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PREFACE 

I c i c l e s  and a s s o c i a t e d  i c e  a long the  roof  edge a r e  o f t e n  a  
r e s u l t  o f  d e f e c t s  i n  roof and c e i l i n g  cons t ruc t ion .  They p r e s e n t  a  
danger t o  people and proper ty  below b u t  t h e  wa te r  backed up by t h i s  i c e  
may a l s o  cause damage t o  t h e  roo f ,  c e i l i n g ,  and w a l l .  These i c e  dams 
form when t h e  snow i n  c o n t a c t  wi th  t h e  roof  s u r f a c e  melts  and runs down 
a s lop ing  roof  u n t i l  i t  emerges a t  t h e  edge o f  t h e  snow cover  where it 

r e f r e e z e s .  The r e s u l t i n g  l a y e r  o f  i c e  may be very t h i c k  and t h e  volume 
o f  water  t h a t  overtops t h e  roof  s h i n g l e s  may be l a r g e .  

Frequently i n  an a t tempt  t o  s t o p  t h e  water  from e n t e r i n g  t h e  
bu i ld ing ,  a  continuous band of  impervious m a t e r i a l  i s  l a i d  along t h e  
edge o f  t h e  roo f  and i n  extreme cases  h e a t i n g  cables  a r e  used t o  melt 
dra inage  paths through t h e  i c e .  Both measures t r e a t  t h e  symptom r a t h e r  
than  t h e  cause. I t  i s  p r e f e r a b l e  t o  reduce t h e  amount of snow mel t ing  
s o  as  t o  l i m i t  t h e  accumulation o f  i c e .  Thus i t  fol lows t h a t  h e a t  
should b e  conta ined  i n  the  b u i l d i n g  a s  much as  p o s s i b l e  and such h e a t  a s  
does escape should be c a r r i e d  away by v e n t i l a t i o n  b e f o r e  i t  warms t h e  
roof  deck. 

I n  o r d e r  t o  o b t a i n  some information about t h e  weather condi- 
t i o n s  necessary  f o r  t he  formation o f  i c e  dams, thermocouples were 
i n s t a l l e d  a t  va r ious  p o i n t s  on t h e  roof a t  t h e  time of an ex tens ive  
r e b u i l d i n g  of t h e  au thor ' s  house.  The roof temperatures  under changing 
weather cond i t ions  were recorded and t h e  e f f e c t s  of  r e f l e c t i v e  i n s u l a -  
t i o n  i n s t a l l e d  on the  underside o f  t h e  roof deck were a l s o  observed.  
S i m i l a r  readings  were taken  i n  summer t o  determine t h e  maximum s h i n g l e  
temperature which might occur .  

The r e s u l t s  of  t hese  observa t ions  a r e  p resen ted  i n  t h i s  
r e p o r t .  One p o s s i b l e  means of  a l l e v i a t i n g  t h e  problem o f  i c e  dams i s  
proposed al though f u r t h e r  i n v e s t i g a t i o n  i s  needed t o  e s t a b l i s h  i ts  
e f f e c t i v e n e s s .  

Ottawa 
Apri l  1976 

C .  B.  Crawford, 
D i rec to r ,  
DBR/NRC. 



ROOF TEMPERATURES AND ICE DAMS 

b Y 

J . K .  L a t t a  

INTRODUCTION 

I t  i s  u sua l ly  accepted  t h a t  i c e  dams form on r o o f s  when t h e  

snow i n  c o n t a c t  with t h e  roof  me l t s ,  runs down t h e  roof  and f r e e z e s  on 
emerging from under t h e  snow b lanke t  a t  t h e  eave.  For t h i s  t o  occu r ,  i t  
is necessary f o r  t h e  temperature o f  t h e  roo f  s u r f a c e  t o  r i s e  above 32°F 
a t  a time when the  ambient a i r  temperature i s  below f r e e z i n g .  This can 
happen when t h e  roof s u r f a c e  i s  warmed by  h e a t  l o s s  from t h e  b u i l d i n g  
below and a l s o  by s o l a r  r a d i a t i o n  which p e n e t r a t e s  t h e  snow. 

I t  is doubtful  t h a t  much can b e  done t o  modify t h e  h e a t  ga in  

from t h e  sun o t h e r  than by shading t h e  roof wi th  t a l l  t r e e s  o r  i n  some 
s i m i l a r  manner. Work c a r r i e d  o u t  e lsewhere showed t h a t  snow temperatures  
immediately above an aluminum-covered roof and an a spha l t - sh ing led  roof  

were s i m i l a r  [CRREL, Quar t e r ly  Report ,  April-May-June, 19731. This  would 
i n d i c a t e  t h a t  t h e  r e f l e c t i v i t y  o f  t h e  roo f  s u r f a c e  has l i t t l e  e f f e c t  on 

roo f  s u r f a c e  temperature under a  cover  of snow. 

The convent ional  method of  dea l ing  with t h e  problem i s  t o  

i n s u l a t e  t h e  c e i l i n g  below t h e  roof  and t o  v e n t i l a t e  t h e  a t t i c  s o  a s  t o  
c a r r y  away t h e  h e a t  which would o therwise  warm t h e  r o o f .  I n  o r d e r  t o  
s t o p  t h e  formation o f  i c e  dams, t h e  roof  should i d e a l l y  be formed l i k e  a n  

umbrella under which the  wind could  blow f r e e l y .  For va r ious  reasons,  
such a s  snow be ing  blown onto  t h e  i n s u l a t i o n ,  t h i s  i s  n o t  a  p r a c t i c a l  
form o f  c o n s t r u c t i o n ,  and one i s  normally r e s t r i c t e d  t o  v e n t i l a t i o n  
through gable  ends and through t h e  eave s o f f i t .  

INSTALLATION 

For t h e  purpose of  ob ta in ing  s p e c i f i c  in format ion  about roof  
temperatures ,  thermocouples were i n s t a l  l e d  i n  va r ious  p l a c e s  on t h e  roof  
when t h e  oppor tun i ty  p re sen ted  i t s e l f  a t  t h e  time of  a  major renovat ion  
and ex tens ion  o f  t h e  a u t h o r ' s  house. During t h e  course  o f  t h i s  renova- 
t i o n ,  t he  r o o f ,  which had been a  s imple r i d g e  roof  wi th  gable  ends,  was 

changed t o  a  gambrel roof  ex tending  down t o  t h e  second f l o o r  l e v e l .  The 
u p s t a i r s  windows were converted i n t o  dormer windows and v e n t i l a t i o n  was 
provided through the  gable  ends o f  t hese  dormers a s  wel l  a s  through t h e  
main gable  ends o f  t h e  house. An eave s o f f i t  s t r i p  v e n t i l a t o r  was 
i n s t a l l e d  a t  t h e  r e a r ,  where a  shed dormer was provided ove r  t h e  bathroom. 

I n  a d d i t i o n  t o  t hese  convent iona l  forms of v e n t i l a t i o n ,  a  v e n t i l a t i o n  
passage was provided up t h e  lower s l o p e  o f  t h e  gambrel roo f  and i n t o  t h e  
a t t i c .  This space was formed by p l a n t i n g  2 by 2 ' s  on top  o f  t he  
wa l l / roo f  shea th ing  ove r  t h e  2 by 4 s t u d s .  One-half inch  t h i c k  plywood 



shea th ing ,  t o  which t h e  s h i n g l e s  were n a i l e d ,  was then  added o v e r  t h e  
2 by 2 ' s .  The 1-1/2 by 14-1/2 i n .  space  formed i n  t h i s  way connected t h c  

a t t i c  wi th  a  cont inuous s t r i p  vent  a t  t h e  2nd s t o r e y  f l o o r  l e v e l .  The 
dormers i n t e r r u p t e d  t h e s e  passages and t h e r e f o r e  t h e r e  was no v e n t i l a t i o n  
up t h e  lower roo f /wa l l  where they occu r r ed .  The c e i l i n g  of  t h e  o r i g i n a l  

house was i n s u l a t e d  wi th  5-1/2 i n .  o f  rock-wool-paper faced  i n s u l a t i o n  
which f i l l e d  t h e  2 by 6 j o i s t  spaces .  There was an open spaced board 
f l o o r  o v e r  t h e  c e n t r e  8 f t .  The i n s u l a t i o n  i n  t h e  ex t ens ion  was R.20 
g l a s s  f i b r e  i n s u l a t i o n  with no paper  enc losu re ,  b u t  t h e  c e n t r e  8 f t .  
s t r i p  was covered wi th  s h e e t s  o f  3/8 i n .  plywood loose ly  l a i d  i n  p l a c e .  

Figures  1  t o  8  i l l u s t r a t e  f r o n t  and r e a r  e l e v a t i o n s ,  a  c r o s s  
s e c t i o n  o f  t h e  house, some d e t a i l s  o f  c o n s t r u c t i o n ,  and t h e  l o c a t i o n  of  
t h e  thermocouples.  These were i n s t a l l e d  a t  t h e  t ime of c o n s t r u c t i o n  on 
t h e  o u t s i d e  of  t h e  roof  deck o r  roof /wal l  shea th ing  b e f o r e  t h e  a p p l i c a -  
t i o n  o f  t h e  underlay and s h i n g l e s .  The l e a d s  were run down t o  t h e  base-  
ment where they  were connected t o  a  16 p o i n t  speedomax r e c o r d e r .  The 
f r o n t  o f  t h e  house f aced  12" west o f  n o r t h .  The s l o p e  o f  t h e  upper roo f  
was 25 1/2O, and t h a t  o f  t h e  back ( south  f ac ing )  roo f /wa l l  was 67O from 
t h e  h o r i z o n t a l .  (The s l o p e  o f  t h e  f r o n t  roo f /wa l l  was s l i g h t l y  s t e e p e r . )  
The s u n ' s  r a y s ,  t h e r e f o r e ,  would s t r i k e  t h e  upper roo f  approximately a t  
r i g h t  ang le s  i n  mid-summer and t h e  r e a r  roo f /wa l l  approximately a t  r i g h t  
ang le s  i n  mid-winter .  

Thermocouples were provided t o  measure o u t s i d e  and a t t i c  a i r  
t empera tures ,  and were i n s t a l l e d  on both t h e  no r th  and sou th  s i d e s  o f  
t h e  house i n  t h e  roo f /wa l l  v e n t i l a t i o n  space ,  under t h e  roo f /wa l l  
s h i n g l e s  and t h e  upper roof  s h i n g l e s  1 f t  from t h e  break i n  t h e  roof  
l i n e  and 4 f t  from t h e  r i d g e .  Because i t  was no t  p o s s i b l e  t o  i n s t a l l  
t h e  thermocouples o t h e r  t han  a t  t h e  t ime o f  c o n s t r u c t i o n ,  t h e  i n s t a l l a -  
t i o n  i n  t h e  modif ied house was d u p l i c a t e d  i n  t h e  ex t ens ion  t o  enab le  a  
comparison o f  d i f f e r e n t  v e n t i l a t i o n  o r  i n s u l a t i o n  systems t o  be  made 
l a t e r  i f  i t  was f e l t  d e s i r a b l e  t o  do s o .  Of t h e  19 thermocouples 
i n s t a l l e d ,  on ly  16 could b e  connected t o  t h e  r e c o r d e r  and 3 had t o  be 
l e f t  unconnected. Because o f  t h e  d u p l i c a t i o n ,  t h e  measurement o f  t h e  
a t t i c  and two upper roo f  tempera tures  4  f t  from t h e  r i d g e  i n  t h e  ex ten-  
s i o n  was omi t t ed .  I t  was f e l t  t h a t  t h e r e  would be  l i t t l e  d i f f e r e n c e  
between these  tempera tures  and t h e  cor responding  ones i n  t h e  modified 
house.  

The i n s t a l l a t i o n  was completed on 4 th  January 1973 and, excep t  
f o r  some s h o r t  pe r iods  when t h e  r e c o r d e r  was switched o f f ,  t h e  tempera- 
t u r e  o f  each p o i n t  was recorded  a u t o m a t i c a l l y  a t  i n t e r v a l s  o f  approxi -  
mately 16 nlin u n t i l  16 th  Apr i l  1973. By t h i s  t ime a l l  t h e  snow and i c e  
h;id meltcd o f f  t h e  r o o f .  F u r t h e r  read ings  were taken between 12th  June 
and 11th  -July 1973 i n  o r d e r  t o  check t h e  maximum s h i n g l e  tempera tures  i n  
summer . 

I n  o r d e r  t o  prevent  i c e  damming, t h e  r o o f  tempera ture  must be 
kept  a s  low a s  p o s s i b l e ;  h e a t  t r a n s f e r  t o  t h e  roof  from t h e  a t t i c  must 



be minimized. The e f f e c t  o f  r e f l e c t i v e  i n s u l a t i o n  (aluminum f o i l )  
app l i ed  t o  the  underside of  t h e  roof  deck was t h e r e f o r e  i n v e s t i g a t e d  i n  

the  f a l l  of 1973 i n  the  o r i g i n a l  house a t  t h e  l o c a t i o n  o f  thermocouples 
No. 4 and 5 .  The r eco rde r  connect ions were changed s o  as  t o  measure ou t -  
s i d e  a i r  temperature and only the  a t t i c  and upper roof  temperatures  i n  
t h e  o r i g i n a l  house and t h e  ex tens ion .  Readings were then  taken  i n r e r -  
m i t t e n t l y  from 29th October 1973 t o  4th January 1974. Fur the r  readings 
were taken from 5 th  t o  23rd J u l y  1974 i n  o r d e r  t o  determine i f  t h e  use  o f  
aluminum f o i l  reduced t h e  amount of h e a t  l o s s  from t h e  s h i n g l e s  t o  t h e  
a t t i c  i n  summer so  much as  t o  r a i s e  t h e  maximum s h i n g l e  temperatures  
dangerously high.  

I n  March 1974 a 4 f t  square  a r e a  o f  t h e  nor th  roof  o f  t he  

ex tens ion  was i n s u l a t e d  with R.20 g l a s s  f i b r e  b a t t s .  There were no t h e r -  
mocouples a t  t h i s  l o c a t i o n  bu t  t h e  r a t e  a t  which t h e  snow melted from the  

i n s u l a t e d  a r e a  was compared wi th  t h a t  o f  t h e  snow on t h e  remainder o f  t h e  

roo f .  

ROOF TEMPERATURES I N  THE ABSENCE OF SOLAR RADIATION 

Meteorological records  were examined t o  l o c a t e  co ld  b u t  over-  
c a s t  days i n  an at tempt t o  determine t h e  e f f e c t  o f  h e a t  l o s s  from t h e  
house a lone  on t h e  temperature d i s t r i b u t i o n  between t h e  var ious  p o i n t s  on 
t h e  roof  and r o o f / w a l l .  No very cold days could be found t h a t  were not  

a l s o  c l e a r  sunny ones and i t  was found t h a t  t h e  a i r  temperature was 
usua l ly  +15"F o r  h ighe r  under o v e r c a s t  s k i e s .  During one such pe r iod  

(6th and 7th February 1973) when the  a i r  temperature was + 1 4 " ~ ,  t h e  
temperatures  measured a t  the  o t h e r  l o c a t i o n s  were no more than  6 F deg 

h ighe r  except  f o r  t h e  a t t i c  which was 29°F. This  would i n d i c a t e  t h a t  
a l l  ou t s ide  s u r f a c e  temperatures  tended t o  follow the  a i r  temperature 
very c l o s e l y  a s  might be expected f o r  w e l l - i n s u l a t e d  b u i l d i n g s .  Unfor- 
t una te ly ,  no record  o f  t h e  depth o f  snow on t h e  roof  was a v a i l a b l e  b u t  
t h e r e  was u n l i k e l y  t o  have been more than  a few inches owing t o  mild 
temperatures  and t h e  lack  o f  heavy snowfal l s  i n  January.  

S i m i l a r l y ,  on 28th January t h e  a t t i c  was a t  29 t o  30°F a l l  day 
with a i r  temperature a t  19°F. The temperatures  o f  t he  remaining p o i n t s  
were between 2 2  and 2 7 " ~ .  

[luring the  pe r iod  from 28th February t o  2nd March, fo l lowing a 
sunny day on 28th February, i t  became ove rcas t  overn ight  and i t  was 
snowing by 0700 h r  on 1 s t  March. The a i r  temperature remained more o r  
less cons tan t  a l l  n i g h t  a t  16 t o  17°F while  t h e  a t t i c  temperature dropped 
s t e a d i l y  from 3 4 " ~  a t  2000 h r  t o  30°F a t  0600 h r  the  fo l lowing morning. 
A l l  o t h e r  p o i n t s  except  one were between 1 7  and 24°F and d i d  not  
f l u c t u a t e  more than  1 o r  2 F deg. The one except ion  was t h e  temperature 

i n  the  v e n t i l a t i o n  space on t h e  south  s i d e  o f  t h e  ex tens ion  which 
followed t h e  a t t i c  temperature more c l o s e l y .  A s  w i l l  be shown l a t e r ,  



t h i s  suggested t h a t  t h e r e  was an a i r  leak from t h e  house i n t o  t h i s  space .  
During 1 s t  March, t h e  a i r  temperature r o s e  s l i g h t l y  t o  2 1 ' ~  by 0900 h r ,  
then remained s t eady ,  and t h a t  of  t h e  a t t i c  rose  a  s i m i l a r  amount t o  3 5 " ~  
but  d i d  no t  reach t h i s  p o i n t  u n t i l  1430 h r .  The d i f f e rence  i n  temperature 
between t h e  o t h e r  po in t s  i nc reased  s l i g h t l y  dur ing  the  day which may have 
been due t o  t h e  i n s u l a t i n g  e f f e c t  of  t h e  b l anke t  o f  f r e s h  snow (8 .6  i n .  
f e l l  during t h e  day) .  Some suppor t  i s  given t o  t h i s  sugges t ion  by the  
f a c t  t h a t  t h e  temperatures  of  t h e  sh ing le s  on the  upper roof  where t h c  
snow would c o l l e c t  wcre somewhat h ighe r  than those on t h e  lower roof/wall .  
l l c  d i f f e r c n c c  was n o t  g r e a t ,  howevcr, and t h e r e  was some ove r l ap  i n  
temperature between t h e  two s e t s .  A t  about 2200 h r ,  f o r  example, t h e  
temperatures  o f  t he  roof  sh ing le s  were i n  t h e  range o f  25 t o  32OF and t h e  
wal l  s h i n g l e s  were i n  t h e  range o f  22 t o  2 6 ' ~ .  

I t  appears ,  t h e r e f o r e ,  t h a t  f o r  a  reasonably we l l - in su la t ed  
house, t h e  temperature o f  t h e  roo f  sh ing le s  a r e  u n l i k e l y  t o  r i s e  above 
32OF on a d u l l  day, even with the  i n s u l a t i n g  e f f e c t  o f  a  b lanket  of  f r e s h  
snow, when the  a i r  temperature i s  i n  t h e  low 20 ' s .  With l e s s  snow on the  
r o o f ,  t h e  a i r  temperature would have t o  be i n  the  upper  20 ' s  f o r  mel t ing  
t o  occur .  

ROOF TEMPERATURES ON A COLD AND SUNNY DAY 

Consider t h e  condi t ions  on 6 t h ,  7th and 8th January 1973. 
There i s  no r eco rd  o f  t h e  depth of  snow on the  roof  bu t  a  photograph 
taken on 24th December 1972 (F ig .  9) shows about 6 i n .  on t h e  no r th  roo f ;  
a  second one taken on 3rd January 1973 (Fig .  10) shows s l i g h t l y  more snow. 
A t h i r d  photograph, a l s o  taken on 3rd  January 1973 (Fig.  l l ) ,  shows about 
3 i n .  o f  snow on t h e  south r o o f .  The weather records  f o r  Ottawa I n t e r -  
n a t i o n a l  A i rpor t  show t h a t  December 1972 was a  month of more than average 
snowfal l .  The fol lowing snowfal l s  were recorded between 24th December 
and 6 t h  January : 

26th December 1972 2.7 i n .  
27th December 1972 1 . 3  i n .  
28th December 1972 0 .9  i n .  
30th December 1972 4 .9  i n .  
4 th  January 1973 2.0 i n .  
5 t h  January 1973 3.6 i n .  

f o r  a  t o t a l  o f  15.4 i n .  The r e l a t i v e l y  small  q u a n t i t y  of  snow on t h e  
south roof on 3rd January and the  f a c t  t h a t  t h e  roof was a l ready bare  o f  
snow about 2 o r  3 i n .  from t h e  eave i n d i c a t e d  t h a t  t h e  snow d i d  n o t  
remain long on t h a t  s i d e  (2nd and 3rd January were sunny days) .  One 
could n o t  reasonably assume, t h e r e f o r e ,  t h a t  t h e r e  was more than about 
8 i n .  o f  snow on the  south roof on t h e  morning o f  t h e  6 t h  ( 3  i n .  + 

2.0 i n .  + 3.6 i n .  = 8 .6  i n . )  fo l lowing the  snowfal ls  on the  4 th  and 5 t h .  
The depth o f  snow on t h e  no r th  roof would have been g r e a t e r  bu t  i t  i s  



u n l i k e l y  t o  have been a s  much a s  t h e  6 i n .  p lu s  t h c  15 i n .  snowfnl I .  A 

f i g i l r c  o f  1 2  t o  15 i n .  would bc more l i k e l y .  

In  pas s ing ,  i t  may be  observed t h a t  t h e  tunne l  under t h e  snow, 
which can be s een  i n  F ig .  9, was caused by an a i r  l eak  which alIowed h o t  
a i r  t o  flow up t h e  r a f t e r  space  and warm t h e  roof  shea th ing  a long  t h i s  
l i n e  a s  i s  shown by t h e  p a t t e r n  o f  f r o s t  on t h e  roo f  seen  i n  Fig.  1. 

Upper Roof 

A s tudy  of t h e  recorded  roof  tempera tures  du r ing  t h e  snow 
cond i t i ons  desc r ibed  p rev ious ly  y i e l d e d  t h e  fo l lowing:  

(1) Shingles  1 f t .  from eave on t h e  n o r t h  s i d e  (F ig .  12 ) .  
There was no g r e a t  d i f f e r e n c e  between t h e  tempera- 

t u r e s  o f  t h e  s h i n g l e s  on t h e  o r i g i n a l  house and t h e  
ex t ens ion ,  t h e  maximum d i f f e r e n c e  be ing  l e s s  t han  
4 F deg between 0800 and 0900 h r  on t h e  6 t h .  The 
tempera tures  were between 0 and 10 F deg warmer t h a n  
t h e  o u t s i d e  a i r .  They a l s o  lagged behind t h e  a i r  
t empera ture  by 1 t o  2 h r  and s o  tended t o  b e  c l o s e s t  

t o  it  s h o r t l y  a f t e r  noon when the  a i r  t empera ture  
was a t  i t s  maximum. 

Sh ing le s  1 f t .  from eave on south  s i d e  (Fig.  1 3 ) .  
The tempera ture  of  t h e  s h i n g l e s  ro se  we l l  above 

t h e  ambient a i r  t empera ture  and, i n  f a c t ,  above t h e  
a t t i c  t empera ture  on both  t h e  o r i g i n a l  house and t h e  
e x t e n s i o n .  Those on t h e  o r i g i n a l  house reached a 
maximum o f  43°F a t  1330 h r  on t h e  7 th ,  compared t o  a 
maximum a t t i c  t empera ture  o f  2 4 " ~  which was n o t  
reached u n t i l  1600 h r .  The d i f f e r e n c e s  i n  tempera- 
t u r e  were n o t  s o  g r e a t  on t h e  ex t ens ion ,  be ing  3°F 
above a t t i c  t empera ture  a t  1500 h r .  No d e f i n i t e  
exp lana t ion  can be  o f f e r e d  f o r  t h e  d i f f e r e n c e  be- 
tween the  two thermocouples.  I t  may be no t ed ,  how- 
eve r ,  t h a t  t h e  v e n t i l a t i o n  space  i n  t h e  w a l l  o f  t h e  
o r i g i n a I  house i s  connected t o  t h e  a t t i c  j u s t  below 
t h e  l o c a t i o n  o f  t h e  thermocouple.  I t  i s  p o s s i b l e  
t h a t  a i r  i n  t h i s  space  was warmed by t h e  sun  and 
r o s e  t o  flow o v e r  t h e  unders ide  o f  t h e  roof  boards .  
The maximum tempera ture  recorded  i n  t h e  v e n t i l a t i o n  
space  was about  5 t o  10 F deg c o o l e r  than t h e  maxi- 
mum s h i n g l e  tempera ture ,  b u t  i t  preceded t h e  
s h i n g l e  tempera tures  s l i g h t l y .  The photograph t aken  
on 3rd  January (F ig .  11) shows t h a t  t h e r e  was more 
i c e  a long  t h e  convent iona l  eave  of t h e  ex t ens ion  
where t h a t  thermocouple was l o c a t e d  t han  on t h e  



o r i g i n a l  house.  The sun ,  t h e r e f o r e ,  may n o t  have 

been a b l e  t o  warm t h e  roo f  a t  t h a t  p o i n t  a s  e a s i l y  a s  
on t h e  o r i g i n a l  house.  I t  may be noted a l s o  t h a t  t h e  
maximum temperature  recorded  each day f o r  t h e  s h i n g l e s  

on t h e  o r i g i n a l  house r o s e  s l i g h t l y  day by day d e s p i t e  

a  f a l l i n g  a i r  t empera ture .  The peak tempera tures  o f  

t h e  a t t i c  and t h e  s h i n g l e s  a t  t h e  o t h e r  l o c a t i o n s  
tended t o  f a l l .  

I t  would seem t h a t  cons ide rab l e  b e n e f i t  i n  t h e  con- 
t r o l  o f  i c e  dams could  be ob t a ined  on s o u t h e r l y  
exposures  i f  t h e  edge o f  t h e  roof  cou ld  be kep t  c l e a r  

o f  snow. The presence  o f  an eaves t rough t o  c o n t a i n  
t h e  snow would probably p reven t  t h i s  edge c l e a r i n g  
occu r r ing  by n a t u r a l  means and a l s o  h i n d e r  any a t t empt  
by t h e  owner t o  c l e a r  t h e  roo f  edge manually. I t  i s  
u n l i k e l y  t h a t  a  s i m i l a r  c l e a r i n g  on t h e  no r th  eave 
would have any e f f e c t .  In  an endeavour t o  v e r i f y  t h e  
e f f e c t  o f  a  snow-free edge on t h e  roo f ,  a  smal l  

s t e e p l y - s l o p i n g  ex t ens ion  t o  which t h e  snow would no t  
s t i c k  was b u i l t  on to  h a l f  o f  t h e  eave over  t h e  ba th-  
room and t h e  snow and i c e  accumulat ions on t h e  two 
ha lves  were compared du r ing  t h e  w i n t e r  o f  1974-75. 
I t  was found t h a t  t h e  i c i c l e  formation below the  
ex t ens ion  was much g r e a t e r  than  t h a t  on t h e  unmodified 
eave (F ig .  14 ) .  I t  was found l a t e r  t h a t  t h e r e  was no 

i c e  on t h e  roof  above t h e  ex t ens ion  (F ig .  15) whereas 

a  smal l  i c e  dam had s t a r t e d  t o  form on t h e  o t h e r  h a l f  

(F ig .  1 6 ) .  I n  t h e  e a r l y  p a r t  o f  t h e  w i n t e r ,  however, 

t h e  c o n d i t i o n s  were such t h a t  many i c i c l e s  were formed 

b u t  l a t e r  cond i t i ons  were n o t  conducive t o  t h e  forma- 
t i o n  o f  l a r g e  i c e  dams. The evidence i s  t h e r e f o r e  n o t  

conc lus ive .  E a r l i e r  s t u d i e s  conducted du r ing  t h e  
w i n t e r  o f  1972-73 on t h e  wes t  f a c i n g  eaves o f  o t h e r  

houses i n d i c a t e d  t h a t  on ly  s l i g h t  b e n e f i t  could  be  
ob t a ined  from s i m i l a r  eave  ex t ens ions  (F ig .  17 ) .  

(3) Sh ing le s  4 f t .  from t h e  r i d g e  ( o r i g i n a l  house) (F ig .  1 8 ) .  

The tempera tures  of t h e s e  roof s h i n g l e s  were between 
those  o f  t h e  o u t s i d e  a i r  and t h e  a t t i c .  They f l u c t u a t e d  
i n  sympathy with t h e  changes i n  t h e  o t h e r  two and t h a t  
on t h e  south  s i d e  responded a l s o  t o  t h e  e f f e c t s  o f  s o l a r  

r a d i a t i o n  

The no r th  s i d e  s h i n g l e  f l u c t u a t e d  i n  tempera ture  
l e s s  than  e i t h e r  t h e  o u t s i d e  a i r  o r  t h e  a t t i c ,  vary- 
i n g  l e s s  t h a t  5 F deg compared with 8 o r  9  F deg f o r  
t h e  a t t i c  and 15 t o  25 F  deg f o r  t h e  o u t s i d e  a i r .  



Maximum temperatures  were a l s o  reached a t  

d i f f e r e n t  tirncs: 1400 t o  1500 hr f o r  t h c  o i~ ts ic lc  

a i r ,  1500 t o  1700 h r  f o r  t h e  a t t i c  and 1800 t o  

2200 h r  f o r  t he  s h i n g l e ,  which remained a t  o r  n e a r  
i t s  maximum temperature f o r  longer  per iods  o f  t ime. 

On t h e  south  s i d e ,  t h e  sh ing le  temperature 
f l u c t u a t e d  much more than t h a t  on the  north s i d e  
owing t o  t h e  in f luence  of t h e  sun. I t  va r i ed  
through a  range o f  20 t o  25 F deg and a l though i t  
peaked a f t e r  t h e  o u t s i d e  a i r  temperature,  t h i s  
peak sometimes preceded t h a t  of the  a t t i c  a i r  
temperature.  A t  no time dur ing  t h e  pe r iod  under 
cons ide ra t ion  d id  i t  exceed t h e  a t t i c  temperature 

i n d i c a t i n g  t h a t ,  with about 8 i n . o f  snow on the  roof ,  
t he  h e a t  flow was always outwards. I n  o t h e r  words, 
no hea t  was t r a n s f e r r e d  t o  the  a t t i c  through s o l a r  
r a d i a t i o n  p e n e t r a t i n g  the  roo f .  I t  should a l s o  be 
noted t h a t  o f  t h e  s i x  roof  s h i n g l e s  whose tempera- 
t u r e s  were recorded,  only  the  temperature o f  t he  
sh ing le s  1  f t  from the  eave on the  south s i d e  o f  t h e  
o l d  house r o s e  above a t t i c  temperature t o  any 
apprec iab le  degree and f o r  any length  o f  t ime.  
Thus t h e  d i r e c t  s o l a r  h e a t  ga in  t o  t h e  a t t i c  through 

t h i s  depth of  snow on t h e  roof may wel l  be  minimized. 
The r i s e  i n  a t t i c  temperature would t h e r e f o r e  seem 

t o  be  t h e  r e s u l t  o f  a  balance between a  more o r  l e s s  
cons tan t  h e a t  l o s s  from the  house and v e n t i l a t i o n  

with o u t s i d e  a i r .  I n  the  case  of t h i s  p a r t i c u l a r  
house with i t s  somewhat unusual roof  and wall  con- 

s t r u c t i o n  it i s  p o s s i b l e  t h a t  s o l a r  h e a t  gain through 
t h e  s h i n g l e s  on t h e  lower roof /wal l  i n t o  t h e  v e n t i l a -  
t i o n  space a l s o  a f f e c t e d  t h e  a t t i c  temperature.  This 

space ,  however, covered only  1 3  f t  on the  south 
s i d e  o u t  of  a  t o t a l  length  of 39 f t .  

Roof/wall and Ven t i l a t ion  Space Temperatures 

Roof/Wall s h i n g l e s  on t h e  nor th  s i d e  (Fig.  1 9 ) .  
The sh ing le s  on both the  o l d  house and the  exten-  

s ion  followed almost i d e n t i c a l  temperature p a t t e r n s ,  
which were a l s o  very s i m i l a r  t o  those  of t he  o u t s i d e  
a i r .  During t h e  day, t he  s h i n g l e  temperature rose  
more r a p i d l y  than t h e  a i r  temperature and was two o r  
t h r e e  degrees warmer about midday when t h e  a i r  tem- 
p e r a t u r e  was c lose  t o  O°F. Overnight,  t h e r e  was very 
l i t t l e  d i f f e r e n c e  between the  s h i n g l e  and a i r  tempera- 
t u r e s  al though t h e  s h i n g l e s  tended t o  be a  degree o r  
s o  c o l d e r .  



(2) Roof/Wall s h i n g l e s  on t h e  s o u t h  s i d e  (F ig .  20) .  
A s  one would e x p e c t ,  t h e  s i t u a t i o n  was v a s t l y  

d i f f e r e n t  from t h e  n o r t h  s i d e  s i n c e  t h e  s u n ' s  r a y s  
were approx imate ly  normal t o  t h e  s h i n g l e  s u r f a c e  

abou t  midday i n  mid-winter .  A t  noon, bo th  s h i n g l e  
t empera tures  were o v e r  80 F deg above t h e  a i r  tem- 
p e r a t u r e .  Indeed,  t h e  t e mpe ra tu r e  o f  t h e  s h i n g l e s  
on t h e  o r i g i n a l  house r o s e  t o  a  h igh  of 95  F deg 
on 8 t h  ,January 1973 f o r  a  g a i n  o f  a lmos t  100 F deg 
o v e r  t h e  a i r  t e m p e r a tu r e  which was s l i g h t l y  below 
0"17. I t  may be no ted  t h a t  t h e  wind on t h e  8 t h  had 
dropped t o  5  mph a s  compared t o  about  15 mph on t h e  
0 t h  and 7 t h .  In  a l l  c a s e s ,  t h e  peak s h i n g l e  tempera- 
t u r e  o c c u r r e d  a n  hour  o r  s o  b e f o r e  t h e  maximum a i r  

t empe r a tu r e .  T h i s  cou ld  have been due t o  t h e  o r i e n -  
t a t i o n  o f  t h e  house w i t h  t h e  r e a r  f a c i n g  s l i g h t l y  
e a s t  o f  s o u t h .  

Overn igh t ,  t h e  s h i n g l e  t empera ture  on t h e  
o r i g i n a l  house dropped s l i g h t l y  below a i r  tempera- 
t u r e  owing t o  r a d i a t i o n  t o  a  c l e a r  n i g h t  sky .  I t  
v a r i e d  between 1 and 5  F deg on t h e  d a t e s  under  
c o n s i d e r a t i o n .  No r e c o r d  of  t h e  degree  o f  c l a r i t y  
on t h e  d i f f e r e n t  n i g h t s  was a v a i l a b l e ,  however. 
A s  n o t e d  e a r l i e r ,  t h e  t e m pe ra tu r e  o f  t h e  s h i n g l e s  

on  t h e  n o r t h  s i d e  d i d  n o t  drop below t h e  a i r  tem- 
p e r a t u r e  t o  t h e  same e x t e n t  a s  d i d  t h a t  o f  t h e  

s h i n g l e s  on t h e  s o u t h  s i d e .  I t  i s  p robab l e  t h a t  
t h i s  d i f f e r e n c e  between t h e  n o r t h e r n  and s o u t h e r n  
exposures  was due t o  t h e  g r e a t e r  number of  l a r g e  
t r e e s  on  t h e  n o r t h  s i d e  even though t hey  a r e  
deciduous t r e e s  and b a r e  o f  l e a v e s  i n  w i n t e r .  

The s h i n g l e s  on t h e  so u th  s i d e  o f  t h e  e x t e n s i o n  
d i d  n o t ,  however, f i t  i n t o  t h e  same p a t t e r n ,  f o r  
a l though  t h e  t e m p e r a tu r e  r o s e  abou t  80 F deg above 
t h e  a i r  t e m p e r a tu r e  d u r i n g  t h e  day, i t  remained 7  
t o  10 F deg above i t  d u r in g  t h e  n i g h t .  I t  is 
p o s s i b l e  t h a t  t h e  p o s i t i o n  o f  t h e s e  s h i n g l e s  i n  a  
r e c e s s  between two dormers may have had a n  e f f e c t  
on t h e i r  t e m p e r a tu r e ,  b u t  i t  i s  more p robab l e  t h a t  
t h e r e  was an a i r  l e a k  from t h e  house i n t o  t h e  ven- 
t i l a t i o n  sp a c e  beh ind  them. The t empe ra tu r e  i n  
t h a t  s p a c e  was c o n s i s t e n t l y  h i g h e r  t han  i n  s i m i l a r  
space s  e l sewhere  on t h e  house .  



(3) Roof/Wall v e n t i l a t i o n  spaces  on t h e  no r th  s i d e .  
The tempera tures  i n  t h e  v e n t i l a t i o n  spaccs  on 

t h e  n o r t h  s i d e  o f  bo th  t h e  o r i g i n a l  house and t h e  
ex t ens ion  were, l i k e  t h e  s h i n g l e s ,  e s s e n t i a l l y  
s i m i l a r .  They fol lowed t h e  p a t t e r n  o f  a i r  tempera- 
t u r e  b u t  were 5  t o  7  F deg warmer. 

(4)  Roof/Wall v e n t i l a t i o n  spaces  on t h e  sou th  s i d e .  
(a )  O r i g i n a l  house 

On t h e  south  s i d e  o f  t he  house,  a t  o r  s h o r t l y  
a f t e r  midday, t h e  tempera ture  i n  t h e  v e n t i l a t i o n  
space  was about  30 F  deg above t h e  a i r  t empera ture  
because o f  s o l a r  r a d i a t i o n .  A t  t h e  same t ime t h e  
s h i n g l e s  were 80 t o  100 F  deg above a i r  t empera ture .  
On t h e  n i g h t  o f  5 t h / 6 t h  January  t h e  space tempera- 
t u r e  was approximately 15 F  deg warmer than  t h e  a i r  
t empera ture  which was f a l l i n g  a t  t h a t  t ime .  I t  was 
10 F  deg warmer on t h e  n i g h t  o f  6 t h / 7 t h  January .  
These ove rn igh t  t empera tures  were about  2 t o  5  F  deg 
warmer than  those  i n  t h e  cor responding  space  on the  
no r th  s i d e  a t  a  t ime when t h e  tempera ture  of t h e  
roof /wal l  s h i n g l e s  on t h e  sou th  s i d e  were e i t h e r  t h e  
same a s  o r  s l i g h t l y  c o l d e r  than t h a t  of t h e  s h i n g l e s  
on t h e  n o r t h  s i d e .  On t h e  n i g h t  o f  7 th /8 th  January ,  
t h e  tempera ture  d i f f e r e n c e  between t h e  two spaces  was 
l e s s  pronounced and between 0600 and 0800 h r ,  t h e  
south  space  was s l i g h t l y  c o l d e r  t h a n  t h e  n o r t h  one.  
During t h e  n i g h t  o f  8 t h / 9 t h  January ,  t h e  two roo f /wa l l  
space  tempera tures  were v i r t u a l l y  t he  same. The wind 
speed  and d i r e c t i o n  r eco rds  f o r  NRC ( s i t u a t e d  approxi -  
mately 2 miles  e a s t  of t h e  house) showed t h a t  on t h e  
n i g h t s  o f  5 t h / 6 t h  and 6 t h / 7 t h  January ,  t h e  wind was 
predominantly from t h e  nor thwes t  a t  a  speed  o f  between 
14 and 19 mph. On t h e  n i g h t  of t h e  7 t h / 8 t h Y  t h e  
d i r e c t i o n  was s ti 11 predominant ly  nor thwes t  b u t  t h e  
speed  had dropped t o  between 8  and 10 mph. On 8 th  
January ,  t h e  wind speed dropped t o  5  mph from the  
nor thwes t  and 6  mph from t h e  west  a t  0700 and 0800 h r s  
r e s p e c t i v e l y .  The sou th  roo f /wa l l  space  was s l i g h t l y  
c o o l e r  t han  t h a t  on t h e  n o r t h  s i d e  a t  t h i s  t ime.  By 
t h e  n i g h t  o f  t h e  8 t h / 9 t h ,  t he  speed had moderated 
s t i l l  f u r t h e r  t o  between calm and 5  mph and i t s  
d i r e c t i o n  had changed t o  southwes t .  The r eco rds  f o r  
t h e  v e n t i l a t i o n  space  tempera tures ,  t h e  wind speeds 
and d i r e c t i o n s  f o r  t h e  pe r iods  o f  28th,  29 th ,  and 30th 
January (F ig .  21) and 9 t h ,  10 th  and 11 th  February 1973 
show s i m i l a r  p a t t e r n s .  One may conclude,  t h e r e f o r e ,  
t h a t  a  flow o f  a i r  i s  promoted i n  t h e  roo f /wa l l  



v e n t i l a t i o n  spaces from one s i d e  o f  t h e  house t o  
t h e  o t h e r  when t h e  wind impinges more o r  l e s s  
d i r e c t l y  on one f a c e .  The wind speeds around the  
house were no t  measured bu t  because of  t h e  s h e l -  
t e r i n g  e f f e c t  o f  surrounding houses they would be 
cons iderably  l e s s  than those  recorded a t  NRC . 

(b) Extension 
The temperatures  recorded i n  t h e  v e n t i l a t i o n  

space on the  south  s i d e  o f  t h e  ex tens ion  d i d  not  
correspond t o  those  i n  t h e  space on t h e  o r i g i n a l  
house. They were c o n s i s t e n t l y  h i g h e r  by 10 o r  
even 20 F deg during t h e  n i g h t  and peaked a t  
about 60°F dur ing  t h e  day as  compared t o  30 t o  
3S°F i n  t h e  o r i g i n a l  house. This ,  a s  noted  
e a r l i e r ,  l eads  one t o  t h e  conclusion t h a t  t h e  
a i r  i n  t h i s  space on t h e  ex tens ion  was be ing  
warmed t o  some e x t e n t  by a convect ive leakage o f  
a i r  from i n s i d e  t h e  house. This  theory  is sup- 
p o r t e d  by the  absence o f  f r o s t  on t h e  roof  t o  t h e  
r i g h t  o f  t h e  l e f t  dormer a s  seen i n  Fig. 2. 

MAXIMUM ROOF SHINGLE TEMPERATURES IN SUMMER 

Because it had been found t h a t  t h e  roo f /wa l l  sh ing le s  rose  80 
o r  even 100 F deg above ambient a i r  temperature on a sunny day i n  mid- 
w i n t e r  when t h e  sun ' s  r ays  were approximately normal t o  them, it was 
decided t o  i n v e s t i g a t e  t h e  maximum temperature which might be reached by 
t h e  roof  sh ing le s  i n  mid-summer. The s l o p e  o f  t h e  roo f  was such t h a t  t h e  
s u n ' s  r ays  would be normal t o  t h e  r o o f  s u r f a c e  s h o r t l y  before  and a f t e r  
t he  summer s o l s t i c e .  The temperatures  were t h e r e f o r e  recorded between 
12th  June and 11th  J u l y  1973, i . e . ,  a pe r iod  s t r a d d l i n g  t h e  s o l s t i c e .  

The h i g h e s t  temperatures  were recorded f o r  t h e  thermocouple 
under t h e  s h i n g l e s  4 f t .  from t h e  r i d g e  o f  t h e  roof  on t h e  south s i d e  o f  
t h e  o r i g i n a l  house. The maximum s h i n g l e  temperature was 172OF a t  1230 h r  
EST on 9 t h  J u l y  when t h e  a i r  temperature was 9S°F, a day which t h e  Uplands 
weather o f f i c e  recorded a s  "mainly sunny and warm". This  was a r i s e  o f  
77 F deg above a i r  temperature.  The maximum r i s e  above a i r  temperature 
was 88 F deg recorded a t  1145 h r  EST on 13th June when t h e  s h i n g l e  was 
168OF and t h e  a i r  temperature was 80°F. I t  can be seen ,  t h e r e f o r e ,  t h a t  
t h e  r i s e  i n  s h i n g l e  temperature because of s o l a r  r a d i a t i o n  i n  summer was 
very  s i m i l a r  t o  t h a t  o f  t h e  roof /wal l  s h i n g l e  i n  w i n t e r .  The s u n ' s  rays  
would be more o r  l e s s  normal t o  t h e  s h i n g l e  i n  each case .  

The s h i n g l e s  1 f t  from t h e  eave were cons iderably  coo le r  than 
t h e  ones nea r  t h e  r i d g e .  This  may have been due t o  some v e n t i l a t i o n  
occurr ing  i n  t h e  roof/wall  space,  which would cool  t h e  s h i n g l e s  n e a r  t h e  



eave, whereas t he  s h i n g l e s  4 f t .  from thc  ri dgc miiy hnvc hccn o v c r  an 
almost s t i l l  pocket o f  a i r .  There was l i t t l e  o r  no d i f f e r e n c e  i n  temper- 
a t u r e  between the  s h i n g l e s  n e a r  t h e  eave o f  t h e  o l d  house and those  on 
t h e  ex tens ion  d e s p i t e  t h e  f a c t  t h a t  t h e  s h i n g l e s  on t h e  ex t ens ion  were 
n e a r  a convent iona l ly  v e n t i l a t e d  eave r a t h e r  than  above t h e  space  i n  t h e  
roof /wal l ,  which would be expected t o  produce more convect ive  v e n t i l a t i o n .  

The s h i n g l e s  n e a r  t h e  eave had a maximwn temperature o f  157OF 
on 9 t h  J u l y  1973 a s  compared t o  17Z°F f o r  t h o s e  4 f t .  from t h e  r i d g e ;  t h e  
roof /wal l  space was a t  116OF and t h e  a t t i c  reached a maximum of 130°F 
about two hours  l a t e r .  On 13th June ,  when t h e  s h i n g l e s  4 f t .  from t h e  
r i d g e  exper ienced  t h e i r  maximum r i s e  above ambient a i r  temperature and 
reached 168"F, t h e  eave s h i n g l e s  ro se  t o  14g°F, t h e  roo f /wa l l  space  t o  
9h°F, and t h e  a t t i c  t o  l lS°F .  For t h e  n ine  sunny days examined, t h e  
maximum and average r i s e  above a i r  temperature f o r  t h e  two p o s i t i o n s  o f  
roof  s h i n g l e s ,  t h e  a t t i c ,  and t h e  roo f /wa l l  v e n t i l a t i o n  spaces  were a s  
fo l lows  : 

Rise Above A i r  Temperature (F deg) 

Maximum Average 

Roof s h i n g l e s  4 f t  from r i d g e  88 77 

Roof s h i n g l e s  1 f t  from eave 6 9 5 8 

A t t i c  4 7 3 4 

Roof/Wall v e n t i l a t i o n  spaces  25 21 

EFFECT OF INSULATION PLACED UNDER THE ROOF DECK 

An examination o f  t h e  temperature records  taken i n  t h e  f a l l  and 
e a r l y  w in te r  o f  1973-74 i n d i c a t e d  t h a t  t h e  aluminum f o i l  i n s u l a t i o n  had 
no s i g n i f i c a n t  e f f e c t  on t h e  s h i n g l e  tempera tures .  P r i o r  t o  i n s t a l l a t i o n  
of t h e  f o i l ,  temperature d i f f e r e n c e s  o f  up t o  4 F deg were recorded  
between corresponding thermocouples i n  t h e  o r i g i n a l  house and i n  t h e  
ex t ens ion  al though t h e  two a t t i c  a i r  temperatures  remained w i t h i n  2 F deg 
of one ano the r ,  t h e  o l d  house be ing  s l i g h t l y  warmer. 

A f t e r  i n s t a l l a t i o n  o f  t h e  f o i l  t h e  d i f f e r e n c e  i n  a i r  temperature 
i n  t h e  two ha lves  o f  t h e  a t t i c  remained unchanged. The e f f e c t  o f  t h e  f o i l  
on t h e  s h i n g l e  temperatures  was n o t  c l e a r .  There was some s l i g h t  i n d i -  
c a t i o n  t h a t  when t h e  h e a t  flow was outward, i . e . ,  when t h e  a t t i c  was 
warmer than  t h e  s h i n g l e s ,  t h e  s h i n g l e s  w i th  t h e  f o i l  below them were 



s l i g h t l y  coo le r  than the  o t h e r s .  When t h e  h e a t  flow was inward because 
o f  s o l a r  r a d i a t i o n  warming t h e  s h i n g l e s ,  t h e  r eve r se  appeared t o  be t r u e .  
One might conclude, t h e r e f o r e ,  t h a t  t he  aluminum f o i l  d i d  r e s t r i c t  t h e  
h e a t  flow s l i g h t l y  bu t  t h e  change i n  s h i n g l e  temperature was a t  most 
7 F deg. There was, moreover, no no t i ceab le  d i f f e r e n c e  i n  t h e  r a t e  a t  
which t h e  snow melted from t h e  a r e a s  wi th  aluminum f o i l  under them a s  
compared t o  t h e  remainder o f  t h e  roo f .  The R. 20 g l a s s  f i b r e  i n s u l a t i o n ,  
on t h e  o t h e r  hand, r e t a r d e d  t h e  snow melt cons iderably .  R.20 i n s u l a t i o n  
was used because i t  was r e a d i l y  a v a i l a b l e  but  i t  i s  p o s s i b l e  t h a t  b e n e f i t  
i n  t h e  c o n t r o l  of  i c e  damming could be obta ined  from s m a l l e r  t h i cknesses .  

In  summer, t h e  evidence a s  t o  t h e  e f f e c t  of r e f l e c t i v e  i n s u l a -  
t i o n  was once aga in  inconclus ive .  The h e a t  flow under s o l a r  r a d i a t i o n  
was always inward on both t h e  no r th  and south  s lopes  of t h e  roof  but  only  
t h e  sh ing le s  on the  south  s i d e ,  4 f t .  from t h e  r i d g e  with f o i l  under 
them, showed evidence o f  becoming warmer than those  with no f o i l .  The 
d i f f e rence  was always l e s s  than  10 F deg however. 

CONCLUSIONS 

An i c e  dam forms when the  snow i n  con tac t  wi th  t h e  roof  i s  
warmed t o  about 3 2 ' ~  a t  a  t ime when the  ambient a i r  temperature i s  l e s s  
than 32OF. The necessary  hea t  can be supp l i ed  t o  t h e  snow both from 
s o l a r  r a d i a t i o n  and h e a t  l o s s  from the  house. When a t tempt ing  t o  con t ro l  
t h e  formation o f  i c e  dams l i t t l e  can be done t o  modify t h e  d i r e c t  h e a t  
gain from the  sun o t h e r  than by shading the  roof  with t a l l  t r e e s  because 
roof co lour  apparent ly  has l i t t l e  e f f e c t .  E f fo r t s  must t h e r e f o r e  be 
d i r e c t e d  t o  reducing  t h e  amount o f  h e a t  t r a n s f e r r e d  from t h e  house t o  the  
roof by i n c r e a s i n g  both t h e  amount of i n s u l a t i o n  and t h e  a t t i c  v e n t i l a -  
t i o n .  

With a  moderately we l l - in su la t ed  house (between R. 15 and R. 20  

i n s u l a t i o n  i n  t h e  c e i l i n g )  wi th  reasonably good a t t i c  v e n t i l a t i o n ,  i t  i s  
u n l i k e l y  t h a t  snow w i l l  melt on a  d u l l  day unless  t h e  a i r  temperature 
r i s e s  above 20 o r  2S°F. The p r e c i s e  temperature w i l l  be in f luenced  by 
many f a c t o r s  inc lud ing  the  depth o f  snow on t h e  r o o f .  On a  co ld  (o°F)  
bu t  sunny day with 6 t o  12 i n .  o f  snow on the  roof ,  only t h e  temperature 
o f  t h e  sh ing le s  c lose  t o  t h e  eave on t h e  sou the rn  exposure would be 
expected t o  r i s e  above a t t i c  temperature.  Where t h e r e  i s  l i t t l e  snow 
t h i s  temperature could r i s e  above t h e  f r eez ing  p o i n t .  To minimize i c e  
damming, t h e r e f o r e ,  t h e r e  may be some advantage i n  keeping t h e  eave f r e e  
o f  snow on a  southern  exposure s o  t h a t  t h e  s h i n g l e s  can be warmed by the  
sun and s o  prevent  t h e  formation o f  i c e .  I t  i s  doubt fu l  t h a t  much bene- 
f i t  would be obta ined  on o t h e r  exposures.  A t  o t h e r  loca t ions  on t h e  roof  
and under snow cover ,  t he  h e a t  flow i s  always outward and would appear  t o  
be l a r g e l y  a  r e s u l t  o f  t he  ba lance  between t h e  r a t e  of h e a t  l o s s  from t h e  
house and t h e  amount of v e n t i l a t i o n  i n  the  a t t i c .  Houses with c a t h e d r a l  



c e i l i n g s  and no a t t i c s  should be more prone t o  i c c  clamming than a r c  
those  wi th  a t t i c s .  

Shingles  on a  s t e e p l y  p i t c h e d  roof  with a  southern  exposure, 
which i s  f r e e  of  snow except  f o r  b r i e f  per iods  fo l lowing a  snow storm, 
can experience a  temperature r i s e  o f  up t o  100 F deg above ambient a i r  
temperature.  Shingles  on a  l e s s  s t e e p l y  p i t c h e d  roof  can have a  s i m i l a r  
temperature r i s e  on sunny days i n  summer. 

Aluminum f o i l  r e f l e c t i v e  i n s u l a t i o n  p laced  on t h e  underside of  
t h e  roof deck does n o t  appear  t o  r e s t r i c t  outward h e a t  flow e f f e c t i v e l y  
enough t o  reduce t h e  r a t e  a t  which t h e  snow melts .  Nor does i t  appear  t o  
r e s t r i c t  t h e  inward h e a t  flow i n  summer s u f f i c i e n t l y  t o  r a i s e  the  roof  
s h i n g l e  temperatures  ma te r i a l ly .  

The range o f  temperatures  experienced by t h e  s h i n g l e s  and the  
a t t i c  during c l e a r  cold win te r  cond i t ions  a r e  i l l u s t r a t e d  i n  Fig.  2 2 .  

The d i f f e r e n c e  from a i r  temperature f o r  each l o c a t i o n  i s  t h e  d i f f e r e n c e  
a t  a  s p e c i f i c  t ime but  t h e  t imes a t  which the  maximum o r  minimum 
d i f f e r e n c e s  occur  a t  d i f f e r e n t  l oca t ions  do n o t  n e c e s s a r i l y  co inc ide  
wi th  one another  nor wi th  t h e  maximum o r  minimum a i r  tempera ture .  



FIGURE 1 FROTJT ELEVATION O F  HOUSE 

F I G U R E  2 REAR ELEVATION O F  HOUSE 



F I G U R E  3 FRONT WALL CONSTRUCTION 
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F I G U R E  9 SNOW COVER ON NORTH ROOF 2 4 T H  DECEMBER 1 9 7 2  

F I G U R E  10 SNOW COVER ON NORTH ROOF 3RD JANUARY 1973 



FIGURE 11 SNOW COVER ON SOUTH ROOF 
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FIGURE 16 BEGINNING O F  I C E  DAM ON CONVENTIONAL EAVE 
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