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PREF 4CE 

The c r i t i c a l  load f o r  which t h e  r o o f s  of bu i ld ings  and 
houses i n  Canada genera l ly  must be designed i s  t h e  load 
imposed by snow, Thus t h e  magnitude of t h e  design snow load  
has a  considerable  e f f e c t  on t h e  cos t  of roof cons t ruc t ions .  

Snow loads  t o  be expected ac ross  Canada a r e  given i n  
t h e  Nat ional  Building Code (1953) i n  a  map from which t h e  
design snow load  can be  obtained f o r  any region ,  The loads  
shown on t h i s  map were based on measurements of maximum snow 
depths on t h e  ground from records  taken over a  ten-ycar per iod 
a t  a  number of p o i n t s  ac ross  t h e  country.  Opinion has been 
widely expressed t h a t  measurements of snow depths  on t h e  ground 
cannot be appl ied  d i r e c t l y  t o  t h e  determinat ion of des ign  snow 
loads f o r  r o o f s  and t h a t  t h e  snow load va lues  given i n  t h e  1953 
Code a r e  t o o  h igh  f o r  some regions.  

The Associate  Committee on t h e  Nat ional  Building Code 
i s  r e spons ib le  f o r  t h e  p repara t ion  and r e v i s i o n  of t h e  Code. 
As a  s e r v i c e  t o  t h i s  Committee, t h e  Divis ion of Building 
Research of t h e  National Research Council undertook t o  study 
a c t u a l  snow loads  a s  they  occur on roofs .  This  study, because 
of r e g i o n a l  and yea r ly  c l i m a t i c  v a r i a t i o n s ,  must extend over 
seve ra l  years  and must t a k e  i n t o  account t h e  whole of Canada, 

This  r e p o r t  i s  t h e  second progress  r e p o r t  on the  survey 
of snow loads on roofs ,  t h e  f i r s t ,  (DBR Report No, 134), having 
covered only t h e  p i l o t  survey which was c a r r i e d  out  during t h e  
f i r s t  winter  of observat ions,  This ,  t h e r e f o r e ,  i s  t h e  f i r s t  
r e p o r t  of t h e  f u l l  survey, g iv ing  t h e  r e s u l t s  obtained by t h e  
t h r e e  types  of s t a t i o n s  t ak ing  p a r t  i n  t h e  work ( A ,  B and C 
S t a t i o n s ) ,  The records  a r e  shown mainly i n  g raph ica l  form. 
The r e p o r t  a l s o  d i scusses  t r e n d s  and unusual f e a t u r e s  of t h e  
observat ions  of t h e  winter .  An appendix t e l l s  of t h e  
handl ing of snow loads  i n  Russia, i l l u s t r a t i n g  t h a t  engineers  
i n  another  country wi th  a cold c l imate  a r e  encountering s i m i l a r  
problems. 

Ottawa 
November 1958 

Robert F. Legget, 
Direc tor .  



SNOW LOADS ON ROOFS 1957-58 

SECOND PROGRESS REPORT 

D.EI Allen and C * J I  Turkstra  

I n  1956 t he  Div is ion  of Bui lding Research began a survey 
of snow l o a d s  on r o o f s  a c r o s s  Canada f o r  the Associate Committee 
of the  Nat iona l  Bui ld ing  Code. The purpose of t h i s  survey i s  t o  
ob ta in  r e c o r d s  over a number of yea r s  of a c t u a l  roof loads  i n  
order  t o  provide a b a s i s  f o r  more r a t i o n a l  des ign  snow loads  i n  
th Nat iona l  Bui ld ing  Code i n  the  f u t u r e .  A t  present  t h e  des ign  
snow l o a d s  a r e  based on snow measurements on the  ground only. 
A more complete d e s c r i p t i o n  of the  background f o r  t h i s  survey 
and the  r e s u l t s  of a p i l o t  survey taken  i n  the  f i r s t  year  a r e  
p resen ted  i n  DBR Reports  106 and 134. 

The purpose of th i s  and f u t u r e  y e a r l y  p rogres s  r e p o r t e  
i s  t o  summarize t h e  f i n d i n g s  of one win ter !  8 observa t ions  and t o  
po in t  out  any t r e n d s  and unueual f e a t u r e s  of the observations. 
I n  a d d i t i o n ,  t h i s  r e p o r t  suggest8 a method of p r e s e n t a t i o n  of the  
y e a r '  a observa t ions  and d i s c u s s e s  the problem of  loading p a t t e r n  
by comparing s p e c i f i c a t i o n s  w i t h  a c t u a l  occurrences.  

A s  an example of the use of a non-uniform loading  p a t t e r n  
i n  a b u i l d i n g  code a n  exce rp t  from t h e  Russian ' 'Construct ion 
Standards  and ~ e g u l a t i o n s "  i s  given i n  an appendix. Inc luded  
a l s o  i n  the  appendix a r e  a b s t r a c t s  from 2 Russian a r t i c l e s  
d i s c u s s i n g  t h e  snow loads  i n  the Russian s tandards .  These may 
i l l u s t r a t e  t h a t  eng inee r s  i n  another  country w i t h  co ld  w i n t e r s  
a r e  encounter ing  s i m i l a r  code problems. 

Swnmary of 1957-58 Observat ions  

Few of the  s t a t i o n s  a t  which snow l o a d s  or  depths  were 
measured had average o r  above average y e a r l y  snowfall .  A number of 
s t a t i o n s  had almost n e g l i g i b l e  snow accumulations on roo f s .  The 
maximum recorded average ground and roof l o a d s  were 120 psf and 82 
psf bo th  observed a t  t h e  A S t a t i o n ,  Glacier ,  B.C. (4,100 f t  above 
sea l e v e l ) .  The y e a r ' s  measurements confirmed the impression 
t h a t  t h e r e  i s  an  apprec iab le  d i f f e r e n c e  between roof  and  ground 
snow loads.  I n  a l l  b u t  a few s p e c i a l  c a s e s  roof loads  were l i g h t e r .  
A s  expected,  however, l a r g e  snow c o n c e n t r a t i o n s  occurred on some 



rocf s ,  p a r t i c u l a r l y  along the parapets  of f l a t  roofs ,  on t h e  
lower por t ions  of stepped r o o f s  and i n  roof va l leys .  These 
l o c a l i z e d  d r i f t s  were o f t e n  deeper and heavier  than the  snow 
load  on t h e  ground. 

Descr ip t ion  of S t a t i o n s  

F i f t y - f i v e  s t a t i o n s  r epor ted  i n  the  1957-58 surveys (15; A, 
32 B and 8 C S t a t i o n s ) .  The t h r e e  types of s t a t i o n s  and the  
procedures used were descr ibed i n  DBR Report No. 13b0 I n  b r i e f ,  a t  
t h e  A S t a t i o n s  d e t a i l e d  roof and ground depths and d e n s i t i e ~  were 
recorded weekly and a f t e r  snowstorms on r e l a t i v e l y  conventional 
8loped and f l a t  r o o f s  according t o  the  f i e l d  i n s t r u c t i o n s  i s sued  i n  
DBR Technical Note No. 233. A t  B S t a t i o n s  only roof and ground 
depths were measured, weekly and a f t e r  l a r g e  snowfalls.  B S t a t i o n  
observers  recorded the deepest  roof d r i f t  and a  number of represen-  
t a t i v e  snow depths on a  bu i ld ing  (avoid ing  d r i f t s  and bare s p o t s ) .  
In  add i t ion ,  observers  were asked t o  record  some genera l  information 
on wind and c l imate  along with observat ions  of extreme snow accumu- 
l a t i o n s  i n  the  area.  

A t  C S t a t i o n s  the R.C.A.F. made measurements s i m i l a r  t o  
those of the A S t a t i o n s  on l a r g e  r o o f s  a t  9 bases a c r o s s  t h e  country. 
Where poss ib le  four  s tandard bu i ld ings  were used a t  each s t a t i o n  - 
a  c a n t i l e v e r  hangar ( f l a t  r o o f ) ,  an a r c h  hangar (curved roof ), a 
mechanical equipment garage ( f l a t  r o o f )  and a  supply depot ( f l a t  r o o f )  
(F ig-  12). For each type of roof a  number of p o i n t s  had been 
chosen a t  which snow depths were measured weekly by means of a yard- 
s t i c k .  These were accompanied by d e n s i t y  and ground depth measurements 

P resen ta t ion  of Resu l t s  

A t  t he  A and C S t a t i o n s  snow loads  could be r e a d i l y  doter -  
mined because both depth  and d e n s i t y  measurement s were ava i l ab le .  
For each bu i ld ing  the  maximum, average and minimum roof loads  and 
the  average ground load  were p l o t t e d  f o r  each day of observat ion.  
The l o c a t i o n s  of the extreme loads  a r e  noted because the  maximum load 
d i d  n o t  always occur a t  the  same gauge. These p l o t s  a r e  given i n  
Figs.  1 t o  I S .  Only s t a t i o n s  having more than  5 in. of accumulated 
snow during  he winter  a re  shown, Resu l t s  f o r  a l l  s t a t i o n  r o o f s  
a r e  summarized i n  Table I ( A  S t a t i o n s )  and Table I1 ( C  S t a t i o n e )  
which give the  maximum average roof and ground loads,  t h e  maximum 
observed roof load (deepest  d r i f t )  and the N.B.C. design snow load  
f o r  comparison. 

F igures  1 t o  15 a l s o  show some d e t a i l  of t h e  bu i ld ings  
observed together  ~ i . t h  the maximum d a i l y  wj.nd speed and d i r e c t i o n ,  
average d a i l y  temperature and the  t o t a l  hours of b r i g h t  sunshine 
which were t aken  from the Department of Transport  Meteorological 
Sumnlaries f o r  each s t a t i o n .  



A t  the I3 S t a t i o n s  maximum roof and ground loads  were 
es t imated  assuming a dens i ty  of 0.2. To s m a r i z e  those r e s u l t 8  
the  loads were represented  on a  map of Canada (Fig.  16). As a f i n a l  
summary of the observat ions  f o r  the  A and C S t a t i o n s  a s i m i l a r  map 
was prepared ( ~ i g .  17). 

Discussion of 1957-58 Observations 

A s  previous ly  noted average roof l o a d s  were l e s s  than  
were average ground loads.  The loads  were u s u a l l y  not d l  s t r i b u t e d  
uniformly over the  roof  area.  I n  the  fol lowing n o t e s  some s p e c i a l  
f e a t u r e s  of a  few of the  observat ions a r e  discussed. 

, Aklavikt ( ~ n  example of a  long continuous win te r  w i t h  low winds) 

This i s  one of the few s t a t i o n s  a t  which snowfall  was 
above average f o r  the  wintor. Because of the very low temperature,  
t h e  l a c k  of sunshine, and t h e  comparatively low wind v e l o c i t i e s ,  
snow accumulated on the  r o o f s  f o r  s e v e r a l  months. This i s  very 
unusual f o r  Aklavik. The average roof load, however, was alwaya 
a  good d e a l  l e s s  than the ground load. The snow d i s t r i b u t i o n  wag 
f a i r l y  even over both t h e  r o o f s  observed a t  t h i s  s t a t i o n  (Figs .  1 
and 18). 

Glacier :  ( A n  example of very deep snow t y p i c a l  of some mountain 
r eg ions  i n  B.C. ) 

On most of these s l o ~ e d  r o o f s  the  snow d i d  not  acmwrmlate 
f o r  long per iods  bu t  s l i d  of? qulckly  (Figs .  2 and 3 ) .  The 
Alpine Club Lodge shown i n  Fig. I9 i s  a case or' a c o m ~ l e t e l y  she l t e red ,  
unheated gable roof .  A roof load  of 82 psf was reaahed on t h i a  
bu i ld ing  before the  snow was removed, compared t o  a  measured ground 
load of 120 psf .  I f  t h i a  measured ground load i s  compared wi th  
the  r educ t ion  f a c t o r  of the Nat ional  Building Code f o r  a  4s0 p i t c h  
t h e r e  i s  a  des ign  load  of 69 psf .  This serves  t o  show the extremes 
which a r e  poss ib le  under s p e c i a l  cond i t ions  p a r t i u u l a r l y  i n  
mountain a r e a s  ( fo r  a d iscuss ion  of snow loads  i n  mountains r e f e r  t o  
DBR Report No. 162). I n  Glac ier  l a rge  accumulations of i c e  and 
oreeping snow were observed a long the  eaves and overhanging t h e  
eaves. No o the r  s t a t i o n  recorded t h i s  phenomenon. 

Montreal: (An example of a  low roof between two h igh  b u i l d i n g s )  

I n  Montreal during t h i s  winter ,  high winds (average hourly 
speeds up t o  40 mph) and r e l a t i v e l y  h igh  temperatures r e s u l t e d  i n  
very s h o r t  r e t e n t i o n  per iods  f o r  the snow on the va r ious  r o o f s  
(Fig.  4). For the f l a t  roof s i t u a t e d  between t w o  h igher  b u i l d i n g s  
a  heavy snow accwnulation occurred a t  t h e  r e e r  parapet ,  probably 
caused by wind f u n n e l l i n g  between the bu i ld ings  (Fig.  20). Once 
again  the average roof load wae always l e s s  than  t h e  average ground 
load. 



Ottawa: ( A  comparison of 5 d i f f e r e n t  r o o f s  i n  a  s h o r t  w i n t e r )  

I n  t h e  Ottawa a r e a  o b s e r v a t i o n s  were c a r r i e d  out  on f i v e  
roo f s .  From Fig. 5 it  can be seen t h a t  the two gab le  r o o f s  had 
smal l  l o a d s  and bo th  e x h i b i t e d  s i m i l a r  l oad  d i s t r i b u t i o n s .  T l l i s  
was no t  t r u e  f o r  t he  t h r e e  f l a t  r o o f s ,  On t h e  r o o f  w i th  a 
pa rape t ,  a  l a r g e  snow c o n c e n t r a t i o n  occur red  a long  t h e  pa rape t s .  
The snow was f a i r l y  evenly  d i s t r i b u t e d  on t h e  r o o f s  wi thout  a  
parape t .  Snow tended t o  p i l e  up a d j a c e n t  t o  the  h igher  s e c t i o n  
on the .roof w i t h  a  r a i s e d  c e n t r a l  por t ion , ,  This  roof  which was 
comparat ivoly  s h e l t e r e d  ( t r e e s )  had g r e a t e r  l o a d s  t han  any of t h e  
o the r s .  I n  a l l  c a s e s  the average roof  l o a d  was l e s s  t han  t h e  
average ground load.  

F o r t  Church i l l :  ( A n  example of  extreme d r i f t i n g )  

Although the  ground l o a d  i n  t h i s  a r e a  was up t o  30 ps f  
t he  roof  l o a d s  were n e a r l y  z e r o  f o r  bo th  a  f l a t  and a  p i t c h e d  r o o f  
(Fig .  6) .  Very l a r g e  l o a d s  were measured on the  smal l  porch  
roof  a t t a c h e d  t o  t h e  s i d e  of t h e  f l a t - r o o f e d  bu i ld ing .  Photographs 
of t h i s  accumulat ion a r e  shown i n  Figs.  21 and 22. S e v e r a l  f e a t u r e s  
of t h e  l o c a l  c l i m a t e  prevented  l a r g e  snow accul .~ulat ions .  Wind 
speeds  were h i g h  and t h e r e  were many hours  of b r i g h t  sunshine i n  
s p i t e  of the  c o l d  weather.  

C S t a t i o n s :  R.C.A.F. 

O n  a l l  t h e  l a r g e  r o o f s  used a t  t h e s e  s t a t i o n s ,  wind a c t  ion 
r e s u l t e d  i n  d r i f t s  a g a i n s t  t h e  w a l l s  of  r a i s e d  s e c t i o n s  and on 
lowered roo f s .  It should be no ted  t h a t  t h e  average load  f o r  t h e  
a r c h  hangar was t aken  from dep th  measurements on t h e  f l a t  wings a t  
t h e  base of the  a r o h  (Fig .  12) and does no t  r e p r e s e n t  a  t r u e  average 
roof  l o a d  s i n c e  t h e  observed a r e a  accumulates  l a r g e  l o c a l  d r i f t s .  
A s  expected,  h i g h  average  l o a d s  were found on these  s e c t i o n s .  

General  Discuss ion  - 
From t h e  l i t t l e  in format ion  ob ta ined  so f a r ,  it appea r s  

t h a t  t he  assumption of a  un i formly  d i s t r i b u t e d  snow load  i s  no t  
g e n e r a l l y  v a l i d .  The fo l lowing  remarks a r e  in tended  a s  p r e l i m i n a r y  
comment only.. 

On f l a t  roo f s ,  t h e  average snow load  i s  l e s s  t h a n  t h e  l o a d  
n e a r  roof p r o j e c t i o n s  such  a s  parape ts .  I n  many cases  t h e r e f o r e ,  
t h e  use of a  sma l l e r  uniform l o a d  over t h e  major p a r t  of t h e  roof  
w i t h  a l a r g e r ,  perhaps t r i a n g u l a r  l o a d  bes ide  roof p r o j e c t i o n s  would 
g ive  a  more economical  and a  more a c c u r a t e  des ign  t h a n  tho  p r e s e n t  
uniform load. On some r o o f s ,  t h e  g r e a t e r  accumulat ion of  snow on 



some p o r t i o n s  of the roof r e s u l t s  i n  a n  unsymmetrical loading 
p a t t e r n  which may be c r i t i c a l  t o  the s t r u c t u r e ,  gee., on arched 
and p i tched r o o f s  where one s ide  of ten  shows much more snow 
than the  other.  

An excerpt  from a  Russian bu i ld ing  code ( s e e  appendix), 
g ives  an example of a  s p e c i f i c a t i o n  f o r  unbalanced load,  I n  t h i s  
case the p o s s i b i l i t y  of s t r e s s  r e v e r s a l  i n  t r u s s  members due t o  
unbalanced load  i s  covered by a  "shape f a c t o r "  of 1,4 f o r  one 
s ide  ( o r  f o r  a  lowered roof p o r t i o n )  and of 0.6 on 1ke o the r  s i d e  
of the  span ( o r  f o r  a  p r o j e c t i n g  roof  por t ion) .  Some system of 
form f a c t o r s  f o r  var ious roof types  should be included i n  a  des ign  
snow load s p e c i f i c a t i o n  ( a s  i a  now done i n  the  NBC f o r  the roof 
s lope only) .  

To da te ,  the observat ions of the  survey have been made a t  
the ma j o r i t y  of s t a t i o n s  under below average snowfall condi t ions.  
Years of high snowfall  may l ead  t o  d i f f e r e n t  conclusions because 
l a r g e  loads  may be d i s t r i b u t e d  d i f f e r e n t l y  than  small loada. For 
example, i n  an exposed l o c a t i o n  enow d r i f t s  on f l a t  r o o f s  would 
not be higher than  the  parapets .  Thus, i n  the  case of a  snowfall  
deeper than the  parapets  the load  would probably be more n e a r l y  
uniform. I n  s h e l t e r e d  loca t ions  t h e  anow accumulation i s  indepen- 
dent of parapets ,  This f a c t o r  might be consjdered i n  regions  of 
deep snowfall.  

Assuming t h a t  the  p a s t  y e a r ' s  r ecords  a r e  t y p i c a l  it would 
seem poss ib le  i n  the  f u t u r e  t o  reduce t h e  bas ic  uniform design 
anow load,  The d i s t r i b u t i o n  of snow loads  depends, however, n o t  
only  on the a c t i o n  of the  wind ( d r i f t i n g ) ,  t h e  temperature (snow 
creep) ,  and the  amount of sun~lhine but a l s o  on the shape of the  
s t r u c t u r e  i t s e l f .  A l l  t he  f a c t o r s  causing uneven accumulation a r e  
h igh ly  va r i ab le  even i n  one loca t ion .  Theref ore ,  any c o e f f i c i e n t  
o r  shape f a c t o r s  based on a  number of observat ions must be c a r e f u l l y  
i n t e r p r e t e d  f o r  a  design loading pa t  tern.  It seems inev i t ab le ,  
the re f  ore,  t h a t  any new improved code provis ion  f o r  snow loads  w i l l  
be more complicated than a r e  present  r egu la t ions .  It  i s  a l s o  
poss ib le  t h a t  reduct ions  made on account of sh ie ld ing  may be 
quest.ionable because of the poss ib le  removal or  a d d i t i o n  of 
surrounding objec ts .  

For the  pas t  few yea r s  meteorological  s t a t i o n s  ac ross  
Canada have been recording  the  depths of snow on the  ground, When 
severa l  more yea r s  of records  a r e  a v a i l a b l e ,  i t  should be poss ib le  
t o  p r e d i c t  the  r e t u r n  per iod  of l a rge  snow depths more a c c u r a t e l y  
than  a t  present ,  Before a  design load i s  spec i f i ed  thought should 
be given t o  the p r o b a b i l i t y  of overload. If one assumes t h a t  a 
design load should be such t h a t  it w i l l  occur a  few timos during 
the  l i f e  of the  s t r u c t u r e ,  the  load expeoted t o  occur once every 
ten  years  might be an  appropr ia t e  ground load. This  per iod i s  
c a l l e d  t h e  r e t u r n  period. The choice of the  r e t u r n  period should 
a c t u a l l y  be based on the  expected 1l . fe  of the  s t r u c t u r e .  



When severa l  yea r s  of r ecords  a r e  a v a i l a b l e ,  i t  should 
be poss ib le  t o  spec i fy  two des ign  f e a t u r e s :  

(1) What propor t ion  of the s p e c i f i e d  ground snow 
load should be used a s  the b a s i c  uniform 
design load f o r  var ious  cl imate zones? 

( 2 )  What loading  p a t t e r n s  should be added t o  t h i s  
b a s i c  load  t o  account f o r  l o c a l  d r i f t i n g  and 
snow s l i d i n g ?  These s t a  ternents a r e  not  poss ib le  
with any degree of accuracy however, a f t e r  only 
one year  of complete observat ions. 

Ac knowledpment s 

Without the a c t i v e  p a r t i c i p a t i o n  and a s s i s t a n c e  of a  
l a r g e  number of observers  t h i s  ex tens ive  survey would not  have 
been poss ib le  

The Divis ion  of Building Research wishes t o  express  i t s  
apprec ia t ion  t o  a l l  of these ,  and i n  p a r t i c u l a r  t o  the  many 
bu i ld ing  o f f i c i a l s  and p r i v a t e  companies t ak ing  B S t a t i o n  
observat ions ,  t o  the R C A F  personnel  a t  the C S t a t i o n s  and t o  
Messrs. M e  Huepeden and J. S t a r k  i n  Ottawa. Gra te fu l  a p p r e c i a t i o n  
a l s o  goes t o  A S t a t i o n  observers  of the Neteorolo i c a l  Branch of 
the  Department of Transport  (Goose Bay and Gander f , t he  Dept. of 
Nat ional  Defence ( c h u r c h i l l ) ,  t h e  qept .  of Northern A f f a i r s  and 
National  Resources ( ~ k l a v i k )  , t h e  Ecole Polytechnique a t  Montreal, 
Queents Univers i ty  a t  Kingston, t h e  Univers i ty  of Toronto, t h e  
Univers i ty  of Manitoba a t  Winnipeg, the  Universi ty  of Alberta a t  
Edmonton and the  s t a f f  of the Division of Building Research i n  
Halifax, Saakatoon, Glacier ,  Vancouver and Ottawa. 



Kontreal ,  P.Q. ~ 1 s t :  Heated 50 32 2  5 fJ7 
I n s u l a t e d  

I n  l e e  of hI({her roo fa  
F l a t :  Heated 50 32 22 

Not i n s u l a t e d  
30 

Oable: Heated 50 9 
I n ~ u l ~ t o d  

38 

TABLE I -- 
SNOW LOADS FOR A STATIONS 

O t  i.awa, C n t .  Gable : Heated 
I n s u l a t e d  

Gable: Hentod 
I n s u l a t e d  

F l a t  ( n o  palaepet)  
Heated 
Inaula  Led 

F l a t  ( p a r n p e t )  
Hen ted  
I n s u l e  t e d  

F l a t  ( r e 1  ~ e d  s e c t i o n )  
I n s u l a t e d  
Heated 

F o r t  Churohi l l ,  Gable: Heatod 
Man. I n s u l a  t a d  

F l a t :  Hoatod 
Insuln  t ed  

Gagetown, N.B. Gable: Heated 
I n s u l a t e d  

F l a t :  Heated 
I n s u l n t e d  

Kingston, Ont. Gable: Heatmd 
Inau le  t e d  

F l a t :  Heated 
I n s u l a t e d  

Gander, Nf ld .  Gable : Not heated 
I n s u l a t e d  

F l a t :  Not h e a t e d  
I n s u l a t e d  

S t a t i o n  

Hal i fax ,  N.S. Ga h le  : Hea t e d  
N o t  J n ~ ~ l a b e d  

F l ~ t :  Hea t e d  
Ins l l le tod 

F l a t :  Heated 
1n.sulated 

Aklavik,  N.W.T. Gable : Exposed 30 2  5 14 2  5 
Hooted 
I n s u l a t e d  

Gable: S h n l t e r e d  30 2  5 12 16 
Heated 
I n s u l a t e d  

'0 

G l a c i e r ,  B.C. Gable: Not heated - 108 16 26 0 

(Garage ) I n s u l a t e d  o 

Gable: Not I r ~ s u l a t e d  
.rl 

0 110 30 
(House) Heatod 

50 
0 
a 

Gable: Not i n s u l a t e d  ro 111 3  0 36 
(Of f l o e  )Heated w 
Gable: S h e l t e r e d  0 

z 120 82 
Not hented 

95 

Not i n s u l a t e d  

N.3.C. 
( p a r )  

---- 
Roof 

Goose Day, Lab. Gable: Hooted 7 5 
Insulu  t e d  

114  

F l a t :  Heated 90 12 
I r . S u l ~  t ed  

I Winnipeg, Man. A l l  r ~ ~ n f  s  

Toronto, Ont . A l l  r o ~ l f s  

Saskatoon, Snuk. A l l r o o f o  

Max. Av. Ground Max. Av.  HOOP 

( p s f )  ( p 3 f )  

Vancouver, B.C. A l l  roof rr 

Edmr~nton, P.lta. A l l  r < ~ o f s  

Wax. Observed L- Hoof ( p s f )  
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FIGURE 4 

SNOW LOAD OBSERVATIONS ON ROOFS 
YEAR : l957/58 

L O C A T I O N  : M O N T R E A L  



Y E A R  : 1957/58 
SNOW LOAD , OBSERVAT I ONS ON ROOFS 
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FIGURE 6 

Y E A R  : 1957/  58 
SNOW LOAD OBSERVATIONS ON ROOFS L O C A T I O N :  FORT CHURCHILL 
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FIGURE 7 

SNOW LOAD OBSERVATIONS ON ROOFS 
Y E A R :  1957/58 

LOCATION: GAGETOWN. N.B. 



Y E A R :  1957/58 
SNOW LOAD OBSERVAT I ONS ON ROOFS 

LOCAT,  O N  : K I  NGSTON ONT. 
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Y E A R  : 1957/58 
SNOW LOAD OBSERVATIONS ON ROOFS 

LOCATION: GANDER 

R O O F  DESCRIPTION 
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ROOF DESCRIPTION 

N.S. TECH COLLEGE 

PARAPET TO G R A D E  

N.R.C. LAB 

ENGINEERING BLDG. 

F I G U R E  10 

SNOW LOAD OBSERVATIONS ON ROOFS 
YEAR : 1957/58 

LOCATION:  HALIFAX, 



Y E A R :  1957/58 
SNOW LOAD OBSERVATIONS ON ROOFS 

L O C A T I O N :  GOOSE BAY 

b 

60 

ROOF D E S C R I P T I O N  

NO PARAPET 

E X P O S E D ,  HEATED, INSULATED. 



U S  DEPOT 

ARCH. HANGER 

M.E. GARAGE 

---- 

CANT. HANGER 

F I G U R E  12 

SNOW LOAD OBSERVATIONS ON ROOFS 
Y E A R  : 1957/58 

L O C A T  I O N  : R.C.A.F. S T A T  I O N  

COLD L A K E ,  A L T A .  



ROOF DESCRIPTION 

U.S. DEPOT 

S E E  F I G U R E  12 

----- 

FIGURE 13 

SNOW LOAD OBSERVATIONS ON ROOFS 
Y E A R :  1957/58 

LOCATION: R.C. A.F. 

NORTH BAY 



SEE F I G U R E  12 

--- 

FIGURE 14 

SNOW LOAD OBSERVATIONS ON ROOFS 
Y E A R  : 1957/58 

LOCATION:  R.C.A.F. 

L A N C A S T E  R, A L T A .  
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SNOW LOAD OESERVATIONS ON ROOFS 

ROOF DESCRIPTION 

SEE FIGURE 12 

FIGURE 15 

Y E A R :  1957/58 

LOCATION:  R.C.A.F. 

O T T A W A  





FIGURE 17 SNOW LOAD SURVEY 1957-58 

M A X I M U M  ROOF AND GROUND LOADS FOR A 8 C S T A T I O N S  

C STATIONS 

OTTAWA 

COLD LAKE 

COMOX B.C. 

DOWNSVIEW 

GOOSE BAY 

NORTH BAY 

WINNIPEG 

No 

I  
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6 

7 
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10 

I 1  

12 

13 

14 

15 

A STATIONS 

GOOSE BAY 

HALIFAX 

GANDER 

GLACIER 

KINGSTON 

GAGETOWN 

A K L A V K  

OTTAWA 

MONTREAL 

WINNIPEG 

TORONTO 

CHURCHILL 

SASKATOON 

VANCOUVER 

EDMONTON 



Figure & h v f k  (March 30, HgS8), E-3 
Hoste le  Load d l  st~ibu%icn on 
a large r o o f e  



(Photo by Be Engler, Banff 

F P p r e  19, Glacfer ,  B e C e  [ P e b r u a ~ y  1958)@ Alpine Club Lodge - 
Snow ssvec~~auletion 11s 8 oomp%e t e l y  sheltered a rea  ,e 
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PLAN 

ELEVATION 

SCALE: 6 '"  220' 

SNOW DISTRIBUTION ON A FLAT' 



Figure 2 B e  C h i l ~ c h f I 1 ,  Man. ( J a n u a ~ g  13, 19581, Building F-2. 
Snow a c c m u % a t f o n  on lowez-ed r o o f  sectfon ( rn~fn  
r o o f  1s  bars), 





Fggure 23, McHe$ll House, Queen" University, Ringston 
(February 19581, Snow aecumulaticn at a 
parape $, 



APPENDIX 

SNOW LOAD SPECIFICATIONS IW RUSSIA 

Speci f ied  snow loads i n  most c o u n t r i e s  a r e  given a s  a  
uniformly d i s t r i b u t e d  load,  Some coun t r i e s  s t i p u l a t e  i n  a d d i t i o n  
t h a t  concent ra t ions  due t o  t h e  shape of the bu i ld ing  and the 
e f f e c t  of the wind s h a l l  be considered but do not  s t a t e  how l a r g e  
these  concent ra t ions  a r e ,  The Russian bu i ld ing  code " ~ o n s t r u c t i o n  
Standard8 and Regulat ionsw ( lqsk) ,  however, g ives  q u a n t i t a t i v e  non- 
uniformly d i s t r i b u t e d  s n m  loads ,  I t  should be noted t h a t  those 
p a r t s  of the USSR f o r  which non-uniform snow loads  a r e  s p e c i f i e d ,  
have a  dry,  co ld  c l imate  i n  which d r l f t s  occur ext.ensively,  These 
might be compared t o  the Canadi- n p r a i r i e s  and l o c a t i o n s  such a s  
F o r t  Churohi l l ,  Manitoba where snow on a  roof usua l ly  accumulates 
only along v e r t i c a l  obs t ruc t ions ,  

To i l l u s t r a t e  the Russian approach t o  snow loads ,  t h e  
p e r t i n e n t  s e c t i o n  from the  Russian " ~ o n s t r u c t  ion  Standards and 
~ e g u l a t i o n s "  and two abstF:acts of a r t i c l e s  which appeared i n  t h e  
Russian p e r i o d i c a l  " ~ o n s t r u c t i o n  industryw and which d isouss  t h e  
s tandards  mentioned above a r e  given i n  t h i s  appendix a s  t r a n s l a t e d  
by the author  with t h e  he lp  of M r .  G.G. Belkov of the  NRC Trans la t ions  
Office.  It i s  hoped t o  publ i sh  the f u l l  t r a n s l a t i o n s  l a t e r  i n  a  
sepa ra te  repor t .  

1, Russian " ~ o n s t r u c t i o n  Standard8 and Reaula t ions"  , 

P a r t  11. Sect ion  B - Standards f o r  the  Design of L o a d - E e a r a  
Eonstructiona.  Sec t ion  on Snow Loads ( p a  4b I 48) ( A  1) 

 he snow load per square meter area of h o r i z o n t a l  p r o j e c t i o n  
of roof i s  determined according t o  the  formula 

where p = weight of snow cover i n  kg/m 2 
depending on the r eg ion  of the  
USSR according t o  Table 4 

c = c o e f f i c i e n t  depending on t h e  p r o f i l e  
of the  roof  according t o  Table 5. 

The c o e f f i c i e n t  of overload Itn" f o r  snow load  s h a l l  be taken equal  
t o  1.4. 



The Weight of Snow Cover P 

Table 4 

Note: I n  mountain d i s t r i c t s ,  a s  wel l  a s  i n  the regions  f  extreme 
Yi5S31 and remote e a s t  the weight of snow cover p  i n  kg/ma s h a l l  be 
t aken  numeriaal ly  equal  t o  2h, where h  = depth of snow cover i n  
c m  taken  from meteorological  observa t ions  a s  the  mean of the  
maximum y e a r l y  a t  a  pro tec ted  p lace  over 10 years. I n  t h e  mountain 
d i s t r i c  s  the  weight of snow cover s h a l l  be taken  not l e s s  than  
60 kg/rns (12 psf) ."  

No. 

Value of Coef f i c i en t  

Region of USSR 
( s e e  Fig.  A - 1 )  

Table 5 

1 

2 

3 

4 

5 

No. 

1 

I 

I1 

I11 

I V  

50 

100 

150 

Shape of Roof c I 

v 2 00 

Note 

2 

Simple roof ,  pentroof 
and gable  roof 
s lope A L 2 5 O  

A :-r 600 

, /10f Simple arched roof where/: = span of a r c h  
f  = r i s e  of a rch  

The c o e f f i c i e n t  c s h a l  
not  be g r e a t e r  than  l,0 
nor l e s s  than 0.3 

1.0 
0.0 

A t  in termedia te  
angles  of roof p i t c h  
the  c o e f f i c i e n t  c  i s  
found by i n t e r p o l a t i o n  

3 Complex roof wi th  
t r a n s v e r s a l  o r  longi-  
t u d i n a l  c l e r e s t o r e y s ,  
wi th  unoqual he igh t s  
of sepa ra te  p a r t s ,  
e t c .  

I n  accord 
w i t h  Fig. 
A-2 

4 

- 
The d i f fe rence  i n  
he ight  H i s  given i n  
metres 

--- .A 



2. The Problem of Snow Load S p e c i f i c a t i o n  b EoDe Kan Khut - -+ - 7 m c t  f romT~~ns t ruc t ion  - I--, ~ 0 7 1 2 ~  1- 
-2% (A-2- oanas  22 

I n  r eg ions  of t he  USSR where the re  a r e  h igh  winds (e.g. 
~ a z a k s t a n )  snow does not  accumulate on f l a t  r o o f s  but  r a t h e r  a s  
l a r g e  d r i f t s  behind roof  p r o j e c t  i ons*  The presont  s t anda rds  on 
snow loads  do not  t ake  these l o c a l  c l i m a t i c  f e a t u r e s  i n t o  account. 

( a  ) Figure A-3 i l l u s t r a t e s  the d i f f e r e n c e  between 
s p e c i f i e d  and a c t u a l  snow load ( t a k e n  i n  t h e  
Karaganda province ) . The s p e c i f i e d  load  for 
f l a t  r o o f s  i s  70 kg/m2 (14 p s f ) .  

Snow i s  n o t  r e t a f n e d  on f l a t  r o o f s ,  even 
when t h e r e  i s  snowfal l  wi thout  wind t h e  l o a d s  
on f l a t  r o o f s  never approach those spec i f i ed .  
For t h i s  l o c a t i o n ,  on ly  once i n  8 y e a r s  d i d  t h e  
monthly snowfal l  exceed 1 0  cm (4  in . )  which wi th  
a  d e n s i  y  of 0.2 f o r  loose  snow g i v e s  a  load  of t 20 kg/m (4 psf ). Since t h e r e  a r e  no long pe r iods  
without  high w i  d s  i n  the  Karaganda a  maximum 
load  of 20 kg/m9 (4 p s f )  can be used f o r  low-pitched 
r o o f s  up t o  l o 0  slope.  

(b) On roof s u r f a c e s  nea r  roof p r o j e c t i o n s  the  
s p e c i f i e d  load  i s  112 kg/rn2 (23 p s f )  which w i t h  
an  over load c o e f f i c i e n t  of 1.4 becomes 157 kg/m2 
(32 p s f ) .  

The a c t u a l  snow load  depends f i r s t  of a l l  on 
t h e  p r o j e c t i o n  h e i g h t  H. Up t o  c e r t a i n  values  of 
H (which ~ $ 1 1  d i f f e r  f o r  d i f f e r e n t  l o c a l i t i e s ) ,  a  
maximum h e i g h t  of O.9H f o r  snow d r i f t  and a n  
average of 0.7H a r e  found (Fig.  A - 3 ) .  The measured 
s p e c i f i c  g r a v i t y  of d r i f t e d  snow bohlnd roof  
p r o j e c t i o n s  reaches  0.3500 For example, t a k i n g  
a  p r o j e c t i o n  he igh t  H = 2.0 m, which i s  not very  
l a r g e ,  an a c t u a l  load  of 0*7 x 2.0 x 350 = 490 kg/m 
(100 psf)  i s  reached, about t h r e e  t imes  tho s p e c i f i e d  
load. 

Pe r iod ic  snow removal cannot be considerod r e l i a b l e  s i n c e  
snow cannot be removed dur ing  b l i z z a r d s  w i t h  high  wind speeds. 

( c )  On i n c l i n e d  s o o f s  the  s p o c i f i c d  snow load  dooreases  
from 70 kg/m (111 psf ) t o  ze ro  botvrcen 2SU and 60°. 

Actua l ly  on t h e  leeward sido of r c o f s  wi th  n 
s lope of 3 5 O  t o  4 5 O  onow accumula ti.on.:r, up t o  1",0 
metre have been o b a e ~ v o d  (Fig* A-!L), ra loricl. ranching 
350 kg/m2 (72 psf ). 



The d i f fe ror lce  between the  s p e c i f i e d  and a c t u a l  snow l e a d e  
i n  windy r eg ions  occurs  because t h e  s p e c i f i e d  l o a d s  a r e  based on 
t h e  amount of snowfa l l  only,  whereas the d i s t r i b u t i o n  of snow i d  

a l s o  a  f u n c t i o n  of wind speeds* The s p e c i f i e d  load  i s  the same 
f o r  Minak and Karaganda, bu t  t he  dis1;r ibut ion of snow a t  Karaganda, 
where t h e r e  a r e  high winds d i f f e r s  widely from Minska 

The fo l lowing  e r r o r s  i n  the  s p e c i f i e d  loads  a r e  t h e r e f o r e  
appa ren t  : 

(1) A l l  r o o f s  w i th  a  s lope  l e s s  than  10' and wi thout  
p r o j e c t i o n s  have s p e c i f i e d  l o a d s  which a r e  too  
l a r g e  and never encountered i n  p r a c t i c e .  A 
r e d u c t i o n  would provide a  g r e a t  economical saving.  

( 2 )  A l l  r o o f s  w i th  s t e e p  s l o p e s  o r  p r o j e c t i o n s  have 
much g r e a t e r  a c t u a l  snow l o a d s  t h a n  those  
s p e c i f i e d  caus ing  damage and even c o l l a p s e  i n  
some cases .  

It i s  d e s i r a b l e  tha  t t h e  s p e c i f i c a t i o n  o ornmittee o rgan izes  
f i e l d  obse rva t ion  and d e r i v e s  snow load  s p e c i f i c a t i o n s  which t a k e  
account of a c t u a l  accumulation i n  r e l a t i o n  t o  the  wind ve loc i ty .  

The Research I n s t i t u t e  of I n d u s t r i a l  Construct  ion has  
examined both  the  d i s t r i b u t i o n  and magnitude of snow l o a d s  i n  a l l  
p a r t s  of t h e  USSR and t h e  in f luence  of snow loads  on s t r u c t u r a l  
damages and f a i l u r e s  a f t e r  heavy snowfal ls .  

The magnitude of d e s i  n  roof snow l o a d  depends on t h e  
amount of snow p r e c i p i t a t i o n  f meteoro logica l  r e c o r d s ) ,  s i z e  and 
ahape of roo f  and t h e  r e g u l a r i t y  of roof  maintenance. Other f a c t o r s  
which determine snow loads  a r e  wind speed and d i r e c t i o n ,  a b i l i t y  
of snow t o  be d r i f t e d  and t h e  presence of v e n t i l a t i o n  duc t s ,  p ipes ,  
pa rape t s ,  e t c .  The c a l c u l a t i o n  of the e f f e c t s  of combining a l l  
t h e s e  f a c t o r s  i s  very  d i f f i c u l t  and undoubtedly l e a d s  t o  complex 
r e l a t i o n s h i p s .  

The problem may be approached by i n v e s t i g a t i n g  only t h e  
p r i n c i p a l  causes  and drawing conolusions  which a r e  v e r i f i e d  i n  
p r a c t i c e .  Meteorological  r e c o r d s  and the  shape and s i z e  of roof  
a r e  t he  most important  in f luences .  



The in f luence  of r o ~ f  maintenance (snow c l e a r i n g )  can 
be cons idered  from two p o i n t s  of views Because of t he  d i f f i c u l t y  
and c o s t  of snow removal snow loads  should no t  be reduced because 
of a n t i c i p a t e d  snow removal, Also, t h e  reduced c o s t  of t h e  
b u i l d i n g  i s  s u f f i c i e n t  to  make snow removal d e s i r a b l e .  The snow 
l o a d s  i n  " S t r u c t u r a l  S tandards  Regulat ions"  t ake  i n t o  account  
removal of snow from the  roo f .  

Standard snow l o a d s  a r e  determined a s  t h e  mean of maximum 
y e a r l y  snow cover from 10  y e a r s  of obse rva t ions  a t  a p r o t e c t e d  
l o c a t i o n ,  u s i n g  a  snow d e n s i t y  of 0.2, 

I n  d e r i v i n g  more p r e c i s e  va lues  of snow load,  t h e  new 
s p e c i f i c a t i o n  " S t r u c t u r a l  S tandards  and Regulat ions"  r a i s e d  l o  ds  
i n  t he  r e g i o n s  of Novosibirsk,  Kemenof and Tobalsk t o  150 kg/m 9 
(31  p s f )  from 100 kg/rn2 ( 2 0  p s f )  i n  t he  e a r l i e r  s tandard.  

To a s s e s s  t h e  e f f e c t  of snow load  on deformat ion and 
f a i l u r e  of s t r u c t u r e s  comparisons of s t r e s s e s  were made between 
t h e  c o n d i t i o n  of a c t u a l  (observed)  snow loads  and the  c o n d i t i o n  
of snow loads  from t h e  e a r l i e r  s tandard.  

F igure  A-5 shows a t ru s s - suppor t ed  roof  of a  l a r g e  
i n d u s t r i a l  b u i l d i n g  and the  t r i angu la r - shaped  snow accumulat ion 
whioh oaused s t r u c t u r a l  collapse. A comparison of the  t r u s s -  
member s t r e s s e s  from dead load p l u s  snow load  i n  t h e  e a r l i e r  
s tandard  t o  dead p l u s  a c t u a l  snow load  i s  shown i n  Fig. A-6. 
The a c t u a l  snow load  s t r e s s e s  g r e a t l y  exceed the  a l lowab le  des ign  
s t r e s s e s  i n  most members e s p e c i a l l y  i n  those  having smal l  s t r e s s e s  
and those d i r e c t l y  loaded (e.g. ba r  V 5  where t h e  i n c r e a s e  is  from 
688 t o  1,822 kg/crn2 19,800 t o  25,900 p s i t  o r  1.65%). 

The i n v e s t i g a t i o n  of s t r e s s  c o n d i t i o n s  i n  r o o f s  having 
excess ive  d e f l e c t i o n s  e s t a b l i s h e d  t h a t  ( i )  roof s t r u c t , ~ - ~ e s  ~ i h i c h  
deformed e x c e s s i v e l y  under t h e  weight of snow were found t o  have 
d e f e c t s ;  (ii ) t h e  d e n s i t y  of snow caus ing  def orlna t i o n  exceeded 
t h e  average of newly f a l l e n  snow showing t h a t  snow was no t  c l e a r e d  
from t h e  roof  and t h u s  became compressed.; (iii) excess iva  dcfor-  
metions a f t e r  s n o v ~ f a l l s  occurred i n  d l v e r s e  geographic regi0n.s and; 
( i v )  t h e  snow on r o o f s  w a s  d i s t r i b u t e d  i r r e g u l a r l y  and accumulated 
i n  lower s e c t i o n s .  

F i e l d  obse rva t ions  of snow accumulntlon were t aken  on 
some i n d u s t r i a l  b u i l d i n g s  du r ing  t h e  win te r  of 1954-55 n e a r   losc scow, 
A p l a n  view of a n  i n d u s t r i a l  b u i l d i n g  wi th  a  two s t o r y  lean- to  
(F ig .  A-7) shows i s o l i n e s  of snow l o a d  which ind3ca te  how i r r e g u l a r l y  
t h e  snow i s  d i s t r i b u t e d  accumulat ing a t  the  w a l l s  i n  t h e  shape of 
a  tr angle.  The snow load  i n  the  t r i a n g u l a r  d r i f t  reached 350-b00 
kdm3 (72 t o  82 p s f )  exceeding the s t anda rd  speojf ' ied load  by 3.5 
t o  4 t imes whereas t h e  t o t a l  roof  snow load  d i d  not exceed t h e  
t o t a l  s t a n d a r d  load.  
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PC = 2 0 0 H  (METRES)  BUT NOT L E S S  T H A N  q 

NOR MORE T H A N  4 q  

a =  2 H BUT NOT LESS THAN 5 . 0  M NOR MORE 

T H A N  10.0 M 

F I G U R E  A - 2  

C O E F F I C I E N T S  FOR DESIGN SNOW LOADS FOR 

R O O F S  W I T H  COMPLEX P R O F I L E S  
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F I G U R E  A - 3  

SHAPE O F  SNOWDRIFT ON A R O O F  LEDGE 
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FIGURE A - 4  
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FIGURE A - 5  

CROSS - S E C T I O N  OF AN I N D U S T R I A L  BUILDING 

AND A  TRIANGULAR SNOW ACCUMULATION 
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FIGURE A - 6  

THE INFLUENCE OF SNOW OVERLOAD ON THE CEILING TRUSS SHOWN IN FIG. A - 5  

A -  STRESSES I N  THE MEMBERS OF THE TRUSS FOR D I F F E R E N T  TYPES 

OF LOADING; a -  FROM THE P E R M A N E N T  LOAD ACCORDING TO T H E  

DESIGN AND SNOW LOADS ACCORDING TO O S T 9 0 0 5 8 - 4 0 ;  b - F R O M  

THE PERMANENT LOAD ACCORDING TO T H E  D E S I G N  AND ACTUAL L O A D S  

OF SNOW; 

0 - T H E  DEVIATION OF FORCES I N  THE MEMBERS OF THE TRUSS WITH DESIGN 

LOAD FORCES TAKEN AT 100 O/o 
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