
The physical  p a r a m e t e r s  appearing in the s imi la r i ty  c r i t e r i a  and the formulas  have the following mean- 
ing and dimensions:  c, speci f ic  heat ,  [L]2[T]-2[@]-l; R, s t r e s s ,  compress ive  or tensi le  s trength,  or  shear  
s t r e s s ,  [M][L]-I[T]-2; G, shea r  modulus, [M][L]-I[T]-2; p, density,  [M][L]-3; k, t h e r m a l  conductivity,  
[M][L][T]-3[@]-I; g, acce l e ra t ion  due tograv i ty ,  [L][T]-2; K, e las t ic i ty  coeff ic ient ,  [M][L]-I[T]-2; E, Young's 
modulus, [M][L]-i[T]-2; /z, Po i sson ' s  ra t io ;  b, a p a r a m e t e r ,  [L]~/2; a, a coefficient ,  [M]-n[L]n-y2[T]2n; n, a 
power fac tor ;  or, s t r e s s  or  p r e s s u r e ,  [M][L]-t[T]-2; % specif ic  weight, [M][L]-2[T]-2; e, re la t ive  deformat ion;  
k, r igidi ty,  [M][T]-2; Q, heat  t r ansmi t t ed  through the sur face  normal  to the wall in the d i rec t ion of dec rease  
per  unit t ime,  [M][L]2[T]-2; F, a rea ,  [L]2; 6, wall th ickness;  [L]; t t - t  2, t empera tu re  di f ference between op- 
posite sur faces  of the wall; ~ [| Rt, grade of concre te ,  [M][L]-t[T]-2; Re, cement  act ivi ty,  [M][L]-I[T]-2; 
C, cement  mass ,  [M]; W, water  mass ,  [M]; EI, initial e las t ic i ty  modulus of concre te  under compress ion  and 
tension,  [M][L]-t[T]-2; a ,  an index, [M][L]-t[T] -1. The symbols  in square  bracke ts  denote dimensions in SI 
units:  [M], mass ,  kg; [L], length, m; [T], t ime,  sec;  [| t empera tu re ,  deg. 

Thus,  the equations p r o p o s e d - E q s .  (9), (12), (15), and (16) in genera l  fo rm and Eqs.  (13), (14), (17), and 
(18) for  heavy c o n c r e t e s -  cha rac t e r i z ing  the functional re la t ions  between a s e r i e s  of physic|  param-  
e t e r s  of both mix tures  and ar t i f ic ia l  const ruct ional  conglomera tes ,  may be used to de te rmine  the basic physic| 
mechanical  and the rmoteehn ica l  p a r a m e t e r s  of ACC and the i r  mix tures .  
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Using the f in i te -pene t ra t ion-depth  method, a solution is obtained to the problem of plate heat- 
ing a radiant  flux. The resu l t s  a re  compared  with a numer ica l  solution. 

The heat-conduct ion problem with S t e f an -Bo l t zmann  boundary conditions is of considerable  difficulty for 
analyt ic  considerat ion,  and requ i res  l inear izat ion of the boundary conditions, or the use of numerc ia l  methods 

[1]. 

Below, the solution of one problem of this type by the f in i te-penet ra t ion-depth  method [2, 3], an ana logof  
the in tegral  methods of boundary- l inear  theory ,  is cons idered .  The basic idea is that it may be assumed,  with 
suff icient  accu racy  for prac t ica l  purposes ,  that heat penet ra tes  into a heated body only to a finite depth, which 
is known as the heated layer .  Following [2, 3], the heat-conduct ion equation for an infinite plane plate 
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Ot Oat (1) 
& Ox 2 

is considered,  with the initial condition t =t 0. Assume that at the boundary of the heated layer the following con- 
dition is sat isf ied 

Ot (2) 
t = to, o 

Integrating Eq. (1) with respec t  to x f rom 0 to A, it is found that 

[5o , , . - ,A  I= ~ o. l .  
(3) 

It is a s sumed  that the t empera tu re  distr ibution inside the heated layer may be approximated by the quad- 
rat ic  parabola 

qo . ( ~ _  A)Z (4) t - t o +  ~ 

where q0 is the heat flux at the plane sur face .  

Using Eqs.  (2) and (4), Eq. (3) may be brought to the form [3] 

aqo d [ qoAe 1 

-  t-K- j " 

(5) 

Now consider  the case when the heat flux q0 at the plate surface  is given by the Stefan-  Boltzmann law 

Tm 4 To '~- - J ~  A 4 (6) 

where Tm is the absolute radiation t empera tu re ;  T O = t o + 273~ T O + q0A/2X is the absolute surface t empera-  
ture (x = 0) according to Eq. (4). 

The following express ion  for A is obtained from Eq. (6) 

A = {100 [ ( Tml00 ) 4 4.9ereq~ ]U4 To} 2~qo (7) 

Substituting this express ion  into Eq. (5) yields 

3 aqo _ d lO0lk 100 ] 4,9ere (8) 
2 ~3 d'c qo 

The following notation is introduced 

g = qo/4,9ere -]-6-6- , [~ = T m  ' 

3a[  4"9ere ( i-~-0 )41 
Z ~  T .  

2~2T~ 

The quantity y charac te r izes  the change in heat flux over t ime.  
will mainly be of in teres t .  

In the dimensionless  var iables  y, z, Eq. (8) takes the form 

Below, it is the change in this quantity which 

g -- d [(1--y)l/4 ~]2 

dz g 
(9) 

with the initial condition 
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y - -  1 - -  [5~ w ~ n z  = 0 .  ( 1 0 )  

T h e r e  ex i s t s  an analyt ic  solut ion to Eq. (9), though it is somewhat  c u m b e r s o m e  in f o r m  

z =  l l n  1 + V ~ l - - y  1 2 +  9 
8 I - -  ) / l ~ - y  + 4-  1/ I  - -  y Y~ (11) 

- - 2 ~  (1--Y)1/4 + ( t --Y)1/4 +--3-3 lnl  + (1 - -Y) I /4  + arctg ( l - -  y) 1/4 + ~ + C ,  
2b ~ 8y 32 1 - -  (I __y),/4 2y 2 

where  C is a constant  of in tegra t ion  

C----2~[ [5 .}_ [3 + 3 in 1+[~ + 
2(1 _ [~,)z 8(1 - -  [~') 32 1 - -  D (12) 

+ 3_ arctg[5 ] ~2 l ln 1 + [5____~_~ [5_2_ 2 3--[5, 
16 J 2(1 - -  ~') 2 8 1 - - ~  2 4 (1--[5') 2 

B e c a u s e  it is  so c u m b e r s o m e ,  Eq. (11) is not sui table  for p rac t i ca l  ca lcula t ions .  To obtain the so lu t ionin  more  
expedient  fo rm,  the two l imit ing ca se s  may be cons idered .  

A. The Case  of Small  z. H e r e  Eq. (9) may be wri t ten,  taking Eq. (10) into account,  in the approx ima te  
for  m 

which may  be in tegra ted  to give 

I --[5' = 
d I(l--y)'/4-- ~]2 (13) 
dz 1 - -  ~' 

y = 1 - -  [~ + (1 - -  ~ , ) )  z ? .  (14)  

This  solution sa t i s f i e s  the init ial  condition in Eq. (10); 

B. The Case  of Smal l  y (large z). In the  case  the re la t ion  ( l - y )  n ~ - 1 - n y  is used and, in addition, it may 
be shown that  Eq. (12) can be approx imated  with high a c c u r a c y  by the s imp le  formula  

C = [5212. (15) 

The solution in Eq. (11) then s impl i f i es  

Y = 2 (I - -  [~) (16) 

V 8z -t- 1 [5 4[52 2 

In Fig. 1, cu rves  of y(z) plotted f r o m  Eqs.  (14) and (16) for fl = 0, 0.25 a r e  shown. The mos t  expedient  
in terpola t ion between the cu rves  of  Eqs.  (14) and (16) for in te rmedia te  values  of z is given by the tangent to 
these  two cu rves .  Thus ,  for given fl, it is  sufficient ,  in o rde r  to cons t ruc t  a d imens ion less  heating curve  of the 
outer  su r f ace ,  to plot cu rve s  accord ing  to Eqs .  (14) and (16) and draw the i r  common  tangent.  I t  is more  exped-  
ient  to find the equation of the tangent for each specif ic  p rob lem than in the genera l  case .  

In [4], the r e s u l t s  of n u m e r i c a l  solution of the p rob lem of the heating of a plate by a radiant  heat  flux 
conduct through the plane x = 0, with the condition of the rmoinsu la t ion  (~T/~x = 0) a t  the plane x = h, a r e  given 
in n o m o g r a m  form.  The p a r a m e t e r s  of the n o m o g r a m s  a r e  the d imens ion les s  complexes  fl = T0 /Tm;  Fo = aT/ 
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Fig. I .  
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Curves o fy  as a function of z for 13=0 (a) and 0.25 (b): 1) from 
Eq. (14); 2) from Eq. (16); 3) linear interpolation. 
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TABLE 1. Compar ison of Accura te  and Approxi-  
mate Solutions 

Fo Bo 8acc Oapprox 

0 
0 
0 
0 
0 
0 
0 
0,25 
0,25 
0,25 
0,25 

0,1 
0,5 
1,0 
0, I 
0,5 
0,l 
1,0 
0,1 
0,5 
0,1 
1,O 

1,0 
1,0 
1,0 
0,5 
0,5 
2,0 
2,0 
0,5 
0,5 
2,0 
2,0 

0,36 
0,72 
0,87 
0,65 
0,89 
0,275 
0,62 
O, 70 
0,90 
0,26 
O, 728 

0,387 
0,728 
O, 862 
0,642 
0,88 
O, 274 
0,72 
0,70 
0,884 
O, 337 
0,72 

h2; Bo = X/(4.9-10-8)ereT3h. According to the idea of the finite-depth method, the formulas  given are valid only 
for 5<-h, which cor responds  to Fo < a T ~ n a T  = l / n ,  where n ~ 5-10 (when q = const,  n = 6). However, if is evident 
f rom a compar i son  with the accura te  solution that the formulas  obtained give good agreement  up to Fo = 1. 
Table 1 compares  the approximate and accura te  values of the surface t empera tu re  e= ( T s u r - T 0 ) / ( T m - T 0 ) .  As 
is evident, the agreement  between them should be regarded  as good. Note that the "accura te"  values are  taken 
f rom nomograms ,  which may lead to pronounced e r r o r s  in determining 0, and hence also the heat flux at the 
surface.  Interpolat ion in fl is especial ly  inconvenient when using nomograms .  In some cases ,  therefore ,  the 
approximate formulas  obtained may be found more  expedient for pract ical  calculations than a numer ica l  solu- 
tion in the form of n o m o g r a m s .  

N O T A T I O N  

t, t empera tu re ;  T, absolute t empera tu re ;  X, a, the rmal  conductivity and diffusivity of plate mater ia l ;  
ere, reduced emiss iv i ty ;  x, coordinate;  q, specific heat flux; 7, t ime. 
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