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This program.me gkves a salzation to t h e  equa t ion :  

where f-be di f j : .~~ j~; ; -  . . 1 :is 16nov~n i n  dependence of t h e  poten- 

t i a l  ( $ 1  It col.al.d be 1:lsed. f o r  thermal. problems, where D i s  

t h e  thermal di:f . f~~si. tr : i - ty, X is t h e  p l ace ,  JI i s  t h e  temperature  

and t i . s  .the .time, and f o r  water i n t a k e  i n  m a t e r i a l s ,  whejre 

D is the moisture d:i-ffusivity and JI is t h e  mois ture  c o n t e n t .  

Other problems c.:o~a!.d a:l.su be solved wi th  t h e  same equa t ion .  

Pn .the fo:l_lowi.ng we wi3.1. use  the water  i n t a k e  a s  an example. 

The in i - t i .a%,  condit:ion i.s a c o n s t a n t  mois ture  c o n t e n t  ( J I  ) .  
0 

The kenrj.th ira the positive X - d i r e c t i o n  i s  supposed i n f i n i t e .  

A t  t h e  t i m e  t.:-O -i-r'!-li? ~-ila.i:.er:i.al i s  brought  i n  c o n t a c t  w i th  wate r  

a t  x=Q, and . the  inp~.;~!::, i s  maintained fo r  a l l  t , O  a t  a c o n s t a n t  

mai.stu.r:.e c o n t e n t  ( 1 j j c , )  . 
2 L J  

\"a%aen D($) i s  known the problem is to f i n d  t h e  mois ture  c o n t e n t  
i- l f o r  any x and I : ,  .I 1.r:i.L~ i s  done by- u s ing  t h e  Boltzmann t r a n s -  

-- 4 
formation h = x ~ t :  " ,  7'he problem is solved by an i t e r a t i o n  

mettaod, where X ! i j ) )  : i s  calcul.ated from D ( J I )  . When X (JJ) i s  

f sund . the  moisture dis.tribixtion is found from: 



The deseripC:i.t-,n of . t h i s  j.:tera.tion method i s  omit ted h e r e ,  

as i - t  ccjul.d hc foij.n.d in I'hil-ips, J.R, 1955: Numerical so lu-  

t i o n  of equat : ions  o:f the d, i f . fus ion type  wi th  d i f f u s i v i t y  

eoncer-t-t~?a~ti.o11--C1(~:1:je~:~(3~~1~"c:. Trans, Faraday Soc , ,  v o l ,  51, 

p 885.-89%, 01: .KFrlthar?a, B, and W.L, Powers: Advanced S o i l  

P h y s i c s ,  I:! 28'7,-31.9, 

The ctsrnpu,te~: pragra:(~\t'ne has been w r i t t e n  i n  FORTRAN IV, and 

has been run a.E: -tile computing c e n t e r  NEUCC, t h e  Technica l  

University of Denmark, It i s  done on a IBM 370/165 w i t h  a 

CA1,COMP pl.o t - k e : r  , The time used f o r  running i s  app. 6  sec  

w i t h  plottc::~~ ( @ L A S S = R ) ,  I f  t h e  p l o t t e r  p a r t  of t h e  programme 

i s  orni.k;.%ed (the p a r t  between t h e  two comment c a r d s  i n  t h e  

l is t  o f  the prcssq-ram:i.ne) it will "cake app. l sec (CLASS=W). 

The class :i n:fo~::.ma"c:i.ont. . and t h e  t ime a r e  n o t  t h e  same f o r  o t h e r  

centers ,  Ft.. could a l s o  be necessary  t o  r e w r i t e  t h e  p l o t t e r  

part for use in o.!:her pl.aces. 

The nexk pages gi:\re a list of t h e  programme: 





I i t ' i  : fit-:;'> 

3 I I , !  L ' ?  j i b  ~ ) L ~ F ( ~ S I V ~ T Y ~ / ~ H L , . ~  L E N G T H (  MM 1 ( ' 9 2 X  4 "LOG SCALE 
L " /  "rif i j  I ~ 1 3 3  Y I Y  V A L U E e / )  



WC-DLY+POe 
CALL S Y M B ~ L ( C ~ ~ A A * G . , I U V ~ ~ B ~ ~ ~ )  
C A L L  SYM50L(d~rABo5a sVJk'eede~4G 1 
A D = F L O A  F ( N L O G  .l 
G A L L  S V M R O L ( 9 c  lAC,5a 921 tdLOWCM LUG@ V A L U L  1d**e& e $21 1 
CALL U U M B E R ( l l O w r A C e 5 s , A D p U e e , - 1 I  
CALL, K U R V E ( T o O t 1 r N R r ~ ~ A F 4 A A L r Y M A k L r ~ ~ a 9  ,',t- l v > s I  p 0 1  
CALL P A R A L F ( 2 C O o p 3 a B  
D D  41  9=a,lo 
D0 @ - C 1  I z 2 e ~ Q  

46 DW(X)=TS(JB*dL4IB 
DI-06 1 ) = O s C i  

$ 3 ~ 3  
DO 42 K-% s N C  
3J=3J+% 
l F h D H ~ K ) ~ G T c T S X s O R o 3 H [ K ~ a L T s T F X ~  JJzJJ-1 
~ F ~ D M ~ K ) ~ G V ~ T S X ~ O R ~ U M ~ M ~ ~ I , B B ~ - F X B  G J  TC3 42 
B L ~ J J ) = D H f K )  
2 H ( J J ) = T ( K d  
J'd=JJ 

42 C O N T I N d E  
IFgJNoLEe2) CO T O  4 %  
XMA4L=TLX/t T S X - T F X B  
WMAAL=TLV/(TSY-TFY% 
LIT=-1 
CALL K U ~ V E ( S L P R Y * J N B ~  . X M A A L ~ Y M A A L s T F X ~ T F Y ~ L I T g X ~ I  

4 6  G O N T I Y U E  
T X N r T F X s l T S X - T F X ) / O I X  
XFzQTXN-TFXl*IEX/ILX 
CALL. A X E ( 3 .  ,,. ~ T L X B G .  t T F X 9 P X r 4 r X F ~ T T X 9 1 9 "  9 2 9 - 1  e r 1  a )  

f Y N = T F Y + ( T S Y - T F Y ) / I I Y  
YF'( TYN-TFY  1 * G X Y / T L Y  
C A L L  AXE(0-a r i J a  , T L Y 9 3 3 ,  ~ T F M I ) T " ~ N s Y F ~ B T T V ~ I ~ P  9 2 9 1  * ¶ l * )  
CALL P L T E V D  

C 
GO TD 153 

1 3 b  C D U T I N U Z  
CRlTE(6e%CP)(Tf% B s  I ~ l ~ V . i B  

1 - 1  FOMMAT(PH3,6t20*5I 
W ? % T f  ( 6 r  l C 2 )  

1,2 F 3 R Y A V t  1 t - f ~ ~  ' d t ? O U G  I V P U T  D A T A  1 
1 5 2  CONTINUL 

S T O P  
END 



f o r  t h e  programme: 

l. c a r d  c o l  1-40 (10A4) t e x t  f i r s t  l i n e  of heading,  

2 .  c a r d  c o l  1 - 4 0  ( I O W 4 1  text second l i n e  of heading.  

3 ,  c a r d  c o l  1-5 (15)  number of  d i f f u s i v i t y  v a l u e s ,  

c o l  6-15 (FE0-5) m u l t i p l i c a t i o n  f a c t o r  of d i f f u s i v i t y ,  

c o l  16-25 (P10.5) s a t u r a t e d  mois ture  c o n t e n t .  

c o l  26-35 (F l0 .5 )  i n i t i a l  mois ture  c o n t e n t .  

c o l  36-45 (F10,5) maximum e r r o r  i n  t h e  i t e r a t i o n  
( f o r  t h e  I -value)  . 

4 .  c a r d  c o l  1 -10  (F10.5) mois ture  c o n t e n t ,  
2 c o l  11 -20  I F L O ,  51 d i f f u s i v i t y  r~ /T] 

5, t o  R .  c a r d  Like 4, card. 

The t o t a l  number of c a r d s ,  mois ture  c o n t e n t  v e r s u s  

d i f f u s i v i t y ,  should be  a s  d e f i n e d  i n  ca rd  3, c o l  1-5- 

The ca rd  should be placed i n  t h e  o r d e r  of d e c r e a s i n g  

va lue  of mois ture  c o n t e n t ,  The d i f f e r e n c e  i n  mo i s tu re  

c o n t e n t  between two succeeding c a r d s  should be  t h e  same, 

R + l  c a r d  The t i m e s  when t h e  mois ture  d i s t r i b u t i o n  i s  t o  be  

c a l c u l a t e d .  The t ime i n  min, sec and hours  i n  which 

t h e  d i f f u s i v i t y  i s  g iven ,  Ten t ime v a l u e s  T T  1. 
c o l  1-8 (F8 ,3)  f i r s t  t ime,  

c o l  9-16 ( F & , 3 )  second t ime.  

and s o  on, t o t a l l y  10F8.3. 

R+2 card  x-axis  f o r  t h e  mois ture  d i s t r i b u t i o n  p l o t .  

c o l  5-8 (F$, 0) l e n g t h  of a x i s  i n  mm. 

c o l  9-14 (F6.3) f i r s t  va lue  ( l e n g t h  [ L J ) .  
c o l  15-20 (F6 -3 )  l a s t  v a l u e  ( l e n g t h  [LI)  . 
c o l  2%-24  (F4,0)  n e l h e r  of i n t e r v a l s .  

c o l  25-28 ( F $ ,  0 )  s i z e  of numbers i n  m. 

R+3 ca rd  y-axis  f o r  the mois ture  d i s t r i b u t i o n  p l o t .  

c o l  5-8 (F$, 0 )  l e n g t h  of a x i s  i n  mm. 
c o l  9-14 (F6,3)  f i r s t  va lue  (mois ture  c o n t e n t )  . 
c o l  15-20 ( F 6 . 3 )  l a s t  va lue  (mois ture  c o n t e n t )  . 
c o l  2 1 - 2 4  ( P d .  0 )  number of: i n t e r v a l s  

c o l  25-28 ( F . % - 0 )  s i z e  of numbers i n  mm, 



R+4 card x-axis for the diffusivity plot. 

col 5-8 ( F 4 . 0 )  length of axis in mm, 

col 9-14 (F6 .3)  first value (moisture content) . 
col 15-20 ( F 6 - 3 )  Last value (moisture content). 

col 21-24 (F4,Qt number of intervals, 

col 25-28 (FA, 0 )  size of numbers in m, 

R+5 card y-axis for the diffusivity plot, 

3 decades Logasi thmic scale. 

col 5-8 (F$,  0 )  length of axis in mm. 

COL 9-$3 (15)  exponent (a) for the lower Loga- 
rithmic value, 

a4-3 The axis is defined from 1 0 ~  to 10 * 

H A T E R  DIFfUSIVllV C M 2 / M P Q  
PHILIP(19551 E X A M P L E  1 

1 1  1 e 2  1 eL  LJ a3 J d o : %  

183 1 6 e  . , 

6i e 9 ]L 60 
3.6 Pbr 
3ta 7 I b e  
3 . 6  1 6 s  
3 r 5  8 r 5  
0 0 4  '1 0 3  
c . 3  I c G  
6.2 r e o  
G e l  1 s o  
0 .  ;S P - 3  

is seen on next page and consists of: 

The input data. 

The number of iterations used to solve the equation is found. 

For the moisture contents are found the A-values and the L-values. 

For the given times is for each moisture content found the 

X-value (place) . 
At last is given the values for the plotting. 

is shown in some of the examples, 



- I  + '  

P(QiLHP SOLUTION FOR HORIZONTAL jNFlLTRATIU'd  

MUHBER OF VALUES = 1 1  

MAX VALUE MOI5TURE CONTENT =Oe100000E 01 

M I N  VALUE MOISTURE CONTENT =0.3 

WATER DIFFUSIV ITY CM2/MIN 

P ~ X L X P C I ~ ~ ~ I  EXAMPLE I 

NUMBER OF ITERATIONS = 5 

MOISTURE CONTENT DIFFUSIV ITY LAMHUA 

0e 10000E 0 1  O c 1 6 0 t O t  U 2  0.0 

0a9Q000E 0 0  0 0 1 6 0 0 0 E  0 2  0eM6069t  09 

OeBOOOOE 00 OolbOOOE 02. 0 s 1 7 4 1 8 t  O P  

Oa70000c Q0 Os16003E 0 2  0.26672E 0 1  

0e600OOE 0 0  Oo16000E 0 2  0.36701E 01  

O S ~ O O O G E  0 0  0e85000E 0 1  C048032 f i  0 1  

0e40303E 0 0  OelOGOOE 0 1  0 . 4 8 8 8 6 ~  0 1  

0e30000E 0 0  0.10000E 01 Oe49964E 01 

Om20000E 0 0  0 e l 0 0 0 0 E  C 1  0.51440E G1 

OelOOOOE 0 0  OolOOOGk 0 1  Oe53819t  01 

o* 0  OolOOOOt 0 1  

MO I STURE %-VALUES A T  THE TIME5 GIVEN I N  NEXT L I N E  

2  e 0  4.0 9.0 16.0 25.0 

0.900 l021 7  1.721 2  e 5 8 2  3.443 4  e 303 

0.800 2.463 3 0 4 8 4  5.225 6.967 8.709 

Qsr700 3.772 5.334 8.002 10e663  13.336 

Oe600 5 c l  SO 7  e 340  11.010 14.680 18.350 

OafjOO 6.793 9.606 14.410 19.213 24.016 

0 ~ 4 9 0  b e 9 1 3  9.777 14.666 13s554 24.443 

0  e 3 0 0  7.066 3.993 14.989 19 eY86 24.982 

0.200 7.275 10.288 15.432 20.576 25.720 

3 s - B  3Q- a s 6 1  1 10.764 16.146 21.527 26.909 

PLOT O F  DIFFUSPWITY 

L E N G T H (  H M I  LOG SCALE 

'B 2301 1 G * 4 (  0 )  MIN VALUE 

LENGTW(HM)  F I R S T ( X )  LAST(X)  INTLgVAL S I L E ( M ' 4 )  

X 10Ce 0  *l, 1 e O O G  5 e 4, 

PLOT OF MOISTURE CONTENT VERSUS PLACE 

I-VALUE 



eqndqno ayq $0 uo rqd rxasap  ayq 

x a q j e  pun03 s ?  qndqno xaqurxd ay& OpaqqTuo S? q o ~ d  .&qr~-ysng 

-3 rp  ayq a ~ d m x a  xepnayqxed s ~ y q  u r  qeyq qno paquyod a q  ppnoys 

31 "abed  qxau uo u a ~ p 6  axe  suo?qnqyxqs?p aznqsyom 6 u ~ q x n s a z  

ay& e p p ~  w d  imeyyx?x up paqonb se uorqepnatea  d y ~ r q d  aq3  

U? Aaexnaae paqTmTy e Aq pasnea A~qeqoxd  sr a~uaxaz3 -cp  ay& 

:sanTen apqme-f ayq buyraduao=3 6q 

uaas  a q  uea se sqpnsax ames aqq. s a n r b  aunuexGosd xeqndmoa ay& 

' O ' T  > g > s s o  ~ O S  urw/Zuo g r  pup ' S ' O  > 4 > Q .ro? u ? ~ / ~ u r a  T 

sr A q ~ a ? s n $ j ~ p  aqL -auo  s~ ('g) quaq.uo3 amqsyow p a q a ~ n q e s  
0 ay3  pue 'oxaz S? ( 4 )  quaquoa axnqsrour ~z?yqyuT Byq axaym 

' ( 5 ~ 6 ~ )  d ~ ~ ~ q d  Aq p a q e ~ n a ~ e a  se a u e s  ay3  S? a ~ d m e x a  7 s x - ~ 3  ay& 





Calculations of free-water intake on cellular concrete 

The 3 next examples are an illustration of the use of the com- 

puter programme to get moisture distributions for different 

diffusivity curves. 

The first example shows the calculation for a straight line 

connexion in a logarithmic scale, The diffusivity values are 

in the correct magnitude. The moisture diffusivity is found 

for the time t=2h, $h, 9h, 16h, 25h, 36h, 49h, 64h, 8lh and 

l00h. 

The second exiample shows calculations with diffusivity found 

in van der Kooi: Moisture Transfer in Cellular Concrete Roofs, 

Delft 1971, The same example as he uses in his computer pro- 

e. The moisture "front" is seen to be more vertical 

than in the first example, The rate of water intake is m c h  

lower, Q 

The third example shows calculations of diffusivity found by 

Bo Sggaard Nielsen in his unpublished diploma work at the 

Themal Insulation Laboratory 9975, The diffusivity curve has 

been found from free-water intake experiments. The calculated 

moisture content from this curve shows a good correlation with 

experimental results, see last page, This is a little sur- 

prising, as the length of the specimen is 15 cm, and the theory 

is assuming infinite length. 









m o i s t u r e  3 3 
c o n t e n t  (m /m 

F r e e - w a t e r  i n t a k e  on c e l l u l a r  c o n c r e t e  measured by  gamma-ray- 
a t t e n u a t i o n  by Bo SGgaard N i e l s e n .  


