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PREFACE 

Development of economies i n  house des ign  and 
~ o r ~ s t r u c t i o n  i s  a continu-ing r e s p o n s i b i l i t y  of t h e  Div i s ion  
of Bui ld ing  Reszarch.  I n  such s t u d i e s  t h e  Div i s ion  has  
be22 ~ o n s i d e r i ~ ~ g  c r i t i c a l l y  each of t h e  p r i n c i p a l  compo- 
n s t s  of t h e  s t anda rd  house wi th  a view t o  improvment  i n  
des ign  2nd economy, 

T h i s  has l e d  t o  an  i n v e s t i g a t i o n  of roof  deaign i n  
which t h e  Dj~rfs!-on bas fol lowed t h e  l e a d  0% American 
seseascb, workers i n  cons ide r ing  t h e  p o s s i b l e  use of pre-  
f a b r i c a t e d  t r u s s e s  f o r  houae r o o f s  I n  p l ace  of t h e  
convent ional  b u i l t - i n  r o o  des ign .  

Report No. 77 of t h e  Div i s ion ,  " S t r u c t u r a l  T e s t  Fne; 
of Two W-trussesf '  ~ e c o s d s d  r e s u l t s  of l oad  t e s t s  on t r u s s e s  
u s ing  a des ign  developed i n  t h e  United S t a t e s  but  s u b j e c t e d  
t o  t h e  more severe  load ings  t y p l c s l  of Canadian c o n d i t i o n s .  
T h i s  p re sen t  r e p o r t  d e a l s  w i t h  load ing  t e s t s  on t r u s s e d  
r o o f s  and s e v e ~ a l  convent iona l  roof c o n s t r u c t i o n s .  The 
t y p e s  of t r u s s e d  r o o f s  t e s t e d  were t y p i c a l  of t hose  
suggested For use i n  t h e  United S t a t e s .  

Ottawa, 
May 1956 

N.B. Xutcheon, 
A s s i s t a n t  D i r e c t o r .  
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LOADING TESTS ON CONVENTIONAL AND TRUSSED ROOF CONSTRUCTIONS 

A.T. Hansen 

Conventional wood-frame construction as used in house 
building has evolved to its present status largely through 
experience in use. The construction system as a whole is 
difficult to analyse by a standard engineering approach 
although parts of the system have, in recent times, been 
designed and specified on the basis of accepted loading 
requi~ements. Roof rafters and floor joists are typical of 
elements where allowable working stresses and design loads 
are used to select members. 

When a change in the conventional system is contemplated 
it is not always simple to evaluate the effect or merit of the 
change since there has not been established any generally 
accepted criteria upon which to base an over-all comparison. 
In spite of this, new types of construction have been tested 
and their performance and acceptance based on the knowledge 
gained through similar tests on conventional types of 
construction. 

In the course of a preliminary study of roof construc- 
tion, the author attempted to determine the nailing requirements 
for conventional roof framing under design loads as specified 
in the National Building Code. From this study there was 
evidence that conventional roof framing may not be capable of 
supporting design loads with the normal margin of safety. 
From theory it can be shown that the nailed joints which are 
commonly used are inadequate to develop the strength of the 
rafters. Loading tests on conventional roof structures might 
then provide a basis for more balanced and economical design 
in conventional roof framing. 

Trussed roof construction is a relatively new develop- 
ment in house construction practice but the possibilities of 
this form of roof constsuction have not been explored widely 
in Canadian practice. One of the difficulties in the way of 
general acceptance is lack of knowledge of the performance 
characteristics and cost of trussed constructions. A truss 
designed according to recognized engineering practice for 
house construction cannot compete with the conventional roof 
construction on an economic basis. 

In view of the apparent inconsistency of a trussed 
roof construction as compared with conventional roof construc- 
tion, both acceptable under similar conditions, it was 
decided to load-test a number of constructions typical of 



both systems. Since t r u s s e s  designed f o r  a  l o c a t i o n  represen-  
t a t i v e  of Canadian cond i t ions  had been t e s t e d  previously*,  a  
number of t r u s s  des igns  t y p i c a l  of those  suggested f o r  use  i n  
t h e  United S t a t e s  were i n v e s t i g a t e d  t o g e t h e r  w i t h  s e v e r a l  
r e p r e s e n t a t i v e  convent ional  c o n s t r u c t i o n s .  

A .  CONVENTIONAL ROOF FRAMING 

( 1 )  Desc r ip t ion  of Test S t r u c t u r e s  

a .  General Desc r ip t ion  

I n  o r d e r  t o  determine r e p r e s e n t a t i v e  t y p e s  of roof 
cons t ruc t  ion ,  v i s i t s  were made t o  s e v e r a l  housing developments 
i n  t h e  Ottawa a r e a .  From t h e s e  v i s i t s  it was decided t o  t e s t  
t h r e e  b a s i c  types  of convent ionai  roof c o n s t r u c t i o n .  A l l  
t e s t s  were c a r r i e d  out on a 24-foot span us ing  a roof s lope  
of 5/12. Yard-run e a s t e r n  spruce was used i n  a l l  assembl ies .  

I n  o r d e r  f o r  t h e  t e s t  s t r u c t u r e s  t o  r e s i s t  l a t e r a l  
buckl ing due t o  t h e  a p p l i e d  load ,  t h e  t e s t  specimens were 
t e s t e d  i n  p a i r s  placed a t  16 inches  on c e n t r e  w i t h  1- by 6- inch 
shea th ing  a p p l i e d  t o  t h e  r a f t e r s .  

The r e s i s t a n c e  t o  l a t e r a l  t h r u s t  t h a t  may be provided 
by walls w i l l  vary  and may be q u i t e  small. T e s t s  were conducted, 
t h e r e f o r e ,  both w i t h  r o l l e r s  under one end of the  assembly t o  
s imula t e  t h e  cond i t ion  where walls o f f e r e d  l i t t l e  l a t e r a l  
r e s i s t a n c e ,  and a l s o  w i t h  both suppor t s  of t h e  s t r u c t u r e  
r e s t r a i n e d  t o  d u p l i c a t e  t h e  o t h e r  extreme where t h e  walls a r e  
assumed no t  t o  move. 

A t o t a l  of t h r e e  t e s t s  were done on most assembl ies  and 
t h e  r e s u l t s  were averaged. 

Three b a s i c  t y p e s  of roof framing techniques  were 
t e s t e d  (F igs .  36, 37, and 381, and w i l l  be r e f e r r e d  t o  as 
Types I, 11, and 111. 

b. C o l l a r  T i e s  and R a f t e r s  

The s i z e  and p o s i t i o n  of t h e  c o l l a r  t i e s  f o r  t h e  t e s t s  
was decided upon a f t e r  a n  examination of t h e  Nat iona l  Bui ld ing  
Code and CMHC Bui ld ing  Standards .  The Nat iona l  Bui ld ing  Code 
r e q u i r e s  t h a t  a minimum of 2- by 8- inch e a s t e r n  spruce r a f t e r s  

* S t r u c t u r a l  t e s t i n g  of two W-trusses by D.B. Dorey. 
Report No. 77, Div i s ion  of Bui ld ing  Research,  Nat iona l  
Research Council,  Canada. December 1955. 



16 inches on cen t re  be used t o  span a  12-foot ho r i zon t a l  
d i s t an c e ,  assuming a snow load of 40 pounds pe r  square f o o t ,  
if the  r a f t e r s  have no intermediate  v e r t i c a l  s u p p ~ r t ~ .  There 
i s  no i n d i ca t i on  i n  t he  Code t h a t  the  c o l l a r  t i e  is  i n t e rp r e t ed  
t o  a c t  a s  an in termedia te  r a f t e r  support .  The Code a l s o  
s 2 s t e s  t h a t  c o l l a r  t i e s  must be used when t he  ends of t he  
r a f t e r s  a r e  not t i e d  toge the r  by c e i l i n g  j o i s t s .  It does not 
s t a t ? ,  however, what c o n s t i t u t e s  a s u i t a b l e  t i e .  It i s  
quest ionable i f  a s u i t a b l e  t i e  e x i s t s  when Types I1 and 111 
cons t ruc t ions  a r e  used. It i s  conceivable t h a t  even i n  
Type I c o n s t ~ u c t i o n  the  r a f t e r s  and j o i s t s  may not l a p  but 
may be fas tened  independently t o  the r a f t e r  p l a t e  by t o e - n a i l s .  
I1 f a c t  t h i s  w a s  observed o f t en  i n  t he  course of the  f i e l d  
i nvzs t i g a t i on .  There i s  an i n d i r e c t  t i e  t o  be sure but it i s  
obviously not as good as i n  t he  case where t he  j o i s t s  and 
r a f t e r s  a r e  joined d i r e c t l y  by n a i l s  as wel l  a s  being t oe -  
na i l ed  t o  the  top  p l a t e .  

The Code a l s o  r equ i r e s  t h a t  i f  a minimum of 1 by 5 
inches is  used as c o l l a r  t i e s  then  these  c o l l a r  t i e s  must be 
l a t e r a l l y  supported at t h e i r  c en t r e s  by a 1- by 4-inch s t r i p  
a t  r i g h t  angles  t o  the  c o l l a r  t i e s .  

CMHC Building Standards have p r a c t i c a l l y  the  same 
requirements wi th  one important except ion.  Although CMHC 
Building Standards do not s t a t e  s p e c i f i c a l l y  t h a t  c o l l a r  t i e s  
may be acceptable  a s  intermediate  r a f t e r  supports  t h i s  i s  t h e  
i n t e r p r e t a t i o n  which i s  commonly acknowledged i n  p r a c t i c e .  
Thus,since an  unsupported length  of 2-  by 4-inch e a s t e r n  
spruce r a f t e r s ,  16 lnches on centre,  i s  permit ted t o  span a 
6-f oot -11-inch ho r i zon t a l  d i s t ance ,  it i s  consl dered accept-  
ab le  to  CMHC t o  use 2- by 4-inch r a f t e r s  provi2ed t h a t  the  
c o l l a r  t i e  d iv ides  the  r a f t e r  so  t h a t  the  ho r i zon t a l  pro jec-  
t i o n s  of each of t he  two r a f t e r  segments do not exceed 
6 f e e t  11 inches.  POP a hor izonal  span a  12-foot 2-  by 4- 
inch r a f t e r  may be used if the  c o l l a r  t i e  i s  placed near  the  
mid-span of the  r a f t e r .  The Standards a l s o  s t a t e  t h a t  a  
ninimum of 2- by 4-inch c o l l a r  t i e s  may be used when t he  
c o l l a r  t i e s  support  a c e i l i n g J  o r  i n  unf in ished a t t i c s  1- by 
5-Xnch c o l l a r  f i e s  may be used provided the  c o l l a r  t i e s  a r e  
La t e r a l l y  supported a t  t h e i r  c en t r e s  oy a continuous 1- by 
4-inch s t r i p .  The Standards do not s t a t e ,  however, i n  what 
cases c o l l a r  t i e s  must be used. 

In  both the  National Building Code and CMHC Building 
Standards the  pos i t i on  of the  c o l l a r  t i e s  i s  l imi ted  t o  the  
middle t h i r d  of the  r a f t e r s .  

In  order  t h a t  a s e r i e s  of t e s t s  should represen t  a 
fa i r  cross - sec t ion  of cu r ren t  bui ld ing  p r a c t i c e s ,  i t  w a s  
decided t h a t  both i n t e r p r e t a t i o n s  of the  func t i on  of the  
c o l l a r  t i e  be acknowledged. It was the r e fo r e  decided t h a t  
both 2- by 4-inch and 2-  by 8-fnzh r a f t e r s  be t e s t e d .  



t h e  r a f t e r s  and j o i s t s  o r  the  p i t c h  of the  roof ,  t he  type of 
wood used and t h e  accepted snow load,  a l l  of which s e r i o u s l y  
a f f e c t  t h e  naurber of n a i l s  requi red .  

I n  the  t e s t s  conducted here a l l  j o i s t s  were lapped at  
the  s p l i c e  over the  bearing p a r t i t i o n  and fas tened  with t h r ee  
3*-inch n a i l s  through t h e  two j o i s t s  as wel l  a s  two 33-inch 
t o e - n a i l s  from t h e  j o i s t s  t o  t he  top  p l a t e  of t he  bearing 
p a r t  it ion a s  shown i n  F ig .  39. 

In  Type 1 cons t ruc t ion  t he  r a f t e r s  and j o i s t s  were 
t i e d  toge the r  with t h r ee  3*-inch n a i l s  through both members 
as wel l  as t h ~ e e  3*-inch, t o e - n a i l s  from the  r a f t e r  t o  the  t o p  
p l a t e  and two 33-inch t o e - n a i l s  from t h e  j o i s t s  t o  t h e  top  
p l a t e .  This  was observed t o  be seldom done i n  p r ac t i c e  but 
s ince  t h i s  n a i l i n g  schedule s a t i s f i e s  a l l  t h e  requirements of 
the  codes, t h i s  scheme of n a i l i n g  w a s  decided upon (F ig .  36 ) .  

I n  Types 11 and I I E  cons t ruc t ions  t he  n a i l i n g  requ i re -  
ments f o r  connecting the  r a f t e r  p l a t e  t o  the  j o i s t s  and 
headers a s  well  a s  connecting the  headers t o  t he  j o i s t s  were 
not covered by t3he n a i l i n g  schedules.  F i e l d  observat ions of 
these  types  of cons t ruc t ion  showed t h a t  p r a c t i c e s  varied 
considerably.  It was decided,  the re fo re ,  t o  a r r i v e  a t  
n a i l l n g  schemes which would represent  the  bes t  p r a c t i c e s  i n  
these  c o n s t ~ u c t i o n s .  The n a i l i n g  schemes a r e  shown i n  
F ig s .  37 and 38. 

It w a s  a l s o  noted i n  f i e l d  observat ions t h a t  c o l l a r  
t i e s  were fas tened t o  the  r a f t e r s  by e i t h e r  two o r  t h r ee  
3$-inch n a i l s .  I n  t h e  t e s t  stru.ctures t h r ee  33-inch n a i l s  
were used. 

( 2 )  Test ing  of Tes t  S t ~ u c t u r e s  

a.  Teat Equipment 

Loads were applLed t o  tha r a f t e r s  by means of e igh t  
hydraul ic  t ens ion  Ja,cks a ~ c h a r e d  t o  the  f l o o r  and connected 
t o  a hydraul ic  pump by a common o i l  l i n e .  The pump was f i t t e d  
with a pressure  gauge t o  measure the  o i l  pressure i n  the  
system. The fo rce  exer ted  by t he  jacks was c a l i b r a t e d  aga in s t  
the  pressure  gauge on t he  pump by p lac ing  t he  jacks i n  a 
hydraul ic  t e s t i n g  machine and recording t he  pressure  on t he  
pump pressure gauge wi th  the  corresponding readings on t he  
t e s t i n g  machine. Corsesponding readings were taken f o r  a 
range of loads so  t h a t  t he  necessary c a l i b r a t i o n  curves could 
be obtained.  

The Jacks were placed midway between t he  p a i r s  of t e s t  
specimens and pos i t ioned s o  t h a t  the  appl ied  load would simu- 
l a t e  the  same bending moments i n  the  r a f t e r s  and the  same end 
reac t ions  as f o r  a  uqif orm load.  



The f o r c e s  exer ted  by the  jacks were t r ansmi t t ed  t o  
the  r a f t e r s  by means of $-inch s t e e l  rods from t h e  jacks t o  
s t e e l  charnel  s ec t i ons  l y ing  ac ross  t he  r a f t e r s  a s  shown i n  
Figs .  16 and 40. 

The c e i l i n g  load was appl ied  d i r e c t l y  t o  the  c e i l i n g  
j o i s t s  by means of lead-f ' l l led  bags placed i n  such a way a s  
t o  simulate a  uniforn c e i l i n g  load. 

Figure 41 shows the  pos i t ions  and magnitudes of t he  
appl ied  loads .  

The t e s t  s t r u c t u r e s  were supported on concrete blocks,  
as shown i n  Fig.  16, with  braces supporting the  end blocks 
aga ins t  movement (Fig .  13).  

Short pe iees  sf $-inch diameter s t e e l  bars  sandwiched 
between two s t e e l  p l a t e s  were used a s  supports  under one end 
of the  s t ruc tu r e  i n  those t e s t s  s imulat ing t he  condit ion of 
no l a t e r a l  r e s i s t ance  t o  t h r u s t  by t he  e x t e r i o r  wa l l s  
(F ig*  1 3 ) .  

Fos those t e s t s  i n  which the  wa l l s  a r e  assumed not  t o  
move, t he  double 2- by 4-inch bearing p l a t e s  at  each end of 
t he  s t r u c t u r e  were secure ly  bol ted  t o  t he  f l o o r  beam t o  
r e s t r a i n  movement (F igs .  6 and 8) .  

b . Instrwnentat ion 

Dia l  gauges were placed under each end of t he  support ing 
p l a t e s  t o  measure the  se t t lement  of the  s t r u c t u r e  under t he  
appl ied  loads .  Dial  gauges were a l s o  placed a t  the  ends of 
t he  r a f t e r s  t o  measure any hor izon ta l  movement of t he  r a f t e r s  
under load (Fig.  13). 

D i a l  gauges were a l s o  placed on t he  r a f t e r s  a t  t he  
ends of t he  c o l l a r  t i e s  t o  measure the  r e l a t i v e  movement 
between r a f t e r s  and c o l l a r  t i e s  t o  determine when the  c o l l a r  
t i e  a c t s  i n  t ens ion  snd when it a c t s  i n  compression. Only 
one c o l l a r  t i e  was instrumented i n  each t e s t  (Fig .  1 4 ) .  

Ve r t i c a l  de f l ec t i ons  of t h e  r a f t e r s  were measured i n  
t he  following manner. 

Fine i; 
iano wire w a s  s t rung  from the  

peak of the  assembly and a t  and 6 f e e t  on e i t h e r  s i de  of 
t he  peak (measured hos l aon t a l l y ) .  The wires  were fas tened 
t o  t h e  sheathing midway between t he  two s e t s  of r a f t e r s  and 
passed over pul leys  fas tened t o  t he  f l o o r  d i r e c t l y  below. 
From the  pu l leys  below the  r a f t e r s  the  wires  were l ed  by o ther  
pul leys  t o  a  recording board. A t  the  ends of t h e  wires  were 
fas tened 1-pound weights,  t he  v e r t i c a l  pos i t i on  of which could 
be noted on the  recording board (Fig .  15). The average 
v e r t i c a l  movement of t he  two s e t s  of r a f t e r s  r e g i s t e r e d  the  
same movement on t he  recording board. 



c  . Applicat ion of Load and Tes t ing  Procedure 

A t  the  beginning of t he  t e s t  a 10-pound-per-square- 
f oo t  c e i l i n g  load was app l i ed  t o  the  c e i l i n g  j o i s t s  and 
allowed t o  remain f o r  t he  dura t ion  of the  t e s t .  

The weight of the  r a f t e r  loading equipment hanging 
from the  r a f t e r s ,  p lus  t he  weight of the  appl ied  sheathing,  
was p r a c t i c a l l y  equal  t o  t he  weight of roof ing  and sheathing 
which would be appl ied  i n  p r ac t i c e  so  t h a t  the  dead weight of 
t he  roof ing  d id  not  have t o  be allowed f o r  i n  the  hydraul ic  
load a p p l i c a t i on .  

The hydraul ic  loads  were appl ied  i n  increments cor res -  
ponding t o  10-pound--per-square-foot uniform snow loads .  
Af te r  each incremenL of loading was reached, t he  load was 
held f o r  5 minutes and a l l  d i a l  gauge readings and r a f t e r  
d e f l e c t i o n s  recorded. The loads  were increased t o  a t o t a l  
of 40 pounds pe r  square foo t  a t  which poin t  the  loads  were 
reduced t o  zero.  Loading was again  increased in lo-pound- 
per-square -foot increments u n t i l  f a i l u r e  occurred. 

Three t e s t s  on both r o l l e r  supports  and f i xed  end 
supports  were not c a r r i e d  out on a l l  types  of conventional 
cons t ruc t ion .  In  Types I1 and I11 constructions some f a i l u r e s  
were such t h a t  f a i l u r e  was independent of t he  type of supports  
used. I n  these  cases  the  r e s u l t s  of t h e  f a i l u r e s  were 
included i n  both t he  average f a i l u r e  wi th  r o l l e r  supports  
and f i x e d  end supports ,  even though t he  a c t u a l  t e s t s  i n  some 
cases were on r o l l e r  suppor ts  only (Table 11). 

Photographs were taken of the  f a i l u r e s  of most of t he  
s t r u c t u r e s  t e s t e d  and the  moisture contents  of t he  s t r u c t u r e s  
necorded by means of a res i s t ance- type  moisture meter.  

d .  Recording 0% Resul ts  

A l l  d i a l  gauge readings were taken t o  the  nea res t  
.001 inch and r a f t e r  d e f l e c t i o n  readings  t o  t he  nea r e s t  . O 1  
inch.  The readings of t he  d i a l  gauges placed under the  double 
2- by 4-inch p l a t e s  a t  e i t h e r  end of' t he  t e s t  s t r u c t u r e s  were 
deducted p ropor t iona te ly  from the  r a f t e r  d e f l e c t i o n  readings  
t o  determine the  t r u e  v e r t i c a l  r a f t e r  de f l e c t i ons .  From 
these  correc ted  r a f t e r  de f l e c t i ons  t he  de f l e c t i ons  normal t o  
the  r a f t e r s  were ca lcu la ted  f o r  the  40-pound-per-square-foot 
loads  (Table 11). 



(3)  Results  of Tes t s  

s. Deflect ion Cha rac t e r i s t i c s  

A s  can be seec  i n  Table V I j  t he r e  i s  a considerable 
v a r i a t i o n  i n  the  d e f l e c t i o n  r a % i o s  of s i m i l a r  s i z e  r a f t e r s  
i n  both the 2- by 4-inch and 2- by 8-inch r a f t e r  construc-  
t i o n s ,  and the  de f l ec t i on  r a t i o  var ied  with t he  type of 
cons t ruct ion  and with the  type of end support.  

An explanat ion of the  var ious  r a f t e r  de f l ec t i on  r a t i o s  
i s  as follows: If the  ends of the  r a f t e r s  (A) a r e  assumed 
not t o  move under load,  the  de f l ec t i on  of the  r a f t e r s  a t  B 
w i l l  cause the  c o l l a r  t i e  BB t o  a c t  i n  compression. On the  
o the r  hand, i f  we cor.sider t h a t  the  r a f t e r  does not  d e f l e c t  
under load and the  r a f t e r  ends can move outward a t  A ,  then 
the  c o l l a r  t i e  must a c t  i n  tens ion.  I n  p r ac t i c e ,  both 
ac t i ons  occur simultaneously.  The s t i f f e r  the  r a f t e r ,  t he  
l e s s  w i l l  be the  tendency t o  compress the  c o l l a r  t i e ,  and 
the  more r i g i d  the  j o i n t s  a r e  a t  A and C t he  l e s s  w i l l  be t he  
tendency t o  s t r e t c h  the  c o l l a r  t i e .  The ne t  e f f e c t  of the  two 
ac t iona  may cause e i t h e r  a  tens ion o r  a compression of t h e  
c o l l a r  t i e  depending on t he  r e l a t i v e  movements produced by 
the  loading. 

The g r e a t e r  the  compressive fo rce  i n  the  c o l l a r  t i e ,  
the  g r e a t e r  w i l l  be the  a c t i o n  t o  r e s i s t  the de f l ec t i on  of 
the  r a f t e r s  under appl ied  load. Conversely, the  g r e a t e r  t he  
t ens ion  i n  the  c o l l a r  t i e  the  g r e a t e r  w i l l  be the  tendency 
of the  c o l l a r  t i e  t o  increase  the  r a f t e r  de f l ec t i on .  Therefore,  
it fol lows,  t h a t  the  d e f l s c t i o n  s a t i ~  of the r a f t e r s  w i l l  
depend upon the  degree of compression o r  tens ion i n  the  c o l l a r  
t i e  f o r  any given s i z e  and span of r a f t e r ,  

This  explanat ion w i l l  show why the  r a f t e r  de f l ec t i on  
r a t i o s  were g r e a t e r  f o r  t e s t s  on r o l l e r  supports  than f o r  
t e s t s  on f i xed  end suppor ts ,  and would expla in  why the  r a f t e r  
de f l ec t i on  r a t i o s  of t h e  s t r u c t u r e s  w i t h  the  s t ronges t  hee l  
j o i n t  d e t a i l  (Type I) wepe l e s s  than those for t he  weakest 
type of hee l  j a i n t  (Type 111). 

A s  a  genera l i za t ion  based on observat ions of d i a l  
gauges a t  the  ends of the  c o l l a r  t i e ,  i t  m y  be s a i d  t h a t  



when 2- by 8-inch r a f t e r s  were used the  c o l l a r  t i e s  ac ted  i n  
compression at  the  lower l sads ,  and at  the  h igher  loads  the  
s t r e s s  usua l ly  reversed and the  c o l l a r  t i e s  ac ted  i n  t ens ion .  
With the  2- by 4-inch r a f t e r s ,  the  c o l l a r  t i e s  usua l ly  a c t  i n  
compression throughout the  t e s t  due t o  the  f l e x i b i l i t y  of the  
smaller  r a f t e r s .  The loads  causing a r e v e r s a l  of s t r e s s  i n  
the  c o l l a r  t i e  may be seen i n  Table 11. 

b .  Load-carrying Capaci t ies  

The u l t imate  short- term load-carrying capaci ty  f o r  
Type I const ruct ion  b u i l t  with 2- by 4-inch r a f t e r s  was found 
t o  be 56 pounds pe r  square foo t  f o r  r o l l e r  supports  and 72 
pounds pe r  square foo t  f o r  f ixed  supports .  For Type I1 
const ruct ion  t he  average f a i l u r e  loads were between 40 and 43 
pounds pe r  square foot  and f o r  Type I11 const ruct ion  only 
18 pounds per  square foo t   a able V I ) .  

The t e s t  r e s u l t s  f o r  the  2- by 8-inch r a f t e r  construc-  
t i o n s  showed these  s t r u c t u r e s  t o  possess considerably g r e a t e r  
s t r eng th  than 2- by 4-inch r a f t e r  conat ruct ions  (Table V I ) .  
The f a i l u r e  load f o r  Type I const ruct ion  was 89 pounds pe r  
square foot  when t he  s t r u c t u r e s  were t e s t e d  on r o l l e r  supports  
and 125 pounds per  square foo t  i f  t he  ends of t h e  s t r u c t u r e s  
were f ixed .  For Type I1 const ruct ion  t he  average u l t imate  
load was from 82 t o  84-pounds per  square foo t  and only 46 
pounds pe r  square foo t  f o r  Type 111 const ruct ion .  

It i s  important t o  keep i n  mind t h a t  c o l l a r  t i e s  were 
a l s o  used with a l l  2- by 8-inch r a f t e r  cons t ruct ion  and were 
placed a t  mid-span of t he  r a f t e r s .  If no c o l l a r  t i e s  were 
used, which is  allowed under t he  National Building Code f o r  
Type I const ruct ion  and poss ib ly  f o r  Types I1 and I11 
const ruct ions  (depending on how the  Building Code i s  i n t e r -  
p r e t e d ) ,  then the  s t r u c t u r e s  would probably be weaker than 
those 2- by 8-inch s t r u c t u r e s  t e s t e d .  Again i f  t he  c o l l a r  
t i e s  were placed a t  the  upper t h i r d  of t he  r a f t e r s  which i s  
t he  l i m i t i n g  pos i t ion ,  t h e i r  e f f e c t  on preventing the  r a f t e r  
ends from spreading would be only about two-thirds as g rea t  
than i f  t he  c o l l a r  t i e s  were placed a t  mid-span of t he  
r a f t e r s ,  and t he  ove r - a l l  s t r eng th  of t he  s t r u c t u r e s  would 
i r ,  all probab i l i t y  be l e s s .  

A comparison of the  r e s u l t s  of 2- by 4-inch and 2- by 
8-inch r a f t e r  cons t ruct ions  r evea l s  some i n t e r e s t i n g  f a c t s .  
As can be seen from the  average r e s u l t s  i n  Table V I ,  t he  
f a i l u r e  loads of the  2- by 8-inch r a f t e r  cons t ruc t ions  a r e  
s u b s t a n t i a l l y  higher  than the  f a i l u r e  loads  f o r  the  2- by 
4-inch r a f t e r  cons t ruct ions .  I n  many cases  the  types  of 
f a i l u r e s  were i d e n t i c a l  f o r  both 2-  by 4-inch and 2- by 8- 
inch r a f t e r  cons t ruct ions  and occurred a t  t h e  na i l ed  j o in t s l  



a t  t h e  j o i s t  l a p  o r  h;el j01r:t. The n a i l i n g  f o r  both  2- 
by 4- inch and 2- by &inch  r a f t e r s ,  however, was i d e n t i c a l .  
It must be assmsd then  t h a t  t h e  outward t h r u s t  exe r t ed  by 
t h e  2 -  by 4- inch r a f t e r s  wax cons iderably  more t h a n  t h e  t h r u s t  
f o r  t h e  2 -  by $-inch r a f t e r s  w i t h  similar l oads .  One p o s s i b l e  
exp lana t ion  i s  as fo l lows :  The outward t h r i ~ s t  of a r a f t e r  
sv-pporting W- pounds p e r  l i n e a l  f 00% and apabrlnirkg L f e e t  on a 
5/12 s lope  i s  4 x 5 WL if t h e  a g t i o n  of t h e  c o l l a r  t i e  i s  
ignored.  The outwa d  t h r u s t  i s  t x l2 WL if t h e  c o l l a r  t i e  i s  
assumed t o  be an  adequate ly  d e s i g n e d T i n  connected member. 
The 2- by 8- inch r a f t e r s  d i d  no t  d e f l e c t  s u f f i c i e n t l y  f o r  t h e  
c o l l a r  t i e s  t o  c o n t r i b u t e  very much as a compression member, 
and i n  many cases  t h e  c o l l a r  t i e s  a c t u a l l y  a c t e d  i n  t e n s i o n .  
In  t h i s  i n s t a n c e  t h e  r a f t e r s  probably a c t  much l i k e  simple 
beams and t h e  outward t h r u s t  approaches a value  l e s s  than  
4 x 4 WL pounds. There is  consLderably more f l e x i b i l i t y  i n  
t h e  2=' by 4-inch r a f t e r s  and t h e  compressive f o r c e  exe r t ed  by 
fhe c o l l a r  t i e s  i s  s u b s t a n t i a l l y  g r e a t e r  t han  i f  2- by 8- inch  
r a f t e r s  were I n  thPs case t h e  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  a g p r o a c h u ~ ~ . ~  WL pounds. 

I f ,  on t h e  b a s i s  of the assumption t h a t  t h e  h o r i z o n t a l  
t h r u s t  of 2- by 8- inch  r a f t e r s  equa l s  x 5/12 WL and 2-  by 
4- inch  r a f t e r s  equa l s  % x  5/12 WL, t h e  f a i l u r e  loads  of t h e  
n a i l e d  j o i n t s  a r e  c a l c u l a t e d  f o r  each type  of c o n s t s u c t i o n ,  
t h e  r e s u l t s  show t h a t  t h e  u l t i m a t e  s t r e n g t h s  of t h e  n a i l e d  
j o i n t s  are similar r e g a r d l e s s  of r a f t e r  s i z e .  The dead weight 
of t h e  roof s t r u c t u r e  must n a t u r a l l y  be taken  i n t o  account i n  
t hese  c a l c u l a t i o n s ,  and i n  Types I1 and 111 c o n s t r u c t i o n s  t h e  
f r i c t i o n a l  r e s i s t a n c e  i n  t h e  h e e l  J o i n t  must be allowed For.  
'This would seem t o  i n d i c a t e  t h a t  t h e  exp lana t ion  f o r  t h e  
d i f f e r e n c e  i n  t h e  h o r i z o n t a l  t h r u s t  w i th  t h e  d i f f e r e n t  s i z e  
of r a f t e r s  i s  s u b s t a n t i a l l y  c o r r e c t .  

B . TRUSSED ROOF CONSTRUCT I O N  

( 1 )  Desc r ip t ion  of Tes t  S t r u c t u r e s  

a ,  General Desc r ip t ion  

A l l  t e s t s  were c a r r i e d  out on 24-foot  span t r u s s e s  
us ing  a roof  s lope  of' 5/12. Yard-run e a s t e r n  s p m c e  w a s  lased 
cn a l l  assembl ies  f o r  t h e  s t r u c t u r a l  members and $-inch 
Douglas fir plywood used f o r  gusse t  p l a t e s .  

The t r u s s e s  were t e s t e d  i n  p a i r s  p laced  16 inches  on 
c e n t r e  and sheathed wi th  1- by 6- inch shea th ing .  A s  i n  t h e  
t e s t s  on convent iona l  c o n s t r u c t i o n ,  th2  t e s t s  were conducted 
us ing  bc th  s o l l e ~  suppor t s  and f f x e d  end suppor t s .  Three t e s t s  
were conducted on most assembl ies  to o b t a i n  an average value 
f o r  r e s u l t s .  



The connections used i n  f a s t en ing  t h e  t e s t  t r u s s e s  t o  
t he  support ing 2- by 4-inch p l a t e s  were purely a r b i t r a r y  and 
consis ted  of' f a s t en ing  by toe -na i l ing  r a t h e r  than by using 
patented connectors.  Th2 number and s i z e  of n a i l s  were a r b i t -  
r a r i l y  adjus ted  t o  s u i t  the  type of hee l  j o in t  encountered. 
These n a i l i n g  schemes are shown i n  F igs .  42, 43, 44, 45 and 46. 

The types of t r u s s e s  t e s t e d  a r e  shown i n  Figs .  42, 43, 
44, 45 and 46 and w i l l  be r e f e r r ed  t o  a s  Types A ,  By C, D, E, 
and F. 

b.  Type A T- a ias s 

Type A t r u s s  is s i m i l a r  t o  the  Universi ty of I l l i n o i s  
Small Homes Council s p l i t  r i n g  W-truss wi th  some modif icat ions.  
Two-b - f o u r ' s  were used r a t h e r  than 1 x 4 ' s  f o r  the  diagonals  Y and 32-inch n a i l s  were used throughout. Whereas 1100 p . s . i .  
s t r e s s  grade Douglas fir was suggested by the  Small Homes 
Council f o r  the  s t r u c t u r a l  members, yard run 2- by &inch 
ea s t e rn  spruce was used i n  these  t e s t s  ( ~ i g .  42) .  

c.  Type B Truss 

Type B t r u s s  is s i m i l a r  t o  the  na i l ed  t r u s s  design 
developed by E.G. Ste rn  of t h e  Vi rg in ia  Polytechnic I n s t i t u t e  
wi th  some modif icat ions a l s o .  Common n a i l s  were used through- 
out r a t h e r  than h e l i c a l l y  threaded n a i l s  as suggested i n  
M r .  S t e r n ' s  design. It w a s  a l s o  decided t o  use $-inch ply-  
wood gusset  p l a t e s  and s p l i c e  p l a t e s  i n  t he  t e s t  s t r u c t u r e s  
r a t h e r  than 1- by 6-inch dressed boards. Although M r .  S t e r n ' s  
design c a l l e d  f o r  t he  use of 1450 p . s . i .  graded lumber, 2- by 
4-inch ea s t e rn  spruce was used. Some r ev i s ions  were a l s o  
made i n  the  na i l ed  j o i n t s  (Fig.  43) .  

d .  Type C Truss 

Type C t r u s s  was modelled a f t e r  the  Univers i ty  of 
I l l i n o i s  glued t r u s s  design f o r  a 4/12 slope.  The slope was 
rev i sed  t o  5/12 and the  gusse t  p l a t e  s i z e s  a t  t he  hee l  j o i n t s  
changed accordingly. The pos i t i ons  of the  diagonals  were 
changed t o  correspond t o  the  pos i t ions  of the  diagonals  i n  
Types A and B t r u s s e s ,  t h a t  i s ,  the  sho r t  diagonals  connected 
t o  the cen t r e s  ~f the  t op  chord t o  the  t h i r d  po in t s  of t he  
lower chord (Fig.  4 4 ) .  Here, as i n  t h e  o the r  t r u s s e s ,  
e a s t e r n  spruce was used ins tead  of 1450 p . s . i .  graded Douglas 
fir  as c a l l e d  f o r  i n  the  p lans .  



e .  Types D, E and F Trusses 

Types D, E and F t r u s s e s  were ba s i ca l l y  similar t o  
each o ther  wi th  minor d i f f e r ences  i n  the  hee l  j o i n t s .  These 
t r u s s e s  were developed a s  the  r e s u l t  of t e s t s  on o the r  roof 
frames with the  hope of obta in ing a  t r u s s  which would be both 
adequate and ecanomical. More w i l l  be s a id  about these  t r u s s e s  
l a t e r  (Figs.  45 and 46) .  

( 2 )  Test ing  of Test S t ruc tu r e s  

a .  Tes t  Equipment 

Loads were appl ied  i n  much the  same way as f o r  t e s t s  
on conventional cons t ruct ions .  The pos i t i ons  and magnitude 
of the  top  chord loads  were t he  same as shown i n  F ig .  41. 
The 10-pound-per-square-foot c e i l i n g  load was appl ied  by 
means of l e a d - f i l l e d  bags l a i d  d i r e c t l y  on the  lower chords 
of the  t r u s s  a t  the  end qua r t e r  po in t s  of the  t h r ee  bottom 
panels  of each t r u s s .  

The t e s t  s t suc tu r e s  were supported on concrete blocks 
under each end of the  t r u s s e s  and the  blocks were braced 
aga ins t  movement i n  the  same manner a s  f o r  t e s t s  on conven- 
t i ona l  cons t ruct  ion.  

b. Instrumentat ion 

D i a l  gauges were placed a t  each end of t he  double 2-  
by 4-inch p l a t e s  a t  the  ends of t he  t r u s s e s  t o  measure the  
se t t lement  of t he  t r u s s e s  under the  appl ied  loads .  Dia l  
gauges were a l s o  placed aga ins t  the  outs ide  ends of each of 
t he  double p l a t e s  t o  measure any hor izon ta l  movement of 
these p l a t e s  (Figs. 33 and 34). 

D e f l e c t i o n  measurements of the  t r u s s e s  were taken a t  
a l l  panel po in t s  and a t  the  mid-spans of t h e  lower chords of 
t h e  t r u s s e s  by means of' wires  and pu l leys  i n  much t he  same 
way as t he  r a f t e r  d e f l e c t i o n s  were taken i n  t e s t s  on conven- 
t i o n a l  cons t ruct ions .  These measurements were taken midway 
between the  p a i r s  of t r u s s e s  so  t h a t  the  average de f l ec t i ons  
of the  two t r u s s e s  being t e s t e d  were measured. 

c .  Application of Load and Tes t ing  Procedure 

A l l  d i a l  gauge readings and t r u s s  de f l ec t i ons  were 
noted before t he  c e i l i n g  loads and hydraul ic  loads  were 
appl ied .  The c e i l i n g  load was then appl ied  and allowed t o  
remain f o r  t h e  dura t ion  of the  t e s t .  Five minutes a f t e r  the  
c e i l i n g  load was appl ied  a l l  t he  readings were again  noted. 



The hydraul ic  loads were then  app l i ed  i n  increments s imula t ing  
10-pound-per-square-foot snow loadings.  Five minutes a f t e r  
each loading increment t he  readings were again  taken. The 
loading was continued a n t i 1  a t o t a l  of 40-pound-per-square- 
foo t  load was app l i ed ,  a t  which point  the  loads  were 
reduced t o  zero .  Loadang w s s  again  increased i n  increments 
of 10 pounds per  square foo t  u n t i l  f a i l u r e  occurred. 

A s  f o r  c o n v e n t i o ~ r l  cons t ruc t ion  t e s t s ,  photographs 
were taken of the  f a i l u r e a  and the  moisture contents  of t he  
t r u s s e s  were recorded. 

d .  Recording of Resul t s  

A l l  d i a l  gauge readings were recorded t o  t he  nea res t  
.001 inch and t r u s s  d e f l e c t i o n s  t o  t h e  nea res t  . O 1  inch.  The 
dia l  gauge readings under t he  end bearing p l a t e s  were deducted 
p ropor t iona te ly  from the  t r u s s  de f l e c t i ons  t o  ob ta in  the  t r u e  
v e r t i c a l  de f l e c t i ons .  

Although the t r u s s e s  were t e s t e d  a t  16 inches on cen t re  
t he  r e s u l t s  were ad jus ted  $9 apply t o  t r u s s e s  spaced a t  24 
inches on cen t re  a s  we l l ,  

( 3 )  Resul ts  of Tes t s  

a .  Type A Trusses 

It may be seen i n  Table V t h a t  the  average f a i l u r e  
loads f o r  t h i s  type of t r u s s  spaced 24 inches on cen t re  were 
65  pounds persquape foo t  f o r  t r u s s e s  t e s t e d  on r o l l e r  suppor ts  
and 68 pounds pe r  square frsot f o r  t r u s s e s  on f ixed  end 
supports .  The correspondfng average maximum de f l ec t i ons  of 
t h e  lower chords were .86 inch and .77 inch r e spec t i ve ly  f o r  
a 40-pound-per-square-foot snow load.  The maximum d e f l e c t i o n s  
d iv ided by the  t o t a l  span i s  1/335 f o r  t r u s s e s  on r o l l e r  
suppor ts  and 1/370 f o r  t r u s s e s  on f i x e d  end suppor ts .  The 
commonly accepted l i m i t i n g  r a t i o  d e f l e c t i o n  t o  prevent p l a s t e r  
cracking i s  1/360. The r e s u l t s  show t h a t  t h i s  type of t r u s s  
i s  very c lose  t o  t h i s  value.  However, f o r  long-term loading 
of 40 pounds pe r  square foo t  t h e  de f l e c t  ions  would i n  a l l  
p r o b a b i l i t y  be g r e a t e r  and the  d e f l e c t i o n  r a t i o  might substan-  
t i a l l y  exceed the  1/3&0 l i m i t .  

The most eommon cause of f a i l u r e  i n  these  t r u s s e s  was 
i n  the  lower chord neas  o r  a t  t h e  s p l i t  r ings ,wi th  o the r  
f a i l u r e s  being due t o  t h e  t o p  chord breaking i n  bending o r  
f a i l u r e  i n  the  na i l ed  j o i n t s  of the  long diagonal  (F igs .  17,  
18, 19, 20 and 2 1 ) .  



Due t o  the na tu re  of the  top  chores of these  t r u s s e s  
i n  which the  lower ha lves  of' the  top  chords were o f f s e t  from 
the  upper ha lve sp  the  t op  chords a l l  had a very d e f i n i t e  
tendency t o  bend la t?sa! ly  undek lcading,  The design of 
these  t r u s s e s  was such that t h t s  berdlng was i n  the  same 
d i r e c t  ion regard less  of kow the  t r u s s e s  were o r i ~ ~ + t a t e d .  
That is, it was not poss ib le  t o  zou:2te~act t h i s  bending 
e f f e c t  by twrri.ng one t r u s s  a t  180" t o  the. other .  The over- 
a l l  e f f e c t  i n  a  roof ,  t . h e s e f o ~ e ,  would be t h a t  t he  e n t i r e  
roof would tend t o  warp under loading.  J u s t  how much warping 
any roof system could withstand without showing any v i s i b l e  
s igns  i s  not known. Thl3 tendencyp howevers might be over- 
come i f  the  design of th* trusses was a l t e r e d  f o r  h a l f  of 
the  t r u s s e s  so  t h a t  the  uppep chords of each t r u s s  tended t o  
bend i n  opposite d i r e c t i o n s  t o  each adjacent  t r u s s .  

b. Type B Trusses 

This  type was the  second s t ronges t  and the  second 
most r i g i d  type t e s t e d .  F a i l u r e s  i n  most cases  were due t o  
n a i l  j o i n t  f a i l u r e s  a t  e i t h e r  2nd of the  long diagonals  
while o t he r  f a i l u r e s  were due t o  j o in t  f a f l u r e  i n  the  shor t  
diagonal o r  t o  t ens ion  f a i l w e  i n  the  bottom chord (F igs .  2 2 ,  
2 3 ,  24, 25, 26 and 27) .  I n  two cases (Tes t s  Nos. 3& and 40) ,  
the  t r u s s e s  f a i l e d  when t he  t op  chord bowed l a t e r a l l y  under 
the  h igher  loads .  

The f a i l u r e  load f o r  t h i s  type of t r u s s  a t  24 inches 
on cen t re  averaged 99 pounds pe r  square f o o t  w i t h  r o l l e r  end 
supports  and 110 pounds pe r  square foo t  wi th  f i xed  end 
supports  . 

The d e f l e c t i o n  r a t i o  f o r  the  bottom chord of these  
t r u s s e s  a t  40-pound-per-square-foot snow load and spaced 
24 inches on cen t re  is  1,600 for r o l l e ~  a~lgpor ted  t r u s s e s  and 
1/650 f o r  t r u s s e s  on f i x e d  end suppor ts .  This  i s  considesably 
l e s s  than the  1/360 l i m i t i n g  r a t i o .  The f a c t  t h a t  t h i s  was 
under short-term loading,, however, must be taken i n t o  con- 
s i de r a t i on .  

c  . Type C Trusses 

This  type of t r u s s  was the  s t ronges t  and most p ig id  
of a l l  types t e s t e d .  The average f a i l u r e  load f o r  t r u s s e s  a t  
24 Inches on ce3 t re  was 106 pounds pe r  square foo t  on r o l l e r  
supports  and 119 pounds per* square foo t  on f i x e d  end supports  . 

The average d e f l e c t i o n  ~ a t i o  of the  bottom chord f o r  
t h i s  type of t r u s s  at  40-p~ud-per-squwa-foot  snow loading 
spaced 2 f e e t  on cen t re  is h/:440 kos t r u s s e s  on r o l l e r  



supports  and 1/1310 f o r  t r u s s e s  on f i xed  end supports .  Both 
these  values a r e  considerably l e s s  than the  1/360 l i m i t  even 
when considering the  f a c t  t h a t  the  t r u s s e s  were loaded by 
short-term loading.  

The most common type of f a i l u r e  i n  t h i s  t r u s s  was a t  
the  glue j o in t  of the  gusset  p l a t e  at t he  peak with t he  only 
o ther  t r u e  f a i l u r e s  occurr ing at the  glue j o in t  of t h e  gusset  
p l a t e  connecting the  bottom chord t o  the  diagonals .  The 
p r i n c i p a l  cause of f a i l u r e  seemed t o  be due t o  t he  f a c t  t h a t  
it was d i f f i c u l t  t o  get  a good glued j o in t  a t  the  peak where 
t he  membera were connected by a glue bond t o  a r i g i d  gusset  
p l a t e  on one s ide  and a  1- by 4-inch s t r i p  of wood on the  
o the r .  Unless a l l  of t he  members were of the  same th ickness  
then a good glue bond was not poss ib le .  Also i f  the  members 
were cupped due t o  drying shrinkage, which was o f t en  observed 
during the  course of t he  t e s t s ,  t he  glued bond was e f f e c t i v e  
only over p a r t  of t he  required  bonding a r ea .  When the  long 
diagonals  were s l i g h t l y  warped it was very d i f f i c u l t  t o  ge t  
a  good bond at  both peak gusset  p l a t e  and the  p l a t e  connecting 
the  long diagonal t o  t he  bottom chord. It should be added here 
f o r  the  sake of i n t e r e s t  t h a t  case in  g lue  was used and was 
appl ied  by a s t i f f  brush t o  one surface  of each glued j o i n t &  

d.  Types D y  E and F Trusses 

A l l  of these  types  were qu i t e  similar i n  design. The 
only d i f ference  i n  each w a s  at the  hee l  j o in t .  The d i f fe rence  
between Type D and E t r u s s e s  w a s  t h a t  i n  Type E t r u s s  $-inch 
common washers inch i n  diameter were used a t  the  hee l  j o in t  
and i n  Type D t r u s s  2- by 2-  by 1/8-inch washers wi th  *-inch 
diameter holes  were used, (Fig .  45).  Type F d i f f e r e d  from 
Type D only i n  the  small  notch cut  i n  the  j o i s t  of Type F 
which was added with the  hope t h a t  i t s  add i t i on  would s t i f f e n  
the  t r u s s  ( ~ 1 ~ .  46) .  It was not e f f e c t i v e ,  however, and it 
was decided t h a t  f u r t h e r  t e s t s  would be done on Type D only. 
Therefore,  the  d iscuss ion w i l l  be l imi ted  t o  Type D .  Only 
fou r  t e s t s  were conducted i n  Type D - two on r o l l e r  supports  
and two on f ixed  end supports .  

This type of t r u s s  was t he  second weakest of those 
types t e s t e d  having an average f a i l u r e  load, wi th  the  t r u s s e s  
2 f e e t  on cen t re ,  of 88 pounds per  square foo t  on r o l l e r  
supports  and 75 pounds pe r  square foo t  on f i xed  end supports .  

The de f l ec t i on  r a t i o  of the  bottom chord was 1/480 
f o r  r o l l e r  supports  and 1/370 f o r  f i xed  end supports  wi th  a 
40-pound-per-square-foot snow load. Although these  values  a r e  
l e s s  thaG the  l i m i t i n g  1/360 r a t i o  i t  should be s t a t e d  t h a t  
t h i s  type of t r u s s  design showed a  considerable tendency t o  
creep under the  higher  loads .  This  c h a r a c t e r i s t i c  was qu i t e  



marked wi th  t h i s  type of t r u s s  as compared wi th  the  o the r  
types  t e s t e d .  This  would lead  t o  the p o s s i b i l i t y  t h a t  t h i s  
type of t r u s s  might d e f l e c t  considerably more under a  
sus ta ined 4O-pou,1?d - per-square-f oot load and have an  u l t imate  
de f l e c t i on  conslderlably g r e a t e r  than 1/480 and 1/370. This  
p o s s i b i l i t y  should be inves t iga ted  by long-term loading t e s t s .  

Another f e a t u r e  of t h i s  t r u s s  which should be examined 
c l o s e l y  i s  the  connection a t  the  hee l  j o i n t .  If the  members 
a r e  bol ted  toge the r  when the  wood i s  a t  a  high moisture 
content  and then  allowed t o  d ry ,  i t  i s  probable t h a t  t he  
j o i n t  may loosen. Just how much e f f e c t  t h i s  would have on 
the  s t r e ng th  and r i g i d i t y  of the  t r u s s e s  i s  not known and 
should a l s o  be inves t iga ted .  

STUDY 

It was decided t h a t  a  comparative cos t  s tudy of the  
var ious  types  of t r u s s  cons t ruc t ions  would be very u se fu l  i n  
eva lua t ing  the  d i f f e r e n t  types of t r u s s e s  aga in s t  each o the r  
and wi th  conventional cons t r :~c t i on .  A rough time study was 
the re fo re  c a r r i e d  out t o  obta in  s u f f i c i e n t  da ta  t o  make such 
comparisons. 

In the cos t  s tudy the  wage r a t e s  and ma te r i a l s  coat  
used were the  p reva i l ing  r a t e s  i n  the Ottawa d i s t r i c t .  From 
the  information suppl ied ,  however, it should be poss ib le  t o  
convert the  var ious  c o s t s  t o  apply t o  any d i s t r i c t .  I n  the  
time study,  t he  time was observed t o  the  nea res t  minute and 
is  a rough study only.  In connection wi th  the  time study it  
should be mentioned t h a t  two men assembled and cu t  t he  lumber 
and p l a t e s  and f u l l  use was made of a power hand saw and a  
bench saw. Only owe man did  the  n a i l i n g  i n  a l l  cases  and the  
he lpe r ,  who was not a carpenter ,  merely h e l p e d ' t o  put the  
p ieces  of the  t r u s s e s  1.n place and genera l ly  a s s i s t e d  t he  
carpenter .  The time s tudy,  however, doea not  include the  
time o r  ma te r i a l  used i n  making the  assembly j i g  o r  i n  
c u t t i n g  the  p a t t e r n  p ieces .  A summary of t he  r e s u l t s  of the  
time study i s  shown i n  Table 111, 

I n  order  t o  compare t he  cos t  of t r u s s e s  t o  t he  cos t  
of conventicnal cons t ruc t ion  on an approximate b a s i s ,  the  
cos t  of ma te r i a l  t h a t  was used i n  conventional roof framing 
was ca lcu la ted .  The summary i s  shown i n  Table IV. Labour 
c o s t s  were not included s ince  no time study was made on 
conventional cons t ruc t ion .  

The cos t  does no t  include o the r  poss ib le  economical 
advantages which may be obtained by the  use of t r u s s e s .  



These include more freedom of design,  unobstructed work a r ea ,  
e l iminat ion  of bearing p a r t i t i o n s ,  b e t t e r  opportuni ty t o  
p l a s t e r  the  ceL'.l-L~~,g and outside wa l l s ,  as wel l  as l ay ing  t he  
f i n i shed  f loop witb~out p s s t  it ions  obs t ruc t ing  the  work, and 
t he  speed with wkick a Su.;-lding may be enclosed. It should 
a l s o  be added t h s t  widsr. mass production methods, t r u s s e s  
could be made f a s t e r  and cheaper than they were made i n  these  
t e s t s  s ince  the re  was 1Xttl.e opportuni ty t o  pe r fec t  f ab r i ca -  
t i o n  techniques and t o  mke the  most e f f i c i e n t  use of both 
men employed ir bui ld ing t he  t r u s s e s .  

D. GENERAL DISCUSSION OF RESULTS 

The f a i l u r e  loads f o r  t h e  t r u s s e s  were equal t o  o r  
g r e a t e r  than the  s t ronges t  type of conventional cons t ruct ion  
with equal spacings for each. 

With the  f a i l u r e  loads  of t r u s s e s  ca lcu la ted  f o r  24- 
inch - on-centre spscing,  the  r e s u l t s  compare qu i te  favour- 
ab ly  with conventfcnzl ccns t ruc t ion  spaced at 16 inches on 
cen t re .  Types B and C t m s ~ e s  at 24 inches on cent re  have 
f a i l u r e  loads of the sd~sie order  as t he  s t ronges t  type of 
conventional cons t ruct  i o ~  at  16 inches on cen t r e .  Although 
Type A t r u s s  had f a i l u r e  loads considerably g r e a t e r  than 
Type 111 const ruct ion  with 2- by 4-inch and 2- by 8-inch 
r a f t e r s ,  and Type I1 const ruct ion  wi th  2- by 4-inch r a f t e r s ,  
i t  was not a s  stsang a s  Types1 o r  I1 with 2- by 8-inch 
r a f t e r s  and had approximately t he  same s t r eng th  a s  Type I 
with  2- by 4-inch r a f t e r s .  Type D t r u s s  was a l s o  s t ronger  
than Type I11 const ruct ion  wlth  2- by 8-inch and 2- by 4-inch 
r a f t e r s  and Types I and 11 cor~.s t ruc t ions  with 2- by 4-inch 
r a f t e r s .  Although it was not as s t rong as Type I with 2- by 
8-inch r a f t e r s  St had app~oxirnately t he  same s t r eng th  a s  
Type I1 with 2- by &inch r a f t e r s .  

The c ~ s t  sf t runses  a l s o  compares quite favourably 
wi th  the  cos t  of c c ~ , v s ~ ? t i o ~ a l  const ruct ion  even when the  
labour cos t  f o r  convent-f~r!a!. cons t ruct ion  i s  not allowed 
f o r .  With t h i s  cos t  of  labour f o r  conventional cons t ruc t ion  
included the  t r u s s e s  would appear i n  an even more favourable 
l i g h t .  The cos t  of t r u s se s .  a t  24 inches on cen t re  i s  impres- 
s i ve  when compared wi th  conventianal cons t ruct ion  using 2- by 
8-inch r a f t e r s  a t  1-6 inches on cen t re  wi th  the  average saving 
being i n  t he  neighSourkood of 30 per  cen t .  



CONCLUSIONS 

The most promising t r u s s e s  appeared t o  be Types B and 
C from t h e  sd:;andpoint of 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  and 
u l t i m a t e  s t r e n g t h s .  Type A t r u s s  was t h e  l e a s t  r i g i d  and 
weakest of a l l  t h e  t r u s s e s  t e s t e d  as w e l l  as being t h e  most 
expensive t o  b u i l d .  Type D t r u s s ,  a l though somewhat s t r o n g e r  
and more r i g i d  than  Type A ,  was not  as r i g i d  o r  s t r o n g  as 
Types B and C .  Type D was f a r  cheaper t h a n  any o t h e r  by a 
cons iderable  margin (approximately 15 p e r  c e n t )  and because 
of t h i s  it would appear  t o  J u s t i f y  f u r t h e r  development t o  
a t tempt  t o  improve t h e  s t r e n g t h  and d e f l e c t i o r -  c h a r a c t e r i s t i c s .  

It i s  d i f f i c u l t  t o  say j u s t  how s t r o n g  a t r u s s  should 
be i n  o rde r  t o  be adequate .  One of t h e  p r i n c i p a l  reasons  why 
t e s t s  on convent iona l  c o n s t r u c t i o n s  were conducted w a s  t o  
a t tempt  t o  e s t a b l i s h  a c r i t e r ion  by w k  i c h  t o  eva lua te  t r u s s e s .  
The wide v a r i a t i o n  i n  t h e  s t r e n g t h  of va r ious  convent iona l  
c o n s t r u c t i o n s  made such a  comparison f o r  t r u s s  c o n s t r u c t i o n s  
d i f f i c u l t  u n l e s s  a minimum f a i l u r e  load is  a r b i t r a r i l y  chosen 
from t h e  range of f a i l u r e  loads  shown f o r  t h e  va r ious  types  
of convent iona l  c o n s t r u c t i o n s .  Fo r  t h e  time being t h i s  would 
probably be t h e  most l o g i c a l  approach. 

The second approach, which would be t h e  use of t h e  
Nat iona l  Bui ld ing  Code snow loads  wi th  accepted des ign  
p r i n c i p l e s ,  would r u l e  out t h e  use of most i f  not  a l l  t ypes  
of convent iona l  roof  f raming as wel l  as t h e  use of a l l  l i g h t -  
weight t r u s s e s .  

The r e s u l t s  of t h e  t e s t s  c a r r i e d  out t o  d a t e ,  t h e r e f o r e ,  
suggest  t h a t  more informat ion  is  r e q u i r e d  on "he behaviour of 
roof s t r u c t u r e s  under s imula ted  snow loads  as w e l l  as 
information on snow l o a d s  t h a t  a c t u a l l y  occur  on house r o o f s .  
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COST MTA FOR TrARIOUS TRUSSES 

a The following unit prices were used in computing material costs in each t,russ: 

........ Lumber . (u) .I15 per fbm 
(1x6). ....... .12C per fSm 
(2x&). ....... .I ?3 per ft.m 
(3 plyW0Od). .1?6 Fa.' sqefi. 

TCTAL CCST 

PER 

TRUSS 

$10.63 

$ 9.78 

$10.00 

TYPE 

OF 

T;9USS 

A 

B 

C 

.......... Glue.. $1.00 per  lb. 

Ftails - 
12. .......... . 1 1 R  per lb. 
24". ......... .I13 per lh.  
3". .......... .I10 per lb. 
33.. ......... .1CV per lb. 

D 

y A T E R ~ L  

?C 

$8.28 

%7.7h 

$8.18 

MATERIAIS 

LP. Born 

$2.35 

$2.01r 

$l.A2 

$6.68 

Bblts 

2 

1 
(*8) 

- 

- 

LABOUR 

IiOURLY 

Carpenter 
(?ar hr. 

$1. @2 

$1.82 

$1. ~2 

Sp l i t  
Rings 

3 
( 2 9 )  

- 

- 

2 
(ha) 

' Cutting 
Plyvood 
(horns) 

- 

0.069 

0.081 

U4GE 

gelper 
(per hr.! 

$1.00 

$1.00 

Q.00 

- 

l n x l i "  

(fbm) 

- 

- 

2 

0.012 b1.a $lee2 

QUAWITIES 
- 

1flx6fl 
(fi) 

- 

11 

- 

2 

La&CUE TINE 

Cutting 
Cthers 
(hours) 

0.L16 

9.140 

0.085 

S 8.32 

1 

f1.00 7 

OF MATERIAL 

2 W W  
(fhm) 

57 

39 

b7 

Assembly 
(hours) 

@.Id6 

0.46 

o.lr78 

0.180 

1/2 in. 
plym3d 
(sq.fi) 

- 

7.73 

8.60 

39 

Slue 
( lb )  

- 

- 

o.h@ 

0.390 1.33 

Nails 
(lb) 

2.0 
( 3 3 )  

1.h7 
(3") 

0.15 
(24") 

0.l.461 
( 2 3 )  

0.370 
(lgll) 

- 0.39 
(3") 

0.635 
(2P) 





CONDEKSXD S W R Y  OF TRUSSED-RAFTERS TESTS 

TABLE V 

COST 

PER 

TRUSS 

$13.63 

u 

a 9.78 

n 

$IO.~O 

n 

$ 8.32 

n 

- 

TYPE 

OF 

TRUSS 

A 

A 

B 

B 

c 

C 

D 

D 

TYPE DEFLFCTIONS AT 40 psf SNOW LOAD ULTIMP.TF SXCW LOAD 

OF Em Trusses a t  16" O.C. Trusses a t  24" O.C. Trussee 
a t  

Ceflection Ridge 
SUPWRTS Lower Chord Span ~ower  Chord span 16" 3.c. 

(psf 

Tn~sses  
a% 

2bn O.C. 

(pnf) 

till 

68 

99 

I l G  

106 

119 

88 

75 

Rollers 

Fixed 

Rollers 

Fixed 

Rollers 

Fixed 

Rollers 

Mxed 

C.49" 

0.41" 

0.31" 

0.27" 

0.14~ 

0.15" 

0.33' 

0.42" 

1/590 

1/700 

1/930 

1b070 

11'2360 

v.920 

1/870 

1/690 

(3.37" 

0.32" 

9.22" 

0.19" 

O.oen 

S.10" 

0.23" 

3.2511 

0.86" 

0.77" 

9.481f 

@.U" 

0.29" 

0.22* 

0.40" 

0.78" 

1/335 

1/3 70 

1/m 
1/650 

1hU0 

1/1310 

i/h80 

1/370 

0.67" 

C. 59" 

0.34" 

0.2811 

0.1Ln 

0.15' 

0.40" 

0.4811 

193 

109 

157 

173 

167 

185  

lll0 

120 



CONnENFFD SK$.YFIY OF RAFTEF.-JOIST TESTS 

4 

C O S Y F  IKlOD ONLY 

' per 1511 Per 24" 
o f  Roof of  Floof - 
39.23 513.54 

n 11 

$6,70 $10.95 

11 II 

$9.73 Qh.60 

w n 

$7.19 $10.78 

n tt 

89.85 $lb. 77 

rt n 

$7, 31 $10.96 

n n 

i 

ULTIMATE 
''OW 'OAD 

(~8f 

89 

125 

56 

72 

84 

82 

43 

40 

46 

4 6 

13 

18 

t 

TYPE 
OF 

CONSTRUCTION 

I 

I 

I 

I 

I1 

I1 

I I 

I1 

I11 

111 

I I1 

I11 

k 

RAFTER 
SIZE 
(in' 

2x6 

2x3 

2x4 

2x4 

2x8 

2x6 

2x4 

2Xb 

TYPE OF 
END 

SWWmS 

Rollers 

Fixed 

Rollers 

Mxed 

Rollers 

Fixed 

Rollers 

Fixed 

ATTRACE DEFLECTIONS FOR LO FSP SNOW L O O  

t a d  Span 
of Rafter 

0.2 7" 

c.1611 

0.69" 

0.56" 

0.26" 

0.23" 

l.0ln 

-- 

2x8 

2x8 

2x4 

2& 

Deflection a t  Kid Span o f  
Rafter ? PP-"ter Length 

1/580 

1/970 

1/230 

1/280 

urn 
1/680 

1/150 

-- 

Rollers 

m e d  

Rollers 

Fixed 

F??ge 

0.53" 

3.22" 

0.93" 

0.26" 

0, 6L" 

Ob52" 

2.OItt 

- 

1.25" 

-- 
- - 
Ow 

04  1 6 1 1  

-- 

- 

-. 

1/340 

- 
-- 
- 



Fig .  1 Typical failure of 
Type III eonstructfon. Rafter 
plate and header pushed away 
from Joists, 

Pig. 2 Typical fa i lme of 
Type I1 construct ion. Rafters 
pushed ~ u t w a r d  $ram r a f t e r  p l a t e .  

DBR Report 8% 



Fig, 4 Failure of Type HI 
~onstsustien. Headers s p l i t  
due to outward movement sf 
rafter plate. Rafters a l s o  
pushed away from rafter plate, 

Pig.  3 Typical failure 
wlth Type P construction 
with  roller supps~te. 
J o i s t  lap a% t he  cen t re  of 
the span badHy deformed by 
horizontal movement sf 
Joists. 

Fig. 5 Failure in Type I 
construction, Rar%er broke 
near large knot. 

DBR Report 81 



F i g ,  6 Failure fn Type I 
construc%%on. Rafters pushed 
away from t o p  plate and j sist . 

near see$ion of badly cross- 
grained wood. 

Fig, 8 Failure in Type I 
constructisn. Rafters pushed 
outward f r ~ m  t o p  p l a t e .  

DBR Report 8% 



Fig. 10 Failure in 
Type 1 construction 
showing broken raftesa. 

Fig. 11 Failure $n 
Type I construct f on 
showing broken rafters . 

DBR Report  8% 



Fig, 12 Failure in 
Type H c~nstsuction 
showing broken saf  %era. 

B i g .  13 Ins t rmen ta t ion  at 
left. end sf typical t e s t  structure 
showing end brace, r o l l e r  supports 
and dLal gauges, 

DBR Report 81 



Fig.  $4 D i a l  gauge 
at tached to rafter near 
%he collar tie to measure 
r e l a t  %ve movement between 
collar tie and rafter. 

Fig. 15 Recording board 
showing d e f l e e t i s n  indicator 
weights and recording sheet. 

DBR Report 81 



Fig. a6 Typica l  conventional test structu~e. 

Fig. 1'7 Failure in Type A 
truss. Long diagonal pulled 
sway f r o m  lower  chord. 

Fig. 18 Pailwe in Type A 
truss. Ends sf b ~ t t s r n  chord 
fafled due to a c t i o n  0% split 
rings. 

DBR Report 81 



B i g .  $9 Failure in Type A trues 
showing break in top chord a t  h o t  due 
to combfnatlsn lateral and v e r t i ~ s l  
bending of t o p  chord. 

Fig. 20 F a I P u e  in Txpe A 
truss showing break in t o p  chord. 

DBR Report 81. 



Fig. 21 Failure in Type A 
truss. Bot tom chord broke fn 
tenafon a t  s p l i t  sing. 

Fig. 22 Failure of Type B 
truss. Upper chords bowed 
laterally under load causing 
gusset plates at the peak of 
the t op  chord to fall off. 

DBR Report 8% 



Fig.  23 Failure in Type B 
trues. Bottom chord failed 
in tensfon at junction of two 
dlagonala. 

Fig ,  25 PaIPure in Type B 
truss. Upper chord of truss 
bowed latesally under Psad 
eauaing the gusset plates at 
the  peak to crack near $he 
centre. 



Figs. 26 and 27 Failure in Type B truss, 
Long diagonal pul led  away from lower chosd and 
upper chord a frnultane ou% lye 

DBR Report 81 



Pfg.  28 Failure i n  Type C truss. 
Gusset p la t e  at peak pulled away From 
both upper chords, 

Fig. 29 Failure in 
Type C truss. Lower end 
of bong diagonal pulled 
away frcm gusset platee. 

DBR Report 81 



Fig, 30 Pallure in Type C truss, 
Gusset plats comec%ing long and s h o ~ t  
diagonals to lower chord separated 
from lowep chord. 

Fig ,  31 Fa i lwe  in Type D 
truss showing crushing of 
Power chord a% %he heel  j o i n t ,  

DBR Report 81 



Fig. 32 Failure in Type B truss. 
Bottom chord fadled in tension near 
b o l t .  Note the badly @sass-grained 
wood. 

F i g .  33 Fa i lwe  in Type E 
truss. Bottom chord crushed 
by upper chord at heal JoLnt. 
Bottom chord also faf l e d  in 
tension. 

DBR Report 81 



Fig, 32 FafEwe In Type B truss. 
Bottom chord failed in tensisn near 
belt, Note the badly cross-grained 
wood. 

Pig. 33 3aIlu9.e in Type E 
truss. Bottom chsrd crushed 
by upper chsrd at heel  J o i n t ,  
Bottom chord also Failed in 
tenaion. 

BBR Report 8% 



Fig. 34 FsL1u.z-e in Type F 
$FUSS. Lower chord f a i l e d  in 
t ens ion  near b o l t .  

Ffg 35 General arrangement 
of typical test s t r u e t w e  f o r  
trues tests. 

BBR Report 81 



12 
SLOPE 

0 -  TOE NAILING 

TYPE NO. 1 

3-3&' NAILS, RAFTER TO JOIST 

2-3bi NAILS, JOIST T O  PLATE- TOE NAILED 
I 0  

3-3b2 NAILS, RAFTER TO PLATE- TOE NAILED 

2-3b2 NAILS, PLATE TO PLATE 

FIGURE 36 

BR. 1034-1 



o TOE NAILING 

a DIRECT NAILING 

TYPE NO.2 

3-35 NAILS, RAFTER TO RAFTER PLATE(TOE-NAILED) 

1 - 4" NAIL, RAFTER PLATE TO RT. & LT. HEADER 

2- 4" NAILS, RAFTER PLATE TO CENTER HEADER 

3 -35; TOE NAILS, SHORT HEADER (LT. END) TO JOIST 

2-4"  NAILS JOIST (LT.) TO CENTER HEADER . 1' 
J 

3-  3v2 TOE NAILS, CENTER HEADER TO JOIST (RT) 

2 -  4" NAILS, RAFTER PLATE TO JOIST (€A. SIDE) 
*I 

2 - 3b2 NAILS, JOIST TO JOIST PLATE 

2 - J ~ N A I L S ,  PLATE TO PLATE 

BR. 1034- 2 

FIGURE 37 



0 -  TOE NAILING 

- DIRECT NAIL1 

TYPE NO. 3 

3-  4" NAILS, RAFTER PLATE TO HEADER 

1 - 4" NAIL, RAFTER PLATE TO JOIST 

2-  4" NAILS, HEADER TO JOIST END 

2- ~ ~ ~ N A I L S ,  JOIST TO JOIST PLATE 

2.-3ki NAILS I PLATE TO PLATE 

FIGURE 38 

BR. 1034-3 



o - TOE NAILING 

- DIRECT NAILING 

BR. 1034-4 

PARTITION SPLICE 

3-3g NAILS, JOIST T O  JOIST 

2-3b* NAILS, JOIST T O  P L A T E  

(TOE NAILS) 

2-3b* NAILS, P L A T E  T O  PLATE 

FIGURE 39 



I x 6'. SHEATHING 

dCe.2 LB/FT -PP"LONG 

2 X 4  - 2 4 #  LONG 

WEDGE CUT 

LUMBER  LONG 

./, ROD 

N O T E  : RAFTER- JOIST ASSEMBLY S 

SPACED 6" ON EITHER 

SIDE OF OF JACKS 

P 

OOR LEVEL 

FIGURE 40 

DETAIL OF JACK ASSEMBLY 

BR. 1034- 5 



TENSION JACKS 

NOTE @ - CEILING LOAD APPLIED BY MEANS OF LEAD FILLED BAGS PLACED 

AS SHOWN WITH 80 LB. AT EACH POSITION INDICATED ON 

EACH OF 2 PAIRS OF JOISTS. 

NOTE @ - LOADS EXERTED BY TENSION JACKS WERE 8 W  LB., WHERE 

W =  APPLIED SNOW LOAD IN LB./SQ. FT. 

NOTE @ - THIS SKETCH OF LOADING APPARATUS APPLIES AS WELL TO 

TRUSS TESTING WITH ONE. SLIGHT DIFFERENCE. THE CEILING LOADS 

IN THIS CASE WERE 50 LB. AT EACH POSITION. THE 

POSITIONS OF THESE LOADS FOR TRUSSES WERE 2: 8' AND 

10' ON EACH SIDE OF THE & , RATHER THAN 3 ' A N D  9' 

AS SHOWN. 

FIGURE 41 

SCHEMATIC SKETCH OF LOADING ARRANGEMENT 

BR. 1034-6 



UPPER TOP CHORD 

UPPER TOP CHORD 

LONG DIAGONAL 

LONG DIAGONAL 

r L O W E R  TOP CHORD 

TOP 

1 1 - 3 4  NAILS 

BOTTOM CHORD 

5-3$ NAILS 4-31,;' NAILS - I I BOTTOM CHORD 

~ k i  SPLIT RING GROOVE 

/ I  DIA. BOLT HOLE 
bl DIA. HOLE 

7 
LOWER PART OF 

T O P  CHORD 

BOTTOM 

CHORD OF LONG DIAG. 

& DIA. BOLT HOLE b I- 

NOTE-MEMBERS 2'k 4" EASTERN SPRUCE f 

UPPER PART OF 

TOP CHORD 

FIGURE 4 2  

TYPE-A  TRUSS 
BR. 1034- 7 



- 12-3' NAILS 

FROM BACK 

T 

~ ~ ' X d ' X 2 4 ( ( P L ' f W O O D ~  \ d - 2 9 ;  TOE NAILS 

PLATES ON EA. EA. SIDE T O  

FASTEN TRUSS TO 

SUPPORTING PLATES. 

I 11 ,, 
9 . ~ 6 ~ 2 4  PLYWOOD 

PLATE ON EA. SIDE 
NAIL I 

NOTE : - ALL MEMBERS MADE OF EASTERN SPRUCE. 

PLATES-  5 PLY DOUGLAS FIR PLYWOOD. 

FIGURE 43 

TYPE - B TRUSS 

BR. 1034- 8 



/ HELD BY 6-2b;~AlLS - 
I1 

! + $ n ~ ~ ~ ~ ~ ~ ~  PLATE 2sbt1x 1 7 b  &'PLYWOOD PLATE 18'x12~ HIGH 

M 
HIGH FASTENED BY 2 6 - 1 5 ~  NAILS 

ON NEAR SlDE 

ON NEAR SlDE 

P L A T E  AS SHOWN 

?A 4#- 8" LONG ON NEAR ,, 
9%''~ IO"HIGH FASTENED 

SIDE ONLY HELD BY a-21/2 
BY 12-1~;' NAILS ON FAR SlDE 

NAILS AS SHOWN. 

L I-3I/, NAIL  EA. 12 - 
SlDE TO FASTEN 

TRUSS TO SUPPORTING 

P L A T E S  

ON EA. SlDE 
8 

FASTENED BY 1 2 - 2 k  

AS SHOWN 

NOTES : A L L  STRUCTURAL ME,FBERS -2  X 4  EASTERN SPRUCE. 

PLYWOOD PLATES - 1/2 - 5 PLY DOUGLAS FIR. 

A L L  JOINTS FASTENED WITH CASEIN GLUE. NAILS 

USED T O  SUPPLY PRESSURE T O  THE JOINT 

WHILE DRYING. 

BR. 1034-9  

FIGURE 44 

T Y P E - C  TRUSS 



COMMON WASHER FOR 

&FOR TYPE E TRUSS N 

7 10- 212 NAILS EA. SlDE 

LATH " I .  L" U"".," 

TO SUPPORTING 

I/ II 

1x4 STRIP  
J ~ T O E  NAIL FROM I "PLYWOOD PLATE 

2 X 4  SHORT DIAG. 4 11 PI 
2 4 A 6  ON EA. SlDE 

II T O  LOWER CHORD 
2~ d' BEARING AGAINST 

BOTH TOP 6 . . . .  . . . .  
BOTTOM CHORD A . 1 . .  I, I 1  . * - . * * - *  

 NAILS 
l % 4  STRIP TO LOWER 

CHORD FROM OTHER 

SIDE. 

TYPE D 8 E TRUSS 

BR. 1034-10 

FIGURE 45 



2-2%' NAILS EA . 
TO FASTEN TRUSS 

T O  SUPPORTING PLATE. 

FIGURE 46  

TYPE- F TRUSS 

(NOTE OTHER DETAILS SIMILAR 

T O  TYPE D & E.) 

B R .  1034-11 


