t e r e s t  not  on ly  fo r  c a l c u l a -  
t ing  the  k i n e t i c s  of  the  h e a t - t r e a t m e n t  p r o c e s s e s  bu t  a l s o  for  the  whole  t e c hno logy  of h e a t  t r e a t m e n t ,  s i n c e  
the  fundamen ta l  t e c h n o l o g i c a l  p r o p e r t i e s  of t he  m a t e r i a l  b e i n g  p r o c e s s e d  a r e  d e t e r m i n e d  by  i t s  t e m p e r a t u r e  

and moisture content. 

It is well Imown [6] that a relationship of the form 

Ko = B / R b  (7) 

exists between the Ko and Rb numbers. The relative temperature coefficient of heat treatment B may be 

calculated [6] from 

U 0 B = b ~ , (8) 

w h e r e  Too equa l s  Tav  fo r  the  s t e a m i n g  t r e a t m e n t  and  the T of  the  e e m e n t  m o l d  and a r m a t u r e  for  the  e l e c -  

t r o m a g n e t i c  h e a t  t r e a t m e n t .  

T h e s e  v a l u e s  of  B ,  in  c o n j u n c t i o n  wi th  Eq.  (7), e n a b l e d  us  to c a l c u l a t e  the  Ko n u m b e r  c h a r a c t e r i z i n g  
the  r a t i o  of the  h e a t  expended  in e v a p o r a t i n g  m o i s t u r e  f r o m  the m a t e r i a l  to the  h e a t  r e q u i r e d  fo r  r a i s i n g  the 

t e m p e r a t u r e  f r o m  0 to To .  

C o e f f i c i e n t s  of the  Equa t ion  Rb = A ( u - u p )  n T A B L E  1. 

Material 

Cement mortar 

C o n c r e t e  

Mode of 
heat treatment 

B 

A 

Period of 
heat treat- 
ment. 

b '  
a 

b 
a 

b 
a 

b 
a 

8,67 
0,266 
0,02 

0,653.109 

1,33 
0,4.10 -2 

0,1 
0,37.107 

0,125 
-- t  

--0,84 
5,05 

0,014 
--2,55 
--0,575 

3,15 

Note: Here and subsequently A signifies electromagnetic heat treat- 
meat, B steam treatment, a the period of heating the material, and 
b the period of falling moisture loss rate. 

1151 



TABLE 2. Experimental and Calculated Kinetic Charac ter i s t ics  of 
the Heat  Trea tment  of Mortar  

~ o , ~  

0,117 
0,tt6 

b 0,115 
0,114 
0,113 
0,112 

B O, 145 
O, 146 
0,147 

a O, 148 
O, 149 
0,150 
O, 150[ 

0,123 
0,122 
0,121 

b 0,120 
0,119 
0,118 
0,117 
0,116 

A 0,115 
0,145 
0,144 

a 0,143 
0,142 
0,141 
O, 140 
0,139 
0,138 
O, 137 

80,0 
76,0 
68,0 
61,0 
55,0 
48,0 
20,0 
31,0 
40,0 
50,0 
59,0 
68,0 
76,0 

78,6 
77,7 
75,6 
73,0 
70,0 
66,0 
62,0 
58,0 
54,0 
18,0 
35,0 

47,0 l 56,0 
62,0 
67,0 
73,0 
77,6 
78,6 

600O 
6500 
6500 
6900 
6600 
6500 

-ioooo 
--9900 
--9700 
--9300 
--9000 
--8700 
--8500 

1500 
1860 
2060 
2840 
3420 
3800 
4000 
4000 
4000 
14500 

--12600 
--10900 
--7900 
--6300 
--5420 
--4380 
--3940 
--2800 

551,0 0,357 
553,3 ', 0,356 
557,6 0,355 
561,4 0,354 
504,7 ] 0,353 
568,6 ,' 0,352 
5"84,0 0,385 
578,0 0,386 
573,0 0,387 
567,5 0,388 
562,5 0,389 
557,6 0,390 I 
553,3 0,3905 

551,8 0,363 ] 
552,5 0,362 I 
553,5 0,361] 
554,8 0,360 
556,5 0,359 
558,7 0,358 
560,9 0,357 
563, 1 0,356 
565,3 0,355 
585,1 0,385 
575,8 0,384 
569,2 0,383 
564,2 0,382 
560,9 0,381 
558,2 [ 0,380 
554,8 0,379 
552,3 0,387 
551,8 0,377 

8,67 

0,266 

0, 02 

0,653• 10 g 

0,125 

--1 

I -0,84 

5,05 

T~ 

341,5 
336,0 
331,0 
323,5 
318,0 
307,0 
293 
332 
335,5 
338 
345,$ 
342,5 
343,5 

353 
351 
349 
347 
344 
340,5 
337 
333 
327 
293 
315 
323,5 
333 
340 
344 
347 
350 
352 

Expressed  in t e r m s  of mois ture  content and tempera ture ,  the values of B and Ko a re  given in Figs.  
1 and 3, respect ive ly ,  for  var ious  methods of conveying the heat to the mater ia l .  

I t  follows from Fig. 1 that the general run of the B(u) curves  is analogous to that of the corresponding 
Rb(u) curves  for  both the m o r t a r  and the concrete.  It  is also interest ing that the inflections on the Rb(u) 
and B(u) curves  for the m o r t a r  coincide as regards  mois ture  content in the period of falling temperature .  

We see f rom Fig. 3 that in the period of r i s ing tempera ture  the values of the Ko number for both m o r -  
tar  and concre te  fall with decreas ing  mois ture  content in the case of e lectromagnet ic  t rea tment  and with i n -  
c reas ing  mois ture  content in the case  of steam treatment .  In the period of falling tempera ture ,  the r e l a -  
tionship between Ko and u is the same for both modes of heat input, i .e. ,  the Ko numbers  r i se  with diminish-  
ing mois ture  content. However,  it should be noted that the average  values of the Ko number  a re  cons ide r -  
ably higher for the s team t rea tment  than for e lectromagnet ic  heat  treatment.  This evidently indicates that 
in the la t ter  case  ra ther  less  heat  is consumed than in s team treatment.  

k knowledge of the B = f(u) relation enables us to determine the tempera ture  of cement  mater ia l s  at  
any specified instant of heat  t reatment ,  while the Rb = f(u) relationship enables us to calculate the intensity 
of heat t r ans fe r  during the whole hea t - t rea tment  p rocess .  

In the course  of s team treatment ,  owing to the i n c r e a s e i n  the mois ture  content of the concre te  and 
m o r t a r  samples ,  the excess  internal p r e s s u r e  (which does not re lax  by vir tue of the motion of the moisture)  
tends to increase .  With increas ing mois ture  content and excess internal p r e s s u r e ,  a three-dimensior~l  
s t r e s sed  state develops in the mater ia l ,  incorporat ing tensile tangential s t r e s s e s ;  this dis tor ts  the s t r u c -  
ture of the mater ia l  as  it develops,  leading to a loss of contact between the cement  stone and the f i l ler ,  and 
also to the format ion of m ic roc racks .  In electromagnetic  heat  t rea tment  the excess internal p r e s s u r e  is 
considerably lower.  The mois tu re  content gradient is also smal le r  than in the case of s team treatment.  
We should therefore  expect less  distort ion of the re inforced concrete  s t ruc tures ,  both in the actual course  
of e lect romagnet ic  heat  t rea tment  and also af ter  the completion of the la t ter ;  this conclusion is in a g r e e -  
ment  with experimental  resu l t s .  
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TABLE 3. Experimental and Calculated Kinetic Characteristics of 
the Heat Treatment of Concrete 

i : i 

~ ~ u ~ b r c A n T~o 

B 

80,0 
79,0 
77,6 I 
76,0 1 
74,4 
72,6 
71,0! 
69,0 l 
67,4 
64,9 
62,7 
60,6 
58,4 
56,4 
54,0 
53,0 
20,0 
38,0 
50,0 
59,0 
68,0 
78,0 

78,0 
77,0 
74,0 
70,0 I 
66,0 I 
60,4 I 
55,4 ] 
20,0 / 
28,0 
37,0 
48,0 
52,0 
56,C 
61 ,C 
65,C 
67,C 
70,0 
73,G 
75,C 
76,4 
78fl 

1200 
1340 
1420 
1600 
1600 
1740 
1760 
1900 
2O7O 
2150 
2230 
2130 
2160 
2160 
2160 
2200 

--15000 
--  12900 
--11300 
- -  9800 
- -  9300 
- -  9500 

4000 
5400 
6200 
8240 
9360 
9880 

10600 
--8500 
--8700 
--8200 
--7100 
--5800 
--4700 
--3900 
=-3400 
--2900 
--2600 
--2380 
--1940 
--1640 
--1500 

579,6 
574,6 
569,7 
566,4 
564,2 
561,4 
559,2 
558,1 
556,5 
554,8 
553,8 
553,0 
552,0 

0,328 
0,327 
0,326 
0,325 
0,324 
0,323 
0,322 
0,321 
0,320 
0,319 
0,318 
0,317 
0,316 
0,315 
0,314 
0,313 
0,335 
0,336 
0,337 
0,338 i 
0,339 ! 
0,340 ] 

0.312 
0131151 
0 31101 
0,31051 
o,3ioo I 
0,3095 
0,3090 
0,335 
0,334 
0,333 
0,332 
0,331 
0,330 
0,329 
0,328 
0,327 
0,326 
0,325 
0,324 
0,323 
0,322 

1,33 

0,4• 10 -2 

0,1 

0,37• 

0,014 

--2,55 

--0,57~ 

3 , 1 5  

I 

351 
340 
346 
344 
341 
338,5 
336 
335 
331 
328 
325,5 
323,0 
320,5 
318,0 
3t5,5 
313,0 
293,0 
331,0 
345,5 
347,0 
349,0 
353,5 

352,0 
350,0 
346,5 
343,5 
340,0 
334,5 
328,6 
293,0 
309,5 
317,0 
324,0 
329,5 
334,0 
338,0 
342,0 
345,5 
348,5 
351,0 
355,0 
353,5 
354,0 

During the heat treatment of concrete, shrinkage takes place. A nonuniform distribution of the mois- 
ture content within the concrete (one involving high gradients) creates a three-dimensional stressed state 
within the material. 

Hence, in addition to tensile and compressive stresses, cleaving (tangential) stresses also operate. 
Since in the case of moist solids, including hardening concrete, the limiting shear stresses at which rup- 
ture of the structure occurs are much smaller than the limiting normal stresses, the presence of the high 
tangential stresses constitutes a potent cause of crack formation. 

As indicated in earlier papers [i, 8], the limiting tangential stress may, to a first approximation, be 
regarded as directly proportional to the moisture content gradient and the surface length of the material. 
As a criterion of crack formation we may take the fundamental criterion of the transfer of moisture during 
heat treatment - the Kirpichev mass-transfer number 

Kim--  qm ('r) R_v . (9) 

amYoUo 

I t  i s  w e l l  k n o w n  [9] t ha t  t h e  K i  m n u m b e r  c h a r a c t e r i z i n g  the  f i e l d  o f  m o i s t u r e  c o n t e n t  v a r i e s  f r o m  0 to 
2 i n  t he  c a s e  of  a p a r a b o l i c  d i s t r i b u t i o n  o f  m o i s t u r e  c o n t e n t  in  the  m a t e r i a l .  T h e  l i m i t i n g  v a l u e  o f  K i  m 
s e r v e s  a s  a n  i n d i c a t o r  o f  t h e  l i m i t i n g  s t a t e  a s  t h e  s t r u c t u r e  of  t he  m a t e r i a l  r u p t u r e s .  I t  f o l l o w s  f r o m  F i g .  

4 t h a t  t he  v a l u e  o f  t h e  K i  m n u m b e r  i n c r e a s e s  a t  t he  o n s e t  o f  t he  c o n c r e t e  h e a t i n g  s t a g e ,  i t s  a b s o l u t e  i n c r e -  
m e n t  b e i n g  g r e a t e r  f o r  c o n c r e t e  and  m o r t a r  s u b j e c t e d  to s t e a m  t r e a t m e n t  t han  f o r  t h o s e  s u b j e c t e d  to e l e c -  
t r o m a g n e t i c  h e a t  t r e a t m e n t .  S t a r t i n g  f r o m  h a l f  an  h o u r  a f t e r  t he  b e g i n n i n g  of  h e a t  t r e a t m e n t ,  t he  K i r p i c h e v  
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Fig. 4. Var ia t ion in t h e  Ki m number  
in re la t ion  to the kinet ics  of the h e a t -  
t r e a t m e n t  p r o c e s s  under  opt imum con-  
dit ions: 1) s t eam t r e a t m e n t  of concre te ;  
2) of m o r t a r ;  3) e lec t romagne t ic  heat  
t r e a t m e n t  of concre te ;  4) of m o r t a r .  T, h. 

number  d imin ishes  until the beginning of the s tage of i so the rmal  t r ea tment ,  independently of the fo rm of 
the cement  m a t e r i a l  and the method of heat  t rea tment .  At this s tage Kim changes ve ry  l i t t le ;  for  the s t e a m -  
ing method its absolute  value falls  a l m o s t  to zero for both concre te  and m o r t a r .  This  may  be explained by 
supposing that ,  a t  the s tage  of i so the rmal  t r ea tment ,  with this method of heat  t r ea tmen t ,  there  is  a t r a n s i -  
tion f rom the absorp t ion  of m o i s t u r e  to i ts  evaporat ion f rom the m a t e r i a l ,  s ince u approaches  u 0. At the 
beginning of the s tage of fall ing t e m p e r a t u r e ,  the Kim number  r i s e s  sharp ly ,  s ince,  as  cooling p roceeds ,  
the evapora t ion  of the m o i s t u r e  in tens i f ies ,  and so does the shr inkage of the concre te  and m o r t a r .  The 
shr inkage  s t r e s s e s  a r e  added to the the rmal  s t r e s s e s ,  and may  produce  c r acks  in the su r f ace  of the s a m -  
ples  ; this sha rp ly  reduces  r e s i s t a n c e  to wa te r  penet ra t ion  and f ros t .  The sha rpness  of the r i s e  in Kim and 
a lso  i ts  absolute  magnitude a r e  much g r ea t e r  for  concre te  and m o r t a r  subjected to s t e a m  t rea tment ;  this 
is because  the gradient  of the moi s tu re  content of the samples  is g r ea t e r  than in the case  of e l e c t r o m a g -  
netic hea t  t r ea tmen t .  I t  follows f rom Fig. 4 that, in the cour se  of s t e am t rea tment ,  the d a n g e r  of c r ack  
fo rmat ion  in r e in fo rced  concre te  s t ruc tu re s  is g r ea t e r  than it is in the cour se  of e lec t romagnet ic  heat  
t r ea tment ;  this a g r e e s  with exper imen t  [7]. 

The r e s u l t  of our  invest igat ions show that the g r e a t e s t  d~nger of the degradat ion of concre te  as a resu l t  of 
c r ack  format ion  a r i s e s  dur ingthe  r i s e  and fall  in t e m p e r a t u r e  (Fig. 4); this  agree  s c lose ly  with the r e su l t s  of [10]. 

I t  is well  known [1] that ,  the s m a l l e r  the Kim number ,  the lower  is t h e r e s i s t a n c e  to internal  m a s s  
t r a n s f e r .  We see  f rom Fig. 4 that,  a t  the stage of r i s ing  t e m p e r a t u r e ,  the mot ion of the m o i s t u r e  in con-  
c r e t e  and m o r t a r  hardening under  e lec t romagnet ic  heat  t r e a t m e n t  is much l e s s  than in the case  of s t e am 
t r ea tmen t .  At  the s tage of i so the rma l  t r ea tment ,  when the s t ruc tu re  of the m a t e r i a l  has  a l r eady  acqui red  
s t rength  sufficient  to r e s i s t  the s t r e s s e s  a r i s ing  f rom the migra t ion  of mo i s tu re ,  the value of the Ki m num-  
ber  is s l ightly higher  for  e lec t romagne t ic  heat  t r ea tmen t .  The mig ra t ion  of m o i s t u r e  is impeded in the 
l a t t e r  case  by the fo rmat ion  of a m o r e  compact  s t ruc tu re ,  with an inc reased  volume of m i c r o c a p i l l a r i e s  
and a c losed poros i ty  [12]. 

In the per iod  of t e m p e r a t u r e  drop,  which is the m o s t  dangerous f rom the point of view of the p ro b ab i -  
l i ty of c r a c k  fo rma t ion  in concre te ,  the values  of Kim a r e  much  g r e a t e r  for s t eaming  than for  e l e c t r o m a g -  
netic hea t  t r ea tmen t .  

Thus the m e c h a n i s m  of m o i s t u r e  t r an s f e r  has  a cons iderable  effect  on the s t ruc tu re  format ion  of c e -  
men t  s tone,  and depends on the mode of supplying the heat.  

The c r i t e r t a l  re la t ionships  thus obtained enable us to desc r ibe  (to an accu racy  sufficient  for  eng inee r ' s  
calculat ions)  the kinetic c h a r a c t e r i s t i c s  of  the heat  t r ea tmen t  of cement  m a t e r i a l s  in ca se s  in which e x p e r i -  
menta l  data a r e  avai lab le  in re la t ion  to the coefficients of hea t  and m o i s t u r e  t r a n s f e r ,  exp re s sed  as  func-  
tions of the changes taking p lace  in t empera tu re  t and mo i s tu r e  content u during the p roce s s .  
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is the heat flux density in k c a l / m ,  h; 
i s  the moisture flux density in kg /m �9 h; 
is the ratio of heat flux in the period of falling moisture- loss  rate (or the 
period of heating the material) to the heat flux in the period of constant mois-  
ture- loss  rate;  
is the relative rate of heat treatment; 
is the diffusion coefficient of moisture,  m 2/h;  
is the initial mean integrated moisture content of the material ,  kg/kg;  
~s the mean integrated temperature of the material ;  
is the density of the absolutely dry material ,  kg/m~; 
is the specific heat, kcal /kg.  ~ ; 
is the specific heat of vaporization, kcal /kg;  
is the ratio of the volume of the body to its surface area;  
a re  the a rb i t ra ry  nomenclature for  the first  and second cri t ical  points respec-  
tively. 
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