
In Fig. 4, the t e m p e r a t u r e  f ields of the inhomogeneous s y s t e m  and the quasihomogeneous body a re  com-  
pared  in the case  of the boundary conditions in Eq. (34) when v = 10 -2, /3 = 10 -2, e = 0.5, 0.2, 0.1 (the t e m p e r a t u r e  
dis t r ibut ion in the c r o s s  section-x--= 1 is shown). 

Thus,  the t e m p e r a t u r e  field of the [nhomogeneous s y s t e m  may  be approx ima te ly  calculated f rom the quasi -  
homogeneous-body  model  in Eqs .  (1)-(4); in this case ,  Eqs .  (7)-(9) a r e  sa t i s f ied  with a ce r t a in  degree  of ap-  
proximat ion .  For  the s i m p l e s t  inhomogeneous s y s t e m s ,  e s t i m a t e s  of the e r r o r  in pass ing to a quas i -homogene-  
ous body have been obtained. For  more  complex  s y s t e m s  (e.g., a s t ruc tu re  with mutual ly in te rpenet ra t ing  com-  
ponents [1]), the following e s t i m a t e  m a y  be p roposed  

~max{o•  ~,}. (38) 

NOTATION 

t, tl, ti, temperature of quasi-homogeneous body [nhomogeneous system, and i-th component of system; 
a, k, cp, thermal diffusivity and conducNvity and volume specific heat of quasi-homogeneous body; ai, Xi, c~i, 
the same quantities for the i-th component; q, heat flux; S, V, system surface and volume; x, y, coordinates; 
l, macrodimension of system; | dimensionless temperature; Fo = a~'fl 2, Bi = ~I/X, Fourier and Biot numbers; 
v= X2/Th; P = a2/al; N, number of plates; g = hfl, ratio of micro- and maerodimensions; f~| ~, volume- 
averaged and mean-square error of dimensionless-temperature determination; % time; mi, i-th component 
concentra t ion .  
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C R I T E R I A L  E Q U A T I O N S  
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Genera l ized  s i m i l a r i t y  c r i t e r i a  and c r i t e r i a l  equations a r e  proposed for de te rmin ing  the phys-  
i comechan ica l  and the rmotechn ica l  p a r a m e t e r s  of a r t i f i c ia l  cons t ruc t ional  cong lomera tes  and 
the i r  m ix tu re s .  

The definition of a r t i f i c ia l  cons t ruc t ional  cong lomera t e s  (ACC), nomencla ture ,  and theore t ica l  and exper i -  
menta l  invest igat ions  of the i r  p r o p e r t i e s  a r e  given in [1]. 

At p resen t ,  cons iderab le  exper ience  has been accumula ted  in de te rmin ing  the change in ACC p a r a m e t e r s  
on the bas i s  of expe r imen ta l  invest igat ions .  These  p a r a m e t e r s ,  as  a ru le ,  a r e  e x p r e s s e d  by empi r i ca l  depen- 
dences .  The r e su l t  of this e m p i r i c a l  approach ,  however ,  is that s o m e t i m e s  there  is a large number  of formu-  
las for de te rmin ing  the s ame  ACC p a r a m e t e r s .  

In the p re sen t  work,  an approach  to the de te rmina t ion  of ACC p a r a m e t e r s  is outlined involving the use of 
c r i t e r i a l  equations which include both individual c r i t e r i a  and genera l ized  s i m i l a r i t y  c r i t e r i a  obtained as a r e -  
sult  of s i m i l a r i t y  theory  and d imens ional  ana lys i s  of physical  quanti t ies  cha rac t e r i z ing  the A CC p rope r t i e s .  
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0022-0841/80/3901-0809 $07.50 �9 1981 Plenum Publishing Corpora t ion  809 



/~_ ~Eo_c + -  

/ 
8/~ / ~  

I 

6 / J  1 1  
o 20 43 ,~o y 

6 / E~ pc ~ 
Fig. 1. Change in ~ /  __q~, as a func- 

tion of concre te  s t rength  R, MPa (105 kg /  
m"  sec  2) under c o m p r e s s i o n .  

The s i m i l a r i t y  c r i t e r i a  c o m p r i s e  d imens ion les s  complexes  of quanti t ies ,  in the fo rm of products  of these  
quant i t ies  (pa ramete r s ) '  r a i s ed  to d i f ferent  powers .  They may  be obtained f r o m  the defining equations of physi-  
cal  phenomena or  by d imens iona l  ana lys i s .  By means  of s i m i l a r i t y  c r i t e r i a  and c r i t e r i a l  equations,  the physi-  
cal  phenomena of a s y s t e m  may be evaluated,  and the change in individual physica l  quanti t ies  may be de te rmined  
in t e r m s  of the other  p a r a m e t e r s .  

The method of obtaining s i m i l a r i t y  c r i t e r i a  of physica l  quant i t ies  is outlined in [2], and individual s i m i l a r -  
i ty c r i t e r i a  c h a r a c t e r i z i n g  the bas ic  ACC p r o p e r t i e s  a r e  given in [3]. 

On the bas i s  of the s i m i l a r i t y  c r i t e r i a  in [3], a f t e r  ce r t a in  ma themat i ca l  opera t ions ,  genera l ized  s i m i l a r -  
ity c r i t e r i a  may be obtained, and e x p r e s s e d  in genera l  f o rm as  follows 

Hi = q0(Z,, Z~, Zs . . . . .  Zm), (1) 

where  Hi a r e  genera l i zed  s i m i l a r i t y  c r i t e r i a ;  i = 1, 2, 3 . . . .  ; Z 1, Z 2, Z 3 . . . .  , Z m) a r e  s im i l a r i t y  c r i t e r i a .  

According  to [3], the individual s i m i l a r i t y  c r i t e r i a  take the fo rm 

These  c r i t e r i a  were  chosen because  they include physica l  quant i t ies  cha r ac t e r i z i ng  the bas ic  ACC prope r t i e s ,  
for which a large amount  of expe r imen ta l  data is ava i lab le ;  the i r  values  a r e  given in SNiP I I -21-75  and SNiP 
II-A .7-71. 

Dividing Z1 by Z 2, and rep lac ing  ~ by b yie lds  the genera l ized  c r i t e r i on  

H i  = b ~/  E3pc~/q~ ~, "(3) 

or  in gene ra l  f o r m  

Replac ing  K by EI or  2G/(1 +/D, Eq. (4) y ie lds  the following genera l ized  c r i t e r i a  

(4) 

6 / )  26 x ~ (5) 

The genera l i zed  c r i t e r i a  in Eq. (4) a r e  conventional ly divided into two fac to r s  including the phys ica l -quan-  
t i ty  complexes  

6 r - -  
1 / F / L  = b and 1/K~pc~/q)( ". 

The f i r s t  of these  c h a r a c t e r i z e s  the g e o m e t r i c  ACC p a r a m e t e r s ,  and the second individual phys icomechanica l  
and the rmotechn ica l  ACC p a r a m e t e r s .  

In acco rdance  with the data of SNiP I I -21-75  and SNiP I I -A.7-71  for  heavy concre te  with na tura l  harden-  
ing of g r ave l  o r  chippings of na tura l  r o c k  (State Standard GOST 13579-68, w A = 2%, o~ B = 3%), a curve  of the 

change in~/E~pc4/qX 4 aga ins t  the s t rength  of concre te  under c o m p r e s s i o n  has been drawn (Fig. 1). The curve  in 
Fig. 1 c o r r e s p o n d s  to the equation 
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~,R~ ,-~'~ = ] q oc~,'q~.~ (6) 

or  the  e q u a t i o n s  

R0,zl3 1 6 - = _ _  ] /E I Pc~/qL~; 
Ul 

2,G 3 
= a---'l- ~// \ 1T~t  , 

9c~/q'L; 

for  the  g iven  c o n c r e t e ,  a I : 226, and i s  of  d i m e n s i o n a l i t y  [M] -~ [L]-~215 0~ 

In g e n e r a l  f o r m  for  ACC,  E q s .  (6)-(8) m a y  be w r i t t e n  a s  fo l lows  

F r o m  Eq .  (9), the  fo l lowing  d e p e n d e n c e  m a y  be ob t a ined  

(7) 

(8) 

(9) 

K~P 1 ~ 5 ~ = c ( - -~- - /  / (aR~) !, 
(lO) 

q ] (aR,,) 1 by a ,  Eq.  (10) t a k e s  the  f o r m  

= cr (11) 

Subs t i t u t i ng  X f r o m  Eq.  (9) into the  f o r m u l a  for  the  hea t  t r a n s f e r  in uni t  t i m e ,  Q = M F / 5 ) ( t i - t 2 ) - g t v e s  

F _  ( (12) O = c  6 ( t i - - t~)  (aRn) -1"5 I<30 \1 ~ 
q J 

F o r  h e a v y  c o n c r e t e  wi th  the  a b o v e  p a r a m e t e r s ,  Eq.  (12) t a k e s  the f o r m  

l 

Q = 3 . 1 0  -3 RO,32---- ~ (q--t~) ~ , j/sec, (13) 

o r  

I 

Q = 0.71.10 -3 R10.326 ( h - -  t~.) , cal/sec. 

F o r  o t h e r  m a t e r i a l s ,  E q s .  (9) and (12) a r e  va l id ,  but  in t h i s  e a s e  the  v a l u e s  of a and n m a y  not  c o r r e s p o n d  
to the  a and  n for  heavy  c o n c r e t e  in E q s .  (6)-(8) ,  (13) ,and  (14). 

I f  R in E q s .  (9) and  (10) i s  r e p l a c e d  by  f(x l, x2, x 3 . . . . .  Xm), w h e r e  x 1, x2, x 3 . . . . .  x m a r e  p a r a m e t e r s  c h a r -  
a c t e r i z i n g  the  m i x t u r e  (for c o n c r e t e  m i x t u r e s ,  the  w a t e r - c e m e n t  r a t i o ,  c e m e n t  c o n s u m p t i o n ,  c e m e n t  a c t i v i t y ,  
e t c . ) ,  E q s .  (9) and  (12) m a y  be  w r i t t e n  in the  f o r m  

a If(x,, x.~, x3 . . . . .  xm)ln = ~ q ~ ;  (15) 

__ ( ~p )0,25 (16) F ( / i - -  l~) {a [f(xi, x2, x3 . . . . .  x~)]~}-1,5 _ _  . Q = c  6 

Thus ,  f o r  e x a m p l e ,  i f  the  f o r m u l a  R 1 = (0.43 �9 105)Rc(C/W + 0.5) f r o m  [4] for  h e a v y  c o n c r e t e s  wi th  W/C<--0.4 is  
s u b s t i t u t e d  into  Eq .  (15) and (16), t h e s e  e q u a t i o n s  t ake  the  f o r m  

Q =  F (t~--12){226[0"43"I05Re(--~ -q -  t ~ )  C - -  6 0"5)]0'213} -1 '5  / E30  \0'25 
, ~/sec. (18)  
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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 .  

1~ 

2. 

3. 

4. 
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C A L C U L A T E  T H E  H E A T I N G  O F  A P L A N E  P L A T E  

U N D E R  T H E  A C T I O N  O F  A R A D I A N T  H E A T  F L U X  
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N .  V.  M i z o n o v ,  a n d  V.  N .  F r o m z e l '  
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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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