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Synopsis  

This paper p re sen t s  some experiment.al r e s u l t s  from f i e l d  s t u d i e s  
on physical  phenomena i n  crawl spaces  o f  dwell ings .  P a r t i c u l  a r  
a t t e n t i o n  is paid t o  a i r  t r a n s p o r t  phenomena t h a t  may lead t o  
mois ture  problems i n  t h e  l i v i n g  spaces .  

I n t roduc t ion  

In  t h e  Nether lands an i nc reas ing  a t t e n t i o n  is paid t o  mois ture  and 
mould problems i n  dwel l i n g s .  
I t  is be l ieved  t h a t  many o f  t h e s e  problems a r e  caused by moisture  
migra t ion  from t h e  crawl space.  
Several phys ica l  phenomena may a t t r i b u t e  t o  t h i s  moisture  
t r a n s p o r t .  In t h i s  paper we w i l l  review b r i e f l y  t h e  pos s ib l e  
mois ture  t r a n s p o r t  p rocesses  and d i s c u s s  how these  phenomena can 
be assessed  experimental 1  y. Some experimental r e s u l t s  wi l l  be  
presented from some f i e l d  s t u d i e s .  

2. The crawl space 

I n  t h e  Nether lands t h e  ma jo r i t y  o f  t h e  s i n g l e  family houses have a  
crawl space. A t y p i c a l  c o n s t r u c t i o n  is shown i n  f i g u r e  1. From 
p r a c t i c a l  experience we know t h a t  t h e  r e l a t i v e  a i r  humidity i n  
crawl spaces  is very high i n  genera l .  A RH o f  95% is q u i t e  normal, 
The reason is t h a t  i n  l a r g e  p a r t s  of  t h e  Netherlands t h e  ground 
water l eve l  is only  a  few cen t ime te r s  below t h e  crawl space  bottom 
s u r f a c e ,  while  i n  many c a s e s  open water is even presen t  during a  
l a rqe  per iod o f  t h e  year. Althouqh t h e s e  f a c t s  were known fo r  many 
years  it is j u s t  recent  t h a t  one recognized the  crawl space a s  a  
p o t e n t i a l  source  f o r  many mois ture  and mould problems i n  
dwell ings.  For t h i s  reason more e f f o r t  ha s  been undertaken t o  
c o l l e c t  more p r a c t i c a l  d a t a ,  i n  p a r t i c u l a r  with r e s p e c t  t o  
i n f i l t r a t i o n  o f  a i r  from crawl spaces  t o  t h e  l i v i n g  spaces.  

3. Moisture t r a n s p o r t  

The fol lowing physical  phenomena may p lay  a  r o l e  i n  moisture  
migra t ion  from t h e  crawl space t o  t h e  l i v i n g  spaces  ( s e e  f i q u r e  
I ) . :  

- Moisture t r a n s p o r t  by i n f i l t r a t i o n  o f  crawl space a i r  through 
a i r  leakages i n  t h e  ground f l o o r  cons t ruc t ion .  

- Moisture t r a n s p o r t  by i n f i l t r a t i o n  of crawl space a i r  through 
a i r  leakages between t h e  crawl space and t h e  a i r  c a v i t y  o f  t h e  
facade cons t ruc t ion .  

- Moisture t r a n s p o r t  from t h e  crawl space by vapour d i f f u s i o n  o r  
c a p i l l a r y  t r a n s p o r t  through t h e  ground f l o o r  cons t ruc t ion .  
An increased  moisture  t r a n s p o r t  may occur a t  cold s u r f a c e  a r ea s  
where condensat ion t a k e s  p lace ,  

- Moisture t r a n s p o r t  from t h e  ground water by c a p i l l a r y  t r a n s p o r t  
throuqh t h e  foundation and f l o o r  connnect ions.  

Fac to r s  t h a t  i n f  1  uence t he se  moisture  t r a n s p o r t  phenomena a r e  t he  
outdoor and indoor cl imate par  meters ( t empera ture ,  a i r  humidity,  
wind p re s su re ,  e t c , )  and t h e  phys ica l  p r o p e r t i e s  of t h e  bu i ld ing  



mate r ia l s  and the  b u i l d i n g  const ruc t ions  used. 

4. Experimental techniques 

Several experimental techniques are a v a i l a b l e  t o  assess the  
re1  a t i v e  importance o f  t h e  d i f f e r e n t  phys ica l  phenomena i n  
p r a c t i c a l  s i t ua t i ons .  For the  cont inuous measurement o f  moisture 
content o f  a i r  i n  d i f f e r e n t  spaces we have developed a s p e c i f i c  
measuring system as shown schemat ical ly  i n  f i g u r e  2.. The basic 
elements i n  t h i s  system are an e l e c t r o n i c  dew po in t  sensor and an 
a i r  channel se lec to r  cons is t i ng  o f  remotely c o n t r o l l e d  valves. A 
personal computer i s  used t o  c o n t r o l  t h e  a i r  sampling and 
t o  c o l l e c t  and process the measured data. 
Another experiment a1 technique i s  the  p ressu r i za t i on  t e s t ,  as 
shown i n  f i g u r e  3, f o r  t he  assessment o f  t he  a i r  t i gh tness  o f  the 
crawl space. 

5. Resul ts  from some experimental f i e l d  s tud ies  

5.1 The D e l f t  p r o j e c t  ----------------- 
In t h i s  p r o j e c t  t h e  crawl  space o f  a te r raced house has been 
monitored dur ing  one heat ing season. One o f  t he  s t r i k i n g  phenomena 
observed was the  s t r a t i f i e d  nature  o f  t h e  crawl space a i r .  F igure 
4 shows t h e  a i r  f l ow  p a t t e r n  t h a t  has been observed. The 
v e n t i l a t i n g  a i r  f low cons is t s  o f  l aye r  o f  r e l a t i v e l y  c o l d  a i r  
moving along the  ground sur face o f  t he  c rawl  space. As a r e s u l t  o f  
t h i s  t h e  v e r t i c a l  temperature p r o f i l e  takes a form as shown i n  
f i g u r e  5. Because o f  t h i s  s t r a t i f i c a t i o n  one should aspect a low 
convect ive heat t r a n s f e r  from t h e  lower f l o o r  sur face t o  t h e  crawl 
space a i r .  This has been conf irmed by heat f low measurements as 
i l l u s t r a t e d  i n  f i g u r e  6. 
To study the  v e n t i l a t i o n  o f  t he  c rawl  space simultaneous 
measurements have been made o f  wind speed and pressure d i f f e rences  
across the  v e n t i l a t i o n  channels located i n  the  facade. The wind 
speed was measured a t  about 1 m above t h e  r o o f  l e v e l  o f  t h e  house. 
The wind pressure c o e f f i c i e n t  has been determined as fol lows. 
F i r s t  t h e  measured wind speed i s  decomposed i n t o  two components as 
shown i n  f i g u r e  7. 
Then a regression ana ly i s  can be made f o r  A P  and VL as shown i n  
f i g u r e  8. 
Next a reqression i s  made between the  measured wind speed and t h e  
meteorological  wind speed a t  a neighbouring weather s t a t i o n  (see 
f i g u r e  9) i n  order t o  f i n d  the  wind pressure c o e f f i c i e n t  which i s  
r e l  ated t o  the  meteor01 o g i c a l  wind speed. 
F i n a l l y ,  we are able t o  c a l c u l a t e  the  a i r  change r a t e  o f  t h e  crawl 
space as a func t i on  o f  the  meteorological  wind speed, The r e s u l t  
i s  shown i n  f i g u r e  10. 
More d e t a i l s  o f  t he  D e l f t  crawl  space moni tor ing p r o j e c t  are found 
i n  L1J. 

5.2 The Katwi jk  p r o j e c t  

I n  t h i s  p r o j e c t  the  crawl spaces o f  two houses have been monitored 
dur ing  several weeks, 
The purpose o f  t h i s  p r o j e c t  was t o  i n v e s t i g a t e  the e f f e c t  o f  a new 



product t h a t  c l a ims  t o  be a  s o l u t i o n  f o r  moisture  problems caused 
by high humidity l e v e l s  i n  crawl spaces ,  
The product c o n s i s t s  of  po lye thylene  bags f i l l e d  with po lys tyrene  
p e l l e t s  and hence forms a  combination o f  i n s u l a t i o n  and a  vapour 
b a r r i e r ,  Some experimental d a t a  c o l l e c t e d  i n  t h i s  p r o j e c t  a r e  
shown i n  f i q u r e  11, 12 and 13. 
F igure  11 shows t h e  r e s u l t s  o f  p r e s s u r i z a t i o n  tests a t  t h e  crawl 
space. The r e s u l t s  i n d i c a t e  t h a t  t h e  crawl space is not  a s  a i r  
t i g h t  a s  expected. Fur ther  i n s p e c t i o n s  revea led  t h e  presence of 
c r acks  between t h e  ground f l o o r  c o n s t r u c t i o n  and t h e  c a v i t y  space 
o f  t h e  facade wal l .  Consequently,  a i r  t r a n s p o r t  is p o s s i b l e  
between t h e  crawl space and t h e  wall c a v i t y ,  
Figure 12 shows some measurement r e s u l t s  o f  p r e s su re  d i f f e r ences .  
An important  conc lus ion  is t h a t  t h e  l i v i n g  space always shows an 
underpressure  o f  a  few Pasca l s  with r e s p e c t  t o  t h e  crawl space,  
F i n a l l y ,  f i g u r e  1 3  shows t h e  d a i l y  avarages for  t h e  moisture  
con ten t  o f  a i r  i n  d i f f e r e n t  spaces  a s  measured by t h e  system shown 
i n  f i g u r e  2. 
More d e t a i l e d  r e s u l t s  w i l l  become a v a i l a b l e  i n  t h e  near fu tu re .  

6. Concludina remarks 

In  t h e  Nether lands t h e r e  is a  growing i n t e r e s t  i n  t h e  bu i ld ing  
phys ics  o f  crawl spaces ,  because they  a r e  be l ieved  t o  be  t h e  cause  
f o r  many mois ture  problems i n  dwell ings.  
The r e s u l t s  of  f i e l d  s t u d i e s  presented i n  t h i s  paper a r e  t h e  f i r s t  
s t e p s  f o r  a  b e t t e r  understanding of  crawl space phys ics  and its 
in f luence  on t h e  indoor  c l i m a t e  o f  dwel l ings .  
More f i e l d  work is needed, i n  p a r t i c u l a r  with r e spec t  t o  remedial 
t r ea tmen t s ,  t h a t  may he lp  t o  s o l v e  moisture  problems. 
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F i g u r e  I :  Mois tu re  t r a n s p o r t  mechanisms. 
A = a i r  t r a n s p o r t ;  D = wate r  vapour  d i f f u s i o n ;  
C = c a p i l l a r y  t r a n s p o r t ;  E = e v a p o r a t i o n  o f  wa te r .  

meetsysteem vochtonderzoek 

F i q u r e  2: Mul t i -channel  automated measurement system used f o r  
m o i s t u r e  a n a l y s i s  i n  f i e l d  s t u d i e s .  
A = a i r  pump; D = dew p o i n t  hyqromet-er; S = a i r  sample 
s e l e c t o r ,  
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F i g u r e  3: P r e s s u r i z a t i o n  test o f  t h e  crawl  space ,  

BIJNA STILSTAANOE LUCHT 

F i g u r e  4: Observed a i r  f low p a t t e r n  i n  w i n t e r  c o n d i t i o n s .  



Figure 5 :  Measured temperatures o f  the crawl and the ground f loor 
construction.  The values shown are month1 y averaqed 
temperatures for January and April . 
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Figure 6: Heat flows i n  the crawl space. 
G = conduction; C = convect-ion; R = radiation;  E = 
evaporation; V = vent i l a t ion .  
Month1 y averaqed values  are shown. 



Figure 7: Decomposition o f  the wind ve loci ty  vector. 
a = or ientat ion angle o f  the facade with respect to  the 
north; p = wind d i rec t ion  angle; VE = wind veloci ty  
component along the facade; VL = wind velocity 
component across the facade; V = wind speed. 
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Figure 8: Correlat ion o f  pressure dif ference on south facade (AP) 
against the wind ve loci ty  component (VL). 



Fiqure 9: Regression o f  wind speed measured a t  r o o f  l eve l  
(Vdel ft) and the  meteor01 oq ica l  wind speed data from 
a neiqhbouring weather s t a t i o n  (Vrotterdam) 
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Figure 10: Calculated a i r  chanqe r a t e  o f  t he  crawl space expressed 
i n  [rn3/h] ( l e f t  scale) and i n  ach [h-'J ( r i q h t  scale)  
as a func t ion  o f  t he  meteoroloqical  wind speed. 
S = south wind; N = n o r t h  wind; A = averaqed value fo r  
t h e  heat inq season. 
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F i g u r e  11 : R e s u l t s  o f  a  d e p r e s s u r i z a t i o n  test  o f  a  crawl space .  
A = v e n t i l a t i o n  c h a n n e l s  open; B = s e a l e d  v e n t i l a t i o n  
c h a n n e l s ;  C = A-B = AP-@ c u r v e  f o r  t h e  v e n t i l  a t - ion  
c h a n n e l s ;  @ = air f low r a t e .  

F i g u r e  12: Observed p r e s s u r e  d i f f e r e n c e s  ( w i t h  t h e  crawl s p a c e  a s  
r e f e r e n c e )  a t  d i f f e r e n t  l ocak ions  f o r  d i f f e r e n t  wind 
speed s i t u a t i o n s .  
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Figure 13:  Moisture content o f  a i r  i n  lg/kgJ for:  
A = outdoor a i r ;  B = l i v i n g  space; C = crawl space. 
Daily averaged values are shown. 


