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Snow load on buildings
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PREFACE 

I n  Canada t h e  load of snow r e p r e s e n t s  u s u a l l y  t h e  h e a v i e s t  
load t h a t  r o o f s  have t o  ca r ry .  It i s  t h e r e f o r e  obvious t h a t  t h e  
magnitude of t h e  snow loads  used i n  design has cons iderable  
i n f l i ~ e n c e  on t h e  c o s t  of cons t ruc t ion .  

The design snow loads  s p e c i f i e d  by t h e  Nat ional  Bui ld ing  Code 
of Canada (1953) a r e  based d i r e c t l y  on snow depth measurements 
made on t h e  ground. It i s  known t h a t  i n  many cases  t h e  average 
depth of t h e  snow on r o o f s  is  apprec iably  less than  t h a t  on t h e  
ground. A t  t h e  same t i m e  c e r t a i n  shapes of r o o f s  tend t o  
accumulate snow, due t o  d r i f t i n g  under wind a c t i o n ,  t o  a depth 
which i s  much g r e a t e r  than t h e  average depth on the  ground. 

Rea l i z ing  t h i s  s i t u a t i o n  t h e  Advisory S t r u c t u r a l  Group of t h e  
Associa te  Committee on t h e  Nat ional  Building Code asked t h e  
Divis ion  of Building Research t o  undertake a  country-wide survey 
of a c t u a l  snow loads  on roofs .  The f i r s t  o b j e c t i v e  was t h e  deter- 
mination of t h e  r e l a t i o n s h i p  between t h e  snow load on t h e  ground 
and t h e  a c t u a l  snow load on var ious  types  of roofs .  

The second o b j e c t i v e  was t h e  s tudy of t h e  va r ious  f a c t o r s  
a f f e c t i n g  snow loads  on roofs .  For example, t o  what ex ten t  do 
wind, tempera ture ,  i n s o l a t  ion and h e a t  l o s s  a f f e c t  snow accum~xla- 
t i o n  on roofs?  What i s  t h e  in f luence  of o r i e n t a t i o n ,  shape and 
s i z e  of roofs?  With answers t o  ques t ions  l i k e  t h e s e  it i s  hoped 
t h a t  magnitudes and p a t t e r n s  of snow loads  can be e s t a b l i s h e d  which 
a r e  more a c c u r a t e  than those  used now, 

The survey was started during t h e  win te r  of 1957-58 wi th  
observat ions  of depth and dens i ty  be ing  made a t  over 60 s t a t i o n s  
a c r o s s  Canada. These observat ions  have a l r e a d y  ind ica ted  t e n t a t i v e  
answers t o  some of t h e  q u e s t i o n s ,  bu t  be fo re  any d e f i n i t e  conclu- 
s i o n  can be drawn, t h e  r e s u l t s  of s e v e r a l  win te r s  w i l l  be requi red .  

I n  o r d e r  t o  ga in  f u r t h e r  information on snow loads  it was 
thought adv i sab le  t o  review t h e  work of  o t h e r  c o u n t r i e s  on t h i s  
s u b j e c t ,  e s p e c i a l l y  those  c o u n t r i e s  with win te r  cond i t ions  similar 
t o  Canada's. To t h i s  end a  number of Russian p u b l i c a t i o n s  dea l ing  
with snow loads  have been t r a n s l a t e d  and a r e  presented  here. The 
s i m i l a r i t y  of Russian and Canadian win te r s  makes t h e s e  t r a n s l a t i o n s  
p a r t i c u l a r l y  p e r t  i n e n t  . 

The t r a n s l a t i o n s  were made by M r .  D.E. Allen  who w a s  a member 
of t h e  Bui ld ing  S t r u c t u r e s  Sec t ion  of t h e  Divis ion  u n t i l  September 
1958 bu t  i s  now a graduate  s tudent  at  t h e  Unive r s i ty  of B r i t i s h  
Columbia. The va luable  a s s i s t a n c e  of M r .  G. Belkov of t h e  
Nat ional  Research Counci l ' s  T r a n s l a t i o n s  Sec t ion  i n  checking a l l  
t h e  t r a n s l a t i o n s  Is g r a t e f u l l y  acknowledged. 

O t t a w a  
J u l y ,  1959 

Robert  F. Legget 
Di rec to r  



TAHLX OF CONTENTS ---- 

SNOlJ LOADS ON F31JIIlDINGS 
A o F o  Nikolaev (of the Research Institute of Industrial 
construction). Stroitelt (The Auilder), 8 (10): 
18-26, 1 9 3 5 . . . . . . . . . o . . . . o ~ * * * * * * * ~ * ~ * * * ~ ~ ~ ~ ~ ~ o ~ . ~ ~ o ~ o ~  3 

SNOW IIOADS SPECIFIED BY THE RUSSIAN RU1LT)INCr CODE 
Stroltel'nye Nor~ny i Pravila (Constructlon Standards 
and Regulations), Part 11, Section R ,  Chapter 1, 
Para. 4, pp. 46-48 (Loads and Load Coefficients for 
Hulldings and Industrial Structures)................... 25 

UNSOLVED PROBLEMS IN RFTiI(?NS OF INTENSE SNOWFAL:. 
V.P. Abovskli, A.M. Veksman, V.M. Volkov and G o V o  
Matysek. Stroitel'nnia Promyshlennostl (Constructlon 
Industry), (11): 30-31, 1954............................ 29 

THE PROBLEM OF SNOW LOAD SPECIFICATION 
Y.D. Kan-Khut. Stroltel'naia Promyshlennost' 
(construction ~ndustry), (12): 22-23, 1954............. 35 

SNOW LOADS ACCORDING TO STRUCTURAL STANDARDS AND REGULATIONS 
1.1. Cdldenlblat, R.G. Korenev and A.M. Sizov (of the 
Central Resenrch Institute of Industrial Construction - 
TsNIPs). Stroitel'nala Promyshlennost' (Constructlon 
Industry), (6): 25-27, 1956............................ 40 

SNOW LOADS 
EoD. Kan-Kkut. Stroitel'nala Promyshlennost' 
(Construction Industry), (1): 50, 1957................. 50 

LESSONS FROM TWO ROOF COLLAPSES 
A.M. Korablinov and L.S. Krauze. Stroltel'nala 

Promyshlennost' (Construction ~ndustry), (7): 
18-21, 1957......o..-.-o..o.ooooo*o..o...o.ooooo 54 



SNOW LOADS ON BUILDINGS 

by Eng. A .  F, Nikolaev ( o f  t h e  Rosearch I n s t i t u t e  of I n d u s t r i a l  
c o n s t r u c t i o n )  
T r a n s l a t e d  f rom " S t r o i t e l '  (The ~ u i l d e r ) " ,  1935, v o l ,  8, no. 10, 
pages 18-26 

The problem of s p e c i f i e d  snow l o a d s  on b u i l d i n g s ,  

e s p e c i a l l y  on i n d u s t r i a l  b u i l d i n ~ s ,  i s  extremely impor t an t  i n  

our  coun t ry  d u r i n g  t h i s  e x t e n s i v e  growth i n  c o n s t r u c t i o n ,  

However i t s  a c c u r a t e  s o l u t i o n  p r e s e n t s  g r e a t  d i f f i c u l t i e s ,  

When snow f a l l s  w i thou t  any wind, it  must b e  evenly  

d i s t r i b u t e d  over  t h e  roof  s u r f a c e ,  But t h i s  i s  only  a t  t h e  

beg inn ing ,  

Because of i nadequa te  roo f  i n s u l a t i o n  t h e  b u i l d i n g  

t empera tu re  beg ins  t o  mel t  t h e  snow unevenly,  Where t h e  snow 

i s  i n  c o n t a c t  w i t h  heat-conduc t i v o  m a t e r i a l s ,  e,g. g l a s s  

( s i n g l e  g l a z i n g ) ,  t h e  snow w i l l  m e l t  more q u i c k l y  t h a n  over  

wooden spans ,  T h i s  w i l l  a l s o  occur  p a r t l y  on warm r o o f s ,  

During s n o w f a l l  w i t h  wind, snow w i l l  accumulate 

on r o o f s ,  b u t  unevenly,  Snow accumulates  i n  p r o t e c t e d  

p l a c e s  of low wind speed,  However, i f  a t  a g iven  wind f low 

d i r e c t i o n  and  a t  a g i v e n  speed snow accumulates  i n  p l a c e s  

of calm, a t  a n  i n c r e a s e  of wind f l o w  speed wi thou t  a change 

i n  d i r e c t i o n  a p l a c e  of calm i s  no  lonrger calm and snow w i l l  

n o t  f a l l  i n  t h i s  p lace .  I n  p l a c e s  where snow accumulates  a t  

a l l  wind spoeds  ( i . e .  i n  calm p l a c e s )  t h e  snow accumulat ion 

w i l l  b e  t h e  g r e a t e r  t h e  h i g h e r  t h e  wind speeds  f o r  a g iven  

snow c o n c e n t r a t i o n ,  because  t h e  amount of snow p a s s i n g  t h r o u ~ h  



a  square u n i t  per u n i t  of t ime w i l l  be g r e a t e r  with h i ~ h  

wind spccd t h a n  wi th  low wind speed. 

Even i f  only two f a c t o r s  a r e  kaken i n t o  account,  

t o m p e r a t u ~ e  and wind speed f o r  a  given d i r e c t i o n ,  t h o  

accumulation of snow i s  extremely complex. I f  a l l  f a c t o r s  

a f f e c t i n g  snow accumulation on r o o f s  a r e  taken  i n t o  account,  

i .e .  t h e  shape of tho  r o o f ,  the roughness of t h e  r o o f ,  t h e  

speed and d i r e c t i o n  of t h e  wind, phys ica l  propelBties  of t h e  

snowflakes etc . ,  i t  i s  n o t  poss ib le  t o  so lve  t h i s  problem 

i n  t o t a l .  It i s  onl-1 poss ib le  t o  t a k e  i n t o  account a given 

f a c t o r  in f luenc ing  the  i r r e g u l a r i t y  of loads  i f  we can 

s tudy one f a c t o r  by e l imina t ing  a l l  t h e  r e s t .  This 

cond i t ion  f o r c e s  the r e s e a r c h e r  t o  make use of models s e t  

up under a r t i f i c i a l  cond i t ions ,  

Theref o re  t h e  problem of determining accumulation 

of snow on r o o f s  i s  t o  be solved a p p r o x i m t e l y  with s u f f i c i e n t  

accuracy f o r  p r a c t i c a l  requirements.  

Snow load s p e c i f i c a t i o n s  e x i s t i n g  up t o  Ju ly  1933, 

were much t o o  l a r g e ,  wi th  i n s u f f i c i e n t  b a s i s  and n o t  

r e f l e c t i n g  t h e  r e a l  snow loads ,  

The new s p e c i f i c a t i o n  OST 7626 ( w i t h  a new e d i t i o n  

OST 4535/3 being pp in ted)  can be regarded a s  a  f i r s t  

approximation t o  t h e  t r u t h ,  a l though they  s u f f e r  from a  

number of ahortcornin;.;s and r e q u i r e  more p repara t ion  p a r t i c u l a r l y  

f o r  complicated roof  shapes,  

The aim of t h i s  a r t i c l e  i s  t o  exp la in  s tandard  7626, 

po in t ing  out  t h i s  problem of t h e  bu i lde r ,  and i t s  es t ima t ion  



from t h e  point  of vlew of observations an? experiments conducted at  

t h e  Research I n s t i t u t e  of I n d u s t r i a l  Construct ion.  

1. Basic  Ca lcu la t ion  Formula 

"Unlf led  Standards" determine snow loads  from t h e  mean of 

t h e  rnaxirn~im snow depths on t h e  ground*. 

"1. Snow loads  i n  kg/m2 of h o r i z o n t a l  roof p roJeo t ion  

a r e  determined from t h e  mean of t h e  y e a r l y  max1mr.m observed snow 

depths on t h e  ground i n  accordance wi th  Table I. 

The ground snow depth h ,  i n  c e n t i m s t r e s ,  is taken from t h e  

n e a r e s t  meteorological  s t a t i o n  a s  t h e  mean of t h e  maximum observa- 

t i o n s  from t h e  last  t e n  years .  Where t h e r e  are no such records  h  i s  

taken from t h e  accolnpanylng c h a r t ,  'and f o r  mountain a r e a s  - from the 

accompanying t a b l e .  

A s  a b a s i s  f o r  snow load c a l c u l a t i o n  t h e  formula Ps = l .6h 

2  
e x p r e s ~ s s  t h a t  t h e  l a r g e s t  snow load (Ps kg/m h o r l z o n t a l  roof pro- 

j e c t i o n  a t  a p i t c h  of 20° t o  30°) depend l a r g e l y  on t h e  ground snow 

cover  depth (h i n  em)." 

I f  h  i s  expressed In cm., t h e n  t h e  dimensions of t h e  co- 

2  
e f f i c i e n t  1.6 must be kg/m x cm. 

Expressing t h e  l e n g t h  i n  metres ,  f o r  a c o e f f i c i e n t  of 1.5, 

we o b t a i n  

ka= kg = I00  2 
m2 crn m2 m/100 m 

Thus t h e  c o e f f i c i e n t  

1.6 = 160 2 
m2 crn m 

g i v e s  t h e  weight of snow p e r  u n i t  volume (1.4 pe r  m"). 

- 
* Table I ,  page 19 ,  i s  a quo ta t ion  from the Standard.  



By ~ ; i v i n g  the u n i t  weight of snow a  va lue  of 

160 kg/tn3 a t  the  end of winter  ( i .e .  i n  March) and not  

240 t o  250 kC/m3, which i s  t h e  a c t u a l  u n i t  weight, 

s i g n i f i e s  t h a t  only 64-67 per cen t  of t h e  snow on t he  

ground accumulates on the  roo f .  

The Research I n s t i t u t e  of I n d u s t r i a l  Construct ion,  

engaged i n  i n v e s t i g a t i o n s  of snow loads  on bui ld ings ,  have 

c a r r i e d  out  measurements of snow accumulation on t h e  r o o f s  

of i n d u s t r i a l  bu i ld ings .  Such measurements were a l s o  c a r r i e d  

out on r o o f s  of t he  second s t a ge  of c ons t ruc t i on  of 1 GPZ 

(Feb. 9, 1933). The bu i l d i ng  was no t  maintained and was 

heated very l i t t l e  dur ing  t h e  1932-33 winter ,  and t he r e fo r e  

t h e  i n f l uence  of i n s i d e  tempera tme on snow melt can  be  

neglected.  

Fig.  1 shows a snow load p r o f i l e  on a c ro s s - s ec t i on  

of t h e  second s t age  of t h e  GPZ shop. The ho r i z on t a l  a x i s  

shows t h e  ho r i zon t a l  p ro j e c t i on  of t h e  c l e r e s t o r e ye d  roof 

c ro s s - s ec t i on  and t he  v e r t i c a l  a x i s  shows t h e  t o t a l  snow 

load on a l l  f o u r  elements of each c l e r e s t o r e y  span ( t h e  

f o u r t h  p a r t  be ing  t h e  space between t h e  c l e r e s t o r e y s )  

expressed i n  cm2 of t h e  snow accumulation cross-sec t ion .  

If t h e  load on a l l  of t h e  bu i l d i ng  was evenly 

d i s t r i b u t e d  over i t s  ho r i z on t a l  p ro jec t ion ,  t h e  depth  of 

snow cover  would be 19 cm. If t h i s  i s  compared t o  t h e  

snow dep th  on t h e  ground which, according t o  t h e  records  

of Tirniriazev A g r i c u l t u r ~ l  Academy was 27.5 cm. on 

March 9, i t  appears  t h a t  snow loads  f o r  r oo f s  of t r a p e z o i d a l  

c l e r e s t o r o y s  of t y p e  1 GPZ i n  Moscow a r e  69% of t h e  ground 



load, which i s  2-4$ g r e a t e r  than  t h e  c a l c u l a t e d  ( t h e  roof  

and growid snow d e n s i t i e s  according t o  our measurements 

were t h e  same a t  0.24 t o  0.25). 

To g e t  roof  and ground loads,  we m u l t i p l y  t h e  

dep th  i n  metres by  t h e  u n i t  weight. 

0.275 x 240 = 66 kg/m2 f o r  d e n s i t y  of 0.24 

o r  0.275 x 250 = 68.75 kg/m2 f o r  d e n s i t y  of 0.25 

on t h e  ground. 

On h o r i z o n t a l  p r o j e c t i o n  of roof  we have 

0.19 x 240 = 45.6 kg/m2 

o r  0.19 x 250 = 47.5 kg/m2 

According t o  t h e  c a l c u l a t i o n  formula t h e  evenly 

d i s t r i b u t e d  load  on t h e  h o r i z o n t a l  p r o j e c t i o n  of t h e  roof  

i s  

P, = l6Oh = 160 x 0.275 = 44 kg/m2 

1.e. 1.6 - 3.5 kg/m2 l e s s  than  t h e  a c t u a l ,  which i s  3.6% 

f o r  a  d e n s i t y  of 0.24 and 8% f o r  a  d e n s i t y  of 0.25. Although 

t h e  c a l c u l a t i o n  i s  somewhat underestimated, it  meets t h e  

a c t u a l  value c l o s e  enough. 

2. Determinat ion of snow load  on a  b u i l d i n g  

 o or complicated roof p r o f i l e s :  w i t h  t r a p e z o i d a l  

o r  r e c t a n g u l a r  c l e r e s t o r e y s  ( lengthwise  and t r a n s v e r s e ) ,  

wi th  unequal h e i g h t s  of t h e  d i f f e r e n t  p a r t s ,  multi-bayed 

c y l i n d r i c a l  r o o f s  e t c  . , t h e  possibility of snow accuinulati,on 

i n  lowered roof  p a r t s  blown away from t h e  h izher  p a r t s  

should b e  taken  i n t o  account .  Therefore  snow loads  ta!cen 

from t h e  maxima of Table 1 (corresponding t o  a p i t c h  of 



20-30°)  R r u  rerillcod 50 p e r  cent  f o r  h.ip;her b a r t s ,  but a r e  taken 

not  l e s s  than 25 lct:/mL. Thia 50 pe r  cent  in  t ranrrferred i l a  an 

evenly ( I l s t r i b ~ l t e d  a d d i t i o n a l  load on one s i d e  of the  a x i s  of the 

lower p a r t  of t h e  roof ,  

I f  the  h igher  roof p a r t  has  a  concave p r o f i l e ,  no 

r e d u c t l o n  of load  on the  hi.zhor p a r t  i s  made, but  lower p a r t s  

take  an a d d i t i o n a l  load of 50 per  c e n t .  

For r o o f s  without  a t t i c s ,  which a r e  planned f o r  melt- 

ing  of snow, t h e  load i s  reduced t o  conform with the  c a l c u l a t e d  

h e a t  cond i t ions ,  namely: 

( a )  For r o o f s  which have moderate h e a t  l o s s  (wi th  a 

thermal r e s i s t a n c e  from 1.10 t o  0.75) a t  ingide  temperature 

of 15' ( c )  and having 2 / 3  t h e  roof a r e a  over  heated a i r  space,  

snow loads  a r e  reduced 50 pe r  cen t .  

( b )  For r o o f s  w i t h  g r e a t  h e a t  l o s s  ( w i t h  a  thermal  r e s i s -  

tance  l e s s  than 0.75) and h e a t  f low over  8 ~ 0  cal./hour/m2 of h o r i -  

z o n t a l  roof p r o j e c t i o n ,  the  snow l o a d s  a r e  reduced 75 p e r  cen t .  

( c )  I n  a d d i t i o n ,  i n  the  above cases ,  s t r e s s e s  a r e  t o  

be checked f o r  the  f u l l  snow load  (wi th  no reduc t ion  f o r  melt-  

i n g )  and the  permi t ted  s t r e s s e s  i n  the  roof  elements should be 

inc reased  by 35 p e r  cent ."  

Consequently, accordfng t o  "Unified s t andards"  the  

l o a d s  on the  p r o f i l e  GPZ can be c a l c u l a t e d  a s  fo l lows:  

The ground snow depth i s  determined from the  

t a b l e  and chart;? given i n  the  s t andards .  For Moscow t h i s  

dep th  i s  1;8 cm. From Table I ( i n  bold p r i n t )  f o r  h  = 60 cin. 

2  
o r  l e s s ,  t h e  g r e a t e s t  load  i s  100 kc/m (corresponding t o  a  

-x- Tables and c h a r t s  a r e  not  g iven  i n  t h i s  paper.  
. . 



0!i Set l; L c > n  I ( Il'i r;. 2 )  tho l o a d  1.3 

On Soct ion  11, t h e  load tnlccn i s  Ps 0.sL2 plus  

h d f  t h e  load on t h e  higtlor s e c t i o n ,  o r  0.5 PsTtl, or a 

l a d  

This,  load  must bo evenly d i s t r i b u t e d  on 

l e n ~ t h  L2. Therefore,  t h e  load per rn2 of p ro jec t ion  of 

Sec t ion  I1 i s  expressed as:  

On Soct ion  I11 of Fig.  2 t h e  load i s  

Q3 = 0.5 PsL2 ke/lin.m. = 0.5 x 100 " = 100 kg/*? 

Since  t h e  roof  of GPZ has modorata hea t  l o s s  and an i r i s ide  

tempera ture  of + 1S0(c) accordirig t o  "Tlnif i ed Standrrds"  

t h e  snow loads  are reduced 50 per  cent .  

Therefore,  f i n a l l y ,  t h e  load on 

Sec t ion  I, Q1 = 25 lq;/rn 2 

Secl;ion I?, Q? = 76 kG/m2 

Sec t ion  111, e3 = 50 kC/1n2 

F i g w e  3 skior~s a cor!:pn~-l-(-m of a c t u a l  snow load  i n  

lcg/in2 of horizontal .  roof p r o j e c t i o n  from obse rva t ions  by t h e  

Research I n x t i  t u t e  with loads  a c c o r d . i n ~  t o  starldard @ST 7026 . 
The ;jar:!-l,crl line:; st-tow t h e  r ' c a l  :;now lolrds on Sec t ion  1, 11 

and I11 and t h e  ! - ~ . o r L ~ o n t a l  13.n~:: show .th.c specj.fied. load  or1 

t f - ! l j  zes t ;  j. o r , : .  . , :  , ' T I ,  1;f)c :.Ic~Lx:.; 7. ::II.(.)IJ lontls 011 



c l e r e s t o r s y  (> (1l'i.c;. 11) a r o  lar<qer  only i n  some cases  and 

then  f o ~  s h o r t  periocis, not  more t ha n  t t r e e  t o  s i x  days, 

than the  spec i f i ed .  TTowever, i n  ~ : e n e r a l  t he  a c t u a l  snow 

loads a r e  l e s s  than  the spec i f i ed .  

Such a s t a t e z ~ e n t ,  however, can be  made only f o r  

t he  winter  of 193Lk-35 when snowfal l  was l i g h t .  According 

t o  t h e  weathel- records ,  t h e  g r e a t e s t  snow depth  i n  t h e  

I;oscow r i v e r  ba s in  i n  t h e  1934-35 winter  was 39 cm. on 

t he  second t en -dqpe r iod  of February. Consequently, f o r  

win te r s  wi th  g r e a t  snowfal ls ,  much g r e a t e r  a c t u a l  snow 

loads  than those  specified and over longer per iods  of 

t ime a r e  t o  be  expected. 

For r oo f s  having two s lop ing  su r f a c e s  o r  having 

a curved shape, "Unified Standards'' recommend two c a l c u l a t i o n s  

of snow load (1) f u l l  uniform load over t h e  whole su r f a ce  and 

( 2 )  one-sided load on ha l f  t h e  span. 

Where a roof a d j o i n s  a high v e r t i c a l  su r f a c e  

t h e  pos s ib l e  formation of snow accumulation should be 

considered equal  t o  t h e  w a l l  he ight ,  but  no t  g r e a t e r  than  

f o u r  t imes t h e  ground snow depth  (kh). 

The u n i t  weight of looso snow i s  t a k e n  as 

100 kc~m3. 

Consequently, i n  t h i s  c a se  t h e  load 

Q = 2 h 1 100 = 1.25 P s l  i n  kg/ l in .  m. (Fig.  5 ) .  

The s t andard  ,c:ives no i n d i c a t i o n  a s  t o  t h e  l eng th  

of t r i a n g u l a r  accumulation. However, from t h e  aerodynamic 

cons ide ra t ion  a s  given i n  a s s i s t a n t  Prof. E. I. Retterls; :-  



11 
a l - t i c l e  dea l3 .n~  w i th  t h e  irif l uonce of h c i f h t s  New s tandards  

f o r  wind loads  on bui ld ings" ,  t h i s  l e n ~ t h  can be approximated 

by 20 h. 

The ~ m i t  weight of loose  snow i s  recommended a t  

100 1cg/m3 by "Standards". Observations,  s p e c i a l l y  taken 

by t h e  Hesearch I n s t i t u t e ,  have shown t he  u n i t  weight of 

f r e s h l y  f a l l e n  snow t o  vary between 85 and 190 ki.,/m3. 

Table 2  g ive s  some u n i t  weights of f r e s h l y  f a l l e n  

snow. From t h e  t a b l e  it i s  seen t h a t  t h e  unf t  weight of new 

snow averaees  135 lce/m3. 

3. The Inf luence  of' Wind on Snow I q o n d  - -- - 

The in f luence  of wind on snow load i s  taken i n t o  

account by t he  s t andards  a s  fol lows:  

"For unshel tered  l o c a l i t i e s ,  sub j e c t  t o  s t r ong  

* 
and f r equen t  wfnter winds (speeds  of 12 m/sec. or  more) 

which prevents  snow accumulation on r o o f s ,  t h e  loads  given 

i n  Sec t ion  1 (Table 1 )  a r e  reduced 50 per c e n t ,  bu t  not  

l e s s  than 25 kg/m2." 

Thus "un i f i ed  Standards" do no t  g ive  any 

i n d i c a t i o n  of t h e  snow d i s t r i b u t i o n  according t o  the  roof 

su r f ace  ancl depending on t h e  wind d i r e c t i o n ,  They take 

i n t o  account only t h e  poss ib le  formation of snow accumulation 

i n  depressed roof  p a r t s  c a l c u l a t e d  from t he  snow blown away 

from t h e  higher p a r t s ,  The d i r e c t i o n  of the  wind, p r e va i l i ng  

.* 
5.- 

The wind speeds a r c  talcen a s  t h e  mean of t h e  rr~xima 
( s ea sona l )  f r o n  t h e  recol7ds of t he  noares t  meteorologica l  
s t a t i o n s ,  A speed of 12 in/sec, corresponds t o  7 on t h e  
Beaufort  s ca l e ;  a speecl wbLtch swzys t r e e  brnnches or  t h i n  
t runks.  11 



d w i n c  snowfall ,  a r e  not  considered by "Unified S-tandards" 

a t  a l l .  

However, t h e  s i gn i f i c a nc e  of t h i s  f a c t o r  i s  

enormous. 

To look a t  t h e  in f luence  of wind d i r e c t i o n ,  t h e  

Research I n s t i t u t e  made f i e l d  observat ions  on bu i ld ings  

dur ing  t h e  sp r ing  of 1934 ( A p r i l  14) .  

On t h i s  d a y ,  t h e  snow accompanied wi th  a nor th-  

west wind f e l l  on t h e  roof which was previous ly  f r e e  of 

snow. The wind speed determined from a  V i l ' d  weather vane 

reached 14 m/sec. ( p l a t e  de f l ec ted  t o  t h e  ho r i z on t a l  

p o s i t i o n ) .  The C A G I  anemometer a t  t h i s  time r e g i s t e r e d  

a  speed of approximately 24 m/sec. The temperature was 

-0.5O ( C ) .  

During t h i s  t ime on t h e  I s e c t i o n  of t he  GPZ 

roof ,  snow depths were measured on f i v e  of t h e  c l e r e s t o r eys :  

13, 11, 6,  3 and. 1 a t  t h e i r  mid-section, perpendicular  t o  

t h e  a x i s  of t h e  c l e r e s t o r e y  (Fig. 4) .  

The fo l lowing photographs of snow accumulation 

were taken a t  t he  time of observat ion.  

Figure 6  shows a  genera l  view of c l e r e s t o r e y  13  

a f t e r  t h e  A p r i l  snowfall .  The sloped. pa r t  of t h e  

c l e r e s t o r e y  wi th  windows i s  snowless. I n  t h e  i n t e r -  

c l e r e s t o r e y  space the  snow depth I s  minimum. Crossing 

t o  t h e  o the r  c l e r e s t o r o y s  t he  snow dep th  i nc r e a se s  

apprec iably .  

Figure 7 shows t h e  leeward s i d e  of c l e r e s t o r e y  3 

and t h e  windward s i d e  of c l e r e s t o r e y  2. The snow accumulated 



on t h e  leeward s ide ,  whereas t he  windward s i d e  1 ~ 1 1 3  snowless. 

Comparing these  c l e r e s to reys  with the  former, i t  i s  seen 

t h a t  i n  c ross ing  the  c l e r e s to reys  ( i n  t h e  d i r e c t i o n  of t h e  

wind), the  amount of precipated snow i s  increased,  

Figure 8 gives t he  change of snow load, t o t a l l e d  

over each c le res to rey ,  according t o  t h e  wind d i r ec t ion ,  The 

absc i ssa  gives t h e  accumulated pro jec t ion  of c l e r e s to rey  

cross-sect ion,  and t h e  ordinate  g ives  t he  a m ~ u n t  of snow 

detained by the  separa te  c le res to reys ,  expressed i n  cm 2 

of snow accumulation on each cross-sect ion,  I n  t h i s  form 

the  curve d i s t i n c t l y  shows, according t o  the a b l a t i o n  of 

t h e  c l e r e s to rey  depending on the  wind d i r ec t ion ,  s t a r t i n g  

from c l e r e s to rey  13, the  amount of snow prec ip i ta ted  on 

the  c l e r e s to rey  increases.  This increase  i s  observed t o  

c l e r e s to rey  2, and then t h e  load begins t o  decrease. 

Thus t h e  magnitude of snow load on c l e r e s to rey  3  i s  

7.7 t imes t h e  load on c l e r e s to rey  13. 

Figure 9 shows t h e  change of snow load on the  

Sections I, 11, 111, I V .  From the  graph, it i s  seen t h a t ,  

t h e  snow load on Sections I11 and I V ,  ly ing  i n  t he  leeward 

of t h e  c le res to reys ,  increases  t o  c l e r e s to rey  3 and then 

sharply  decreases; t he  snow load on Sections I and 11, 

ly ing  i n  t h e  windward of the  c le res to reys ,  increases  t o  

c l e r e s to rey  6 ,  and then gradually decreases t o  c l e r e s to rey  1, 

Thus, i f  t h e r e  i s  snowfall with win4 whose 

d i r e c t i o n  i s  perpendicular t o  the  c l e r e s to rey  ax i s ,  t h e  

fol lowing conclusions can be made of t h e  accumulation of 



snow on c l e r e s t o r e y  surfaces .  

1. Tho g r e a t e r  p a r t  of snow accumulates on t he  

leeward pa r t  of the  c l e r e s t o r e y  (Sec t ions  111 and I V ) .  

2, The amount of snow accumulatfne on each 

c l e r e s to r ey ,  and on each s e c t i on  of each c l e r e s t o r e y ,  

i n c r e a s e s  (up t o  c e r t a i n  l i m i t s )  i n  c ross ing  from c l e r e s t o r e y  

t o  c l e r e s t o r e y  i n  a d i r e c t i o n  perpendicular  t o  t h e  c l e r e s t o r e y  

axis and i n  the  d i r e c t i o n  of the  wind. 

In t h e  case  of t h e  snowstorm of A p r i l  14, t h e  

d i f f e r e n c e  i n  t h o  amount of snow accumulating on two 

c l e r e s t o r e y s  w a s  such t h a t  the  load  on c l e r e s t o r e y  3 w a s  

almost e i g h t  t imes  (7.7) t h e  load  on c l e r e s t o r e y  13, 

loca ted  120 m. apar t .  We s h a l l  t r y  t o  exp la in  the  cause  

of uneven snow accumulation according t o  t h e  roof  p r o f i l e .  

I f  t h e  problem of the motion of a snow p a r t i c l e  

i n  a i r  i s  approached mathematically,  it l eads  t o  t h e  

i n t e g r a t i o n  of d i f f e r e n t i a l  equat ions of t he  motion of the  

p a r t i c l e ,  which i n  t h e  end a r e  not  always pos s i b l e  t o  

evaluate .  Attempts a t  a mathematical approach t o  the s tudy 

of the  motion of a snow p a r t i c l e  i n  a i r ,  which i s  t i e d  t o  

the  problem of snow accumulation a t  obs t a c l e s ,  has been 

4:- 
made by d i f f e r e n t  aut  hors . 

Among t h e  most i n t e r e s t i n g  i s  t h e  work of 

Prof ,  .N. E. Zukovskii. 

9 
Eng. D o ~ ~ o v ,  N. E. Combatting snow on Russian r a i l r o a d s ;  
P ro f ,  Rykin, N. A. Tile work of t he  aeromechanical l a b o r a t o r i e s ,  
pub l i c a t i on  of the  I n s t i t u t e  of Communication, Petrograd, 1 9 4 ,  
No. 11; Prof .  Zukovskii, N. Z.  ( 1 )  on snowdri f t s  and ( 2 )  on 
snowdri f t s  and s i l t i n g  of r i v e r s ,  pub l i c a t i on  of t h e  l i s t e d  
a r t i c l e s  of Narkomzem, no. 30 and others .  



I n  h i s  f i r s t  a r t i c l e  N, E, Zukovskii exp la ins  

t h e  fo l lowing phenomenon, When a snows t o r n  c a r r y i n g  snow 

near the ground meets i n  i t s  p a t h  mot ionless  obs tac les ,  

then in f r o n t  of the  o b s t a c l e  a r e  formed snow hollows, m d  

BB gem d i s t a n c e  from t h e  o b s t a c l e  a r e  formed snow mounds. 

Zuksvekii  s i m p l i f i e s  t h e  problem by supposing t h a t  t h e  

o b s t a c l e  i s  a l a r g e  long round c y l i n d e r  whose h o r i z o n t a l  

axis i s  perpendicular  t o  the  wind d i r e c t i o n ,  

By s e l e c t i n g  a combination of flow pa ths  whose 

t o t a l  r e s u l t a n t  f low would pass  over t h e  c y l i n d e r  g i v i n g  a 

complete a s  poss ib le  d e s c r i p t i o n  of snow accumulation a c t u a l l y  

observed and N,  E, Zukovskii g ives  a mathematical  account of 

t h i s  process  which i s  q u a l i t a t i v e l y  well-known from. 

observat ions  i n  t h e  n a t u r a l  c o n d i t i o n s ,  The b a s i c  cause  

of snow accumulation I n  s p e c i f i c  p laces  remains obscwe ,  

The second a r t i c l e  of P ro f ,  N. E, Zukovskii,  "on 

snow d r i f t s  and s i l t i n g  of r i v e r s " ,  i s  devoted t o  t h e  

s o l u t i o n  of t h e  problem, 

Considering t h e  motion of a  snow p a r t i c l e  on a 

v e r t i c a l  plane only,  Prof ,  Zukovskii g i v e s  t h e  fo l lowing 

equat ion  of motion: 

(U - u )  and (V - v  ) a r e  t h e  h o r i z o n t a l  and v e r t i c a l  

p r o j e c t i o n  of t h e  r e s i s t a n c e  of t h e  a i r  t o  t h e  moving 

p a r t i c l e s ;  U and V - t h e  a b s o l u t e  component wind speeds on 



t h e  x and y ax i s ,  which i n  general  terms a r o  funct ions  of 

t h e  co-ordinates and of time; U and v - t h e  speed components 

'of the  snow p a r t i c l e  on the same axes; .mg - t he  weight of %ha 

snow par t i c le  . 
The equations show, t h a t  i n  places of calm, i .e .  

where U and V a r e  near ly  zero, t he re  i s  always an increased 

snow accumulation. The ac t ion  of g rav i ty  s e t s  out the  

primary motion i n  which snow p a r t i c l e s  begin t o  s e t t l e  on 

the  ground or roof.  On t h e  other  hand, where t h e  wind speeds 

U and V a r e  large ,  we can neglect  t he  weight of t he  p a r t i c l e  

i n  t h e  above equations s ince  i t s  e f f e c t  i s  r e l a t i v e l y  small. 

I n  t h i s  case the  component of the  p a r t i c l e  speed i s  equal 

t o  the  component of the  wind speed, and the  t r a j e c t o r i e s  

of t h e  snow p a r t i c l e s  coincide wi th  t he  l i n e s  of a i r  flow. 

Regarding the  f u l l  determinat lon of t h i s  problem, 

not  considering i n  d e t a i l  t h i s  very i n t e r e s t i n g  a r t i c l e ,  

i t  i s  necessary t o  determine mathematlcally t h e  speed i n  

each point of space. 

Thus t h e  unevenness of snow accumulation on t h e  

p r o f i l e  of one of the  c l e r e s to reys  can be explained by t h e  

uneven d i s t r i b u t i o n  of wind stream speed a t  d i f f e r e n t  points  

near  t he  c l e r e s to rey  p ro f i l e .  

An anemometer survey, taken on 1 GPZ, confirms t h i s  

statement.  Fig. 10 glves  the  speeds, measured i n  t h e  space 

between t h e  c l e r e s to reys .  



Measurements were taken by two Fuss anemometers. 

The speed a t  each poin t  i s  expressed a s  a percentage of the  

wind speed a t  a  height of 2 m. from the c l e r e s t o r o y  su r face .  

Measurements were taken a t  t h i s  point  i n  every case  and 

simultaneously with t h e  speed measwemeilts of the o the r  

po in t s  . 
Figure 11 d e p i c t s  the  aerodynamic flow, obtained 

by photographing b lack  r lbbon,  hanging i n  t h e  space between 

t he  c l e r e s t o r e y s ,  spaced 1 m, a pa r t .  

Figure 12 shows a sketch  of the flow, obtained i n  

a  t r a y  i n  t he  hydrodynamic l abora to ry  of Prof ,  N. E, Zukovskii 

i n  MGU. The f low was obtained by decomposition of water 

according t o  t h e  method of Prof .  D. S. Vi l t ke r .  The t e s t s  

were done by E. I. Ret ter ,  B e  V. Gladkov and t h e  author .  

By comparing t he  d i s t r i b u t i o n  of wind speed i n  

t h e  i n t e r - c l e r e s t o r e y  space (Fig,  1 0 )  wi th  t h e  snow 

accumulation on t he  c l e r e s t o r e y  p r o f i l e  (F ig .  6 and 71, 

i t  i s  seen t h a t  snow i s  de ta ined  i n  calm places.  The 

depos i t i on  of snow i s  f a c i l i t a t e d  by t he  f a c t  t h a t  near  

po in t  A of Fig.  11 and 12  t h e  wind speed vec to r  forms an 

obtuse  angle wi th  a l l  of t he  snow p a r t i c l e  vec to r s .  A t  

point  B t h i s  ang le  i s  acu te .  

The unevenness of snow accumulation over a l l  t h e  

c l e r e s to r eys ,  taken a t  one cross-sect ion,  can  b e  s i m i l a r l y  

explained, i .e .  the  i n c r e a s e  of snow accumulating on a  

c l e r e s t o r e y  i s  explained by t he  decrease  of wind speed a t  

t h i s  sec t ion .  The snow-wind flow strenni which has a f o r c e  

T upon con tac t  w i th  c l e r e s t o r e y  13 (Fig. 8 and 4) l o s e s  



p a r t  of i t s  energy, A s  t h e  flow passes t o  other  c l e r e s to reys  

the  l o s s  of k ine t i c  energy, owing t o  t he  r e t a rd ing  of t h e  

snow-wind stream becomes even grea te r .  However, t he  decrease 

of speed i s  observed only t o  c l e r e s to rey  3, whereupon the  

speed again increases ,  

Thus t he  d i r e c t i o n  and speed of wind during snowfall  

renders  enormous inf luence on the  uneven snow load d i s t r i b u t i o n  

on bui ld ing roofs ,  

Uneven snow d i s t r  ibu t ion  i s  observed: 

( 1 )  Between separa te  p a r t s  of any one c l e r e s to rey  - considering 

t h e  same cross-sect ion 

( 2 )  Between s imi la r  p a r t s  of d i f f e r e n t  c l e r e s to reys  - 
oonsidering the  same cross-sect ion.  

(3)  A t  stream flow d i r e c t i o n s  not  perpendicular t o  t h e  

c l e r e s to rey  ax i s ,  d i f f e r e n t  loads  a r e  observed a l s o  

on t h e  same p a r t  of a  c l e r e s to rey  but  a t  d i f f e r e n t  

cross-sect ions,  
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TABLE I1 

, 

1935 
Date 

5 Feb. 

7 Feb* 

10 Feb. 

10 Feb. 

20 Feb. 

22 March 

Depth of 
Fa l len  
Snow ( c m )  

21 

5 

10 

13 

13 

12 

Temperature 

-2.6 -7.7 

-5 

-5.3 

-5.1 

+1.8 

-5.3 -5.4 

U n i t  Weight 
of Sn3w 
(kg/m ) 

85 

11 0 

156 

170 

190 

100 

Wind 
Speed 

(m/sec.) 

6.0 

3.5 

3 .6 

5.0 

5.0 

3.0 

Snowfall 
Duration 
  ours) 

9 

10 

3 

3 

3 

3 



Fig. 1 

Change of total clerestorey snow loads in crn2 of cross-section 
(GPZ on March, 1933) 

Fig. 3 

Comparison of actual and speclfled snow loads in kg/tn2 hcrizontel 
roof projection on clerestorey 6 of GPZ during February and March 



F i g .  4 

Plan showing clerestoreys on 1 GPZ of the Kaganovitch works 

Fig* 5 



; * L  

F i g .  7 

Change of to t21  c leres torey snow load according to  the  wind 
d i r ec t ion  on April  14 ,  1934. 1 GPZ 

Fig. 9 

Change of snow load according t o  wind d i r ec t ion  on 4 sect ions  
of the c leres toreys  April  14 ,  1934. 1 GPZ 



W i n d  

Fig. 10 

Dis t r ibu t ion  of wind speeds i n  the  in ter-c leres torey 
space, 1 GPZ, June 16, 1934 

Fig. 11 

Aerodynamic f l o w  In  the Inter-c leres torey space, 
Jan. 8, 1934. Wind speed 6-7 m/sec 

Fig. 1 2  



SNOW LOADS SPECIFIED BY THE RTJSSIAN BUILDING CODE 

Trans la ted  from the  Russian " S t r o i t e l l n y e  Normy 5. P r a v i l a  
(Cons t ruc t ion  Standards and Re u l a t i o n s ) "  P a r t  11, Sec t ion  B, 
Chapter 1, Para. 4, pp. 46-48 ?Loads and Load Coefficients 
f o r  Buildings and I n d u s t r i a l  S t r u c t u r e s ) .  

Snow Loads 

The snow load  per  square  meter a r e a  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  t h e  formula 

PC = PC ( 1 .lc) 

wh.ere p = weight of snow cover  i n  kg/m 
2 

depending on t h e  r eg fon  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 t h e  roof  according 

t o  Table  5. 

The load  f a c t o r  "n" f o r  snow load s h a l l  be taken  equa l  

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 ,  as w e l l  a s  i n  t h e  r eg ions  - 
of extreme nor t t i  and f a r  e a s t  t h e  wefght of snow 
cover p i n  kg/& s h a l l  be taken numsr ica l ly  equal  
t o  2t1, where h = depth  of snow cover  i n  cm, taken 
from rncteorolo~. , ical  observati .ons :LS tllc tiican of t h e  
maximum y e a r l y  d e p t h  a t  a s k : c ? l l , c ? r c c l  l o c a t i o n  f o r  t h e  

No. 

I 

2 

3 

4 

5 

Region of USSR 
(See Fig.  2) 

I 

I1 

I11 

I V  

v 

Weight of Snow Cover 
i n  kg/m2 ( psf . ) 

50 (10)  

70 (14)  

100 (20)  

150 (31)  

200 (41) 



past  10 years ,  I n  the mountain d i s t r i c t s  t h e  
weight of snow cover s h a l l  be taken not l e s s  
than 60 kg/m2 (12 p.s.f.)." 

Value of Coeff ic ient  c  

Table 5 

No 

1 

2 

3 

Shape of roof 

Simple roof,  Pentroof 

and Gable roof 

slope a 4 2s0 

a >, 60° 

Simple arched roof 

Complex roof wi th  

t r ansve r sa l  or longi tu-  

d i n a l  c le res toreys ,  with 

unequal heights  of 

soparate par ts ,  e t c .  
I 

c 

1.0 

0.0 

4 /10f 

I n  accord 

with Fie;. 3 

Note 

A t  intermediate 

angles of roof p i t ch  

the  c o e f f i c i e n t  c  i s  

found by i n t e rpo la t ion  

where4 = span of a r ch  

f  = r i s e  of a r ch  

The c o e f f i c i e n t  c  s h a l l  

not  be grea te r  than 1.0 

nor l e s s  than 0.3 

The d i f fe rence  i n  

height  H i s  given 

i n  metres 
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P = 2OOH. but not  < s 
c and not 2 4q 

but not  < 5.0m. and not 7 10.0 m. 

Fig. 3 

Values of the coefficient C for different rpof shapes 



UNSOLVED PROBLIXS I N  REGIOl\TS OF INTENSE SIJO~C,'!I?,T. 

by V. P, Abovskii, A ,  M a  V e k s m ,  V. M a  Volkov, G o  V, Matysek 
(Ehgineers)  
Trans la ted  from t h e  Russian " S t r o i t e l t n a i a  Promyshlennostf 
(Const ruc t ion  ~ndus t ry ) ' ;  1954, no. 11, pp, 30-31 

Observations dur ing  more than  20 yea rs  of maintaining 

r o o f s  of i n d u s t r i a l  bu i ld ings  i n  S i b e r i a  show t h a t  t hose  

respons ib le  f o r  design of p r o j e c t s  do not ,  t o  a cons ide rab le  

ex ten t ,  t ake  account of f a c t u a l  meteorologica l  f e a t u r e s  

which determine t h e  mechanism and magnitude of snow cover 

on r o o f s ,  

For many p a r t s  of S ibe r i a ,  wind records  show t h a t  

most s t r o n g  winds dur ing  snowstorms come from t h e  southwest,  

This i s  confirmed from t h e  bas ic  meteorologica l  

observat ions  dur ing  1931-1952 given i n  Table I, 

The coincidence of maximum meteorologica l  f a c t o r s  

given i n  Table I c r e a t e s  s t a b l e  cond i t ions  f o r  snow 

depos i t i on  behind obs tac les .  

O f  s ign i f i c ance  i s  snow accumulation when t h e r e  is  

no snowfall ,  i , e .  wind-dr i f t ing  of smal l  snow g ra in s  from t h e  

ground or  roof  b r ings  about a  r a p i d  s h i f t  of snow and 

v o r t i c a l  accumulation with compression behind obs t ac l e s ,  

This  r e s u l t s ,  f o r  those  ca se s  where t h e  roof 

con f igu ra t i on  does not  a l low a f r e e  sweep-past of snow, 

i n  i n t e n s i v e  accumulation of snow d r i f t s  a t  the r a t e  of 

1 metre i n  24 hours. 

The u n i t  weight of snow, from f i e l d  measurements 

dur ing  January-February, i s  300-350 kg/m3 and i n  vnrch  

i nc r ea se s  t o  450 kg/rn3. 



Figurea  1, 2 and 3 show I n s t a n c e s  of i n t e n s i v e  

snow accumulation. 

The d i r e c t  consequences of t h e  described. phenomena 

were i n  a number of cases ,  t h e  quick  development of 

s t r u c t u r a l  deformation of load bear ing  s t r u c t u r a l  elements 

of the roof  which l e d  t o  t h e  f a i l u r e  of p u r l i n s  and t r u s s e s ,  

Snow loads  a r e  e s p e c i a l l y  s i g n i f i c a n t  f o r  r o o f s  wi th  

l a r g e  a r e a s ,  4-8 hec ta res ,  which a r e  now being  encountered 

more of ten ,  e s p e c i a l l y  because a s a t i s f a c t o r y  mechanized 

method of snow removal on r o o f s  has n o t  y e t  been devised. 

Of i n t e r e s t  i s  t he  c o n s t r u c t i o n  of a n  i n d u s t r i a l  b u i l d i n g  

i n  S i b e r i a ,  whose roof  i s  shown i n  Fig.  1. 

Sudden overloads of snow on a roof  under 

c o n s t r u c t i o n  brought  about  deformation f a i l u r e  of t h e  t r u s s e d  

beam suppor t lng  the  r o o f ,  I n  one case ,  one formation of 

p u r l i n s  had a s a g  of 17 t o  24 cm, which i s  3 - 4 t imes 

l a r g e r  than  t h e  al lowable;  i n  o t h e r  c a s e s  t h e  f a i l u r e  of 

suppor t ing  s l a n t  members of meta l  t r u s s e s  brought about  

sagging i n  t h e  ctiords on t h e  average  of about 60 cm. 

( F i g *  41, 

However, t h e r e  w a s  no f a i l u r e  of t h e  roof  suppor t ing  

beams or  the roof ing  s l a b s ,  T h i s  i s  explained by t h e  cont inuous 

wire  t i e s  between concre te  r o o f i n g  s l a b s  and t h e  bond of t h e  

cement j o i n t - f i l l e r ,  r e s u l t i n g  i n  a roof  t h a t  i s  t o  some 

e x t e n t  monolytt-lic and t h u s  a b l e  t o  c a r r y  a load independent ly 

over a cons ide rab le  span without c o l l a p s e ,  



In t he  above case  of p u r l i n  deformation, o f t r ~  

removal of t he  snow load, t he  s l a b  base s h i f t e d  because of 

t h e  r e s i d u a l  deformation of the  p u r l i n  and assumed a mean 

l o c a t i o n  between t h e  designed and maximum sag i n  p laces  of 

overload. 

To sum up, i t  i s  necessary: 

( 1 )  t o  quickly br ing  i n t o  r e a l i t y  t he  dec i s i on  of t h e  

Technical  O f f  i c e  of the  Minis t ry  of Const ruct ion  dea l i ng  

wi th  t h e  problem mentioned here. The dec i s ion  noted 

" t h a t  t h e  Research I n s t i t u t e  (TsNIPS) and Hyprot is  up 

t o  now have not  been g iv ing proper a t t e n t i o n  t o  t h e  

highly s e r i ous  problem of f i n d i n g  a s p e c i f i c a t i o n  f o r  

snow depos i t ion  on r o o f s  of i n d u s t r i a l  bu i ld ings  and 

t h a t  a method of p ro t ec t i on  aga in s t  snow loads on 

i n d u s t r i a l  bu i ld ings  must be an  indispensable  p a r t  

of t h e  projec t" .  

(2) t o  r e f r a i n  from a formal  a t t i t u d e  toward t he  des ign 

of r o o f s  of i n d u s t r i a l  bui ld ings  i n  S i b e r i a  and t h e  

Far East  but  t o  take  i n t o  account t h e  in f luence  of 

l o c a l  meteorologica l  cond i t ions .  

(3) t o  des ign  roo f s  of a shape which provide f o r  a 

maximum sweep away of snow; i n  p a r t i c u l a r  it i s  

d e s i r a b l e  t o  a r range  r o o f s  without  v e r t i c a l  p ro jec t ions  

i n  t h e  d i r e c t i o n  of t he  p r eva i l i ng  wind, wi th  c l e r e s t o r e y s  

arranged p a r a l l e l  t o  wfnd d i r e c t i o n  w i th  a  s t reaml ine  

shape of t h e  c l e r e s t o r e y  ends; i n  ca se s  where it i s  

poss ib le ,  t o  s u b s t i t u t e  f o r  roofs  wi th  c l e r e s t o r e y s  

ones without c l e r e= to reys .  



(4) For r o o f s  of l a r g e  s i z e ,  having more than  two s lopes ,  

t h e  p o s s i b i l i t y  of mechanized snow c l e a r i n g  should no t  

be  over-rated e s p e c i a l l y  s i n c e  dur ing  a  snowstorm, 

c l e ~ n i n 3  i s  not  p o s s i b l e ,  

On t h e  b a s i s  of t h e  foregoing,  one can  conclude 

t h a t  i n  those  cases  where on a roof  p a r t  t h e r e  i s  observed 

i n t e n s i v e  snow accumulation, t h e  s t r u c t u r a l  c a l c u l a t i o n  of 

roof  t r u s s e s  f o r  t h i s  p a r t  must b e  based on a c t u a l  

accumulation, i.e. s t r u c t u r e s  must t ake  t h e  snow load  

even i f  a  minimum c o e f f i c i e n t  of r e s e a r c h  i s  used. 

The s c i e n t i f i c  i n v e s t i g a t i o n  and planning 

o rgan iza t ions  must soon g e n e r a l i z e  a v a i l a b l e  methods of 

roof  maintenance i n  S i b e r i a ,  t h e  Far  Eas t  and o t h e r  r e g i o n s  

of the  Union. Along wi th  t h i s  the  problem should be  

thoroughly s tud ied  i n  l a b o r a t o r y  cond i t ions ,  s i n c e  t h e  

d a t a  used a t  p resen t ,  those  on which t h e  s tandards  a r e  

based, and t h o s e  used i n  t e c h n i c a l  l i t e r a t u r e  have become 

obsole te .  

Table I 

3 

2.8 

0.4 

Wind D i r e c t i o n  

Wind Frequency $ 

Mean Wind Speed 
m/sec. 

Snow Storm Wind 
d Frequency ,o 

10 

4.8 

1LO 

E E S S S W W N W  

25 

5.l4 

29.0 

7 

2,6 

0.5 

32 

6.2 

56.0 

1 3  

3.6 

3.0 

N 

4 

2.6 

0.1 

NE 

6  

3.0 

0.1 



Fig. 1 

Snow on a roof between t he  south ends of the  c l e r e s to r eys  and 
the  w a l l  prot ruding above the roof.  The snow depth i s  2.3 m 

Fig. 2 

Snow d r i f t s  between t he  ends of the  c le res to reys .  
Haximum snow depth i s  1.9 m 



Fig .  3 

Snow d r i f t s  on a roof  along t h e  n o r t h  ends of the c l e r e s t o r e y s  

Fig. 4 

Metal roof s t r u c t u r e  a f t e r  removal o f  roof  slabs (view of  the 
deformed upper chor3 and s t r u t  suppor t  f a i l u r e )  



THE PROBLEM OF SNOI-J LOAD SPECIF'ICATION - 
by Em D. Kan-Xhut 

T rans l a t i on  from t h o  Russian " S t r o i t e l  f n a i a  Promyshlennost 
Const ruc t ion  ~ n d u s t r y "  19511, No. 12, pp. 22-23 

I n  t h e  regions  of t he  USSR where t h e r e  a r e  f requen t  

and s t r o n g  winds ( f o r  example, i n  most of Kazakstan) snow 

never  accumulates on f l a t  r oo f s  but  does accumulate a s  g r e a t  

d r i f t s  behind roof  p ro jec t ions .  

U p  t o  now, s t andards  on snow loads  (OST 90/058-40) 

and bu i l d ing  s tandards  and r e g u l a t i o n s  do not  talce i n t o  

account t he se  l o c a l  f e a t u r e s  of c l i ma t e  i n  s u f f i c i e n t  

measure. 

I n  Fig, 1 i s  an i l l u s t r a t e d  c on t r a d i c t i on  between 

t he  s pec i f i ed  standard and t h e  a c t u a l  load ( t a ke n  i n  Karaganda 

Province) .  

(a) For f l a t  r o o f s  w i th  s l i g h t  s lope,  t h e  e s t a b l i she d  s tandard  

load i s  70 kg/rn2 (14 p.s.f.) 

Snow on f l a t  r o o f s  a s  t h e  above i s  no t  r e t a i ne d ,  

Even i n  t h e  ca se  of snowfal l  without  wind, which i s  

extremely uncommon i n  Karaganda, t h e  load on f l a t  r o o f s  

never  comes near  t o  t h e  s tandard  spe c i f i e d .  Only once 

i n  8 years  (1933-1940) was t h e  monthly snowfal l  more 

t han  10 cm. ( 4  in . )  which i s ,  with  a de ns i t y  of 200 kg/m3 

of loose  snow (no t  packed by t h e  wind), a load of no more 

than  20 kg/m2 (4 p.s.f .). It should be taken i n t o  account 

t h a t  t h e r e  a r e  no long  periods i n  Karaganda without  s t r ong  

winds, which sweep a l l  t h e  snow from f l a t  roofs .  

Therefore  f o r  f l a t  r o o f s  with smal l  s l ope  ( u p  t o  10') a  

maximum load of 20 kg/m2 (4 p a s  .f .) can be  used. 



- 36 - 
The th ickness  of i ce  de pos i t  on r o o f s  i s  usua l l y  

small  and i c e  formation i s  loca ted  f o r  t h e  most p a r t  

nea r  cornices .  Because of t h i s ,  one can  assume t h a t  

i c e  does no t  a f f e c t  t h e  design load  f o r  r o o f s  very much, 

( b )  For a  roof  nea r  t h e  wa l l s  of a  roof p r o j e c t i n g  higher 

t h e  OST 90/058-40 s tandard  s p e c i f i e s  a load of 93 ke/m2 

(19 p.s.f,),  and t he  bu i l d i ng  s tandards  and r e g u l a t i o n s  

2  a snow load of 112 kg/m ( 23  p.s.f ,) ,  

I f  t h e  c o e f f i c i e n t  of overload of 1.4 i s  t a k e n  

i n t o  account,  t h e  s tandard  load becomes 112 kg/mc x 

1.4 = 157 kg/tn2 (32 p.s.f .) .  

The a c t u a l  snow load depends f i rs t  of a l l  on the  

helght  of t h e  p ro j e c t i on  H. Up t o  a  c e r t a i n  value of H 

(which w i l l  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 

he igh t  of snow d r i f t  of O,9H, and a n  average of O.7H 

can be assumed (Fig,  1). 

From measurements on bu i l d i ng  cons t ruc t ions  i n  

t h e  Karaganda it w a s  determined t h a t  t h e  de ns i t y  of 

snow d r i f t e d  behind a p ro j e c t i on  reaches  350 ke/m3. 

For example, t a k i ng  a he igh t  of p ro j e c t i on  

H = 2.0 m. which i s  not  very l a rge ,  we ob t a i n  a load 

which i n  t h i s  c a s e  i s  the a c t u a l  load 

p  = 0.7I-I = 0.7 x 2.0 x 350 = 490 kg/m2 (98  p.s.f.), 

o r  approximately t h r e e  t imes t h e  s tandard spe c i f i e d ,  

Per iodic  snow removal f r o m  r o o f s  does no t  

prevent  l a r g e  snow accumulations behind p ro jec t ions ,  

s i nce  snow removal from behind p ro j e c t i ons  i s  out of 

t h e  ques t ion  dur ing  snowstorms w i t h  wind speeds from 

15 t o  4~ metres  per second. 



- 37 - 
( c )  For i nc l i ned  r o o f s  t he  speci f  l e d  snow load decreases  

from 70 kg/rn2 (15 p.s.f.) t o  0 kg/m2 wi t h  t h e  fo l lowing 

inc rease  i n  s lopes:  according t o  OST 90/058-1+0 from 

2s0 t o  so0, according t o  the  bu i l d i ng  s tandards  and 

r e g u l a t i o n s  from 250 t o  60'. 

Actual ly  on t h e  leeward s i d e  of r o o f s  wi th  a  

s lopo of 35' - 45' snow accumulations up t o  1.0 metre 

high have been observed (Fig.  2 ) ,  t h a t  i s  a load r e a c h ine  

350 lcg/m2 (70 p.s.f.). 

The r e a son  f o r  t h e  c on t r a d i c t i on  between spe c i f i ed  

and a c t u a l  snow loads  i n  places where t h e r e  are high and 

f r equen t  winds, i s  t h a t  i n  d e r i v i n g  the  d a t a  only t he  

amount of snowfal l  was considered, whereas d i s t r i b u t i o n  

of snow i s  a l s o  a  f u n c t i o n  of t h e  wind speedg. Both 

OST 90/058-40 and t h e  s t r u c t u r a l  s t andards  g ive  t h e  same 

snow loads  f o r  Minsk and Kara~;anda, whereas snow i s  

d i s t r i b u t e d  on r o o f s  d i f f e r e n t l y  i n  Kazakstan where t h e r e  

a r e  h igher  winds than  i n  Byelorussia .  

The i n c o r r e c t  c ons i de r a t i on  of snow loads  l e a ds  

t o  t h e  fo l lowing e r ro r s :  

(1) A l l  roofs  w i t h  a  s lope  l e s s  than  10' and 

without  p ro j ec t i ons  have s p e c i f i e d  loads  which a r e  t oo  

l a r g e  and a r e  never encounteyed i n  p r a c t i c e .  

A decrease  of t he  s p e c i f i e d  load (from 70 t o  

20 kg/m2 i n  Karaganda) provides a saving of about 

8 rubles /sq .  m. The i n t roduc t i on  of a  supplement t o  t h e  

e x i s t i n g  s tandard snow loads  f o r  some reg ions  of t h e  

USSR would p o v i d e  an  econotny of many m i l l i o n s  of r u b l e s  

every year .  



( 2 )  All- r oo f s  having s t e e p  s lopes  or pro j e c t i ons  

have spec i f i ed  snow loads which a r e  much l e s s  than t h e  

a c t r ~ a l  loads.  Because of t h i s  i n  one of t h e  reg ions  

deformations and even c o l l a p se s  occur o f t e n ,  

I n  connect ion with the use of l i g h t  constrtlc t i ons ,  

t he  r a t i o  of silow load t o  t o t a l  load becomes more 

irnpox*t~nt; therefore t h e  problem of c o r r e c t  e s t ima t ion  

of snow 1o:id a c q t ~ i r o s  s p e c i a l  importance, 

I n  our opinion, it i s  abso lu te ly  necessary t h a t  t he  

C e n t r a l  Committee (Ts.N.1 .P.S. ) as soon a s  poss ib le  

organize  f i e l d  observat ions  and work out s p e c i f i c a t i o n  

proposals  f o r  snow loads  which t ake  i n t o  account t h e  

a c t u a l  accumulations of snoM in  r e l a t i o n  t o  t he  

v e l o c i t y  of t h e  wind. 



*ind direction 
--L 

F i g *  1 

Shape of snow-drift on a roof ledge 

Fig* 2 

Snow-drift on a steeply pitched roof 



SNOW LOADS ACC ORnING TO STHTJCTURAL STAI'SDAI-DS AN1, li-~~r;lTl,,<TT O 1 JS --- --- 

by I, I. Goldenfb la t ,  D o  G o  Korenev and A .  74. Sizov (of  t h e  
Cen t r a l  Research I n s t i t u t e  of I n d u s t r i a l  Construct ion - TSNIPS) 

I t  Trans l a t i on  from t h e  Russian S t r o i t e l f n a i a  Promyshlennost 
(Construct-;.on Indust ry)" ,  1956, no. 6, pp. 25-27. 

In  connect ion wi th  the  p repara t ion  of "Construction 

Standards and Regulations" and observed l a rge  permanent 

deformation of load ca r ry ing  members of some i n d u s t r i a l  

roof s t r u c t u r e s  t h e  Research I n s t i t u t e  of I n d u s t r i a l  

Const ruct ion  c a r r i e d  out an examination of snow loads ,  The 

d i s t r i b u t i o n  and magnitude of snow loads  were examined i n  

a l l  p a r t s  of t h e  USSR0 Also i nves t i ga t ed  were the  in f luences  

of snow loads  i n  causing excess ive  bu i l d ing  d e f l e c t i o n s  and 

roof  f a i l u r e s  which were repor ted  a f t e r  heavy snowfal ls ,  

The magnitu6.e of t h e  design snow load on a 

bu i ld ing  roof depends on: t h e  quan t i ty  of snow p r e c i p i t a t i n g  

on t h e  ground i n  t he  area ,  i . e ,  m e t o o r o l o ~ i c a l  da ta ,  t he  

roof shape and b u i l d i n g  dimensions, r e g u l a r i t y  of roof  

maint enanc e  , 

Besides t h e s e  p r i n c i p a l  f a c t o r s  determining roof 

snow loads ,  t h e r e  a r e  o t h e r s  which must be accounted o r  

co r r ec t ed  f o r ;  i,e, wind speed and d i r e c t i o n ,  t he  a b i l i t y  

of snow t o  be d r i f t e d ,  and a l s o  the  presence on roofs  of 

v e n t i l a t i o n  ducts ,  pipes,  parapets ,  e t c ,  

See from V. W. Abovskii, A .  14. Vekman, V. Me Volkov, 
G ,  V. Natysek " ~ n s e t t l e d  problems i n  t h e  planning of 
i n d u s t r i a l  bu i ld ings  i n  r eg ions  of i n t ense  snowfall" 
t o  " ~ u i l d i n @  lnduat ryn No, 11, 1954 



- 41 - 
Taking i n t o  account f a c t o r s  i s  e x t r a o r d f n a r i l y  

d i f  f  f  c u l t  and undoubtedly l eads  t o  complex f u n c t i o n a l  

r e l a t i o n s h i p s .  

Such a problem i s  u s u a l l y  approached i n  engineering 

p r a c t i c e  a t  t h e  s t a r t  by picking out  the  p r i n c i p a l  causes 

of suc h  phenomena, i n v e s t i g a t i n g  them, and then  drawing 

conclus ions  which a r e  v e r i f i e d  i n  p r a c t i c e .  Meteorological  

da ta ,  t h e  roof shape and b u i l d i n g  s i z e ,  most obviously 

i n f l u e n c e  t h e  c a l c u l a t e d  snow load,  We s h a l l  cons ide r  

t h e  in f luence  of roof  maintenance c o n d i t i o n s  on t h e  snow 

load ,  

The problem i s  pure ly  a n  economic one and t h e r e  

a r e  two p o s s i b l e  p o i n t s  of view a t  i t s  so lu t ion .  

The defenders  of t h e  f i r s t  po in t  of view, who 

a5m mainly a t  reducing  maintenance c o s t ,  main ta in  t h a t  

snow l o a d s  should be  s t a t e d  without  r e g a r d  t o  p o s s i b l e  

snow removal from t h e  r o o f s  because of t h e  d i f f i c u l t y  of 

snow removal *om l a r g e  r o o f s  and t h e  n e c e s s i t y  of having 

s p e c i a l  s t a f f  f o r  c a r r y i n g  ou t  the work, e t c ,  

The defenders  of the  second po in t  of view, who 

a i m  a t  reducing b u i l d i n g  c o s t s ,  ma in ta in  t h a t  c a l c u l a t e d  

anow l o a d s  should be  given f o r  s t andard  roof  des igns  

t ak ing  snow removal i n t o  cons ide ra t ion .  

I n  t h e  " S t r u c t u r a l  Standards" snow loads  a r e  

adopted t ak ing  i n t o  account  proper maintenance and snow 

removal from t h e  r o o f s .  The s e t t i n g  of roof  snow loads  

from meteoro log ica l  d a t a  only  l eads  t o  excess ive  c o s t  which 

is highly undes i rab le ,  e s p e c i a l l y  i n  view of t h e  e x t e d i v e  

construct!.on and t h e  need f o r  g r e a t  economy i n  m a t e r i a l s .  



The d i s t r i b u t i o n  and magnitude of snow loads  

f o r  d i f f e r e n t  geographic r e g i o n s  wero analysed from 

meteorologica l  r ecords  t a k i n g  i n t o  account p e c u l i a r i t y  

of t h e  region ,  

Standard snow loads  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 observat ions  

a t  a pro tec ted  l o c a t i o n ,  us ing  a  u n i t  weight of 200 kg/m3 

f o r  snow. 

It i s  necessary  t o  po in t  out t h a t  t h e  snow load 

adopted by t h e  Standards Committee f o r  bu i ld ings  t a k e s  

i n t o  account experience i n  c o n s t r u c t i o n  and maintenance 

of b u i l d i n g s  using t h e  e a r l i e r  snow load s tandards .  

The g e n e r a l  a n a l y s i s  of snow loads  made it 

p o s s i b l e  t o  d e r i v e  a more p r e c i s e  va lue  f o r  t h e  snow load 

and t o  i n c r e a s e  it f o r  r eg ions  wi th  l a r g e  snow cover ,  

For example, f o r  r e g i o n s  a d j o i n i n g  Novosfbirsk,  

Kemenof and Tobolsk, t h e  snow loads  of " s t r u c t u r a l  

Standards" were r a i s e d  t o  150, kz/m2 ( 3 0  p.s . f .  ) from 

100 kg/tn2 (20  p.s.f.) from t h e  e a r l i e r  s tandard  

OST-90058-40 

To a s s o s s  t h e  e f f e c t  of snow load on roof  

s t r u c t u r e s  where excess ive  deformation or c o l l a p s e  

occurred a f t e r  heavy snowfal l 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  snow loads  and 

t h e  c o n d i t i o n  of snow loads  from oST-90058-40. 

A s  an  example, F i g ,  1 shows p a r t  of a c ross - sec t ion  

of a n  i n d u s t r i a l  b u i l d i n g  measuring 189 x  114 metres  



(620 x 375 f t . )  wi th  a  roof  supported by s t e e l  t r u s s e s .  

Th i s  f i g u r e  a l s o  shows a  snow accumulation of t r i a n g u l a r  

shape behind t h e  c l e r e s t o r e y  of t h e  t r u s s  i n  bay 11-12. 

The roof c o l l a p s e d  a t  t h i s  span due t o  t h i s  condi t ion .  

A comparison of t h e  s t r e s s e s  i n  t h e  t r u s s  members 

from the dead load p lus  snow load  according  t o  OST-90058-40 

and from the  dead load  p lus  a c t u a l  snow load  of t r i a n g u l a r  

shape, i s  shown i n  Fig.  2. 

From t h i s  it i s  seen  t h a t  a c t u a l  snow loads  

g r e a t l y  exceed t h e  design s t r e s s  i n  most of t h e  t r u s s  

members. The g r e a t e s t  i n c r e a s e s  occur i n  t h e  members 

having smal l  s t r e s s e s  and i n  t h e  members d i r e c t l y  loaded 

( e . ~ .  i n  b a r  V where t h e  i n c r e a s e  of s t r e s s  i s  most 5 
s i g n i f i c a n t ;  i .e .  f rom 688 t o  1822 kg/cm2 (9.0 t o  25.9 k s i . )  

o r  165$ ) . 
The analysed s t r e s s e s  of a  number of b u i l d i n g s  

loca ted  i n  d i f f e r e n t  geographic r eg ions  r evea led  t h e  

i n f l u e n c e  of a c t u a l  snow loads  i n  t h e  permanent s t r u c t u r a l  

deformations of a  number of roofs .  

These analysed s t r e s s  c o n d i t i o n s  of s t r u c t u r e s  

e s t a b l i s h e d  t h e  following: 

(1 )  Roof c o n s t r u c t i o n s  having l a r g e  permanent 

d e f l e c t i o n s  a f t e r  heavy snowfal l s  were found t o  have d e f e c t s .  

Snow l o a d s  were t h e  d e c i s i v e  f a c t o r  i n  caus ing  l a r g e  

permanent d e f l e c t i o n s  and c o l l a p s e  i n  some c a s e s .  



( 2 )  Tho d e n s i t y  of the sliow measured a f t e r  caus ing  

l a r g e  d e f l e c t i o n s  exceeds t h e  average d e n s i t y  of newly f a l l e n  

snow, which t e s t i f i e s  t o  the  f a c t  t h a t  snow was n o t  c l e a r e d  

of f  t h e  roof and as a  r e s u l t  it became compressed, 

(3 )  These permanent dof l e c t i o n s  a f t e r  s t r o n g  

snowfal l s  were observed i n  d i v e r s e  geographic r e g l o n s ,  

( 1 ~ )  Snow on r o o f s  i s  d l s t r i b u t e d  i r r e g u l a r l y  and 

accumulates i n  lower roof  s e c t i o n s .  

To g e t  a c t u a l  r e c o r d s  of snow d i s t r i b u t i o n  on 

r o o f s ,  f i e l d  obse rva t ions  of accumulations on a  number of 

I n d u s t r i a l  b u i l d i n g s  were taken i n  t h e  1954-55 win te r  near  

Moscow, Figure 3 shows a plan of an i n d u s t r i a l  b u i l d i n g  

roof  measuring 125 x 60 m. (410 x 197 f t .  ) wi th  a  two- 

s t o r e y  l ean- to ,  where accumulation obse rva t ions  were 

conducted, On t h i s  plan,  t h e  p l o t t e d  i s o l i n e s  of snow 

load show 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  accumulating 

a t  the  wa l l s  of p r o j e c t i n g  r o o f s  near  t o  t h e  shape of a 

t r i a n g l e  as seen by t h e  distribution. The height  of t h e  

snow load t r i a n g l e  r eaches  350 - 400 kg/rnz (70  - 80 p.s.f .), 

which exceeds t h e  s tandard  snow load  f o r  t h e  I\loscow a r e a  

by 3.5 t o  4 t imes.  On t h e  o t h e r  hand, the  r e s u l t s  of t h e  

obse rva t ions  show t h a t  f o r  t h e  wt~ole roof t h e  t o t a l  snow 

l o a d s  do no t  exceed t h e  s tandard .  

These i n v e s t i g a t i o n s  of i r r e g u l a r  snow load 

d i s t r i b u t i o n  on r o o f s  sugges t  r e f  inernents f o r  s tandard  

roof  des igns  as a n  a d d i t i o n  t o  " S t r u c t u r a l  Standards and 



Regula t i  ons" i n  which, f o r  r o o f s  wb l c l ~  a r c  prbopc~*:Ly 

maintained, snow removal should be  taken i n t o  account. 

A s  a supplement t o  t h e  r e d i s t r i b u t i o n  of snow 

load on complex r o o f s  analogous t o  the  r e d i s t r i b u t i o n  used 

i n  the  previous  s tandard  OST-90058-40, an a d d i t i o n a l  r u l e  

was in t roduced t o  take  i n t o  account snow accumulation on 

r o o f s  a t  t h e  w a l l s  of s t o r e y  p r o j e c t i o n s ,  ('1  his r u l e  

c a n  be formulated i n  t h e  fo l lowing way. 

On lower roof  a t  w a l l s  or  p r o j e c t e d  s t o r e y s  snow 

accumulat ions of t r i a n g u l a r  shape a r e  pos s i b l e .  

The magnitude of t h e  s tandard  snow load on t h e  

l o t ~ e r  roof a t  roof p r o j e c t i o n s  i s  taken a s  PC = 200H, 

n o t  more than  @ and n o t  l e s s  t h a n  P ( F T f i o  41, where 

H = height  of p r o j e c t i o n  i n  metres;  P i s  t h e  s tandard  

weight of snow according  t o  t h e  f iesearch I n s t f t a t e  

(TsNIP) i n  kg/m2. 

The l e n g t h  of t r i a n g u l a r  snow a i s  taken a s  

a = 2H, n o t  more than  1 0  n o t  l e s s  than  5 metres ,  

It i s  our opin ion  t h a t  t h i s  r u l e  f o r  t a k i n g  

t r i a n g u l a r  snow accumulation i n t o  account does n o t  

apply  t o  d i f f e r e n c e s  i n  roof  l e v e l s  formed by l i g h t  or  

v e n t i l a t i o n  c l e r e s t o r o y  s, s i n c e  on window s u r f a c e s  

sys teniat ic  snow removal i s  necessary.  On these  s e c t i o n s  

t h e  snow load  should b e  c a l c u l a t e d  wi th  a snow d r i f t  

c o e f f i c i e n t  of 1.4. 

( 2 )  S i m i l a r  roccmrr.cndatlon'in a aor:~:>wirat different form Was 
provided i n  tilo startdar*cl.o on s~zmr l oads  0 ~ ~ / I ? ~ 7 6 2 6 b  
(1 Junc 1933) and ro!,l.ncet? I>>r- 0;::7.-$(10-!;8-!1.0 (1 Auyust 1940) 



Where window openings occur i n  a  w a l l  of a  higher 

building standing adjacent  t o  a  lower bui ld ing t h e  d i f fe rence  

i n  height i s  taken from the  bottom of the window opening t o  

the  surf ace of the lower roof.  

Combinati ons of the  pr i  nc ipa l  loads w i t h  t r i angu la r  

snow load can be t r ea t ed  as a supplementary f a c t o r ,  and i n  

t h e  ca l cu la t ion  of the columns and stanchions supporting 

t h e  roof ,  one can neglect  t r i angu la r  snow loads. 





Excess stress from actual snow load 
with the usa of s t a e l  mark ST3 

Slope Posts 

Fig. 2 

The i n f l u m c e  of overload Of snow on c e i l i n g  t r u s s  

A.  St resses  i n  . t h e  l eg s  of the  t r u s s  f o r  d i f f e r e n t  types of loading: 
( a )  from the  permanent load according t o  the  design and snow loads 
according t o  OST-90058-40; ( b )  from the permanent load according 

t o  the  design and a c t u a l  loads of snow 

B. The devia t ion  of forces  i n  t h e  elements of t h e  t r u s s  with snow from 
standard taken at  100% 



* on the roof of clerestorey 

Fig. 3 

Plan of roof of building with curves of equal snow loads 

Fig. 4 

Snow loads in places adjoining buildings of different heights 

1 - when b < a; 2 - when b > a; (1 - length of triangular snow 
accumulation; 2 - length of 8dJoining lowered building) 



by E. D m  Kan-Ilhult; 
Trans la t ion  from t h e  Russian " ~ t r o i t e l t n a i a  Promyshlennost 
(Const ruct ion  Industry) ' '  1q57, no. 1, p. 50 

In r ecen t  i s sues  of t h e  . "~ons  t r u c t i o n  industryi' t he  

problem of determining a snow load standard f o r  i n d u s t r i a l  

bu i ld ings  i s  examined repeatedly .  (1,2,394) 

I n  our opinion, the  au thors  1 (Golden ' b l a t ,  Sorenev 

and ~ i z o v )  l a t e s t  recommendation i s  t o o  s impl i f i ed  an  

approach towards a  s p e c i f i c a t i o n  of snow loads f o r  des ign,  

They consider  t h a t  t h e  quan t i t y  of snow load i n  d i f f e r e n t  

r eg ions  of t he  Sov ie t  Union can be represented  only by t he  

th ickness  of snow cover ,  thereby presuming t h a t  f o r  a l l  

of t h e  Union snow can be r e g u l a r l y  c l ea r ed  from t h e  roof 

and i n  such a way avoid poss ib le  overload of roof ing  

cons t ruc t ion .  Such an  assumption appears t o  be erroneous. 

I n  connect ion with t h i s ,  s i nce  t he  main c a p i t a l  

investments of t h e  s i x t h  Five-Year Plan occur i n ' t h e  

e a s t e r n  p a r t  of the Sovie t  Union inc luding Zapolyari ,  

Ka,akstan and d i f f e r e n t  regions  of S ibe r i a ,  it i s  most 

important t h a t  t h e r e  be a c o r r e c t  method of e s t a b l i s h i n g  

snow loads.  These reg ions  f requen t ly  experience v i o l e n t  

snowstorms wi th  wind speeds from 15 t o  40 m/sec. (34 t o  

90 mph). The most powerful b l i z z a r d  usua l ly  occurs i n  

t h e  spr ing ,  i s  usua l ly  accompanied by snowfalls,  and 

l a s t s  2 t o  7 days and sometimes more, With such powerful 

winds i t  i s  not  poss ib le  t o  c l e a r  of f  t h e  roof .  During 

b l i z za rds ,  t h e  snow i s  d r i f t e d  from hip;11 places u n t i l  t h e  

d r i f t e d  snow almost reach.es the  height of p ro jec t ions  and 



t h e r e  a r e  no measures f o r  snow removal t h a t  c an  reduce 

t h e  maximum load of d r i f t s ,  Fur the r ,  it must be considered 

that  dur ing  snowstorms t h e  snow i s  almost always wet and 

i s  packed by t h e  wind t o  a  u n i t  weight u s ua l l y  more t han  

200 kg/m3 (which f a  the  d e n s i t y  assumed f o r  t h e  same 

cond i t ions  by t h e  s tandard  l oads ) .  

The authors  of t he  above-mentioned a r t i c l e  

cons ider  t h a t  snow load among c l e r e s t o r e y s  can be f i g u r e d  

from a c o e f f i c i e n t  of snow d r i f t i n g  of 1.4. However t h i s  

c o e f f i c i e n t  i s  small  f o r  many ea s t e rn  reg ions  of t h e  Sovie t  

Union having powerful winds and f o r  the  s tandard  snow load, 

t h e  formula given by t h e  Regulat ions (Ts.N.1.P.) f o r  

ad jo in ing  bu i l d ings  of d i f f e r e n t  he igh t s  should be used 

( i . e .  PC = 200 H 4 P  where H = p ro j ec t i on  he ight  i n  

meters  and P i s  t h e  s tandard  snow load i n  kG/m2). 

The example of t he  s t e e l  t r u s s  cl . ted by t h e  

above au thors  (Figs .  1 and 2 of t h e i r  a r t i c l e )  i s  n o t  

very convincing. The i nd i ca t fon  t h a t  even on uncleared 

r o o f ing  a c t u a l  snow load c r e a t e s  s t r e s s e s  only 20% above 

t h e  a l lowable  r e f e r s  only t o  t h e  example given which 

r e p r e s e n t s  bu i ld fngs  w i th  obso le te  roof  cons t ruc t ion .  

If t h e  au thors  considered p re fabr ica ted  r e in fo r ced  

concre te  r o o f i n g  panels  6 t o  12 metres  long, then  t h e  

i n c r ea se  of s t r e s s  a t  t h e  same snow load would be  

cons iderably  g r e a t e r .  General ly,  it should be  considered 

t h a t  i n  t h e  t r a n s i t i o n  towards l i g h t e r  roof ing  cons t ruc t ion ,  

t h e  r e l a t i v e  s i gn i f i c a nce  of snow loads  i nc r ea s e s  and i t  

i s  t h e r e f  ore  e s p e c i a l l y  important t o  have a c o r r e c t  : snow 



load  s tandard ,  

C onc l u s  i ons 

1. To avoid  pos s ib l e  s t r u c t u r a l  damage because of i n c o r r e c t  

des ign  snow loads  i n  t he  extens ive  e a s t e r n  regions  of 

t h e  country,  t h e r e  should quickly be worked ou t  and 

published a d d i t i o n a l  i n s t r u c t i o n s  i n  t h e  Regulat ions 

(Ts.N.I .P. ) which de f i ne  the  snow load boundaries ,  

The snow load between c l e r e s t  oreys of i n d u s t r i a l  

bu i l d ings  should be c a l c u l a t e d  from t he  formula 

PC = 200 H 4 P  of t h e  Regulat ions (Ts.N.1.P.) a s  

f o r  t h e  ca se  of ad joining bu i l d i ngs  of d i f f e r e n t  

he ights .  For comblnations of other  loads  wi th  snow 

load, only loads  which o f t e n  r e p e a t  themselves should 

be considered. 

It i s  necessary t o  review t h e  s tandard weights of snow 

cover f o r  each reg ion ,  because mul t ip ly ing  t h e  depth of 

snow cover  by a  u n i t  weight of 200 kg@ g ives  snow 

load values t h a t  a r e  e v i de n t l y  too low, 

Mechanical, pneumatic, chemical o r  o t he r  methods 

should be considered i n  t h e  near  f u t u r e  f o r  easy  

removal of snow from t h e  roof .  This  i s  e s p e c i a l l y  

important  because i n  many i n d u s t r i a l  bu i l d i ngs  e r e c t e d  

i n  s t andard  s ec t i ons ,  snow can be removed from the  

roof  only over t h e  ends of the bu i l d i ng  which i s  

d i f f i c u l t  t o  do. 
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LESSONS FROM TWO ROOF COLLAPSES 

by A ,  M. Korablinov, L. S. lcrauze ( E n ~ i n o o r s )  
T rans l a t i on  from t h e  Russian " S t r o i t e l ' n a i a  Promyshlennost 
(Const ruc t ion  Indus t ry)" ,  1957, no. 7, pp. 18-21 

A t  t h e  end of December 1956 in t h e  Urals wi t h  t h e  

temperature a t  -13'~, f a i l u r e  occurred i n  t h e  throe-hinged 

u c h e s  and supported s t r u c t u r e s  i n  t h e  middle pa r t s  of a 

s torehouse  of raw minera l  ma t e r i a l s  b u i l t  and put t o  use 

i n  1951, 

The s torehouse,  234 metres long, was divided by 

temperature j o i n t s  i n t o  t h r e e  s e c t i ons  - nor th ,  middle 

and south.  A plan of t he  s torehouse  i s  g iven i n  Fig. 1. 

I t s  cons t ruc t i on  consis.l;ed of m e t a l l i c  th ree -  

hinged a r ches  of t r apezo ida l  shape with a span of 30 metres 

and spacing of 6 metres. Located a t  mid-span 14 metres 

above grade w a s  a l o n g i t u d i n a l  conveyor tunne l ,  The 

s torehouse  roof ing  cons i s t ed  of corrugated asbestos-veneer 

over t h e  pu r l i n s .  Along t h e  s t o r e  was a luminous 

c l e r e s t o r e y  wi th  v e r t i c a l  windows (Fig.  2 ) .  

I n  t h e  south  roof of t h e  middle s e c t i o n  t h e  a r c h  

r o o f s  of spans 29, 30 and 31 were re in fo rced  because of 

t he  l o c a t i o n  t h e r e  of loading equipment. 

According t o  t h e  evidence of eye-witnesses c o l l a p s e  

began with span 28 and spread t o  the  nor th ;  t h e  west s i d e  

co l l apsed  f i r s t  followed c l o s e l y  by a n  eastward spread. 

F a l l i n g  f i r s t ,  t h e  west ha l f  of a r c h  28 rece ived t h e  p e a t e s t  

deformations being bent l o o 0  from t h e  f l a t  pos i t ion  (Fif;. 3 ) .  



- 55 - 
The re in fo rced  archos,  locatoc'i i n  spans 29, 

30 and 31 withstood c o l l a p s e  a l thouch  i n d i v i d u a l  members 

( p u r l i n s ,  t r u s s e s ,  e t c .  ) r ece ived  cons ide rab le  damage. 

Frm the metearological obse rva t ions  t h e  genepal  

p r e c i p i t a t i o n  of snow i n  t h i s  r e g i o n  i s  given by t h e  

fo l lowing r e c o r d s  ( i n  mm. 1. 

1951-52 74 */I 

1952-53 129 a 5  

1953 -54 102.1 

l95lc-55 1311.8 

1955-56 85.9 

1956 t o  Dec. 26 1117 

Af ter  t h e  c o l l a p s e  t h e  snow l a y e r  on t h e  roof  

remained on p a r t  of the s t o r e ,  from whi$c1h t h e  a c t u a l  snow 

load  was determined. The snow depth  c o n s i s t e d  of :  

( a )  on t h e  roof of t h e  conveyor g a l l e r y  

150-200 mm. 

(b )  above t h e  luminous c l e r e s t o r e y  - 500 - 750 mrn. 

reaching  1100 mrn. on the  western s i d e  and 

900 mm. on t h e  e a s t e r n  s i d e  

( c )  on t h e  i n c l i n e d  p a r t  of the  a rches  ( c o n s t a n t  

s l o p e )  570 mm. 

Mixed wi th  the  snow was a  g r e a t  q u a n t i t y  of l u - t  

and ashes ,  t h e  mixture having a  u n i t  weight of 235 kg/mJ. 

Thus the a c t u a l  snow load on the  i n c l i n e d  arches  was 

134 kp./m2 

The snow cover  on t h e  a r c h e s  i s  shown i n  Figs .  4 

and 5. 



The design of the  storehouse w a s  based on the  

condi t ions  of t h e  standard OST-90058-40 which f o r  the  

incl ined roof gives a  snow load of 60 kG/m2. Thus the  

a c t u a l  load was more than twice the  design load, 

I n  checking the arch members f o r  a c t u a l  snow load 

it was found t h a t  the  s t r e s s  i n  them reached the  l i m i t  

of i n s t a b i l i t y ,  whic h r e s u l t e d  i n  t he  buckling of arch 28, 

t h i s  being the  fundamental cause of the  f a i l u r e ,  

Somewhat l a t e r  i n  about the  same l o c a l i t y  a  f a i l u r e  

of two metal  t r u s s e s  i n  another shop roof occurred, The 

shop consis ted  of two spans with a middle c l e r e s to rey ,  

The roof s ec t ion  i s  shown i n  F igo  6 .  

The shop roof was covered with corrugated asbes tos  

veneer, two l aye r s  of mineral  wool, t o t a l  thickness 90 mm,, 

cement f f  l l e r  35 - 40 mm. t h i ck  and an impermeable cover, 

I n  t h e  south (leeward) bay, the  s l an t ing  member 

i n  two of the  t ru s se s  (from the  l e f t  support)  buckled, 

This r e su l t ed  i n  a  sagging of 600 mm, i n  t he  lower t r u s s  

assemblyo The t r u s s  cons t ruc t ion  of the  c l e r e s to rey  

aver ted  co l lapse ,  

Snow on the  roof had a considerable  admixture of 

i n d u s t r i a l  dust ,  The u n i t  weight of snow cover was 

220 t o  390 kg/m3, The a c t u a l  snow load, a c c o r d h g  t o  

t h e  measured depths on d i f f e r e n t  places roached 500 kg/m2. 

Thus the  maximum snow loads on one sq, me of 

roof exceed the  design by near ly  f i v e  times. This l ed  t o  

t he  f i r s t  assumption, i.e. t h a t  excessive loading was the  

only reason f o r  co l lapse ,  However, subsequent spec i f i ca t i on  



r e f l e c t e d  t h a t  snow cover on a roof has  a 31.1.a7-,0 :lppro.;:i.m:l.tinp; 

a t r i a n g l e  and t h e r e f o r e  t h e  eonora l  snow load only exceeded 

t h e  des ign  load  s l i g h t l y .  

The dead loads  were somewhat g r e a t e r  than t h e  

design loads  because tho th ickness  of t h e  concre te  s l a b  was 

n e a r l y  twice  a s  l a rgo  a s  t h e  s t i p u l a t e d  des ign .  The t o t a l  

load  on tho  t r u s s  (dead and snow) w a s  51.73 T a g a i n s t  36.6 T 

according t o  t h e  des-ign o r  4l$, In t h e  damaged s l a n t i n g  

member 8 ( s e e  Table) w i t h  t h e  c a l c u l a t e d  loading  t h e  f o r c e  

was 11 T  and t h e  s t r e s s  was 1390 kg/cm2. Even accounting 

f o r  t h e  i n c r e a s e  i n  a c t u a l  loads,  t h e  s t r e s s  i n  t h e  s l a n t i n g  

member should not  have reached the  l i m i t  t k r e a t e n i n g  damage, 

The t r u s s e s  of t h e  a d j a c e n t  bays, designed a s  

simply supported members were a c t u a l l y  made cont inuous l 

A check was made of t h e  des ign  and a c t u a l  loads  f o r  t h i s  

bu i ld ing ,  The r e s u l t s  of' t h i s  check c a l c u l a t i o n  a r e  given 

i n  t h e  t a b l e  i n  t h e  form of va lues  of the  f o r c e s  i n  t h e  

t r u s s  members and f o r  comparison, t h e  f o r c e s  c a l c u l a t e d  

f o r  a  simple t r u s s  a r e  given. 

The fo l lowinq t a b l e  c l e a r l y  p r e s e n t s  t h e  

r e d i s t r i b u t i o n  of f o r c e  i n  t h e  t r u s s  members a s  a  r e s u l t  

of the  change of s t a t i c a l  arrangement and a  change t o  

cont inuous s t r u c t u r e .  Assuming c o n t i n u i t y ,  t h e  s t r e s s  

a t  t h e  c r o s s - s e c t i o n  t h a t  f a i l e d  i s  2170 kE/m2 a t  t h e  

d e s i g n  load  and 3100 kt,/m2 a t  t he  a c t u a l  load.  



This shows t h a t  by adding more members t o  s trengthen 

t h e  s t r u c t u r e  such a s  t i e s  or  o ther  members without s t r i c t l y  

observing the  condi t ions  of s t a t i c s ,  can lead d i r e c t l y  t o  

t h e  opposi te  r e s u l t s .  

N o  matter  how d?-fferent  were t h e  s t r u c t u r e s  t h a t  

f a i l e d ,  and how dff f e r e n t  the  c i rc~nnstances  leading t o  

f a i l u r e ,  the re  aye seve ra l  zenera l  conclusions which may 



ba of fe red .  

( 1 )  I n  both cases  snow had cons iderable  admixture 

of i n d u s t r i a l  d u s t  and ashes,  which increased  the  u n i t  weight 

sf snow cover,  and i n  t h e  case  sf t h e  s t o r age  ba rn  c r ea t ed  a 

higher f r i c t i o n a l  c o e f f i c i e n t  between t h e  snow cover and t h e  

roof .  This  expla ins  the  formation of 570 mm. of snow on s o  

dteep an i n c l i n a t i o n ,  

I n  our opinion t h e  same approach t o  t h e  c a l c u l a t i o n  

of roof  anow cover  cannot be m d e  f o r  cond i t ions  of probable 

snow p o l l u t i o n  by i n d u s t r i a l  waste. 

The s c i e n t i f i c  r e s ea r ch  i n s t i t u t e  must study t h e  

in f luence  on snow load c a l c u l a t i o n  f o r  condi t ions  of 

i n d u s t r i a l  waste admixture. 

( 2 )  Since t h e  snow loads from t h e  e a r l i e r  s tandards  

f o r  the Ura l s  a r e  much below t h e  a c t u a l  f o r  t h i s  l a s t  winter ,  

t h e  loads must be  r e v i s ed  i n  this region,  F i r s t  s f  a l l  

those  s t r u c t u r e s  which a r e  l i g h t  and f o r  which snow loads  

a r e  predominantly s i g n i f i c a n t ,  must be checked, 

(3) It i s  necesary t o  i nc r ea s e  t h e  des ign  

accuracy and r e s p o n s i b i l i t y  f o r  t h e  q u a l i t y  of bu i l d ing  

cons t ruc t ion ,  It should b e  noted t h a t  in  t h e  raw m a t e r i a l  

warehouses t he  a rch  r i s e  i s  very s m a l l  a t  1/67 of t h e  span 

and t h e  des ign  must theref  ore be c a r r i e d  out  e s p e c i a l l y  

t hor oughly . 
Damage of t he  metal  s t r u c t u r e  of t h e  shop roof  

i s  an i n s t r u c t i v e  example of the  danger of a r b i t r a r i l y  

changing the  s t r u c t u r a l  design of a bu i ld ing ,  



(4) Maintenance of the  r o o f s  of many bu i ld ings  

i s  n o t  c a r r i e d  out  s a t i s f a c t o r i l y .  It may be t h a t  f o r  

multi-bayed b u i l d i n g s  of very l a r g e  s i z e  snow removal from 

r o o f s  sometimes becomes a complicated problem. However i n  t h e  

two c a s e s  examined here  snow removal would n o t  have presented  

any d i f f i c u l t i e s ,  

The format ion  of snow d r i f t s  1,6 ma high (almost 

t h e  h e i g h t  of a man) on shop r o o f s  of meta l  c o n s t r u c t i o n  

could no t  have gone unnoticed and should have caused 

uneas iness  a b u t  t h e  c o n d i t i o n  of t h e  roof ;  n e v e r t h e l e s s  

no measures were taken t o  c l e a r  t h e  roof  of snow. 

Designers  must undertake t h e  development of 

mechanisms which qu ick ly  c l e a r  t h e  snow from r o o f s  which 

a r e  d i f f i c u l t  t o  c l e a r  with t h e  usua l  methods. 



Fig. 1 

Plan of the storehouse 

Fig. 2 

Luminated clerestorey with vertical windows 



Fig. 3 

Deformations causing the collapse of the west hal f  of the arch 

Fig. 4 

Snow cover 



Fig* 5 

Snow cover 

Fig. 6 

Roof section 


