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As a result of an analysis of f ield observations it is shown that the overal l  hea t  engineering character is t ic  
of the walls of buildings can be obtained on the basis of the general  theory of heat  and mass transfer. 

Today many exterior  wails are at least partly made of concrete with poor heat  and moisture insulating charac ter -  
istics (Tables 1 and 2). To a greater or lesser extent,  they are a l l  capable  of absorbing moisture from the outside. Wet 
soil ,  moist  air,  and slanting rain may result in serious wetting of exterior walls, leading to a sharp reduction in hea t -  
insulating properties and life. 

TABLE 1 
Thermophysieal  characterist ics of some building mater ia ls  
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In Russia many precast ke ramzi t - concre te  structures are being erected.  Investigation of the walls of these bui ld-  
ings in regions with complex c l ima t i c  conditions [4] has shown that the mean annum moisture content of the walls 

fliictuates between 3. 5 and 14. 5%. The moisture content by layers of outside walls varies between the equil ibrium value 
(1.2%) and values character ized by large amounts of free moisture (21%). Especially large fluctuations are observable 
in parts of the interior of the wal l  close to the outside surface, Maximum wetting of these parts of the wal l  follows the 
autumn rains (Fig. 1). The moisture content is at a min imum in summer. Layer values obtained exper imenta l ly  con-  

TABLE 2 

Moisture content by layers and mean  moisture content of outside precast ke ramzi t - conere te  
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firm the nonuniform distribution of moisture within the thickness of the wall.  A 15-mm cement-sand stucco coating 
slows down the process of moisture transfer in the wall  proper. 

Figure 2 shows the temperature curve over the thickness of the wall ,  together with the thermal  conduct iv-  
ities [4] for the individual  layers, which fluctuate within wide limits.  These data were obtained by dividing the trans- 
formed heat  flux in the transverse direction of the wal l  by the temperature  period for a given layer. Of course, under 
the conditions of heat  and mass transfer in the wall  
and in the presence of dai ly  fluctations in the t emp-  
erature of the outside air, the thermal  conduct ivi ty 

can not be determined in this way. However, the 
data wi l l  serve as proof that inside the wall  we get 
not only hea t  conduction but moisture transfer, which 
invalidates the c lass ical  case of internal heat  transfer 
and temperature  field distribution over the cross sec-  
tion of the wall.  The dai ly  fluctuations in the t emp-  

erature of the outside air also mean that  at cer ta in  
periods the temperature  of the outside face of the 
wal l  is the same as the temperature  of the layer 
50 mm from its surface. 

The considerable daily fluctuations in the t em-  
perature of the outside air and moisture transfer in the 
wal l  mean that in winter the temperature  of the out-  
side air is sometimes slightly higher than or equal to 
the temperature  of the outside face of the wall.  
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Fig. 1. Distribution of moisture (u, %) in an outside 

wal l  30 cm thick:  1) at a depth of 250 mm, 2) 170, 
3) 35, 4) inside face;  a ,b ,  c - m o i s t u r e  content 

sampling points 

Table  3 shows that the depth of frost penetrat ion of outside walls with a northern exposure reaches 175 mm, where-  
as the corresponding figure for walls with a southern exposure is only 80 mm. 

As field observations show, during the winter in walls facing north (Fig. 2) the dai ly  fluctuations in the t empera -  
ture of the outside air are damped in the zone of frost penetration, which forms a unique heat  storage system. 

Owing to the considerable solar radiation,  in a wai l  facing south during the winter at cer ta in  t imes of the day the 
temperature  of the outside air is 9-11~ above zero and its da i ly  

~ - " ~ - - - - ~  fluctuations already reach somewhat beyond the frost penetrat ion 
t zone. 

/ / 6 Y ~ / V  y'~ In autumn (in the absence of frost penetration) the dai ly  f luc-  

~ 125 tuations in the temperature  of the outside air affect  the entire th ick-  

ness of the wall.  
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Fig, 2. Thermal  conductivity k 

(watt/m, degree) for the individual 

layers of a wall and temperature dis- 

tribution over thickness of wall. Ob- 

servations from 7 May to 18 May 

1962: 1) X = 5.4; 2) 0.3; 3) 0.2; 
4) 0.25 

In order to clar i fy the changes in the temperature  fields in the 

outside walls of apar tment  buildings due to the dai ly  fluctuations in 
the temperature  of the outside air, it is worth examining the exper i -  
men ta l  ma te r i a l  of [5] on the thermophysical  properties of dry and 

wet concretes at negative and positive temperatures.  The sharp in-  
crease in thermal  conduct ivi ty  obtained in [5] for temperatures of 
wet concrete between - 5  and 0 ~  is not typ ica l  of the c lass ical  
case of heat  transfer by conduction. In this case the sharp increase 
in thermal  conduct ivi ty is affected by the heat  of phase t ransforma- 
tions of the water in the wet concrete,  internal mass transfer, and 

changes in the nature of the moisture bond in the mater ia l .  

The heat  capac i ty  by volume of wet concrete increases sharply on heat ing from - 5  to 0~ In this case, the heat  
capac i ty  includes the heat  of phase transformations of the water. Since over these temperature  intervals the thermal  

conduct ivi ty  of wet concrete  increases to a lesser extent,  as compared with the rate of increase in the heat  capac i ty  by 
volume,  the thermal  diffusivity obviously decreases and, hence,  the temperature  waves in the frost penetrat ion zone, 

due to the dai ly  fluctuations in the tempera ture  of the outside air, must be considerably damped,  which is confirmed 

by f ield investigations of the thermophysical  properties of exterior  ke ramzi t - concre te  walls [4]. 

The sharp dai ly  fluctuations in the temperature  of the outside air and the associated changes in the temperature  

f ield show that the heat  flow in an outside wall  takes different directions:  during half  the day the flow is into the wall ,  

and during the other half  out of the wall ,  in the direct ion of its outside face.  
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Thermal calculations relating to the outside walls of buildings should be carried out for the nonsteady state. 
In outside wails with a capillary-porous structure heat and mass transfer is always taking place in some degree 

or other. Hence the overall thermophysical characteristic of the walls of buildings can be obtained on the basis of the 
general theory of heat and mass transfer. 

TABLE 3 
Temperature of outside air, mean moisture content, and depth of frost penetration 

of wall for different exposures and thicknesses (17 January 1963) 

Thickness of 
wall, m m  

350 
300 
350 
350 

Exposure 

north 
north 
north 
south 

Mean 
Moisture 

content % 

3.7 
4.9 

10,0 
10.5 

Temp____[ o2outsid~e ai__~r ~ 

I Minimum Maximum 

--19.1 - -9 .5  
--19.1 - -9 .5  
--21.5 - -8 .9  
- -  2 . 3  - - 2 . 5  

Depth of frost 
penetration, mm 

175 
, 138 

170 
80 

For a stationary temperature field and a considerable temperature period heat transfer by transport of matter is 
observed in the material. In this case we observe the equivalent thermal conductivity, or the ratio of the heat flux 
density to the temperature gradient for a given section of the walL 

The equivalent conductivity has a maximum for a certain moisture content of the mate r ia l  The thermal dfffusiv- 
ity depends on the moisture content, at a certain value of which it also has a maximum. 

The ratio of the mass and thermal diffusivities gives the criterion Lu = a'/a, which is linearly dependent on the 
moisture content of the wail mater ia l  
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