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PREFACE 

One o f  t h e  aims o f  t h e  work of  t he  D i v i s i o n  of  Buf ld fng  
Research  i s  t h e  improvement i n  the  de s ign  of b ~ l i l d i n g s ,  The 
d e s i g n  of house c o n s t r u c t i o n  i n  the  p a s t  h a s  been based l a r g e l y  
on t r a d i t i o n  and expe r i ence  and i t  i s  u s u a l l y  imposs ib l e  t o  
s t a t e  the deg ree  of s t r u c t u r a l  s a f e t y  incorporaatso3 In ex l  s t i n g  
house s t r u c t u r e s a  I n  an  e f f o r t  t o  c l a r i f y  t h i s  s i t u a t i o n  t h e  
D i v i s i o n  i s  f o l l o w i n g  two l i n e s  of  a?nroach:  One i s  t h e  e x e c u t i o n  
o f  f u l l - s c a l e  l o a d i n g  t e s t s  on houses ,  t h e  o t h e r  is t h e  observatlol-a 
o f  performance o f  s t r u c t u r e s  under  a c t u a l  c o n d i t i o n s ,  

The p r o b a b i l i t y  of l o a d s  produced by h i g h  winds ,  and the  
p rope r  cho i ce  o f  d e s i g n  v e l o c i t i e 2  and of  s i m p l f f i e d  d e s i g n  methods 
f o r  wind a c t i o n ,  a r e  i n  themse lves  d i f f i c u l t  problems,  Tornadoes 
may produce excep t  f o n a l l y  d e s t r u c t i v e  wind v e l o c i t i e s ,  b u t  because  
of t h e i r  r a r e  occur rence  and l i m i t e d  ground coverage ,  i t  i s  no t  
g e n e r a l l y  cons ide r ed  n e c e s s a r y  t o  de s ign  houses  f o r  t h e s e  v e l o c i t i e s ,  
Thus, when a  t o rnado  s t r i k e s  i t  may cause  c o n s i d e r a b l e  damage and,  
a s  a  g i a n t  f u l l - s c a l e  l o a d i n g  t e s t ,  p rov ide  an  unusua l  o p p o r t u n i t y  
t o  compare t h e  performance of  d i f f e r e n t  t y p e s  of  b u i l d i n g s  under  
h i g h  winds. I t  was f o r  t h i s  r e a son  t h a t  t h e  Dfv i s fon  dec ided  t o  
make a n  a n a l y s i s  o f  t h e  damage t o  v a r i o u s  t y p e s  of c o n s t r u c t f o n s  
i n  t h e  S a r n i a  a r e a  a f t e r  the  t o r n a d o  o f  May 21, 1953. 

Two a s s i s t a n t  r e s e a r c h  o f f i c e r s  of  t h e  D i v i s i o n  N J . D -  
McCrea of t h e  B u i l d i n g  Design S e c t i o n  and M r ,  D O C .  Trbbe t t s  of 
t h e  B u i l d i n g  P r a c t i c e  S e c t i o n ,  pa id  a v i s i t  t o  t he  S a r n i a  a r e a  
s h o r t l y  a f t e r  t h e  t o rnado ,  They r e c e i v e d  e v e r y  p o s s i b l e  a s s i s t a n c e  
from t h o s e  w i t h  whom they were i n  touch ,  w i t h  t h e  r e s u l t  t k r _ < i t  t h e y  
were a b l e  t o  compfle a  complete s e t  of  n o t e s  and a  s i n g u l a r l y  
e x t e n s i v e  c o l l e c t i o n  of pho tographs  o f  a l l  s t r u c t u r a l  ?l?ase:; of 
t h e  t o rnado  damage, These n o t e s  and  photographs  a r e  now on f i l e  
w i t h  the  D i v i s i o n ,  

So much i n t e r e s t  h a s  been exp re s sed  I n  t h f s  r e c o r d  t h a t  
t h i s  surnmary r e p o r t  h a s  been p r epa red  and  i s  now made a v a i l a b l e  
f o r  t h o s e  wi t ' r -  s p e c i a l  i n t e r e s t s  i n  t h i s  f i e l d ,  It 9 s  a  summary 
o n l y  of  t h e  i n fo rma t ion  o b t a i n e d ,  The r e p o p t  i n c l u d e s  a l i s t  o f  a l l  
t h e  pho tographs  now i n  t he  D i v i s i o n ' s  f i l e s ,  bu t  o n l y  a  smal l  
s e l e c t i o n  o f  t h e s e  a r e  reproduced  i n  t h e  r e p o r t ,  If any r e a d e r s  
of t h i s  r e p o r t  wish  t o  have  f u r t h e r  p a r t i c u l a r s  o r  t o  examine any  
of t he  photographs  l i s t e d ,  t h e  Divf s i o n  w i l l  be g l a d  i ndeed  t o  t r y  
t o  a r r a n g e  f o r  t h i s ,  

Ottawa, 
February ,  1957. 

Rober t  F, Legget, 
D i r e c t o r ,  
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TORNADO WIND DAMAGE TO BUILDINGS OBSERVED 

AFTER THE SARNIA TORNADO 

of May 21, 1953 

I I n t r o d u c t i o n  

On May 2 1 s t ,  1953 a t o r n a d o  swept t h rough  P o r t  Huron 
(Mich igan) ,  S a r n i a ,  and London Township ( O n t a r i o ) .  T h i s  
t o r n a d o  r e s u l t e d  i n  t h e  l o s s  of 7 l i v e s ,  2 i n  Michigan and 5 i n  
On ta r i o ,  and i n  p r o p e r t y  l o s s e s  amounting t o  $2 500,000 i n  
Michigan, $4,000,000 i n  t h e  c i t y  of S a r n i a  and $2,100,000 i n  
r u r a l  Ontar io .  There have been o n l y  a few more d e s t r u c t i v e  
s to rms  of t h i s  t y p e  on t h e  Nor th  American c o n t i n e n t  d u r i n g  t h e  
p e r i o d  between 1900 and 1952. Many s to rms  have r e s u l t e d  i n  
h i g h e r  c a s u a l t y  f i g u r e s  b u t  t h i s  p a r t i c u l a r  storm r e f e r r e d  t o  
a s  t h e  "Sa rn i a  Tornado", r a n k s  w i t h  t h o s e  c a u s i n g  t h e  most ex- 
t e n s i v e  p r o p e r t y  damages. 

The D i v i s i o n  of  B u i l d i n g  Research  of  t h e  N a t i o n a l  
Research  Counci l  i s  n a t u r a l l y  i n t e r e s t e d  i n  and concerned w i t h  
a l l  a s p e c t s  of wind a c t i o n  on s t r u c t u r e s ,  The damaged b u i l d i n g s  
i n  t h e  p a t h  of  t h i s  t o rnado  were, t h e r e f o r e ,  i n v e s t i g a t e d  by 
two members of t h e  s t a f f  o f  t h e  D i v i s i o n  and a  number of  
f e a t u r e s  of i n t e r e s t  t o  e n g i n e e r s  concerned w i t h  wind l oad  d e s i g n  
problems were encounte red  i n  t h e  a n a l y s i s  of  t h e s e  b u i l d i n g s ,  
The m e t e o r o l o g i c a l  a s p e c t s ,  an  a n a l y s i s  of  damage t o  v a r i o u s  
t y p e s  of c o n s t r u c t i o n s ,  t h e  maximum p robab l e  v e l o c i t i e s ,  bu i ld - ing  
r e g u l a t i o n s ,  f i r e  a s p e c t s ,  and recommendations f o r  t o r n a d o  
r e s i s t a n t  c o n s t r u c t i o n  a r e  i n c l u d e d  i n  t h i s  r e p o r t ,  

A t t e n t i o n  i s  a l s o  drawn t o  a r e p o r t  "Observa t ions  on 
t h e  S a r n i a  Tornado of  May 21, 1953" by E, E, Massey of t h e  
Defence Research  Board, d e a l i n g  p a r t i c u l a r l y  w i t h  c i v i l  d e f e n c e  
a s p e c t s  of t h e  s to rm (1). 

I1 Meteo ro lop i ca l  Aspec t s  

Tornadoes,  ( f rom t h e  L a t i n  t o r n a r e  " t o  t u r n " ) ,  a r e  
p rob ab ly  t h e  s e v e r e s t  s t o rms  produced by n a t u r e ,  They a r e  formed 
by t h e  t u r b u l e n t  r e a c t i o n  t h a t  t a k e s  p l a c e  when m o i s t  warm 
t r o p i c a l  a i r  masses come i n  c o n t a c t  w i t h  c o l d  p o l a r  a i r  masses,  
which can  l e a d  t o  w h i r l s  of  r a p i d l y  r o t a t i n g  a i r  masses pro-  
duc ing  v e r y  h i g h  wind v e l o c i t i e s .  One a u t h o r i t y  on t h i s  t y p e  of  



s t o r m  d e s c r i b e s  t h e  w e a t h e r  c o n d i t i o n s  p r e c e d i n g  a t o r n a d o  i n  
t h e  f o l l o w i n 2  words ,  " S e v e r a l  h o u r s  of abnormal ly  warm humid 
and appress'ive wea the r  u s u a l l y  p r e c e d e  t h e  f o r m a t i o n  of a t o r n a d o ,  
The i n i t i a l  w h i r l  a t  t h e  c l o u d  l e v e l  may o c c u r  when t h e  sky i s  
e n t i r e l y  o v e r c a s t  o r  i n  cumulo-nimbus c l o u d s  t h a t  l e a v e  much of 
t h e  h o r i z o n  c l e a r "  ( 2 ) ,  

Two p h y s i c a l  f o r c e s  t h a t  must be c o n s i d e r e d  i n  b u i l d i n g  
d e s i g n  r e s u l t  f rom t h i s  dynamic a c t i o n ,  One i s  t h e  e x t r e m e l y  
h i g h  v e l o c i t y  p r e s s u r e  due t o  t h e  movement o f  t h e  a i r  i n  t h e  
c i r c u m f e r e n c e  of t h e  v o r t e x  o r  w h i r l ;  t h e  o t h e r  i s  t h e  ext reme 
n e g a t i v e  p r e s s u r e  due t o  t h e  c e n t r i f u g a l  r e a c t i o n  of t h e  c i r -  
c u l a r  a i r  movements, The combinat ion  o f  t h e s e  v i o l e n t  f o r c e s  
r e s u l t s  i n  e x t e n s i v e  damage, i f  n o t  comple te  d e m o l i t i o n ,  t o  a l l  
e x c e p t  t h e  more s u b s t a n t i a l l y  b u i l t  c o n s t r u c t f o n s ,  The movement 
of t h e  v o r t e x  t h r o u g h  t h e  s k y  h a s  been d e s c r i b e d  a s  b e i n g  s i m i l a r  
i n  appearance  t o  t h e  swinging motion o f  an e l e p h a n t t s  t r u n k ,  

Records  i n d i c a t e  t h a t  t h e  forward  speed of t h e  v o r t e x  
mag v a r y  from 0  m o p o h ,  t o  abou t  65 m o p o h ,  w h i l e  t h e  a v e r a g e ,  
g e n e r a l l y  i s  abou t  45 mopoh,  The S a r n i a  s t o r m  had a f o r w a r d  
speed of  between 30 and 40 m o p o h ,  

F r e q u e n t l y  t h e  l o w e r  end o f  t h e  v o r t e x  goes  a l o f t  
d u r i n g  i t s  t r a v e l  and, t h e r e f o r e ,  t h e  l i n e  o f  damage i s  sometimes 
d i s c o n t i n u o u s  o r  s p o r a d i c ,  T h i s  was a l s o  t r u e  f o r  t h e  S a r n i a  
t o r n a d o ,  

The w i d t h  o f  t h e  p a t h  may v a r y  from a s  l i t t l e  a s  100 
f e e t  t o  2,000 f e e t ,  It w a s  n o t e d  i n  t h e  S a r n i a  s t o r m  t h a t  t h e  
f o r c e s  i n v o l v e d  were more i n t e n s i v e  a s  t h e  v o r t e x  narrowed f n  
w i d t h ,  T h i s  was e s p e c i a l l y  n o t i c e a b l e  i n  t h e  r u r a l  d f s t r i c t s  
where t h e  s t o r m  p a s s e d  th rough  g r a v e s  of  hardwood t r e e s ,  I n  
a r e a s  where t h e  p a t h  was narrow, t h e  t r e e s  were b roken  o f f  
5' t o  10 f e e t  above t h e  ground and t h e  l e a v e s  were c o m p l e t e l y  
s t r i p p e d  f rom t h e  b r a n c h e s ,  b u t  i n  a r e a s  where  t h e  p a t h  widened,  
many l e a v e s  remained on t h e  b r a n c h e s  o f  t h e  t r e e s  which were 
l e f t  i n t a c t ,  t h u s  i n d i c a t i n g  t h e  v a r i a t i o n  of  t h e  i n t e n s i t y  of 
t h e  s to rm,  

The s t o r m  o r i g i n a t e d  a t  S m i t h s  C laeek, Michigan, about  
1 0  m i l e s  west -southwest  of P o r t  Huron a n d  p ~ o c e e d e d  th rough  
P o r t  Huron, S a r n i a  and London Township b e f o r e  g o i n p  a l o f t  
n o r t h e a s t  of Woodstock ( F i g e l ) ,  It f i n a l l y  d i s s i p a t e d  o v e r  Lake 
O n t a r i o  40 m i l e s  due wes t  of Watertown, New York, A c t u a l l y  
a c c o r d i n g  t o  r e p o r t s  f rom t h e  damaged a r e a s ,  t h e r e  appeared  t o  
have been a t  l e a s t  t h r e e  s e p a r a t e  p a r a l l e l  t r a c k s  o r  t h r e e  
s e p a r a t e  t o r n a d o e s ,  



The weather  e a r l i e r  i n  t h e  a f t e r n o o n  be fo re  t h e  s to rm 
swept th rough  t h e  a r e a ,  was d e s c r i b e d  a s  h o t  and humid, The 
v o r t e x  w a s  preceded by a s e v e r e  h a i l  s torm, This  h a i l  s torm 
was c r e d i t e d  by many i n  S a r n i a  w i th  c l e a r i n g  t h e  s t r e e t s  of 
p e d e s t r i a n s ,  which e x p l a i n s  t h e  low number of c a s u a l t i e s ,  The 
c a s u a l t y  r a t e  was m i r a c u l o u s l y  low c o n s i d e r i n g  t h a t  t h e  des -  
t r u c t i v e  v o r t e x  of t h e  storm passed  d i a g o n a l l y  through t h e  
c e n t r e  of  t h e  main commercial d i s t r i c t  and t h e  residential 
d i s t r i c t  of a  c i t y  w i t h  a p o p u l a t i o n  o f  approx imate ly  40,000, 
Ninety-seven commercial d w e l l i n g s  and 154 r e s i d e n c e s  were damaged 
i n  va ry ing  deg ree s ,  from t o t a l  d e s t r u c t i o n  t o  minor  s t r u c t , u r a l  
damage, such a s  t h e  c o l l a p s e  of  p a r a p e t  w a l l s  on commercial b u i l d i n g s ,  
o r  t h e  removal  of c l apboa rd  s i d i n g  from r e s i d e n t i a l  c o n s t r u c t i o n s ,  
The c a s u a l t y  r a t e  was a s  fo l lows :  d e a t h s  0;  h o s p i t a l  c a s e s  15; 
h o s p i t a l  ou t -pa t i en t s  33, 

111 Ana lys i s  of Damage 

S ince  t h e  s torm t r a c e d  i t s  d e s t r u c t i v e  p a t h  through 
commercial,  r e s i d e n t i a 1 , a n d  a g r i c u l t u r a l  d i s t r i c t s ,  (F ig ,Z j ,  
t h e r e  was ample o p p o r t u n i t y  t o  s t udy  i t s  e f f e c t s  on t h e  v a r i o u s  
t y p e s  of c o n s t r u c t i o n s  common t o  t h i s  a r e a  of t h e  c o n t i n e n t o  

( a )  Concrete  Block Cons t ruc t i on  and Fourldat ions -- 
There were no t  many examples of c o n c r e t e  b lock  c o n ~ t r u c t ~ i o n  

i n  t h e  commercial d i s t r i c t  of  S a r n i a ,  b u t ,  of t h e  t h r e e  examples 
reviewed,  two one - s to r ey  s t r u c t u r e s  were a lmos t  comple t e ly  
demol ished,  The t h i r d ,  a  garage w i t h  a  h o t e l  occupancy on t h e  
second f l o o r ,  appeared t o  have been  damaged c o n s i d e r a b l y  by 
r a c k i n g  and some of t h e  w a l l s  were o u t  of l i n e  b o t h  l a t e r a l l y  and 
v e r t i c a l l y ,  S ince  t h i s  b u i l d i n g  had been i n  d i s r e p a i r ,  however, 
and probab ly  had been a l t e r e d  s e v e r a l  t imes ,  i t  was imposs ib l e  
t o  de te rmine  whether t h e  damage had been t h e  r e s u l t  of f o r c e s  
of t h e  to rnado ,  

Upon examinat ion o f  s e v e r a l  s t r u c t u r a l  f a i l u r e s  i n  
r e s i d e n t i a l  c o n s t r u c t i o n  i t  was e v i d e n t  t h a t  c o n c r e t e  b l o c k  
founda t i on  w a l l s  were i n f e r i o r  t o  m o n o l i t h i c  c o n c r e t e  f o u n d a t i o n  
w a l l s  because  t h e r e  were s e v e r a l  c o n c r e t e  b lock  f o u n d a t i o n  w a l l  
f a i l u r e g .  The b l o c k  w a l l s  e i t h e r  c o l l a p s e d  or were shea red  o f f  
a long  t h e  mor t a r  l i n e s ,  No example of m o n o l i t h i c  c o n c r e t e  
founda t i on  f a i l u r e  was found. An example of c o n c r e t e  b lock  
f a i l w e  i s  shown i n  F i g o 3 i  ( c f .  a l s o  F i g s ,  7,and 1 6  t o  23 i n  a  
r e p o r t  by t h e  Canadian Defence Research Board ( l ) ) ,  



( b )  Masonry B e a r i n g  Wall  C o n s t r u c t i o n  - 
Another t y p e  of  c o n s t r u c t i o n  t h a t  r e c e i v e d  c o n s i d e r a b l e  

damace w a s  masonry b e a r i n g  w a l l  c o n s t r u c t i o n ,  T h i s  g e n e r a l l y  
c o n s i s t e d  o f  p l a t f o r m  r o o f  and f l o o r  c o n s t r u c t i o n  keyed i n t o  t h e  
masonry b e a r i n g  w a l l s .  Most of  t h e  b u i l d i n g s  i n  t h i s  c 1 a s s i i " i c a t i o n  
were t h e  o l d e r  b u i l d i n g s  of  t h e  a r e a  and c o n s t i t u t e d  a m a j o r i t y  
i n  t h e  commercia l  d i s t r i c t  of S a r n i a ,  Many had been s u c c e s s f v e l y  
weakened by t h e  u s u a l  s e r i e s  of  a l t e r a t i o n s  t h a t  b u i l d i n g s  i n  
commercial  d i s t r i c t s  undergo because  o f  changes  i n  use  and  occu- 
pancy,  Examples i n  t h i s  z r o u p  r e v e a l e d  c c n s i d e r a b l e  v a r i a t f o n  
i n  damage, Examinat iot .  showed t h a t  t h e s e  d i f f e r a e n c e s  were due 
t o  v a r i a t i o n s  i n  exposure ;  d i f f e r e n c e s  i n  m t t e r i a l s ,  workmanship, 
c a r e  i n  a l t e r a t i o n s ~  and number, p lacement  and t y p e  o f  i n t e r i o r  
p a r t i t i o n s ,  

The f i r s t  b u i l r ' i n g s  i n  S a r n i a  t o  e x p e r i e n c e  t h e  
t remendous f o r c e s  o f  t h e  s t o r m  were of t h i s  type  o f  c o n s t r u c . t i o n  
a l o n g  t h e  r i v e r  f r o n t  on F r o n t  S t r e e t .  Damarre t o  t h e s e  c o n s i s t e d  
o f  t h e  retnoval of p o r t i x ~ s  o f  t h e  comple te  r o o f ,  o r  t h e  c o l l a p s e  
of t h e  t o p - s t o r e y  walls  ( F i g s ,  4, 5 ,  6 ) .  The H o t e l  Vendome 
r e c e i v e d  c o n s i - d e r a b l e  damage t o  i t s  t h i r d - a n d  f o u r t h - s t o r e y  w a l l s ,  
P o r t i o n s  oT t h e s e  w a l l s  on t h e  wes t  s i d e  ( f a c i n g  t h e  a p p r o a c h i n g  
s t o r m )  and t h e  f o u r t h - s t o r e y  w a l l  on t h e  s o u t h  s i d e  wore blown 
o u t ,  The l a r g e ,  many-sided tower  p o r t i o n  o f  t h e  b u i - l d i n g  rf  c e i v e d  
l i t t l e  damage, i n d i c a t i n g  t h e  e f f c c t i v e r l e s s  of l a t e r a l l y  s u p p o r t e d  
o r  b u t t r e s s e d  masonry w a l l s ,  

One b u i l d i n g  t h a t  r e c e i v e d  e x t e n s i v e  damage was t h e  
two-s to rey  b u i l d i n g  on C h r i s t i n a  S t r e e t  o c c u p i e d  by a  bank and 
f u r n i t u r e  s t o r e ,  The e n t i r e  r o o f  was removed t o g e t h e r  w i t h  
t,he s e c o n d - s t o r e y  w a l l ,  The f u r n i t u r e  i n  t h e  second f l o o r 2  
show-room a p p e a r e d  t o  have been r > e l a t i v e l y  u n d i s t u r b e d ,  and 
was e n t i r e l y  exnosed t o  t h e  e l e m e n t s  a f t e r  t h e  s t o r m  had p a s s e d  
(Flgo7), Water  damage t o  t h e  f i r s t  f l o o r  was due t o  t h e  ~ ~ ~ 2 n d  
f l o o r  s n r i n k l e r  s y s t e m  which was br2qken I n  the s to rm,  

The e n t i r e  s t a g e  p o r t i o n  of  t h e  I m p e r i a l  T h e a t r e ,  consisting 
of a l a r g e  expanse  o f  l a t e r a l l y  unsuppor ted  masonry b e a r i n g  w a l l ,  
was t o t a l l y  demol ished ( F i g 0 8 )  The r e m a i n d e r  o f  t h e  building, 
c o n s t r u c t e d  o f  a s t e e l  and r e i n f o r c e d  c o n c r e t e  f rame,  was damaged 
o n l y  i n  t h e  bays  a d j a c e n t  t o  t h e  s t a g e  p o r t i o n  of t h e  b u i l d i n g ,  
The damaged p o r t i o n  o f  t h e  b u i l d i n g  was on t h e  l e e  s i d e  of t h e  
a p p r o a c h i n g  s t o r m  and f a i l u r e  p r o b a b l y  w a s  due t o  t h e  d i f f e r e n t i a l  
of p r e s s u r e  between t h e  a t m o s p h e r i c  p r e s s u r e  on t h o  i n s i d e  of 
t h e  b u i l d i n g  and t h e  low p r e s s u r e  o f  t h e  c o r e  of %he v o r t e x  on 
t h e  o u t s i d e ,  

Othe r  b u i l d i n g s  of  t h i s  t y p e  r e c e i v e d  c o n s i d e r a b l y  l e s s  
damage, I n  some i n s t a n c e s ,  o n l y  t h e  p a r a p e t  w a l l s  and p o r t i o n s  
of  t h e  r o o f  were  damaged, 



The b u i l d i n g s  i n  t h i s  c l a s s i f i c a t i o n  were l a r g e l y  
r e s p o n s i b l e  f o r  t he  g r e a t  q u a n t i t i e s  of r u b b l e ,  sometimes more 
t h a n  1 0  f e e t  deep,  t h a t  f i l l e d  a d j a c e n t  s t r e e t s  and b locked  
t h e  t h o r o u g h f a r e s  f o r  two o r  t h r e e  d a y s  u n t i l  t h e  c lean-up crews 
cou ld  c l e a r  them, 

( c )  S t e e l  and Concre te  Framed B u i l d i n g s  

The b u i l d i n g s  i n  t h i s  c a t e g o r y  r e c e i v e d  no damage t h a t  
c o u l d  be c l a s s e d  a s  s t r u c t u r a l  damage, Although t h e r e  were on ly  
a  few examples o f  t h i s  t y p e  of c o n s t r u c t i o n  i n  S a r n i a ,  i t  was 
e v i d e n t ,  f rom t h e  examina t ion  of t h o s e  exposed t o  t h e  f o r c e s  
of t h i s  s torm,  t h a t  t h e y  were c a p a b l e  o f  r e s i s t i n g  t h e s e  f o r c e s ,  

The t e l ephone  exchange b u i l d i n g ,  a  r e i n f o r c e d  c o n c r e t e  
s t r u c t u r e ,  was, a s  f a r  a s  cou ld  be  de te rmined ,  i n  t h e  c e n t r e  
of t h e  p a t h  of t h e  s torm,  Two house s  a d j a c e n t  t o  it were 
comple t e ly  demol ished,  and a  c a r  was h u r l e d  o v e r  t h e  s i d e  w a l l  
and lawn a g a i n s t  t h e  s i d e  o f  t h e  b u i l d i n g ,  The subsequent  
i n v e s t i g a t i o n  of t h i s  b u i l d i n g  and a  rev iew o f  r e p o r t s  of  t h e  
damage by  company o f f i c i a l s ,  f a i l e d  t o  show any s t r i c t l y  
s t r u c t u r a l  damaye, A c r a c k  i n  t h e  chimney w a l l  was no ted  a f t e r  
t h e  s t o r m  and a  few of t h e  cop ing  s t o n e s  were knocked f rom t h e  
b u i l d i n g ,  The e x t e r i o r  w a l l ,  which was s t r u c k  by  t h e  c a r ,  was 
damaged s l i g h t l y ,  The m a j o r i t y  o f  windows i n  t h e  b u i l d i n g  were 
broken and t h e  v e n e t i a n  b l i n d s  were sucked o u t .  The d o o r - c l a s i n g  
d e v i c e s  on a l l  doo r s  t h a t  were equipped w i t h  them were damagea 
and had t o  be r e p a i r e d ,  i n d i c a t i n g  t h a t  t he  doo r s  had a c t e d  a s  
p r e s s u r e  r e l e a s e  va lve s .  The b r e a k i n g  of  t h e  windows and open ing  
of t h e  doo r s  presumably c o n t r i b u t e d  t o  t h e  avo idance  of more 
e x t e n s i v e  damage t o  t h i s  s t r u c t u r e .  Probably  t h e  most c o s t l y  
damage was t h e  c o l l a p s e  o f  t h e  suspended c e i l i n g s ,  E v i d e n t l y  
t h e s e  e n c l o s e d  a i r  space s  e x e r t e d  a  p r e s s u r e  s u f f i c i e n t  t o  c o l l a p s e  
t h e s e  membranes outward a s  t h e  low p r e s s u r e  c o r e  o f  t h e  s t o r m  
pas sed  ove r  t h e  b u i l d i n g ,  

Q d )  R e s i d e n t i a l  Wood Frame C o n s t r u c t i o n  (u rban  and r u r a l 1  

Damage t o  r e s i d e n t i a l  c o n s t r u c t i o n  v a r i e d  c o n s i d e r a b l y *  
Some houses  were e n t i r e l y  demolished ( F i g , 9 ) ;  o t h e r s  had t h e i r  
r o o f s  t o r n  away ( F i g , l O ) ;  and some were moved o f f  t h e i r  
f o u n d a t i o n s  QFig .11) .  These were t h e  more s e v e r e  r e s u l t s  of  
t h e  s t o r m ' s  passage ,  Less  s e v e r e  damage c o n s i s t e d  of l o s s  of  
p o r t i o n s  of t h e  roof  o r  of  r o o f i n g  m a t e r i a l ,  l o s s  of s i d i n g ,  
o r  damage f rom f l y i n g  d e b r i s ,  such  a s  p a r t s  o f  o t h e r  b u i l d i n g s  
and f a l l i n g  t r e e s ,  

The l o s s  of r o o f s  and movement o f f  f o u n d a t i o n  i n d i c a t e d  
Inadequa t e  f a s t e n i n g  d e t a i l s  a t  t h e s e  p o i n t s ,  I n  many of  t h e s e  
c a s e s  a d j a c e n t  houses ,  a p p a r e n t l y  b u i l t  by d i f f e r e n t  c o n t r a c t o r s ,  



did n o t  r e c e i v e  s i m i l a r  damage ( F i g ,  1 0 )  

Most of the farm r e s i d e n c e s  were of masonry veneer 
c o n s t r u c t i o n  and g e n e s a l l y  s u f f e r e d  ex t ens ive  damage, i f  no t  
complete demol i t i on  (F ig .  1 2 ) .  The completeness  of t h i s  damags 
probably was due t o  t h e  f a c t  t h a t ,  i n  most c a s e s ,  t he se  bu i ld f rLgs  
were completely exposed t o  t he  f u l l  e f f e c t s  of t he  storm, 

( e )  Farm u f l d i n g s  ( b a r n s ,  sheds ,  s i l o s )  

The ba rns  i n  t h i s  a r ea  were c o n s t r u c t e d  of hsavy t imber  
fs~amas f a s t e n e d  t o g e t h e r  w i t h  wooden dowels w i t h  a  1-inch 
(nominal)  lumber s i d i n g ,  Many of t h e s e  s t r u c t w e s  s u f f e r e d  ~omple te  
demo11 t.1 on, 

The only farm s t r u c t u r e s  t h a t  w i th s tood  t h e  e f f e c t s  of 
the  storm were t h e  c i r cu l a r - shaped  conc re t e  s i l o s ,  I n  Karly 
i n s t a n c e s ,  t h e  s i l o  was i,he on ly  i n d i c a t i o n  from a  d i s t a n c e  
t h a t  t h e r e  had been any farm b u f l d i n g s  on a  farm, The r a s t  had 
been comple te ly  demolished ( F i g ,  1 3 ) ,  

(f) Eui ld ing  Decorat ions ,  Signs ,  and Parape t  Walla 

Some of t h e  downtown b u i l d i n g s  had e x t e n s i v e  and o r n a t e  
d e c o r a t i o n s ,  such a s  c o r n i c e s  and f i g u r i n e s ,  a t t a c h e d  t o  t ) h u l ~  
e x t e r i o r s  over  doorways and windows, Many of t hese  deco ra t ions ,  
some of which were i r o n  c a s t i n g s ,  were blown o f f  o r  loosened,  
Signs were damaged i n  n e a r l y  eve ry  case  i n  the  c e n t r e  of t h e  
sto::n, e i t h e r  by the  wind o r  wind-blown d e b r i s ,  These d e c o r a t i o n s  
rliers o f t e n  I-esponsible f o r  damaging; p o r t i o n s  of t h e  s t r u c t u ~ a l .  
p ? r t a  of the bu f ld ings ,  

Parape t  w a l l s  were damaged e x t e n s i v e l y o  I t  is reasoriabfe 
t o  assume t h a t  t he  c o l l a p s i n g  of these  wa l i a  t r i g g e r e d  ;hairis 
of e v e n t s  t h a t  r e s u l t e d  i n  t h e  damol i t fon  of the  t o p  p o r t i o n s  cf 
mzny buf ld fngs ,  The pa rape t  w a l k  normal ly  f a i l e d  a t  t h e i r  
voaakest c r o s s - s e c t l o n ,  u s u a l l y  a t  t he  r o o f  l t x e  whers thti rxri . 
aor l ta l  w a l l  s e c t i o n  i s  reduced i n  a r ea  t o  support  t h e  ~ o o f  f ramlng 
members, Once f a i l u r e  o c c u ~ ~ e d  a t  t h l s  p o l n t ,  probably when the  
l e a d i n g  portSon of the  c i rcumference of t h e  v o r t e x  passad the, 
b u l l d i n g ,  t h e  r o o f  framing membeps were exposed w i t h  no th ing  t o  
~ e s  t r a f n  the l i f t i n g  of the  r o o f ,  when t h e  low p re s su re  c e n t r ~  
cf t h e  storm fol lowed,  This  l e f t  the  c a n t i l e v e r e d  unsupported 
cop-s torey w a l l s  sub jec t ed  t o  t h e  v e l o c i t y  p r e s s u r e s  of the  t . ra f l l r rg  
poratf on of t he  c i rcumference of t h e  v o r t e x ,  

i g )  Tree Damage and Sidewalk Damage 

I t  was i n t e r e s t i n g  t o  no te  the  d i f f e r e n c e  i n  t he  type 
of t r e e  f a i l u r e s  between t h e  low, l e v e l  count ry  around Sa rn l e  and 
t h e  r o l l i n g  coun t rys ide  n o r t h  and nor thwes t  of London, P o r t i s n a  



of  t h e  r o o t s  of many t r e e s  i n  S a r n i a  were p u l l e d  o u t  when t h e  
t r e e s  t o p p l e d  over ,  w h i l e  t h e  t r e e s  i n  t h e  London Township 
d i s t r i c t ,  i n  many c a s e s a w e r e  b roken  o f f  5 t o  1 0  f e e t  above t h e  
ground ( F i g o 1 3 ) ,  T h i s  seemed t o  i n d i c a t e  t h a t  t h e  main d i f f e r -  
e n c e s  i n  t r e e  damage were due t o  a  v a r i a t i o n  i n  t h e  average  ground 
w a t e r  t a b l e  l e v e l s  i n  t h e  two a r e a s ,  The w a t e r  t a b l e  l e v e l  
was c l o s e r  t o  t h e  ground s u r f a c e  i n  S a r n i a  and t h u s  t h e  r o o t  
p e n e t r a t i o n  was n o t  a s  deep  a s  i n  t h e  London Township, O f  t h e  
two t y p e s ,  t h e  f a i l u r e  a t  t h e  r o o t s  n e c e s s i t a t e d  more c l e a r i n g  
up a f t e r  t h e  s to rm because  g e n e r a l l y  t h e  t r u n k  had t o  b e  sawed 
o f f  a t  t h e  b a s e  b e f o r e  any c lean-up o p e r a t i o n  c o u l d  b e  s t a r t e d ,  
T h i s  t y p e  o f  f a i l u r e  a l s o  c a ~ l s e d  c o n s i d e r a b l e  damage by b r e a k i n g  
p o r t i o n s  o f  t h e  s t r e e t  s u r f a c e s ,  c u r b s ,  and s i d e w a l k s ,  T r e e  
d e b r i s  i n  t h e  London Township c o u l d  be  c l e a n e d  up m e r e l y  by push ing  
it a s i d e .  

I V  - Probab le  Maximum Wind V e l o c i t i e s  

The v a r i a t i o n  i n  t h e  i n t e n s i t y  and d i r e c t i o n  of t h e  
v o r t e x  winds made it d i f f i c u l t  t o  f i n d  examples of s t r u c t u r e s  
s u i t a b l e  f o r  a n a l y s i n g  w i t h  any d e g r e e  of  a c c u r a c y  i n  r e l a t i o n  
t o  t h e  magnitude of t h e  v e l o c i t i e s  of t h e  winds ,  Two examples,  
however, were found which  l e n d  t h e m s e l v e s  t o  a  v e l o c i t y  e s t i m a t e ;  
one,  a r e p o r t e d  f r e i g h t  c a r  d e r a i l m e n t  i n  Michigan and; an 
e l e c t r i c  s u b s t a t i o n  s t r u c t u r e  t h a t  was n o t e d  d u r i n z  t h e  i n v e s -  
t i g a t i o n ,  The s u b s t a t i o n  appeared  t o  have e x p e r i e n c e d  t h e  f u l l  
f o r c e  of  t h e  t o r n a d o ,  on t h e  o u t s k i r t s  of t h e  r e s i d e n t i a l  d i s -  
t r i c t  of S a r n i a ,  as a house w i t h i n  15 t o  20 f e e t  of  it was 
t o t a l l y  demol i shed ,  These  s t r u c t u r e s ,  o r  s i m i 1 : i r  o n e s ,  have 
u n d e r p n e  d e s t r u c t i o n  t e s t s  and f r o m  c a l c u l a t i o n s ,  u s i n g  a c c e p t e d  
wind t u n n e l  de te rmined  shape c o e f f i c i e n t s ,  it was d e t m d n e d  t h a t  
p r o b a b l y  a  maximum v e l o c i t y  o f  170 mopehe  would have c a u s e d  t h i s  
s t r u c t u r e  t o  f a i l ,  

It i s  r e a s o n a b l e  t o  assume, t h e r e f o r e ,  t h a t  t h e  v e l o c i t y  
of  t h e  v o r t e x  winds d i d  n o t  e x c e e d  170 rn,p,h,, p l u s  2 x 30 mopoh ,  
( t h e  forward  s p e e d )  o r  230 mopoh, ,  t h e  p r o b a b l e  v e l o c i t y  of  t h e  
e a s t e r n  p o r t i o n  o f  t h e  coun te r -c lockwise  w h i r l .  The s u b s t a t i o n  
had been exposed t o  t h e  w e s t e r n ,  l e s s  s e v e r e  p o r t i o n  o f  t h e  
w h i r l ,  An open-framed s t r u c t u r e  of t h i s  t y p e  p r o b a b l y  would n o t  
be  a p p r e c i a b l y  s f f e c t e d  by t h e  s u c t i o n  f o r c e s  o f  t h e  c o r e  o f  th.e 
v o r t e x ,  It i s  b e l i e v e d ,  t h e r e f o r e ,  t h a t  t h i s  example i n d i c a t e s  
t h a t  t h e  v e l o c i t i e s  d i d  n o t  exceed t h i s  f i g u r e ,  The f r e i g h t  
c a r  d e r a i l m e n t ,  a c c o r d i n g  t o  sorne c a l c u l a t i o n s ,  c o u l d  have b e e n  
c a u s e d  by v e l o c i t i e s  of about  150 mopoh,  

These e s t i m a t e s  a r e  i n  r e a s o n a b l e  agreement  wit'h t h o s e  of  
maximum p r o b a b l e  v e l o c i t i e s  made by James D o  M a r s h a l l ,  C o n s u l t i n g  
E n y i n e e r ,  Kansas,  and C a p t a i n  George W. Reynolds ,  U , S , A , F ,  o f  
S t ,  Louis ,  Missour i  (2), These two i n v e s t i g a t o r s  conc luded  t h a t  



wind s p e e d s  o f  200 m.?,h, c o u l d  have c a u s e d  t h e  damage r e s u l t i n g  
f rom t h e  s t o r m s  t h a t  t h e y  i n v e s t i g a t e d ,  Some e s t i m a t e s  have 
been made a s  h i g h  a s  500 m o p o h , ,  which would produce  a v e l o c i t y  
p r e s s l j r e  of  830 l b ,  p e r  s q ,  f t , ,  1.1hereas a 200 mopoh ,  wind 
p r o d u c e s  f o r c e s  somewhat o v e r  100  l b ,  p e r  sq,  f t , ,  which  i s  
more i n  k e e p i n g  w i t h  t h e  p r o b a b l e  marg ins  of s a f e t y  o f  s t r u c t u r e s  
t h a t  have w i t h s t o o d  t h e  f o r c e s  of a  t o r n a d o ,  

V B u i l d i n g  Reau la t io r !  A s ~ e c t s  

The f o r c e s  o f  t h e  s t o r m  uncovered  many v i o l a t i o n s  of  
good b u i l d i n g  r e g u l a t i o n s  and good b u i l $ i n ?  p r a c t i c e ,  Examples 
of  g r e a t l y  o v e r l o a d e d  f l o o r s  were found ,  e s p e c i a l l y  i n  t h e  c a s e  
of  a remgdeled  house where t h e  f i r s t  f l o o r  was lrsed a s  an a u t o -  
mot ive  show-room and t h e  f l o o r  immedia te ly  above a s  a s t o c k  room 
t h a t  i n c l u d e d  t h e  s t o r a g e  of  eng ine  b l o c k s ,  Another  c a s e  o f  
o v e r l o a d i n g  w a s  a s e r i e s  of  30 t o  40 f t ,  l o n g  l a t e r a l l y  u n s u p p o r t e d  
s t e e l  beams c a r r y i n g  t h e  bedroom s e c t i o n  o f  a  h o t e l  immedia te ly  
above a  g a r a g e ,  These bearns showe2 c o n s i d e r a b l e  e v i d e n c e  of  
l a t e r a l  and v e r t i c a l  b u c k l i n g ,  The mixed occupancy w i t h  t h e  
exposed u n p r o t e c t e d  s t e e l  s u n p o r t i n g  t h e  h o t e l  f l o o r  must  b e  
c o n s i d e r e d  a  s e r i o u s  c o n d i t i o n ,  

T h i s  c a s e ,  and t h e  p r o b a b i l i t y  o f  many o t h e r  s i m i l a r  
v i o l a t i o n s ,  caused  t h e  r e l a t i v e l y  new b u i l d i n g  i n s p e c t i o n  
depar tmen t  c o n s i d e r a b l e  c o n c e r n ,  Here,  i t  was e x i s t i n g  c o n s t r u c -  
t i o n  t h a t  c o n s t i t u t e d  t h e  b i g g e s t  problem, a s  new c o n s t r u c t f  on 
employed p r e s e n t  day  a c c e p t e d  b u i l d i n g  r e g u l a t i o n s ,  

T h i s  i n s p e c t i o n  showed t h a t  b u i l d i n g s  d e s i g n e d  and 
c o r l s t r u c t e d  i n  accordance  w i t h  c u r r e n t l y  a c c e p t e d  b u i l d i n g  
s t a n d a r d s  e x p e r i e n c e d  much l e s s  d a m a ~ e  t h a n  t h o s e  n o t  s o  con- 
s t r u c t e d ,  T h i s  was e s p e c i a l l y  t r u e  o f  s t e e l  and c o n c r e t e  framad 
b u i l 6 i n ~ s  a s  compared t o  t h e  o l d e r  mesonry b e a r i n g  w a l l  c o n s t r u c -  
t i o n s ,  

I n  Robbins Fleming18 c l a s s L c a 1  work, Wind ,S tmesses  fn Buildbgs,  
r e f e r e n c e  i s  made t o  some g e n e r a l i a a t i o n s  by  F , E , S c h m i t t ,  e d i t o r  
of E n g i n e e r i n g  News Record,  on t h e  F l o r i d a  h u r ~ i c a n e  o f  1926, 
where wind v e l o c i t i e s  o f  128 mopoh ,  were r e g i s t e r e d ,  The b e s t -  
b u i l t  s t r u c t u r e s  r e s i s t e d  t h e  s t o r m  e i t h e r  c o m p l e t e l y  o r  w i t h  
n i n o r  damage. Good c o n s t r u c t i o n  w a s  n o t  dependen t  upon s p e c i f  f e  
m a t e r i a l s ,  It was a l s o  obse rved  t h a t  a n c h o r a t ~ e s  o f t e n  f a i l e d ,  
i n  t h e  l i f t i n g ,  r o l l i n g  o v e r  o r  b o d i l y  s h i f t l n g  of houses  and 
g a r a r e s ,  Hollow t i l e  and c o n c r e t e  b l o c k  w a l l s  f a 1  l e d  e x t e n s i v e l y ,  
Roof ing  m a t e r i a l s  made an u n s a t i s f a c t o r y  showing and many r o o f s  
were r i p p e d  away, e i t h e r  c o m p l e t e l y  o r  i n  p a r t ,  Windows were 
s h a t t e r e d  everywhere;  and window c o n s t r u c t i o n  w a s  r e p o r t e d  t o  
have been f r e q u e n t l y  t h e  f i r s t  damage, The same s t a t e m e n t  c o u l d  
be  made f o r  t h e  S a r n i a  t o r n a d o ,  



I n  t h e  p e r i o d i c a l ,  P r a c t i c a l  B u i l d e r  August 1953, 
r e f e r e n c e  i s  made t o  t h e  t o r n a d o  of Worces te r ,  Mass, June  9 t h ,  
1953- A f rame house t h a t  had been  b u i l t  w i t h  a b o u t  t w i c e  a s  
many n a i l s  i n  t h e  f raming  c o n n e c t i o n s ,  s t r o n g e r  b r a c i n g ,  h e a v i e r  
lumber,  anchor  b o l t s ,  e t c ,  , w i t h s t o o d  what were a p p a r e n t l y  t h e  
maximum f o r c e s  o f  t h a t  to rnado .  

It a p p e a r s ,  t h e r e f o r e ,  t h a t  b y  i n c r e a s i n g  t h e  c u r r e n t l y  
recommended f a s t e n i n g  d e t a i l s  f o r  r o o f s ,  f l o o r s ,  and w a l l s ,  
e s p e c i a l l y  i n  t o r n a d o - s u s c e p t i b l e  a r e a s ,  t h e  l o s s e s  could be 
reduced  c o n s i d e r a b l y ,  It would a l s o  a p p e a r  t h a t  s t e e l  and c o n c r e t e  
f r a n e d  b u i l d i n g s ,  b u i l t  a c c o r d i n g  t o  a c c e p t e d  b u i l d i n g  r e g u l a t i o n s ,  
were s t r o n g  enough t o  r e s i s t  s t r u c t u r a l  Camage, More a t t e n t i o n  
should be  s i v e n  p a r a p e t  w a l l  d e t a i l s ,  If de ta : l s  s i m i l a r  t o  
t h o s e  o u t l i n e d  i n  Anchorage f o r  F a c t o r y  Roofs,  P r i n c i p l e s  and 
Design Data  (3 )  were i n c o r p o r a t e d  i n  b u i l d i n g  d e s i g n ,  i n  a r e a s  
where t o r n a d o e s  a r e  p o s s i b l e ,  i t  i s  l i k e l y  t h a t  many masonry 
b e a r i n g  w a l l  c o n s t r u c t i o n s  would w i t h s t a n d  t o r n a d o  f o r c e s  as 
w e l l  a s  t h e  s t e e l  and c o n c r e t e  framed b u i l d i n g s ,  

F i r e  Aspec t s  

S t a f f  members f rom t h e  O n t a r i o  F i r e  Marsha lvs  O f f i c e  
i n s p e c t e d  t h e  f i r e  a s p e c t  o f  t h e  d i s a s t e r ,  See A R e p o r t  t o  t h e  
F i r e  Marshal  - r e :  The I n v e s t i g a t i o n  i n t o  C e r t a i n  F i r e  Aspec t s  
o f  Tornado Damages - The C i t y  of S a r n i a ,  O n t a r i o  May 25 - 30,  
1953 . The f o l l o w i n g  i s  an  e x c e r p t  f rom t h i s  r e p o r t ,  

 he f a c t  t h a t  no f i r e s  r e s u l t e d  f r o m  t h i s  s to rm can  
o n l y  be c o n s i d e r e d  as a  v e r y  f o r t u n a t e  t u r n  o f  e v e n t s ,  Undoubtedly 
t h e  t e r r i f i c  f o r c e  o f  t h e  wind and t h e  t o r r e n t i a l  r a i n s  t h a t  
f o l i o w e d  t h e  wind i n h i b i t e d  t h e  i g n i t i o n  o f  f i r e s ,  b u t  t h e  f a c t  
r emains  t h a t  w i t h  t h e  g r e a t  amount of damage t o  t h e  e l e c t r i c a l  
sys tem and g a s  sys tem i t  c o u l d  have produced a s t a t e  o f  ext reme 
h a z a r d ,  Tha t  i t  d i d  n o t  r e s u l t  i n  a  d i g a s t e r  i s  mere ly  due t o  
good f o r t u n e  on t h e  p a r t  of t h e  c i t i z e n s ,  and t h e  ext reme 
r s p i d i t y  and e f f i c i e n c y  of  t h e  o f f i c i a l s  of  b o t h  t h e  Hydro and 
t h e  Union Gas Company i n  t a k i n g  s t e p s  t o  a l l e v i a t e  t h e  z o n d i t i o n , "  

V I I  Recommendations f o r  Reducing Tornado Hazards  

The t e r m  t o r n a d o - r e  s i s t a n t  c o n s t r u c t i o n  i s  used  i n  t h i s  
r e p o r t  t o  r e f e r  t o  s t r u c t u r a l  e l e m e n t s  and t h e i r  components t h a t  
a r e  a b l e  t o  w i t h s t a n d  t h e  f o r c e s  i n v o l v e d  i n  s u c h  a s to rm,  It 
i s  n o t  i n t e n d e d  t h a t  t h i s  t e r m  a p p l y  t o  s u r f a c e  damage, which, 
a l t h o u g h  s u p e r f i c i a l  i n  n a t u r e ,  i s  u s u a l l y  c o s t l y  t o  r e p a i r ,  
Some examples a r e  window breakage;  l o s s  o f  l i g h t w e i g h t  r o o f i n g ,  
s i d i n g ,  f l a s h i n g s ;  damage t o  c o n t e n t s  by r a i n  o r  broken s p r i n k l e r  



p ip ing ;  and damage from mud and f l y i n g  d e b r i s  t o  e x t e r i o r  and 
i n t e r i o r  s u r f a c e s  and b u i l d i n g  c o n t e n t s ,  P r a c t i c a l l y  speaking,  
it i s  imposs ib le  t o  p r e v e n t  t h f s  t y p e  o f  damageo 

A f t e r  comple t ion  of  t h i s  i n v e s t i g a t i o n  i t  seemed 
a p p a r e n t  t h a t  t h e  e x t e n s i v e  economic l o s s e s  resulting from 
to rnadoes  cou ld  be kept  t o  a  p r a c t i c a l  minimum f f  t h e  f o l l o w i n g  
recommends t i o n s  were i n c o r p o r a t e d  i n  specf f  i c a t i o n s  f o r  b u i l d i n g s  
e r e c t e d  i n  t o rnado - suscep t ib l e  r eg ions :  

1) Design a l l  s t r u c t u r a l  f raming  e l emen t s  t o  w l t h s t a n d  
a v e l o c i t y  p r e s s u r e  produced by a t  l e a s t  a 90 mopoh,  wind, The 
i n h e r e n t  margin of s a f e t y  of p r e s e n t  day c o n s t r u c t i o n  p robab ly  
w P 1 1  a l l ow  s t r u c t u r e s  t o  r e s i s t  a l l  b u t  the  roost v i o l e n t  t o rnadoes ,  
T J S ~  shape o r  form f a c t o r s  such a s  those  reconmended f n  t h e  Na t fona l  
P u i l d i n g  Code 1953 Design General  Requirements,  

2 )  Tie  w a l l s .  r o o f s ,  and f l o o r s  o f  masonry bea r fng  
walls and wood frame c o n s t r u c t i o n  t o g e t h e r  t o  w i th s t and  t he  
de s fgn  f o r c e s  as  c a l c u l a t e d  i n  accordance with t h e  f i r s t  
recomnendation.  Ty f c a l  d e t a i l s  o f  economical  connec t i on  a r e  
s e t  f o r t h  on page 1 o f  the  p u b l i c a t i o n  Anchorage f o r  Fac to ry  
Roofs ( 3 ) Q  

3)  Avoid l a r g e  expanses  of l a t e r a l l y  unsuppor ted  
b l ~ t l d f n p ,  w a l l s .  

4) Avoid e x c e s s i v e l y  h i g h  and p o o r l y  t i e d  p a r a p e t  
w a l l s ,  Heinforce  pa rape t  w a l l s  t o  wi ths tend '  a  l a t e r a l  l o a d  of 
a t  l e a s t  twice  t h e  d e s i g n  l oad  recommendations mentioned i n  I ) ,  

5 )  Avoid o rnamenta t ion  t h a t  i s  "p lacedw o r  tlhungm 
,Jn t h e  b u i l d i n g .  

Glass ,  a s  a n  automat ic  means of ven t i ng  e n c l o s e d  a f ~  
spaces ,  shou ld  be used  on ly  when adequate  p r o t e c t i o n  i s  provfded 
f o r  t h e  occupan ts  o f  the  a r e a  under c o n s i d e r a t i o n  untf  1 more 
da t a  a r e  c o l l e c t e d  on t h i s  a s p e c t  of  s t r u c t u r a l  p r o t e c t i o n ,  
There were remarkably few c a s u a l t i e s  f rom f l y f n g  g l a s s  In t h e  
t e lephone  exchange b u i l d i n g ,  perhaps  because  t h e r e  wepe f e w  



i n s t a n c e s  where t h e  occupants  were openly exposed t o  l a r g e  
expanses of  g l a s s ,  It could  no t  be determined,  t h e r e f o r e ,  
whether  t h i s  low c a s u a l t y  r a t e  w a s  due t o  t h e  g l a s s  b r e a k i n g  
outwards,  o r  whether  t h e  occupants  were p r o t e c t e d  adequa t e ly  
by t h e  t e lephone  swi tchboards ,  t h a t  s tood  between them and t h e  
windows, It i s  p o s s i b l e  a l s o  t h a t  gome c a s u a l t i e s  thought  t o  
be caused by f l y i n g  g l a s s  were due t o  f ragments  from t h e  
c o l l a p s i n g  suspended c e i l i n g  o r  v i c e  v e r s a ,  With t he  i n t r o d u c t f o n  
of r a d a r  d e t e c t i n g  dev i ce s ,  i t  may be p o s s i b l e ,  i n  t h e  fubure ,  
t o  g ive  adequate  warning t o  t h e  occupants  of such b u i l d i n g s  so 
t h a t  r e fuge  might be t a k e n  i n  t h e  basement o r  i n  o t h e r  adequate  
s torm s h e l t e r s ,  

V I I I  Conclusion ----- 
It appeared from t h i s  i n v e s t i g a t i o n  t h a t ,  e s s e n t i a l l y ,  

t o r n a d o - r e s i s t a n t  c o n s t r u c t i o n  c a n  be achieved economical ly ,  
by app ly ing  known and accep ted  sound eng inee r ing  p r a c t i c e s ,  
Completely r e s i s t a n t  s t r u c t u r e s  would be t o o  expensive  s i n c e  " t h e  
p r o b a b i l i t y  t h a t  any g iven  a r e a  of  one square  mi le  w i l l  be s t r u c k  
by a  to rnado  i n  any given y e a r  i s  s l i g h t  even i n  s t a t e s  where 
t h e s e  s torms a r e  f r e q u e n t .  It should  never  be overlooked,  how- 
ever ,  t h a t  t h e r e  i s  no assurance  t h a t  any p a r t i c u l a r  s p o t  w i l l  
n o t  be s t r u c k  wi thou t  warning i n  any y e a r ,  o r  even more t h a n  once - 
i n  t h e  same y e a r " ( 2 ) ,  

The a u t h o r  g r a t e r  u l l y  acknowledges t ho  a s s i s t a n c e  of  t h e  
f o l l o w i n g  i n  p r o v i d i n g  in format ion  f o r  t h i s  r e ~ o r t x  M r ,  E,R,CouPter,  
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Sa rn i a ;  M r ,  H O D .  Cook, build in^ I n s p e c t o r ,  Sa rn i a ;  M r ,  ?', LeNeue, 
F i r e  I n s p e c t o r ,  S a r n i a ;  Fk, John McLeish, London Township; 
M r ,  Eda C o l l i n s ,  CMHC, Sa rn i a ;  M r ,  Vandrich, B e l l  Telephone Company, 
Sarn ia ;  M r .  P.E.Koivukoski, On ta r io  F ' i re M a r s h a l ' s  Of f i ce ,  
Toronto; M r ,  L. Bishop, On ta r io  F i r e  Marshal1 s  Of f i ce ,  Toronto; 
PIr, Maclean, S a r n i a  Canadian Observer; London Free  P re s s ;  
M r ,  R ,  P a i s e l y ,  Photographer,  Sa rn i a ;  M r ,  EoEOMassey, Defence 
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APPENDIX A 

Damane i n  R u r a l  Areas 

D.C. T i b b e t t  s 

Enrou te  t o  S a r n i a  a  d e t o u r  was xade  t o  t h e  Spr ingbank 
a r e a  on r o u t e  No. 81 t o  de te rmine  w h e t h e r  o r  n o t  t h a t  a r e a  
w a r r a n t e d  any i n v e s t i g a t i o n  on t h e  r e t u r n  t r i p .  I t  was d e c i d e d  
t h a t  i f  t i m e  p e r m i t t e d  an  a t t e m p t  would be made t o  t r a c e  t h e  p a t h  
of t h e  s t o r m  t h r o u g h  r u r a l  a r e a s .  Clean-up crews were v e r y  b u s y  
b u t  c o n t a c t  was ~ a d e  w i t h  Mr. John McLeish, 

On t h e  r e t u r n  t o  London, a f t e r  i n s p e c t i o n  of t h e  S a r n i a  
damage, maps of' t h e  townships  immedia te ly  n o r t h  and n o r t h w e s t  
o f  London were o b t a i n e d  from t h e  d i s t r i c t  o f f i c e  of  t h e  O n t a r i o  
Department o f  Highways. On May 3 0 t h ,  t h e  farm of  John XacNaughton, 
on No, 4 highway, was v i s i t e d .  H i s  b u i l d i n g s  were a l n o s t  com- 
p l e t e l y  demol ished and ap:>eared t o  have been i n  t h e  p a t h  of a  
s e p a r a t e  t o r n a d o ,  The p a t h  of t h e  main s t o r m  had c r o s s e d  No, 4 
hiyhway f a r t h e r  n o r t h ;  t h i s  s t o r m  swept a l n o s t  d i r e c t l y  up t h e  
1 5 t h  c o n c e s s i o n  r o a d  o f  Lmdon Township, Highway Noo 4 was l e f t  
a t  t h i s  i n t e r s e c t i o n ,  nnd, gu ided  by "ev idence  of damage", a 
z ig -zag  p a t h  was fo l lowed  up t h e  v a r i o u s  c o n c e s s i o n  r o a d s  t o  t h e  
f a r m  of John McLeish. H i s  f a r m  was n o t  damaged b u t  i t  was n o t  
f a r  from t h e  c h u r c h  a t  Spr ingbank  which x a s  i n  t h e  p a t h  of t h e  
s to rm,  

These r u r a l  a r e a s  e x p e r i e n c e d  t h e  most comple te  d e v a s t a t i o n ;  
e v e r y t h i n ?  i n  t h e  p a t h  of t h e  s torm,  w i t h  t h e  e x c e p t i o n  o f  silos, 
was p r a c t i c z l l g  demol ished.  The word " e v e r y t h i n g "  i n c l u d  o s  homes, 
b a r n s ,  o u t  b u i l d i n p s ,  f e n c e s ,  and t r e e s .  There w o r e  a few 
e x c e p t i o n s ,  where b u i l d i n p s  on t h e  f r i n ~ e  of t h e  s to rm r e c e i v e d  
on ly  minor damrge, b u t  i n  g e n e r a l ,  t h e  s c e n e  w a s  one of co r ln le te  
r u i n .  Clean-up ''bees" were s t i l l  a c t i v e .  It m i r h t  be  i n t e r e s t i n g  
t o  n o t e  t h e  a p p a r e n t  o r d e r  o f  p r i o r i t y  g i v e n  t o  t h e  c lean-up  
programme : 

(1) Fences  r e p l a c e d  and r e p a i r e d ;  
( 2 )  S tock  r e t u r n e d  t o  owners; 
( 3 )  F i e l d s  a n d  c r o p s  c l e a r e d  of  d e b r i s ;  
( 4 )  Farm b u i l d i n g s  r e p l a c e d ;  
( 5 )  IIrrnes t o  be c o m p l e t e l y  r e b u i l t  i n  mos t  c a s e s ,  

Here w a s  a s i t u a t i o n  where n o t  o n l y  were p e o p l e s f  homes 
devastated h u t  a l s o  t h e i r  f a r m l a n d s ,  I n  SarnT?., i t bri-s p h i  ~t-1;i-y 

q u e s t i o n  of '  hazes  b e i n g  darna~ed-,  w i t h  some b u s i n e s s e s  b e f n g  d f s r w p t d  
i n  t h e  downtown a r e a  b u t ,  r e s i d e n t L o  of  S a r n i a  r e l i e d  main1;r 011 

t h e  heavy i n d u s t r i e s  i n  and a round  t h a t  c i t y  f o r  employment, 



These i n d u s t r i e s  were untouched by t h e  storm, R u r a l  r e s i d e n t s  
-however, were f a c e d  w i t h  t h e  immediate problem of  c l e a r i n g  
f i e l d s  i n  o r d e r  t o  p r o t e c t  e a r l y  c r o p s  and p rov ide  p a s t u r e  and 
e n c l o s u r e  f o r  t h e i r  s c a t t e r e d  s t o c k ,  

(1) Fences  

On t h e  f i r s t  v i s i t  t o  t h e  a r e a  on May 27 th ,  most f e n c e s  
i n  Spr ingbank had been r e p a i r e d  t o  t h e  e x t e n t  t h a t ,  a t  f i r s t  
g l a n c e ,  t h e y  appeared t o  have been und i s t u rbed ,  I n q u i r i e s  
r e v e a l e d ,  however, t h a t  on most f a rms  i n  t h e  p a t h  of t h e  to rnado ,  
f e n c e s  were e i t h e r  c o n p l e t e l y  l e v e l l e d  o r  damayed enough t o  
pe rmi t  s t o c k  t o  escape  e a s i l y ,  The r e p a i r  and rep lacement  of  
f e n c e s  proved t o  be an u r g e n t  and time-consuming t a s k  f o r  t h e  
f a r m e r s  i n  t h e  dqvas.tated a r e a s .  Immedia te ly  a f t e r  t h e  s torm on 
May 2 1 s t ,  work was begun on t h i s  phase  o f  t h e  c lean-up ,  

( 2 )  S tock  

The number o f  c a t t l e  and o t h e r  f a r m  an ima l s  k i l l e d ,  a s  
a r e s u l t  of t he  storm, was sma l l ,  b u t  t h e  t a s k  o f  s e p a r a t i n g  t h e  
h e r d s  o f  f r i g h t e n e d  c a t t l e  s c a t t e r e d  ove r  t h e  c o u n t r y s i d e  and 
r e s t o r i n g  them t o  t h e i r  owners proved t o  be  a b i g  one, On t h e  
r e t u r n  tr ip,May 30 th ,  peop le  were s t i l l  engaged i n  h e r d i n g  c a t t l e  
back t o  pas5ure  beh ind  r e p a i r e d  e n c l o s u r e s ,  It was impor t an t  
t h a t  t h e  c a t t l e  be kep t  away from t h e  hay s t o r e d  i n  t h e  damaged 
b a r n s ,  Some c a t t l e  had been i n j u r e d  as a  r e s u l t  of e a t i n g  hay 
c o n t a i n i n g  s p l i n t e y e d  wood and o t h e r  d e b r i s ,  

F i e l d s  and Crops 

Damape t o  l and  was e x t e n s i v e  i n  t h e  townships;  d e b r i s  
was s c a t t e r e d  f o r  m i l e s  around,  I n  a d d i t i o n  t o  what w a s  l y i n g  
on t h e  s u r f a c e ,  l a r g e  p i e c e s  of t r e e s ,  me t a l  r o o f i n g  and lumber 
were embedded i n  t h e  s o i l  deep enough t o  r e q u i r e  fa rm t ~ a c t o r s  
o r  h o r s e s  f o r  t h e i r  removal ,  Th i s  phase o f  t h e  c lean-up  was 
impor t an t  i n  o r d e r  t o  r e s t o r e  p a s t u r e  land f o r  s t o c k ,  c l e a r  
t h e  seeded f i e l d s ,  and c l e a r  t h e  l a n d  f o r  c r o p s  t o  be seeded ,  
This  c lean-up w a s  one of  t h e  major  t a s k s ,  Farmers pa the r ed  w i t h  
a v a i l a b l e  equipment and moved m e t h o d i c a l l y  f rom f i e l d  t o  f i e l d  
and f a rm  t o  farm i n  t h e  removal  of d e b r i s ,  The l o c a l  l a b o u r  
f o r c e  was i n c r e a s e d  c o n s i d e r a b l y  by t r u c k  l o a d s  o f  v o l u n t e e r  
workers  from London and o t h e r  nea rby  c i t i e s  and towns, 

Farm B u i l d i n g s  

Most of  t h e  damaged barns and o u t  b u i l d i n g s  were o l d  
wooden s t r u c t u r e s .  The r o o f s  g e n e r a l l y  c o n s i s t e d  of s h e e t  me t a l  
r o o f i n g  o r  wood s h i n g l e s  over  2 x 4 and 2 x 6 r a f t e r s ,  and were 
consequen t l y  o f  v e r y  l i g h t  c o n s t r u c t i o n ,  The f r aming  members 



below t h e  r o o f ,  however, i n  many c a s e s  were heavy squared  o r  
hewn t i m b e r s ,  I t  would have been  d i f f i c u l t  t o  know how new and 
s t r o n g l y  c o n s t r u c t e d  b u i l d i n g s  would have w i t h s t o o d  a  l e s s e r  s torm,  
s o  comple te  was t h e  d e m p l i t i o n  of  a l l  b u i l d i n g s  i n  t h e  d i r e c t  
p a t h  of  t h e  t o r n a d o ,  Farm b u i l d i n g s  i n  s u r r o u n d i n g  a r e a s  un- 
touched  by t h e  s to rm,  i n  most c a s e s  were v e r y  o l d  and s t r u c t u r -  
a l l y  weak. One newer-type b a r n  was n o t e d  and photographed,  T h i s  
b u i l d i n g  had minor damage t o  t h e  d o o r s  and t r i m  b u t  as i t  was 
n o t  i n  t h e  d i r e c t  p a t h  of t h e  s torm,  t h i s  damage may have been 
caused  by t h e  h i g h  wind accompanying t h e  t o r n a d o ,  There were 
no b u i l d i n g s  l e f t  s t a n d i n g  i n  t h e  d i r e c t  p a t h  of  t h e  s torm,  so  
i t  was i m p o s s i b l e  t o  d e t e r m i n e  t h e  r e l a t i v e  m e r i t s  o f  good and 
bad c o n s t r u c t i o n  and t h e i r  a b i l i t y  t o  r e s i s t  t o r n a d o e s ,  

It was i m p o r t a n t  t o  r e b u i l d  f a r m  b u i l d i n g s  a s  soon a s  
p o s s i b l e  t o  p r o v i d e  c o v e r  f o r  c r o p s ,  T h i s  l e f t  l i t t l e  t i m e ,  
because  t h e  hay  c r o p  was t o  be  c u t  abou t  s i x  weeks a f t e r  t h e  
t o r n a d o  s t r u c k  t h e  a r e a ,  P/Iuch work remained t o  be  done on t h e  
l a n d  i n  o r d e r  t o  comple te  s e e d i n g  o p e r a t i o n s ,  Few m a t e r i a l s  
c o u l d  be s a l v a g e d  i n  t h e  r e c o n s t r u c t i o n ,  I n  most i n s t a n c e s ,  even 
the  heavy,  hand-hewn t i m b e r s ,  commonly used  i n  o l d  b a r n s ,  were 
s p l i n t e r e d  and f r a c t u r e d  beyond r e - u s e ,  Here was a  c a s e  i n  
which an  immediate supp ly  o f  b u i l d i n ?  m n t e r i a l s  would have been 
a g r e a t  h e l p  t o  t h e  f a r m e r s ,  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  s i l o s  w i t h s t o o d  t h e  f u l l  
f o r c e  o f  t h e  t o r n a d o ,  On farms where d e m o l i t i o n  w a s  o t h e r w i s e  
comple te ,  s i l o s  were l e f t  s t  a n d i n g  and a p p a r e n t l y  u n a f f e c t e d  b y  
t h e  s torm,  It was n o t  de te rmined  whe the r  o r  n o t  t h e  t o p s  of 
t h e s e  s t r u c t u r e s  were removed by  t h e  s to rm,  I f  such  was t h e  c a s e ,  
t h e  p o s s i b i l i t y  e x i s t s  t h a t  i n s i d e  and o u t s i d e  p r e s s u r e s  were 
e q u a l i z e d  a lmost  immedia te ly  and t h u s  p r e v e n t e d  c o l l a p s e ,  The 
absence  of f a i l u r e  i n  t h e s e  s i l o s  may a l s o  be  due ,  whol ly  o r  i n  
p a r t ,  t o  t h e i r  a y l i n d r i c a l  shape ,  

(5 )  Homes 

Homes i n  t h e  p a t h  of t h e  s to rm s u f f e r e d  e x t e n s i v e  damage - 
i n  most c a s e s ,  comple te  d e m o l i t i o n ,  There were a few i n s t a n c e s  
where t h e  s h e l l  of a  two-s to rey  masonry o r  masonry v e n e e r  
s t r u c t u r e  remained s t a n d i n g  a f t e r  t h e  r o o f ,  windows, d o o r s  and 
p o r c h e s  had been  removed by t h e  s torm,  b u t  i n  g e n e r a l ,  no 
s t r u c t u r e  s t o o d  up w e l l  under  t h e  f o r c e  whe the r  i t  was o f  wood 
f rame ,  f rame veneer  o r  masonry b e a r i n c  w a l l  c o n s t r u c t i o n ,  The 
amount of s a l v a g e a b l e  m a t e r i a l   fro^ demol ished houses  w a s  s m a l l ,  
b e i n g  l i m i t e d  t o  b r i c k  and a few f r a m i n g  members, Most of t h e  
s t o r m  v i c t i m s  had sough t  s h e l t e r  w i t h  n e i g h b o u r s ,  A s  no t ime  
c o u l d  be a l l o t t e d  t o  t h e  immediate  r e c o n s t r u c t i o n  o f  d w e l l i n g s ,  
i t  w a s  e x p e c t e d  t h a t  t h i s  s i t u a t i o n  would c o n t i n u e  f o r  a few 
months u n t i l  s h e l t e r s  c o ~ ~ l d  be  p r o v i d e d  f o r  c r o p s  snd s t o c k ,  



Tree Damage 

Some mention should  b? made of t r e e s  because of  t h e  v a s t  
numbers de s t royed  and t h e  way i n  which t h e  r u r a l  d e s t ~ u c t f  or: 
d i f f e r e d  fxao;; t r e e  damage i n  the  c i t y ,  I n  Sb rn i a ,  a s  r e v i o u s l y  
~nen t  ioned, most of t he  t r e e s  s t r u c k  by t h e  s to rm were uproo ted ,  
i n  t h e  r u r a l  a r e a s  t h e y  were t w i s t e d  o f f  about  1 0  t o  15 f e e t  
above the  &round,  and t h e  t o p s  we1.e bad ly  s h a t t e r e d  and s t rewn 
over  the sur rounding  f i e l d s ,  Although i n  b o t h  Sa rn i a  and the 
r u r a l  a r e a s ,  f a l l e n  t r e e s  caused an i n t e r r u p t i o n  of t r a v e l  a l o n g  
t r n f i ' i c  a r t e r i e s ,  t h e  heavy eu,~zip~rlent necessapy f o r  t h e i r  removal 
was not a v a i l a b l e  i n  t he  ~ u r a l  a r e e s ,  T h e  f a r x e r s  viere f o r c e d  
t o  c u t  broken 1i r r .b~ and t r u n k s  i n t o  s i z e s  t h a t  could  be e a s i l y  
p i l e d  and 5vrned or s i z e s  t h a t  c o u l d  be loaded  and hau l ed  away 
b y  farrai wagons, Very few of t h e  t w i s t e d  t r e e s  could  be used 
f o r  saw l o g s  o r  hewn b a r n  t imbe r s ,  t h e f r  end ufie be577 1irr;Tted 
t o  f i r ewood ,  The use  of  farm t r a c t o r s  and c h a i n  saws w a s  
',nva;uable i n  c l e a r i n g  t he  7 i l e  of deblais from f a l l e n  t r e e s ,  
Yora of t h i ~  equipment could  have been used t o  speed t h e  " ~ l e a n - u n ~ ~ ,  

The s n i r i t  of the people  i n  t h i s  a r e a ,  t h e i r  a b l l i t y  to 
organ ize  i n t o  groups ,  a n d  the  " f i r s t  t h i n g s  f i r s t u  method of 
proceeding with t h e  c lean-up  a r e  t o  be h i g h l y  commended, I n  
no ca se  was t h e r e  any i n d i c n t i o n  g iven  o r  comilent made t o  t he  
e f f e c t  t h a t  they ve re  not  e q u s l  t o  the t a s k o  -4s one c f t f z e n  
s t a t e d  " A l l  we want i n  o r d e r  t o  g e t  back t o  nor r (~s l ,  a r e  n j a t e r i a l s  
and t o o l s  w i t h  which t o  r~ebu i ld " ,  The g e n e r a l  op infon  was t h a 5  
governn:ent agancie:: should  b? s e t  up t o  f a c i l i t a t e  t h e  rncve~iel-it-. 
of necessa ry  equipment and ~ ~ u t e r i a l s  t o  d i s a s t e r  a r e a s  a s  soon 
a s  they a r e  needed, r a t h e r  t h a n  having i n v e s t i g a 3 i o n s  and l e g i s - -  
-iat.ion t o  :lake movement of t h e s e  t h i n g s  p o s s i b l e  



APPENDIX B 

PHOTOGRAPHS OF S A R N I A  TORNADO ( ~ a y  21, 1953) 

A o  DF3 Photographs  Taken on May 28 

Damage i n  B u s i n e s s  D i s t r i c t  
.:E,y WL ;I - 

Damage t o  r o o f s  and p a r a p e t  w a l l s  b e i n g  r e p a f r e d  a l o n g  w a t e r f ~ o r n t  
Bent f l a g  p o l e  i n  f r c ~ n t  of Vendorla H o t e l  
Dnmsgod s t o r e s  a l o n g  F r o n t  S t r e e t ,  wes t  s i d e ,  Top f l o o r s  removed 
S t o r e s  on F r o n t  S t r e e t  wes t ,  under  r e n a i r  
B u i l d i n g  on F r o n t  S t r e e t ,  eAs t  s!de, under  r e p a f r  
Genera l  view o f  F r o n t  S t r e e t  west  s i d e  under  r e p a i r  
E a l l o o n i n g  of w a l l  i n  c i r c u l a r  a r c h  i n  condsnined f l o o r  
Darr:age t o  o l d  b u i l d i n g  o f  masonry b e a r i n g  w a l l  t y p e  a l o n g  
w a t e r f r o n t  ( n o t e  b i c y c l e  s t i l l  on t h i r d  f l o o r ) .  ( ~ i g ,  4 f n  DBR 
R e p o r t  No. 111 - photo  9 , )  
II3mage t o  b u i l d i n g s  a long  w a t e r f r o n t  
Remains o f  c o n c r e t e  b l o c k  v~nrehouse  a l o : ~ ~  w a t e r f r o n t  
Damage t o  H o t e l  Vendome b e i n g  r e p a i r a d  
G e n e r a l  view of  darnage t o  . r o o f s  and p a r a p e t  w a l l s  i n  b u s i n e s s  
d i s t r i c t  b e i n g  r e p a i r e d  
T a y l o r r s  F u r n i t u r e  S t o r e  and I m p e r i a l  Bank 
I m p e r i a l  Dank 
T a y l o r ' s  F u r n i t u r e  S t o r e  b e i n g  r e p i r e d  
G e n e r a l  view of danage t o  roofs ' ,  and p a r a p e t  mialls under  r e p a i r  
Roar of a shed n e a r  t h e  C a p i t o l  T h e a t r e  a f t e r  c o l l a p s e  
A l l e y  behind t h e a t r e s  
Gexera l  view o f  r o o f s  n e a r  I m p e r i a l  T h e a t r e  
C o l l a p s e d  w a l l  behind sta{;e o f  I m p e r i a l  T h e a t r e  
Bay-l  Telephone !3uilding,  s t e e l  frame c o n s t r u c t i o n ,  where l i t 5 1 3  
dar~lage w a s  done 
C o l l a p s e d  house a c r o s s  s t r e e t  from B e l l  Telephone B u i l d i n g  
G e n e r a l  view o f  daaage t o  r o o f  and p a r a p e t  v ~ a l l e  
Damaged church ,  a l t h o u g h  b u i l d f n g  w i t h s t o o d  t h e  s t o ~ m  i t  ha2  
1,- h e  condemned 

9 ~ 3 a g s  in R u r a l  Areas  

TPee Dump 
Damaged a u t  omobi les  
FTrlox P r e s b y t e r i a n  Church i-15 t h  r c o f  missing 
Renalns  o f  house  anci o t k e r  farm b u i l d i n g s  n e a r  Knox Plaesbyteriar:  
C hu.lach 
Clean-up one-ha l f  m i l e  f rom c h u r c h  
Tree damage i n  London Township 
Example o f  good c o n s t r u c t i o n ,  Earn  i n  London Township t h a t  
w f t h s t o o d  t h e  f o r c e s  of t h e  t o r n a d o ,  Note p i e c e  of door  hang ing  
i n  open ing  i n d i c a t i n g  t h a t  t h e  d o o r s  a c t e d  a s  p r e s s u r e  r e l e a s e  
va lve  s 
F u r t h e r  examples of damage i n  r u r a l  a r e a  



B, Photographs  Obta ined f rom t h e  Canadian Observer  i n  S a r n i a ,  (0) 
Ro P a i s e l  F e  
T,ondon Free Press f S )  

l a ,  Genera l  pho to  of  t o r n a d o  a t  a i r p o r t  n o r t h  of London 
2a, Approximate t ime  of s t o r m l s  e n t r y  i n t o  S a r n i a  shown by 

s t a n d a r d  c l o c k  

Map 9f S a r n i a  showing a r e a  a f f e c t e d  by  s to rm ( F i g , 2  i n  DBR Repor t  
111) 

A e r i a l  view o f  b u s i n e s s  b l o c k  i n  S a r n i a ,  i n c l u d i n g  I m p e r i a l  
Thea t r e  
A e r i a l  view of  b u s i n e s s  b lock  showing I m p e r i a l  Bank and Tay lo rv s  
F u r n i t u r e  S t o r e ,  Note e x t e n s i v e  damage t o  r o o f s  caused by low 
p r e s s u r e  and c e n t r e  o f  s t o rm  (Fig.7  i n  DBR Report  111) 
Damage o f  o l d  b u i l d i n g s ,  masonry b e a r i n g  w a l l  t o p  a l o n g  w a t e r f r o n t  
Deb r i s  r emain ing  f rom c o l l a p s e d  c o n c r e t e  b l o c k  warehouse n e a r  
w a t e r f r o n t  
Deb r i s  on F r o n t  S t r e e t  nea r  H o t e l  Vendome 
View a c r o s s  f l a t  r o o f s  o f  w a t e r f r o n t  b u i l d i n g s  
F r o n t  S t r e e t  l o o k i n g  n o r t h  from H o t e l  Vendome 
Corner o f  F r o n t  and Cromwell S t r e e t s  
F r o n t  S t r e e t .  S t r e e t  c l e a r e d ,  b u i l d i n g  r e p a i r s  s t a r t e d  ( ~ i g , S  i n  
DBR Repor t  111) 
Hote l  Vendorne a t  t h e  c o r n e r  o f  F r o n t  a>d Crornwell S t r e e t s ,  Note 
absence  o f  damage i n  b r aced  r o o f ,  
H o t e l  Vendome ( F i g . 6  i n  DBR Repor t  111- photo  58) 
H o t e l  Vendome, View f rom i n s i d e  of room 
I m p e r i a l  Rank and Tay lor  s F u r n i t u r e  S t o r e  
Deb r i s  i n  s t r e e t  a t  Cromwell S t r e e t  
Tay lords  F u r n i t u r e  S t o r e ,  Exposure of f u r n i t u r e  i n  upper  f l o o r  
by  complete removal of  r o o f  and c o l l a p s e  of  one w a l l  
Deb r i s  n e a r  Tay lo r  s F u r n i t u r e  S t o r e  
I m p e r i a l  T h e a t r e ,  C o l l a p s e  o f  b r i c k  w a l l  beh ind  s t a g e  and 
p a r t  of  r o o f ,  ( F i g , 8  i n  DBR Report  111- photo  71) 
C a p i t o l  T h e a t r e ,  Damage t o  s i g n s  
Clean-up i n  p r o g r e s s  i n  a l l e y  beh ind  t h e a t r e s  
S t r e e t  scene  d u r i n g  c lean-up  4 

F r o n t  S t r e e t  c lean-up 
D e b r i s  on s t r e e t  
R e p a i r  work i n  p r o g r e s s  a t  Cromwell and C h r i s t i n a  S t r e e t s  
Damage t o  s t o r e  window 
S t o r e  windows a f t e r  c lean-up  
D e b r i s  i n  d r iveway  
C a r  damaged by f a l l i n g  d e b r i s  
Deb r i s  of c o l l a p s e d  wood frame b u i l d i n g  
Deb r i s  b e i n g  c l e a n e d  up 
Repa i r  work on f o u r - s t o r e y  s t r u c t u r e  
S t r e e t  s cenes  
Damage i n  s t o r e  b u i l d i n g s  
T h r e e - s t o r e y  s t r u c t u r e  a t  L o c h i e l  S t r e e t  - l i t t l e  damage e x c e p t  
t o  windows 



94,95 S t r e e t  s c e n e  d u r i n g  and a f t e r  c l ean-up  a t  C h r i s t i n a  and Cromwell 
S t r e e t s  

9bs97  B e l l  Telephone B u i l d i n g ,  R e p a i r  work i n  p r o g r e s s  n e a r  
s w i t c h b o a r d s  

98,99 D e b r i s  i n  ~ e s i d e n t i a l  d i s t r i c t  
100,  D e b r i s  add f a l l e n  t r e e s  i n  L o c h i e l  S t r e e t  

101-103 Tree  damage 
0 4  D e b r i s  o f  f rame c o n s t r u c t i o n  
105-109, 112,  122-124, Tree a m a g e  
110, Damaged c r a n e  
111, Damaged frame c o n s t r u c t i o n  
113, Damage t o  frame houses ,  Note l i m i t e d  area of damage ( F i g , 9  i n  

DBR Repor t  111) 
1,14, Damaged r o o f  of f r ame  house 
1150 Damaged f rame house 
116. 4 o m p l e t e l y  d e s t r o y e d  c o n c r e t e  b l o c k  c o n s t r u c t i o n  (Figo3 i n  DBR 

Repor t  111) 
117, R e p a i r  work on frame house 
118, Frame house w i t h  roof  m i s s i n g  
119, T r e e  ,damage. Note one house w i t h ,  and one house wi thou t ,  roof  

( F i g , l O  i n  DBR Repor t  111) 
120, Basement w i t h  m i s s i n g  house  
121,  Frame house d i s l o c a t e d  f rom f o u n d a t i o n  ( F i g . 1 1  i n  DBR Repor t  111) 
125, I n g e n i o u s  way o f  u s i n g  b i c y c l e  t o  pump g a s o l i n e  a t  gas  s t a t i o n  

d u r i n g  power b r e a k  
126,127 Damaged r o o f  of c h u r c h  
128-131 Damage t o  f a r m  b u i l d i n g s  

132,  Damage t o  f a r m  b u i l d i n g s  and t r e e s  where s i l o  i s  s t i l l  s t a n d i n g  
( F f g , l 3  i n  DBR Repor t  111) 

133-136 Damage t o  farm homes, (F ig .12  i n  DBR Repor t  111 - p h o t o  134) 
13'7. Toppled hydro  tower  
138, Damaged b r i c k  c o n s t r u c t i o n  
139,  Danaged b a r n  

T h i s  l i s t  I n c l u d e s  a l l  t h e  pho tographs  of  the  t o r n a d o  Pn 
t h e  r e c o r d s  o f  t h e  D i v i s i o n  o f  B u i l d i n g  Researc.h, A s e l e c t i o n  from 
these  was made f o r  i n c l u s i o n  i n  thls r e p o r t c  









F f w e  $ D m g e  to old bd%d%np of masonry b e a r h g  w&lP type 
along waterf~ont (note bicyc le  skill on t h i r d  floo~) 
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