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The r e s u l t s  of f u r t h e r  l a b o r a t o r y  load ing  t e s t s  of 
conven t iona l  t i n b e r  roof  c o n s t r u c t i o n s  f o r  houses a r e  now 
r e p o r t e d ,  The i n i t i a l  work on a W t r u s s  des ign  was desc r ibed  
i n  Report  No, 77 and f u r t h e r  work on r a f t e r s  and t r u s s e s  i n  
Report  No, 81, A f u l l - s c a l e  l o a d i n s  t e s t  of  a house desc r ibed  
i n  Report  No, 62 may a l s o  be cons idered  a s  p a r t  of t h i s  s e r i e s  
s i n c e  some i n t e r e s t i n g  a s p e c t s  of roo f  performance were r e v e a l e d  
i n  t h a t  t e s t ,  I n  p a r t i c u l a r  i t  w a s  noted  t h a t  c o l l a r  t i e s  
became loaded a s  s t r u t s  and n o t  i n  t e n s i o n ,  F u r t h e r  cons ider -  
a t i o n  i s  now g iven  t o  t h e  performance of c o l l a r  t i e  s  i n  r a f t e r  
des igns  of t h e  t y p e  s t u d i e d  i n  Report No, 81. 

These i n v e s t i g a t i o n s  of t h e  s t r u c t u r a l  performance 
of roof  components a r e  p a r t  of a  broad reassessment  of t h e  
s t r u c t u r a l  des ign  of houses which w i l l  be c a r r i e d  ou t ,  a s  
c i rcumstances  permi t ,  i n  t h e  i n t e r e s t s  o f  improvement and 
economy i n  Canadian housing,  

Ottawa 
December 1956, 

N. 5. Hutcheon 
A s s i s t a n t  D i r e c t o r ,  



LOADING TESTS ON CONVENTIONAL ROOF CONSTRUCTIONS - 
( second  P r o g r e s s  R e p o r t )  

by 

A ,  T, Kansen 

A s  a  c o n t i n u a t i o n  of t h e  i n v e s t i g a t i o n s  of roof  f rames  
p r e v i o u s l y  r e p o r t e d  i n  D.B.R, Repor t  No. 81, e i g h t e e n  a d d i t i o n a l  
t e s t s  were conducted  on c o n v e n t i o n a l  roof  frames.  

The purpose  of  t h e s e  a d d i t i o n a l  t e s t s  was twofo ld :  t o  
a t t e m p t  t o  e s t a b l i s h  c r i t e r i a  by  which unconven t iona l  roof  f rames ,  
suc h  a s  r o o f  t r u s s e s  might  be e v a l u a t e d ;  and t o  de te rmine  t h e  
d i f f e r e n c e  i n  s t r e n g t h  between c o n v e n t i o n a l  j o i s t - r a f t e r  con- 
s t r u c t i o n s  b u i l t  w i t h  2  by 4 c o l l a r  t i e s  and t h o s e  w i t h  1 by 5 
c o l l a r  t i e s .  

D e s c r i p t i o n  of T e s t  S t r u c t u r e s  

A l l  t e s t  s t r u c t u r e s  were  of t he  same sloxle (5 /12)  and 
span ( 2 4  f t .  0  i n . )  a s  t h o s e  r e p o r t e d  i n  D.R.R. Repor t  NQ,  81, 

These t e s t s  were conducted  on Type I c o n s t r u c t i o n ,  ( s e e  
D.B.Re  Repor t  No. 81 f o r  s k e t c h  and n a i l i n g  d e t a i l s  of  t h i s  
c o n s t r u c t i o n , )  I n  a l l  t e s t s  2  by 6 j o i s t s  were used and a l l  
lumber was y a r d  r u n  E a s t e r n  sp ruce .  

It was dec ided  t o  l i m i t  t h i s  s e r i e s  of t e s t s  t o  Type I 
c o n s t r u c t i o n  as f i e l d  o b s e r v a t i o n s  have shown t h i s  type  t o  b t h e  
most commonly used t y p e  i n  p r a c t i c e .  Also, it was dec ided  t o  
l i m i t  t h e s e  t e s t s  t o  s t r u c t u r e s  w i t h  2 by 6 and 2  by 4 r a f t e r s  
s i n c e  i t  was found t h a t  t h e s e  were among t h e  most common r a f t e r  
s i z e s  u s e d  i n  p r a c t i c e ,  w i t h  by f a r  t h e  m a j o r i t y  b e i n g  2  by 6 
r a f t e r s .  

Twelve t e s t s  were conducted  on s t r u c t u r e s  b u i l t  w i t h  
2 by 6 r a f t e r s  of  which s i x  t e s t s  were made w i t h  2 by 4 c o l l a r  
t i e s  and s ix  w i t h  1 by 5 c o l l a r  t i e s .  S i x  t e s t s  were a l s o  con- 
d u c t e d  on s t r u c t u r e s  b u i l t  wi th  2 by  4 r a f t e r s  and 1 by 5 
c o l l a r  t i e s ,  

The n a i l i n g  f o r  t h e s e  t e s t s ,  e x c e p t  f o r  t h e  1 by 5 c o l l a r  
t i e  connec t ions ,  was i d e n t i c a l  w i th  t h e  n a i l i n g  d e s c r i b e d  i n  
D.B,R. Repor t  No, 81 f o r  t h i s  type  of c o n s t r u c t i o n ,  



The 1 by 5 c o l l a r  t i e s  were f a s t e n e d  t o  t h e  r a f t e r s  by 
f o u r  2&-inch n a i l s  a t  each end, It i s  d i f f i c u l t  t o  reproduce i n  
t h e s e  i n d i v i d u a l  t e s t s  t h e  proper  amount of c o l l a r  t i e  s t i f f e n i n g  
provided by a  cont inuous 1 by 4 s t r i p  n a i l e d  a t  r i g h t  ang le s  t o  
t h e  1 by 5 c o l l a r  t i e s  which ~ o u l t !  be r e p r e s e n t a t i v e  of t h e  
e f f e c t  i n  a  complete roo f  system where many c o l l a r  t i e s  a r e  
involved,  ( T h i s  cont inuous 1 by 4 s t r i p  i s  r e q u i r e d  wi th  1 by 5 
c o l l a r  t i e s  under the  Nat iona l  Bui lding Code and CTmC s t a n d a r d s , )  
It  was dec ided  t h e r e f o r e  t o  t r y  t o  approximate t h i s  e f f e c t  i n  
t h e  fol lowing way: t h e  two c o l l a r  t i e s  were n a i l e d  on the  o u t s i d e  
of t h e  r a f t e r s  ( F i g , 5 )  r a t h e r  t h a n  on t h e  same s i d e ,  a s  would 
normal ly  be t h e  case  i n  p r a c t i c e ,  and tho two c o l l a r  t i e s  t i e d  
t o g e t h e r  by a  1 by 4 s t r i p  a t  r i c h t  ang le s  t o  the  c o l l a r  t i e s  n e a r  
t h e i r  c e n t r e s .  

T e s t i n g  of Tes t  S t r u c t u r e s  - - 
Test  Equipment, - The t e s t  equipment c o n s i s t e d  of t h e  - 

same arrangement a s  d e s c r i b e d  i n  D.B.RO Report No, 01, 

In s t rumen ta t ion ,  - Some changes i n  instrumentatl ,on were 
i n t roduced  i n  t h i s  s e r i e s  of t e s t s .  The r a f t e r  d e f l e c t i o n s  were 
measured a t  m i d - r a f t e r  span by means of p i ano  wi re  s t r u n g  a long 
t h e  l e n g t h s  of  t he  r a f t e r s ,  The r e l a t i v e  displacement under 
l oad  of the  c e i l i n g  j o i s t s  at  the  s p l i c e  a t  t he  b e a r i n g  p a r t i t i o n  
( F i g , 4  of D. B . R o  Report No, 01) were measured by means of a  d i a l  
gauge ( F i g ,  h ) ,  The v e r t i c a l  d e f l e c t i o n  of t h e  r i d g e  of t h e  
r a f t e r s  was measured by hanging an i n d i c a t o r  weight from t h e  
peak of t h e  assembly and n o t i n g  i t s  movement on a  r eco rd ing  board 
l o c a t e d  d i r e c t l y  below, 

A l l  o t h e r  i n s t rumen ta t ion  was t h e  same a s  recorded  i n  
D , B o R o  Report  No, €31, 

Appl ica t ion  of -- Load, - Appl i ca t ion  of l o a d  and t e s t  
procedure  was t h e  same a s  r e p o r t e d  i n  D.R.R,  Report  No, 01, 

Recording of Resu l t s ,  - A l l  d i a l  gauge r e a d i n g s  were 
t aken  t o t h e  n e a r e s t  0,001-inch and a l l  r a f t e r  d e f l e c t i o n s  t o  t h e  
n e a r e s t  0.01 inch .  The r a f t e r  d e f l e c t i o n s  r e p o r t e d  i n  t h e  r e s u l t s  
a r e  f o r  40 pounds per  square f o o t  snow load ing  and a r e  t h e  aver -  
age d e f e l c t i o n s  of t h e  4 r a f t e r s  i n  t he  t e s t  s t r u c t u r e ,  The 
r e s u l t s  of t h e  t e s t s  a r e  g iven  i n  Tables  I and 11. 

Discuss ion  of R e s u l t s  

D e f l e c t i o n  C h a r a c t e r i s t i c s .  - A s  may be expected,  the  
r a f t e r s  i n  t h e  t e s t  s t r u c t u r e s  w i th  t h e  1 by 5 c o l l a r  t i e s  
d e f l e c t e d  more under load  t h a n  those  wi th  t he  2 by 4 c o l l a r  t i e s  
(Tab le s  I and 11), For a l l  t e s t s  w i t h  Type 1 c o n s t r u c t i o n  it  



was observed t h a t  t h e  c o l l a r  t i e  s a c t e d  i n  cornpre s s ion  throughout  
t h e  t e s t s ,  The 1 by 5 c o l l a r  t i e s ,  be ing  i n  compression were 
no t  a b l e  t o  r e s i s t  buck l ing  t o  t h e  same degree  a s  t h e  2 by  4 
c o l l a r  t i e s ,  and t h e r e f o r e  d i d  n o t  provide a s  much support  
a g a i n s t  d e f l e c t i o n  a s  d i d  t h e  2  by 4 c o l l a r  t i e s ,  

S t r e n g t h  C h a r a c t e r i s t i c s ,  - From t h e  average r e s u l t s  
shown i n  Table I1 it  may b e  seen t h a t  t h e  choice  of c o l l a r  t i e  
does  no t  have too  much i n f l u e n c e  on the  u l t i m a t e  s t r e n g t h  of 
t h e  s t r u c t u r e s  i n  t h e s e  t e s t s .  

A s  exp la ined  i n  D,B.I t .  Report  No. 81  (pages  9 and l o ) ,  
t h e  r a f t e r s  of a  roof  frame s t r u c t u r e  w i t h  a  5/12 s lope  wi thou t  
c o l l z r  t i e s  w i l l  have a  h o r i z o n t a l  t h r u s t  a t  the  h e e l  of a x 1 2 / ~  
W L, where W = r a f t e r  l oad ing  i n  pounds p e r  f o o t  of r a f t e r ;  and 
t h e  same s t r u c t u r e  w i th  c o l l a r  t i e s  a t  mid-height w i l l  have a 
h o r i z o n t a l  t h r u s t  of x W L  i f  t h e  c o l l a r  t i e  i s  assumed 
t o  be an adequa te ly  designed pin-connected member. It may be 
seen  t h e r e f o r e  t h a t  t h e  e f f e c t  of the c o l l a r  t i e  a s  a  compression 
member i s  t o  i n c r e a s e  t h e  h o r i z o n t a l  t h r u s t  a t  the  h e e l  of t h e  
r a f t e r ,  and the  g r e a t e r  t h e  compressive load  c a r r i e d  by the  c o l l a r  
t i e ,  t he  q r e a t e r  w i l l  be t h e  t h r u s t  a t  t h e  h e e l  of t he  r a f t e r  which 
w i l l  approach a maximum va lue  of $ x 12/5 W Lo 

According t o  t h i s  reasoning  then ,  f a i l u r e s  due t o  ho r i -  
z o n t a l  r a f t e r  t h r u s t  should t a k e  p l a c e  a t  a  h i g h e r  l o a d i n g  f o r  
s t r u c t u r e s  w i th  1 by 5 c o l l a r  t i e s  t h a n  f o r  s t r u c t u r e s  w i t h  
2  by 4 c o l l a r  t i e s ,  p rov id ing  t h a t  f a i l u r e  occu r s  a t  t h e  same 
  lace a t  t h e  h i p h e r  l oad ing ,  This  would e x p l a i n  why t h e  average 
f a i l u r e  of Type I c o n s t r u c t i o n  w i t h  2  by 4 r a f t e r s  and 2 by 4 
c o l l a r  t i e s  an? t e s t e d  on r o l l e r  suppor t s  f a i l e d  a t  56 pounds 
p e r  square  f o o t  while t h e  average f o r  1 by 5 c o l l a r  t i e s  was 
63 pounds p e r  square f o o t .  The d i f f e r e n c e  i n  f a i l u r e  l oads  wi th  
Type I c o n s t r u c t i o n  w i t h  2  by 6 r a f t e r s  and 2  by 4 c o l l a r  t i e s  
and t e s t e d  on r o l l e r  suppor t s  and those  w i t h  1 by 5 c o l l a r  t i e s  
i s  n o t  so  apparen t ,  This  i s  probably due t o  t h e  f a c t  t h a t  wi th  
t h e  s t i f f e r  r a f t e r s ,  t h e  c o l l a r  t i e s  do n o t  a c t  t o  t h e  same degree  
t o  w i th s t and  compressive l o a d s  a s  wi th  l e s s  r i g i d  r a f t e r s ,  There- 
f o r e  t h e  i n f l u e n c e  of t h e  type of c o l l a r  t i e  on h o r i z o n t a l  r a f t e r  
t h r u s t  w i l l  not  be so marked wi th  t h e  2 by 6 r a f t e r s  a s  w i t h  
2  by 4 r a f t e r s ,  

To c a r r y  t h i s  r ea son ing  through t o  Types 11 and 111 
c o n s t r u c t i o n s ,  ( s e e  D Q B * ~ ~ .  Heport Noo 8 1 )  i t  would a p p a r  t h a t  
t h e  use  of c o l l a r  t i e s ,  p a r t i c u l a r l y  2 by 4 c o l l a r  t i e s ,  would 
a c t u a l l y  produce weaker s t r u c t u r e s  than  i f  t he  c o l l a r  t i e s  were 
omi t ted ,  Again, t h e  r e s u l t  of o m i t t i n g  t h e  c o l l a r  t i e s  would be 
cons ide rab ly  more apparen t  w i t h  2  by 4 r a f t e r s  t han  w i t h  heav ie r  
r a f  t e r s e  



The ave rage  r a n g e  o f  f a i l u r e  l o a d s  f o r  good c o n v e n t i o n a l  
c o n s t r u c t i o n ,  l o a d e d  i n  a s i m i l a r  manner a s  f o r  t h e s e  t e s t s ,  t h e n ,  
may b e  ~ x p e c t e d  t o  v a r y  f rom 62 t o  113 pounds p e r  s q u a r e  f o o t  
depend ing  on w h e t h e r  t h e  w a l l s  a r e  assumed t o  g i v e  no  r e s i s t a n c e  
t o  outward movement of t h e  r a f t e r s  o r  whe the r  t h e  walls  a r e  
assumed t o  o f f e r  r i g i d  r e s i s t a n c e  t o  r a f t e r  s p r e a d .  The t r u e  
va lue  must l i e  somewhere between t h e s e  two ex t remes .  It seems 
f a i r l y  obvious  t h a t  w a l l s  canno t  o f f e r  p e r f e c t  r i g i d i t y  and t h a t  
t h e  f a i l u r e  l o a d  s h o u l d  be c o n s i d e r a b l y  l e s s  t h a n  t h e  113 pounds 
p e r  s q u a r e  f o o t  upper  l i m i t .  It i s  suggested. ,  t h e r e f o r e ,  t h a t  
t h e  v a l u e  of 100 pounds per  s q u a r e  f o o t  would be  a r e a s o n a b l e  
f i g u r e  t o  choose a s  a v a l u e  t h a t  house  r o o f s  s h o u l d  be  e x p e c t e d  
t o  w i t h s t a n d  under  s h o r t - t e r m  l o a d i n g *  I n  t h e  l i g h t  of t e s t s  
conduc ted  on Types 11 and 111 c o n s t r u c t i o n s  (D ,B .H .  R e p o r t  No. 81) 
t h i s  v a l u e  would a p p e a r  t o  be c o n s i d e r a b l y  on t h e  s a f e  s i d e ,  



Fig,  2 

Fal lme  in Type P esnstruetfsn uE$h 2 x 4 rafters 
and P x 5 c o l l a r  ties w i t h  fixed end supposts. 
Collar ties b ~ s k e  a f t e r  zons%derab$e lateral buck- 
l i n g ,  after whlch the r a f t e ~ s  broke. 

DBR I n t e r n a l  R e p s ~ t  11% 



F a i % u ~ e  in Type 1 @snst~ust%oa w % t h  2 x 4 rafters  
and 1 w 5 collar % l e a  w i t h  f ixed  end a u p p o ~ t s ,  
C o l l a r  ties broke after considerable lateral buck- 
Pfng,  after which the rafters broke. 

DBR I n t e ~ n a l  Report 113 



Method used f o r  rneasu~ing r e l a t f v s  movement between 
J o i s t s  at ? a r t f $ f o n  splice due to appl ted  load, 
Photoara~h taken after &h%s splice f a f l e d  in t e s t  71, 

Lateral b u c k l i n g  in the 1 x 5 e s P l a ~  tfes with 2 x 

r a f t e r s  at a 44 p,s,f'.  applied snow load,  This 
pheptasg~-aph a l so  i n d i c a t e s  t h e  method of c o l l a r  tie 
applieatlon, 

DBW Inte~nal Repor% 1x3 






