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A method is descr ibed  by which the mois tu re  cha rac t e r i s t i c s  can be de te rmined  on the basis 
of the hygropotent ia l ,  using an e lec t r i ca l  probe of local  mois tu re  contents.  

The physical  complexi ty of heat and mass  t r a n s f e r  p r o c e s s e s  in s t ruc tura l  building ma te r i a l s  makes  
it difficult  to descr ibe  them analytically.  The solutions to the equations of heat and mass  t r a n s f e r  [1] a re ,  
as a ru le ,  too complex for  p rac t i ca l  engineer ing calculations.  

Using the hygropotent ia l  as a function of the mois tu re  content and of the t empera tu re  is an expedient 
way to simplify the analyt ical  descr ip t ion  of the mois tu re  t r a n s f e r  p rocess ,  and it reduces  this desorpt ion 
to one equation of moi s tu re  conduction [2]: 

7o~1(0 ) O0 O [ K ( O  ) O__~x ] 
0T = 0---~ " (1) 

The hygropotential  in a ma t e r i a l  at definite t empera tu re s  and mois tu re  content levels  is found by. balancing 
it against  the mois tu re  content in a r e f e r ence  specimen (fil ter paper) ,  this l a t te r  mois ture  content con-  
ve t t e d  also to the respec t ive  hygropotent ial  | (u, t). Such convers ions  have been made on the basis of 
exper iments  for  some ma te r i a l s ,  including s t ruc tura l  ma te r i a l s  [3, 4]. 

F o r  calculations according to Eq. (1) one must  know both the state and the t r an s f e r  p a r a m e t e r s  of 
the mois tu re ,  r e f e r r e d  to the hygropotential .  The specific hygrocapaci ty  is found by differentiat ing the 
moi s tu re  equi l ibr ium curve. The hygroconduct ivi ty  is de termined  f rom additional exper iments .  

The de terminat ion  of moi s tu re  cha rac t e r i s t i c s  by the method of column slicing [4] is based on a s teady-  
s tate  p roces s  during which the hyg rocu r r en t  density follows the equation 

i~n= - -  K(O) 0__O0. (2) 
Ox 

This  method has the drawbacks of o ther  s teady-s ta te  methods (long p roces s  t ime,  depar ture  of the 
actual  field f rom the s teady-s ta te  field, etc.  ). The de terminat ion  of sought cha rac t e r i s t i c s  by solving, with 
the aid of a hydro in tegra tor ,  the r e v e r s e  problem including also t rans ien t  mois tu re  fields [3] is r a t he r  
complicated and not widely applicable. 

The authors  propose  here  a method of quickly determining the mois tu re  cha rac t e r i s t i c s ,  r e f e r r e d  to 
the hygropotential ,  using an e lec t r i ca l  probe of local  mo i s tu re  contents.  In the genera l  case ,  the analyt i -  
cal  express ions  for  hygroconductivi ty and specif ic  hygrocapaci ty  (in (1) and (2)) a re  

K(O) = i n  (3) 
OOlax ' 

( e )  = oi,~/Ox 
00/0W0 (4) 

These  formulas  a re  inconvenient for  calculat ions,  inasmuch as they requi re  the knowledge of both the 
hygropotent ial  and the hygrocur ren t  dis tr ibut ion along a space coordinate.  After  a change f rom space 
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Fig. i. Block diagram of the test apparatus: i) specimen 
of the test material, 2) capacitive probe, 3) instrument 
transducer, 4) high-frequency oscillator, 5) oscillograph. 

Fig. 2. Curves of i) hygropotential and 2) hygrocurrent 
dens i ty ,  as  functions of t ime ,  at sec t ion  x = 20ram in the 
spec imen  of foam cement  (7o = 4900 N/re'3). 

d e r i v a t i v e s  to  t ime de r iva t ives ,  the said quant i t ies  m u s t  be m e a s u r e d  at one spec imen  sect ion only. On 
the bas i s  of the analogy between hygropotent ia l  and t empera tu re~  the substi tut ion | = | (~ = x/~/--) with 
the boundary conditions and the init ial  conditions [5] 

e (o, ~) = %; ae  (~ ,  ~:) = o; e (x, o) = eo 
8x 

will  y ie ld  exp re s s ions  for  calculat ing the hygroconduct ivi ty  and the specif ic  hygrocapac i ty  in the fo rm 

K(O) = x i~  
2,r80181: ' 

n (e)  = 2"~~176 + j,,, 
xSOIO~% 

r e spec t ive ly .  In o r d e r  to use (6) and (7), one m u s t  have t e s t  data  avai lab le  on the va r ia t ion  of both the 
hygropotent ia l  and the h y g r o c u r r e n t  with t ime  at  one spec imen  sect ion,  L e . ,  of the i r  local  values .  

The t e s t  p r o c e d u r e  is as  follows. A smal l  capac i t ive  p robe  of local  m o i s t u r e  conter~ts ~6J~ which 
can be connected to a m e a s u r i n g  ins t rument ,  is mounted on and fas tened to one l a t e ra l  su r face  at some  
d is tance  f r o m  the base  of a ve r t i ca l ly  a r r anged  p r i s m a t i c  spec imen.  The l a t e r a l  su r f ace s  of this s p e c i -  
men  a re  made  moi s tu rep roo f .  The ve r t i c a l  spec imen  is p laced on a pan in a v e s s e l  with w a t e r  in such a 
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Fig, 3. Moisture characteristics of 
foam cement (To = 4900N/m3) at t = 
= 20~ �9 I) hygroeonduetivity, accord- 
ing to the method described here, 2) 
hygroconduct iv i ty ,  accord ing  to the 
s t e a d y - s t a t e  method.  

(5) 

(6) 

<7) 

way that  i ts  ba se  r e m a i n s  in contact  with pe rmanen t ly  mo i s t  
wicks.  The s ta r t ing  t ime  of the expe r imen t  is r e co rded  t o -  
ge the r  with the init ial  i n s t rumen t  reading,  the l a t t e r  c o r r e -  
sponding to an equi l ibr ium m o i s t u r e  content  in the ma te r i a l .  
Ins t rument  readings  a r e  f u r t he r  taken per iod ica l ly  and the 
t ime  is a lways  r eco rded  too. The e x p e r i m e n t  is cons idered  
comple te  when the in s t rumen t  readings  cease  changing with 
t ime ,  which c o r r e s p o n d s  to a constant  h y g r o c u r r e n t  through 
the given spec imen  section.  On the bas i s  of these  readings ,  
one plots  the hygropotent ia l  a t  that  sect ion as  a fimction of 
t ime ,  with the in s t rumen t  readings  conver ted  to hygropotent ia l  
va lues  accord ing  to the m o i s t u r e  equi l ibr ium curve  | = f(u, t). 
The hyg rocu r r en t  densi ty  at  the given sec t ions  is fotmd by the 
in tegra t ion  method [7] f r o m  m o i s t u r e  d is t r ibut ion  cu rves  for  
two sect ions.  /n this way,  one obtains al l  the data  n e c e s s a r y  
fo r  de t e rmin ing  the hygroconduct ivi ty  and the specif ic  hyg ro -  
capac i ty  accord ing  to fo rmu la s  (6) and (7). 
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The proposed  method has been checked out on foam cement  weighing ~/0 = 4900N/m3- The spec imen  
was  25 x 25 m m  in c r o s s  sect ion and 260 m m  high. The probe  was  fastened to one l a t e ra l  sur face  at x = 20 
m m  above the mo i s t  base.  F o r  record ing  the probe  readings  (the hygropotent ial) ,  an ins t rument  had been 
a s s e m b l e d  with bas ica l ly  s tandard  rad ioe lec t ron ic  components ,  as  shown schemat ica l ly  in Fig. 1. The 
opera t ion  of this in s t rumen t  [8] made  it  poss ib le  to e l iminate  the effect  of mine ra l i zed  porous  mo i s tu r e  on 
the r e su l t s  of m e a s u r e m e n t s  and, consequent ly ,  to e l iminate  the e r r o r s  due to the migra t ion  of sa l t s  along 
with other  w a t e r - s o l u b l e  subs tances  through the pores .  

The r e su l t s  of our  hygropotent ia l  and hygrocu r ren t  m e a s u r e m e n t s  at  sect ion x = 20 m m  a r e  shown 
in Fig. 2. 

With the aid of these  data,  the sought c h a r a c t e r i s t i c s  w e r e  calcula ted according  to (6) and (7), as  
shown in Fig. 3. 

The accu ra cy  of these  t e s t  r e su l t s  can be evaluated,  if an analy t ica l  solution to the p rob lem is known. 
Since the re  is no analy t ica l  solution to Eq. (1), hence a compar i son  is made  here  with the r e su l t s  obtained 
by the s t eady - s t a t e  method.  One m u s t  cons ide r  that  the to ta l  e r r o r  cons i s t s  then not only of ins t rument  
e r r o r s  and e r r o r s  in g raphica l  di f ferent ia t ion,  but includes also the e r r o r s  of the s t eady- s t a t e  method. 
F o r  compar i son ,  in Fig. 3 has  a lso  been plotted the K (@)curve according  to the s t eady- s t a t e  method. The 
d i s c r epanc i e s  between hygroconduct ivi ty  values  obtained by the quick method and by the s t eady- s t a t e  method 
re spec t ive ly ,  at the s ame  hygropotent ia ls ,  do not exceed 15%, which may  be cons idered  sa t i s f ac to ry  for  
engineer ing  applicat ions.  

A whole s e r i e s  of these  t e s t s  a t  va r ious  t e m p e r a t u r e s  will  yield the mo i s tu r e  c h a r a c t e r i s t i c s  of 
c a p i l l a r y - p o r o u s  m a t e r i a l s  ove r  a wide t e m p e r a t u r e  range.  

The desc r ibed  method is not fas t  and technical ly  easy  to implement  but, unlike o ther  methods  (s teady-  
s ta te  as  well  as  t rans ien t ) ,  it a l so  avoids unwieldy analyt ica l  solutions in the fo rm of s e r i e s  and the s u b s e -  
quent e r r o r s  incur red  by re ta ining only one t e r m  of a sum. Thus,  for  ins tance,  a m e a s u r e m e n t  of the 
said c h a r a c t e r i s t i c s  by the s t eady - s t a t e  method requ i red  approx imate ly  300 h, while a m e a s u r e m e n t  of our  
p roposed  method requi red  in the s a m e  ca se  approx ima te ly  40 h. F u r t h e r m o r e ,  a single tes t  by our  method 
y ie lds  the m o i s t u r e  c h a r a c t e r i s t i c s  ove r  a wide range  of hygropotent ia l  values .  
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NOTATION 

is the specif ic  weight  of d ry  ma te r i a l ;  
is the specif ic  hygr0capaci ty ;  
is  the hygropotent ial ;  
is the t ime;  
is the height of a sect ion above the mo i s t  base  of a specimen;  
is  the hygroconductivi ty;  
is the h y g r o c u r r e n t  density.  
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