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P R E F A C E  

This b r i e f  review of t he  var ious  a c t i v i t i e s  

and p r o j e c t s  of t h e  Divis ion  of Building Research 

which a r e  r e l a t e d  t o  t h e  sub jec t  of r a i n  pene t ra t ion  

of bui lding enclosures ,  w a s  prepared i n  the  f i r s t  

ins tance  t o  serve  as a r epo r t  t o  the forthcoming 

meeting i n  Pa r i s  of the C I B  Working Group on Rain 

Penet ra t ion ,  It i s  be l ieved,  however, t h a t  it may be 

of i n t e r e s t  and perhaps of use t o  o the r s ,  both a s  a  

review and a guide t o  the  pub l i ca t ions  and r epo r t s  of 
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STUDIES BY THE DIVISION OF BUILDING RESEARCH 

RELATED TO RAIN PENETRATION 

N.B. Hutcheon and E,V, Gibbons 

The i n t e r e s t s  of the  Division of Building Research 
i n  r a i n  penetra t ion can be s a id  t o  da te  from the  day it was 
es tabl ished i n  August, 1947, The incidence of ser ious  
d i f f i c u l t i e s  with leakage and de t e r io ra t i on  of b r ick  masonry 
i n  the c i t y  of Hal i fax  had already been es tabl ished i n  
preliminary s tud i e s  made a s  pa r t  of t h e  post-war s tudy of 
housing research needs by the  Research and Development 
Branch of t h e  Department of Reconstruction and Supply, 

By 1950, t h e  s taff  and f a c i l i t i e s  of t h e  Division 
had developed s u f f i c i e n t l y  so  t h a t  it was poss ible  t o  begin 
work through an extensive survey of masonry performance i n  
the  At lan t ic  Provinces, This was followed by v i s i t s  t o  
o ther  c i t i e s ,  notably Quebec City,  Hontreal,  and Toronto, a s  
oppor tuni t ies  arose,  A s  the  work of t he  Division became 
known, requests  f o r  advice and a s s i s t ance  i n  connection wi th  
masonry leakage and de t e r io ra t i on  began t o  come i n ,  It soon 
became evident  t h a t  problems with r a in  penetra t ion of 
masonry were not confined t o  the  A t l an t i c  provinces, though 
they appeared t o  be most severe there ,  but were being 
experienced i n  c e n t r a l  Canada a s  well ,  

A s  t h e  work of t h e  Division developed, apprecia t ion 
of t h e  Important r o l e  played by moisture i n  t h e  performance 
of buildings grew also. Canadian experience wi th  cold 
weather condit ions had been such a s  t o  emphasize the  spec i a l  
moisture problems created by condensation within bufldings, 
but i t  became apparent t h a t  many more problems were r e l a t e d  
t o  t h e  moisture conditions r e su l t i ng  from t h e  en t ry  of r a i n  
i n t o  bui ld ing construct ions,  Canadian experiences wi th  
efflorescence, f a i l u r e s  of e x t e r i o r  coat ings of a l l  kinds, 
de t e r io ra t i on  of mater ia ls  by wett ing and drying and by 
f reezing when wet, a s  well  a s  the influence of moisture upon 
heat transmission through bui ld ing mate r ia l s  have confirmed 
the need f o r  an adequate knowledge of t h e  moisture 
conditions produced by the weather, This i n t e r e s t  i n  r a i n  
penetra t ion is  shared by research agencies i n  many o ther  
countr ies  and information i s  being exchanged, The experi- 
ences and a c t i v i t i e s  of the  Division of Building Research, 
which may be of sane i n t e r e s t  i n  this connection, w i l l  now 
be reviewed b r i e f l y .  Reference w i l l  be made t o  work i n  
progress and t o  work described only i n  i n t e r n a l  repor ts  of 
t h e  Division, a s  well  as  t o  t h a t  a l ready described i n  
publ ica t ions ,  



Rain Pene t ra t ion  of Unit Masonry 

The r e s u l t s  of the survey of masonry bu i ld ings  i n  
t h e  A t l a n t i c  provinces a r e  given i n  DBR I n t e r n a l  Report 
No, 65 (28) ,  This  survey confirmed the  s e r i o u s  d i f f i c u l t i e s  
which had a l r e a d y  been repor ted  from t h e  A t l a n t i c  Coast 
region,  and i n d i c a t e d  t h a t  t h e  weather cond i t ions  a r e  
unusual ly  severe ,  It was s a i d  t h a t  r a i n  p e n e t r a t i o n  through 
masonry wal l s  f r e q u e n t l y  occurred when wind and r a i n  
condi t ions  followed prolonged damp per iods  of l i g h t  r a i n  
and m i s t ,  Freezing o f t e n  fo l lows c l o s e l y  on wet condi t ions  
and t h e r e  was evidence of the  d e s t r u c t i o n  of wal l s  by t h e  
f r e e z i n g  of t rapped water a s  we l l  a s  of d e t e r i o r a t i o n  of 
t h e  mortar  and t h e  masonry u n i t s .  

Subsequent v i s i t s  t o  Quebec C i t y  and Montreal 
revealed  t h a t  q u i t e  s e r i o u s  r a i n  p e n e t r a t i o n  and d e t e r i o r a t i o n  
of masonry occurred i n  these  l o c a t i o n s  a l s o .  Requests f o r  
a s s i s t a n c e  wi th  s p e c i f i c  cases  of r a i n  p e n e t r a t i o n  have 
been rece ived  from Toronto, and Hamilton, and t h e  southern 
Ontar io region  genera l ly ,  I n  most cases  t h e s e  i n q u i r i e s  were 
i n  connection wi th  new bu i ld ings ,  i n d i c a t i n g  t h a t  present  
p r a c t i c e s  i n  des ign  and cons t ruc t ion  a r e  n o t  adequately 
prevent ing r a i n  p e n e t r a t i o n  and should be c a r e f u l l y  reviewed. 

A thorough s tudy  of the  l i t e r a t u r e  i n  Engl i sh  on 
r a i n  pene t ra t ion  of u n i t  masonry was begun i n  1948, A 
r6sum6 of these  s t u d i e s  was presented a s  a  paper  a t  t h e  
Annual Meeting of the  Royal A r c h i t e c t u r a l  I n s t i t u t e  of  
Canada i n  Hal i fax  i n  1955; r e p r i n t  copies  have been i s s u e d  
a s  Technical Paper No, 30 of t h e  Divis ion,  NRC No. 3754 (15). 
A more d e t a i l e d  and extens ive  r e p o r t  on t h e  l i t e r a t u r e  has 
been r e c e n t l y  i s sued  a s  Technical Paper NO, 47, NRC No, 
4336 (18) 

Spec ia l  a t t e n t i o n  w a s  given, p r i o r  t o  t h e  design 
of a  masonry panel  leakage apparatus ,  t o  t h e  l i t e r a t u r e  
desc r ib ing  methods and appara tus  used by o t h e r s  i n  a s sess ing  
t h e  leakage c h a r a c t e r i s t i c s  of wal l  panels ,  A summary of 
t h i s  l i t e r a t u r e  t o g e t h e r  wi th  a  d e s c r i p t i o n  of the  des ign  of 
t h e  DBR apparatus  i s  given i n  DBR I n t e r n a l  Report No, 85 (25) ,  
Resul t s  of t e s t s  on 27 masonry panels  in t h e  DBR apparatus  
a r e  descr ibed  i n  DBR I n t e r n a l  Report No, 108 (291, 

Work with t h e  panel  leakage  appara tus  has 
emphasized t h e  importance of the q u a l i t y  of t h e  brick-mortar 
bond on t h e  leakage c h a r a c t e r i s t i c s  of panels ,  and has 
g e n e r a l l y  confirmed t h e  conclusions drawn from t h e  l i t e r a t u r e  
study. The inf luence  of b r i c k  and mortar p r o p e r t i e s  upon 
leakage of t h e  brick-mortar assembly i s  now under s tudy  a t  
t h e  l a b o r a t o r i e s  i n  Ottawa as wel l  as a t  t h e  A t l a n t i c  
Regional S t a t i o n  of the  Divis ion  which has been e s t a b l i s h e d  



a t  Hal i fax ,  wi th  s p e c i a l  i n t e r e s t s  i n  weather e f f e c t s  on 
masonry. The l a r g e  panel  s i z e  of 3& by 4s f t ,  (approx, 1 
by 1& met res )  used i n  t h e  DBR panel  apparatus  i s  
considered d e s i r a b l e  but it i s  cumbersome f o r  extended work. 
S tud ies  a r e  c u r r e n t l y  being c a r r i e d  out on smal l e r  
assemblages of f i v e  b r i cks ,  

It is  proposed t h a t  the  l a r g e  panels  t e s t e d  i n  t h e  
panel  leakage apparatus  w i l l  be s e t  out  f o r  outdoor exposure 
and r e - t e s t e d  and examined a t  i n t e r v a l s ,  

P e r t i n e n t  p r o p e r t i e s  of Canadian b r i c k s  have been 
descr ibed  i n  Research Paper No, 8,  NRC No, 2966 (14) ,  Other 
ftems p e r t i n e n t  t o  u n i t  masonry a r e  d iscussed  i n  s e c t i o n s  on 
e f f lo rescence  and t e s t  huts ,  t o  follow, 

Tes t  Huts 

The Divis ion  has made extens ive  use of s m a l l  t e s t  
hu t s  a s  a  means of examining m a t e r i a l s  and cons t ruc t ions  on 
a  p i l o t  s c a l e  but under a c t u a l  weather cond i t ions ,  These 
were p a r t i c u l a r l y  u s e f u l  a s  a means of i n v e s t i g a t i o n  before 
t h e  p resen t  l abora to ry  f a c i l i t i e s  became a v a i l a b l e  i n  1953, 
These cons t ruc t ions  a r e  about 5 by 5 by 8  f t ,  and a r e  
provided wi th  hea t ing  and humidi f ica t ion  i n s i d e  i n  win te r ,  

Tes t  huts  a r e  normally maintained a t  t h e  P r a i r i e  
Regional S t a t i o n  of the  Divis ion a t  Saskatoon, and a t  Ottawa. 
One of t h e  huts  a t  each of t h e s e  l o c a t i o n s  i s  of *standardw 
wood frame cons t ruc t ion  and, wi th  metered hea t  and moisture  
inpu t ,  serves  a s  a  "weather ca lor imeter , "  S i m i l a r  wood 
frame huts  have been maintained f o r  s e v e r a l  years  a t  a  
nor the rn  l o c a t i o n  a t  Churchi l l ,  Manitoba and a t  
Pennsylvania Unive r s i ty  i n  t h e  United S t a t e s  t o  provide a 
comparison of the  m a 1  performance under v a r i e d  weather 
condi t ions ,  An a d d i t i o n a l  s i x  wood frame t e s t  huts  a t  
Saskatoon have provided a  means of comparing s e v e r a l  
d i f f e r e n t  kinds of i n s u l a t e d  wood f rame cons t ruc t f  ons None 
of these  huts  w a s  intended o r i g f n a l l y  f o r  r a i n  pene t ra t ion  
s t u d i e s ,  but records have been kept  of t h e  moisture  con ten t s  
of s i d i n g  and e x t e r i o r  shea th ing  which do r e f l e c t  weather 
changes. The t e s t  hut a t  Pennsylvania Univers i ty ,  which Is 
operated t h e r e  f o r  the  Divis ion,  has been used f o r  s e v e r a l  
gears  f o r  a  s e r i e s  of s t u d i e s  of t h e  e f f e c t s  of weather and 
var ious  s i d i n g  modif ica t ions  upon t h e  moisture  con ten t s  of 
t h e  s i d i n g  and sheathing,  These s t u d i e s  have no t ,  as y e t ,  
been descr ibed i n  Div i s iona l  r e p o r t s ,  

The t e s t  huts  a t  Ottawa, wi th  t h e  except ion of t h e  
"s tandardU wood frame hut, have been of masonry cons t ruc t ion .  
The f i r s t  s e r i e s  of huts  was cons t ruc ted  i n  1950 and 



main ta ined  u n t i l  1954 when t h e y  had t o  b e  c l e a r e d  from t h e  
a r e a  i n  which t h e y  were b u i l t ,  These hu ts ,  a l t hough  n o t  
p r i m a r i l y  i n t ended  f o r  r a i n  p e n e t r a t i o n  s t u d i e s ,  p rov ided  an 
o p p o r t u n i t y  f o r  observ ing  many of i t s  e f f e c t s ,  and s t i m u l a t e d  
much i n t e r e s t ,  It was i n  connec t ion  w i t h  t h e s e  hu t s  t h a t  
t h e  need f o r  some means of  fo l lowing  moi s tu re  changes w a s  
f i r s t  recognized,  They provided  a l s o  an  o p p o r t u n i t y  f o r  
cont inuous obse rva t ion  of e f f l o r e s c e n c e ,  and demonstra ted 
t h e  v e r y  s e r i o u s ,  inward moi s tu re  movements which could  be  
produced i n  summer by d i r e c t  sunsh ine  f o l l o w i n g  w e t t i n g  of 
t h e  e x t e r i o r  of a w a l l  by r a i n ,  S ince  no r e p o r t s  have y e t  
been made on t h e s e  h u t s ,  b r i e f  r e f e r e n c e  t o  some of t h e  
r e s u l t s  w i l l  be  made. 

Mois ture  gauges of t h e  e l e c t r i c a l  r e s i s t a n c e  t y p e  
were i n c o r p o r a t e d  i n  t h e  walls of one of t h e  O t t a w a  masonry 
hu t s .  Observat ions  of mo i s tu re  c o n t e n t  were made a l s o  by 
d i r e c t  sampling i n  bo th  b r i c k s  and mor ta r ,  L a t e r  a 
s i l i c o n e  waterproof  era w a s  a p p l i e d  t o  one-half  o f  one of  t h e  
h u t s  but,  u n f o r t u n a t e l y ,  it had t o  be moved be fo re  a 
prolonged t e s t  o f  t h e  e f f e c t i v e n e s s  of t h i s  t r ea tmen t  could  
be made. More w i l l  be s a i d  i n  a  l a t e r  s e c t i o n  about  m o i s t u r e  
gauges, which were mainly  u n s a t i s f a c t o r y ,  

The d i r e c t  sampling o f  mo i s tu re  c o n t e n t  provided 
much i n t  e r e s  t i n g  and s t i m u l a t i n g  in format ion ,  The porous 
b d c k s  of t h e  hu t  were found t o  abso rb  l a r g e  q u a n t i t i e s  o f  
w a t e r  ( a s  much a s  5 p e r  c e n t  by weight a t  t h e  s u r f a c e )  
fo l lowing  a s i n g l e  r a i n ,  Mois ture  c o n t e n t s  v a r i e d  markedly 
from one b r i c k  t o  a n o t h e r  and between b r i c k s  and mor t a r ,  
These l a t t e r  obse rva t ions  l e d  t o  a n  e x t e n s i v e  i n t e r e s t  i n  
and s t u d y  of t h e  s u c t i o n  c h a r a c t e r i s t i c s  o f  b r i c k s  and 
mor ta r ,  The s i l i c o n e  wate rproof ing  t r e a t m e n t  w a s  g e n e r a l l y  
v e r y  e f f e c t i v e  i n  reducing t h e  e n t r y  o f  wa te r  i n t o  t h e  
porous b r i c k s ,  

Two o f  t h e  b r i c k  masonry h u t s  were prov ided  w i t h  
i n t e r i o r  s t r a p p i n g ,  i n s u l a t i o n ,  vapour b a r r i e r s ,  and i n t e r i o r  
f i n i s h  as i s  f r e q u e n t l y  used i n  Canada t o  reduce  t h e  hea t  
t r ansmis s ion  i n  b r i c k  w a l l  c o n s t r u c t i o n  f o r  houses,  I n  one 
of t h e s e ,  t h e  masonry was parged on t h e  i n s i d e  and then  l i n e d  
w i t h  a b u i l d i n g  pape r  b e f o r e  t h e  s t r a p p i n g  w a s  a p p l i e d ,  
This  t r e a t m e n t  was omi t t ed  i n  t h e  second hu t ,  w i t h  t h e  r e s u l t  
t h a t  w i t h i n  two yea r s  t h e  u n t r e a t e d  wood s t r a p p i n g  had r o t t e d  
very  bad ly ,  While t h e  i n t e r i o r  of  t h i s  hut was be ing  
r e f i t t e d  i n  t h e  suromer, i t  was d i scove red  that s e r i o u s  w e t t i n g  
by condensat ion w a s  o c c u r r i n g  on t h e  back ( o u t s i d e )  o f  t h e  
vapour b a r r i e r ,  T h i s  w a s  found t o  be caused  by t h e  a c t i o n  
of t h e  s u n  on t h e  e x t e r i o r  s u r f a c e  of  t h e  b r i c k  fo l lowing  
w e t t i n g  by r a i n ,  A r i s e  i n  t empera tu re  of t h e  o u t s i d e  
s u r f a c e  was d r i v i n g  t h e  wate r  i n  t h e  b r i c k  inwards t o  
condense on t h e  c o o l e r  i n n e r  p o r t i o n s  of the  w a l l ,  A s  a 



r e s u l t  of t h i s  experience, it was concluded t n s t  t h e  parging 
and paper were de s i r ab l e  behind i n t e r i o r  s t r app ing  o r  
f u r r i n g  as a p ro t ec t i on  aga in s t  wett ing of  t h e  i n t e r f o r  
por t ions  of the wall .  

Before the  b r i ck  masonry t e s t  huts  a t  Ottawa were 
demolished i n  1954 they  were wetted on t h e  ou t s ide  wi th  a 
water-soluble dye, Tes t  por t ions  of the  wa l l s  were then 
c a r e f u l l y  broken down and the paths of water  pene t ra t ion ,  a s  
shown by the  dye, were c a r e f u l l y  noted, Very extens ive  
pa ths  along the  brick-moratar i ~ t e r f a c e s  were shown up by 
t h i s  met tiod. 

Two new br ick  t e s t  huts  were e r ec t ed  i n  1954 on a 
new permanent s i t e ,  The masonry wa l l s  were made of SCH 
b r i cks ,  These b r i cks  a r e  a  recent  development fntended t o  
provide cheaper br ick  masonry wa l l s  f o r  house cons t ruc t ion  
and form a  wall  52- i n ,  t h i c k  i n  a  s i n g l e  withe.  One of t he  
t e s t  huts  was l e f t  uninsulatod and t h e  o the r  was provided on 
t h e  i n s i d e  w i th  bu i ld ing  paper, s t r a p p l n ~ ,  i n su l a t i on ,  
vapour b a r r i e r  and i n t e r i o r  f i n i s h ,  Both huts  have been 
heated and humidified i n  winter ,  Two b r i cks  on each wal l  of 
each hut were s p e c i a l l y  cut  t o  provide f o r  t he  removal of a  
small  t e s t  prism which i s  weighed a t  i n t e r v a l s  t o  determine 
i t s  moisture content ,  Rain cups, providing v e r t i c a l  
openings, were placed a t  two e leva t ions  on each of t h e  f o u r  
walls  of each hut and weekly records  have been kept,  toge the r  
with records of hea t  and water  input  t o  the  huts  i n  win te r  
and of r e l a t i v e  humidity maintained i n  summer. Thermocouple 
s t r i n g s  were a l s o  incorpora ted  i n  t h e  wal ls  a t  varfous 
d i s t ances  from the ou t e r  f a c e  and continuous records have 
been kept ,  These records a r e  now being analysed,  They w i l l  
provide information on t h e  temperature and mofsture cycles  
occurr ing wi th in  t he  wal ls  of both i n su l a t ed  and 
uninsula ted  b r i ck  masonry construc t f o n ,  The d i r e ~ t ~ i o n a l  
r a i n  da ta  w i l l  be compared t o  the usua l  weather d a t a  which 
have been recorded on t h e  s i t e ,  Unfortunately,  no 
d i r e c t i o n a l  r a i n  gauge was I n  opera t ion  o r i g fna l l y ,  but  one 
has now been i n s t a l l e d  so  t h a t  it w i l l  be poss ib le  t o  
compare t h e s e  readings with those of the  r a i n  cups a t  two 
e leva t ions  on each w a l l ,  Some d i f f i c u l t y  was experienced i n  
obta in ing  t r u e  readings of r a i n  co l l e c t ed  by t h e  cups a3 
o r i g i n a l l y  designed, s i nce  i n s e c t s  were belng caught i n  t h e  
o i l  f i l m  used t o  c o n t r o l  evaporat ion,  This problem has 
s ince  been overcome. 

Eff lorescence 

Eff lorescence ,  p a r t i c u l a r l y  on new b r i c h ~ ~ o r k ,  is 
a  f requent  cause of complaints i n  Canada, S tudies  of i t  
have been repor ted  i n  Research Papers Nos, 19 and 20, 



NRC Nos. 3773 and 3774 ( l b s  1 7 )  It i s  i n t e r e s t i n g  t o  n o t e  
that it u s u a l l y  appears  i n  i t s  most s e v e r e  form i n  s p r i n g  
and f a l l ,  p robably  due t o  t h e  preva lence  o f  a combinat ion 
of n o i s t u r e  and d ry ing  c o n d i t i o n s  whfch l e a d  t o  s u r f a c e  
evapora t i an  i n  t h e s e  seasons .  

S e v e r a l  b r i c k  masonry p i e r s  have been main ta ined  
under  ou tdoor  exposure f o r  s e v e r a l  y e a r s ,  They have been 
under o b s e r v a t i o n  i n  t h e  e f f l o r e s c e n c e  s t u d i e s ,  but a r e  
a l s o  being s t u d i e d  f o r  s i g n s  of d e t e r i o r a t i o n ,  Measurements 
have been made from t h e  t o  t ime  of t h e  e x t e n t  o f  t h e  
s e p a r a t i o n  c r a c k s  between b r i c k s  and mor t a r ,  

Also inc luded  i n  t h i s  ou tdoor  exposure program a r e  
s e v e r a l  specimens of d i f f e r e n t  t ypes  of Canadian b r i c k s  and 
a range of  masonry mor t a r s ,  The specimens a r e  p l aced  
i n  t r a y s  of  mois t  sand  t o  o b t a i n  a comparison of t h e i r  
wea ther ing  p r o p e r t i e s  under s e v e r e  c o n d i t i o n s  o f  exposure. 
A number of t h e  specimens have been coa t ed  w i t h  s i l i c o n e ,  
waxes, and cement washes t o  o b t a i n  an  i n d i c a t i o n  of  t h e  
e f f e c t  of s u r f a c e  t r e a t m e n t s  on d u r a b i l i t y .  

Waterproofers  

The D i v i s i o n  p a r t i c i p a t e s  i n  t h e  work of 
commit t e e s  o f  t h e  American S o c i e t y  f o r  T e s t i n g  M a t e r i a l s  
concerned w i t h  t h e  p r e p a r a t i o n  of s p e c i f i c a t i o n s  f o r  masonry 
b r i c k s ,  t i l e s ,  blocks,  and mor t a r s ,  Of p a r t i c u l a r  i n t e r e s t  
i s  t h e  work of Subcommittee V of ASTM Committee C - 1 5  which 
i s  c u r r e n t l y  s t u d y i n g  methods f o r  e v a l u a t i n g  t h e  u s e f u l n e s s  
of s u r f a c e  t r ea tmen t s  i n  overcoming r a i n  p e n e t r a t i o n ,  The 
p rog res s  t o  d a t e  i n  developing a method o f  t e s t  has been 
l i m i t e d  because of  t h e  inadequacy of  in format ion  on t h e  
complicated r o l e  played by wate r  i n  t he  performance of 
masonry w a l l s ,  

Recent work under taken by t h e  D i v i s i o n  on t h e  
development o f  methods f o r  t e s t i n g  t h e  e f f e c t  of b o t h  
i n t e g r a l  and s u r f a c e  wate rproof ing  a r e  d e s c r i b e d  i n  DBR 
I n t e r n a l  Report No, 112 (24), Informat ion  was ob ta ined  on 
t h e  mo i s tu re  movement th rough  c o n c r e t e  specimens t o  which a 
number of wate rproof ing  a g e n t s  had been added, 

S e v e r a l  t e s t s  were a p p l i e d ,  cove r ing  vapour  
pe rmeab i l i t y ,  s a t u r a t e d  p e r m e a b i l i t y  under a s m a l l  head, 
c a p i l l a r y  abso rp t ion ,  and evapora t ion ,  The r e s u l t s  i n d i c a t e  
tha t  a wa te rp roo fe r  cannot  be judged f a i r l y  by a s i n g l e  t e s t ,  

S t u d i e s  o f  a fundamental  n a t u r e  on moi s tu re  
m i g r a t i o n  i n  porous m a t e r i a l s  have been i n  p rog res s  f o r  some 
t ime.  The e f f e c t  of changes i n  mo i s tu re  con ten t  and t h e  



cor responding  changes i n  dimension a r e  of s p e c i a l  i n t e r e s t .  
Measurements a r e  r e g u l a r l y  c a r r i e d  ou t  on e q u i l i b r i u m  
moi s tu re  c o n t e n t s  a t  v a r i o u s  mo i s tu re  p o t e n t i a l s  f o r  
m a t e r i a l s  under s t u d y ,  Fundamental s t u d i e s  a r e  being made 
of t h e  mechanism of mo i s tu re  mig laa t ion  i n  porous m a t e r i a l s ,  
Some of t h e  e a r l y  work i s  r e p o r t e d  i n  DBR B u l l e t i n  1, 
NRC No, 3568 ( 1 2 ) @  More r e c e n t  s t u d i e s  a r e  d e s c r i b e d  i n  two 
papers  which have been accep ted  f o r  p u b l i c a t i o n  i n  t h e  
October i s s u e  of S o i l  Sc ience ,  ( l o ) ,  

P a i n t  

The b l i s t e d n g  and p e e l i n g  of o i l - t y p e  p a i n t s  on 
t h e  wood s i d i n g  of houses h a s  been a s e r i o u s  problem i n  
Canada. This  premature f a i l u r e  of t h e  p a i n t  has  been caused 
by h igh  moi s tu re  c o n d i t i o n s  i n  t h e  e x t e r i o r  w a l l s ,  F i e l d  
s t u d i e s  have- i n d i c a t e d  t h a t  t h e  p e n e t r a t i o n  of r a i n  through 
j o i n t s  i n  s i d i n g s  has  been a major  f a c t o r  i n  i n c r e a s i n g  t h e  
mo i s tu re  c o n t e n t  o f  t h e  walls,  The r e s u l t s  o f  t h e s e  f i e l d  
obse rva t ions  and l a b o r a t o r y  s t u d i e s  a r e  d e s c r i b e d  i n  DBR 
Reports  R 1 ,  R8 ,  and ~ e s e a r c h  Paper  No, 13, NRC No, 3453, 
(229 23, 910 

Analys i s  of Weather D a t a  

The c l o s e  connec t ion  between c l i m a t e  and b u i l d i n g  
problems has  been recognized  from t h e  beginning of t h e  work 
of t he  D iv i s ion ,  A most s a t i s f a c t o r y  working arrangement 
was made w i t h  t h e  Me teo ro log ica l  D i v i s i o n  which i n  Canada i s  
main ta ined  by the  Department o f  Transpor t  and has 
headquar te rs  i n  Toronto,  A c l i m a t o l o g i s t  from t h e  s t a f f  of 
t h e  Meteoro log ica l  D i v i s i o n  has  been a s s igned  t o  work f u l l -  
t ime on b u i l d i n g  problems and pays monthly v i s i t s  t o  O t t a w a  
f o r  c o n s u l t a t i o n , ,  

The f i r s t  c l i m a t e  s t u d i e s  were made t o  s a t i s f y  t h e  
needs o f  t h e  Cl imate  S e c t i o n  of t h e  Na t iona l  Bu i ld ing  Code, 
I n  the  course  of t h i s  work f a r  more d a t a  were developed t h a n  
could  be used  i n  t h e  Code and provided a b a s i s  f o r  a 
C l i m a t o l o g i c a l  A t l a s  of  Canada which w a s  pub l i shed  j o i n t l y  
by t h e  Meteoro log ica l  D i v i s i o n  and t h e  D i v i s i o n  of Bu i ld ing  
Research as NRC 3151 (19 ) ,  

Following t h e  surveys  of masonry problems i n  
E a s t e r n  Canadian c i t i e s ,  an  a t t empt  w a s  made t o  develop 
s imple  i n d i c e s  from the  r e g u l a r  wea ther  r e c o r d s  which would 
d e s c r i b e  t h e  s e v e r i t y  of  t h e  weather  a t  t h e s e  l o c a t i o n s  i n  
t e r n s  of w e t t i n g  and o f  f r e e z i n g  fo l lowing  we t t i ng .  These 
i n d i c e s  a r e  d e s c r i b e d  i n  Techn ica l  Pape r  No, 32, NRC 3794 
( 3 ) .  Although no c o r r e l a t i o n  could  be made because of t h e  



d i f f i c u l t y  of ass igning  q u a n t i t a t i v e  va lues  t o  t h e  incidence 
of wet t ing  and d e t e r i o r a t i o n  i n  p r a c t i c e ,  t h e r e  were some 
use fu l  coincidences between t h e  i n d i c e s  developed and t h e  
f i e l d  observat ions.  

The d a t a  being obta ined  from the  d i r e c t i o n a l  r a i n  
gauge, and from t h e  measurements made on t h e  two b r i c k  t e s t  
huts  a t  Ottawa may provide a b a s i s  f o r  f 'ur ther  eva lua t ion  of 
these  r e l a t i v e l y  crude i n d i c e s ,  

S tud ies  a r e  being made of t h e  v a r i a t i o n s  i n  l o c a l  
c l imate ,  The r e s u l t s  thus  f a r  obtained f o r  the  c i t i e s  of 
Ottawa and Vancouver a r e  covered i n  DBR I n t e r n a l  Reports 
Nos, 70 and 103 (20, 211, 

The mois ture  content  of an exposed m a t e d a l  o r  
cons t ruc t ion  which i s  o f t e n  of importance r e p r e s e n t s  a l e v e l  
of moisture s t o r a g e  which may r e s u l t  l a r g e l y  from t h e  i n t e r -  
p l a y  of wet t ing  and drying condi t ions .  Evaporation 
measurements, the re fo re ,  a r e  of i n t e r e s t ,  These a r e  made i n  
Canada a t  c e r t a i n  s e l e c t e d  s t a t i o n s ,  l a r g e l y  i n  t h e  i n t e r e s t s  
of a g r i c u l t u r e ,  They a r e  bel ieved t o  be l i m i t e d  t o  
measurements of evaporat ion from f r e e  water s u r f a c e s ,  A 
more complete s ta tement  of the measurements made and t h e  
records  a v a i l a b l e  i n  Canada i s  being prepared,  

Measurement of Moisture Content 

S tud ies  of r a i n  p e n e t r a t i o n  would be g r e a t l y  
f a c i l i t a t e d  i f  the  changing moisture  content  of  t h e  exposed 
m a t e r i a l  o r  cons t ruc t ion  could be measured non-destruct ively.  
Means f o r  measuring moisture  con ten t s  r e a d i l y  would be a l s o  
of g r e a t  a s s i s t a n c e  i n  many o t h e r  cases ,  The Divis ion  of 
Building Research, l i k e  o t h e r  bu i ld ing  r e s e a r c h  agencies ,  
has t r i e d  many methods and has hopeful ly  i n v e s t i g a t e d  any new 
devices  when they  have been proposed, 

The f i r s t  moisture  gauges i n v e s t i g a t e d  were those  
of the  e l e c t r i c a l  r e s i s t a n c e  type proposed f o r  use i n  s o i l a .  
Many f r u s t r a t i n g  experiences followed i n  t h e  at tempt  t o  
c a l i b r h t e  these  gauges by us ing  s o i l  samples i n  t h e  
l abora to ry ,  These e a r l i e r  experiences,  and d e s c r i p t i o n s  of 
var ious  o the r  methods which have been proposed have been 
descr ibed i n  a  paper "The Measurement of Moisture Content" 
contained i n  DBR B u l l e t i n  NO, 1, NRC N O ,  3568 (12) .  

I n  l a t e r  work, s e v e r a l  commercially a v a i l a b l e  
meters of the  e l e c t r i c a l  r e s i s t a n c e  type have been c a l i b r a t e d  
i n  con tac t  wi th  ceramic p l a t e s  and membranes he ld  a t  known 
moisture  t ens ions ,  A l l  have shown h y s t e r e s i s ,  a  g r e a t  l a g  
i n  t h e  establ ishment  of equi l ibr ium, and l a c k  of 



r e p r o d u c i b i l i t y  i n  t h e  we t t ing  cycle .  They a r e  c u r r e n t l y  
undergoing eva lua t ion  i n  the  f i e l d ,  

S imi la r  r e s u l t s  were obta ined  e a r l i e r  i n  work done 
wi th  ' s m a l l  meters of t h e  e l e c t r i c a l  r e s i s t a n c e  type  which 
were designed and cons t ruc ted  i n  the  l a b o r a t o r y  f o r  use  i n  
t h e  masonry t e s t  hut s t u d i e s ,  Very s u b s t a n t i a l  h y s t e r e s i s  
e f f e c t s  and l a c k  of response over  c e r t a i n  por t ions  of t h e  
range of  moisture  con ten t s  were found, 

Attempts by o t h e r s  t o  develop neutron methods 
have been followed w i t h  i n t e r e s t ,  A s o i l  moisture  probe of 
t h e  neutron source,  indium f o i l ,  and counter  type  has been 
cons t ruc ted  and c a l i b r a t e d ,  T h i s  shows some promise f o r  
c e r t a i n  s t u d i e s  i n  s o i l s ,  but  i s  much more cumbersome i n  u s e  
than a r e  the  continuous reading  devices  employing BF3 tubes  
which a r e  being developed by o t h e r s ,  

Pawliw and Spinks a t  t h e  Unive r s i ty  of Saskatchewan 
have r e c e n t l y  r epor ted  on a  neutron c o n t a c t  meter f o r  
concre te ,  Torchinsky, a t  t h e  same Univers i ty ,  i s  us ing  a  
s u r f a c e  type  meter f o r  s o i l s  i n  which t h e  neutron source i s  
contained i n  a  s p i k e  which i s  dr iven  i n  a f i x e d  d i s t a n c e  from 
the  s o i l  sur face ,  Both of t h e s e  devices  may have some 
a p p l i c a t i o n  t o  masonry wa l l s ,  provided t h a t  moisture  content  
g r a d i e n t s  a r e  not  a  complicating f a c t o r .  

Future  Work 

It i s  planned t h a t  much of t h e  c u r r e n t  work 
r e l a t e d  t o  r a i n  p e n e t r a t i o n  w i l l  be cont inued and, i n  some 
cases ,  extended, D i r e c t i o n a l  r a i n  gauge and w a l l  cup 
measurements w i l l  be continued, f o r  comparison wi th  normal. 
meteorological  observa t ions  of weather f a c t o r s ,  It may be 
p o s s i b l e  t o  make such measurements a t  s e v e r a l  s t a t i o n s  I n  
Canada, Measurements of t h e  c y c l i c a l  v a r i a t i o n s  of 
temperature and moisture  content  i n  masonry wal l s  w f l l  be 
continued, 

The s t u d i e s  of the  r e s i s t a n c e  of u n i t  masonry t o  
r a i n  pene t ra t ion  w i l l  be c a r r i e d  on a s  a  major p r o j e c t ,  
The l a r g e  panel appara tus  w i l l  be used as t h e  s tandard  
method of t e s t .  Panels made f o r  t e s t i n g  w i l l  be s e t  o u t  f o r  
outdoor exposure, The small  panel t e s t  w i l l  be s t u d i e d  
f u r t h e r ,  and i f  found t o  be u s e f u l  w i l l  be used e x t e n s i v e l y  
i n  t h e  con t inua t ion  of the s t u d i e s  of br ick-mortar  bond, i n  
conjunct ion wi th  the l a r g e  panel t e s t ,  

S tudies  of t h e  p r o p e r t i e s  and performance of 
m a t e r i a l s  and of t h e  a c t i o n  and e f f e c t s  of mois ture  i n  
m a t e r i a l s  w i l l  cont inue a s  p a r t  of t h e  r e g u l a r  work of the  



Bui ld ing .Mater ia ls  Sect ion ,  The measurement of moisture 
content  is  of such importance i n  a l l  t h i s  work t h a t  efforx :, 
t o  develop and t o  eva lua te  new techniques must be  
continued, 
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