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FOREWORD

An extensive ser lee of tests on convent ional and trussed
roof conetruct ion used in housee wae undertaken to examine the etrength
of convent ional construct ion and to develop truse deeigne for Canadlan
uae. Convent ional raf ter - jo i .st  conetruct ion of the type but l t  pr ior to
1962 ehowed a  w ide  range o f  s t rengthe ,  wh ich  var led  accord ing  to
t lpe of support ,  member eizes and joint  detai ls.  Tests on nai led I t I
t rues deeigne exarnined the effect on strength and st i f fnees of var iat lons
in roof s lope, span, member eize, nai l ing, durat ion of loadl.ng,
Iocat ion of part i t ions, and cant i levering.

On the baeis of thie teet work, and simlLar work carr ied out
by  the  Fores t  Produc ts  Research  Branch o f  the  Depar tment  o f  Fores t ry ,
per fo rmance c r i te r ia  were  deve loped to  asseee the  su i tab i l i t y  o f  t russes
used in houses bui l t  under the Nat ional Houeing Act.  These performance
requirements are now included in the Housing Standards, Supplernent
No. 5 to the Nat lonal Bui lding code of canada 1960. In addlt lon, a
number of nai led \{  t1rye truss deelgne that sat iefy theee requiremente
were developed for epans of f rorn 16 to zB f . t  ( in z-f t  increments) and
for  roo f  s lopes  o f .3 / l z ,  4 / tz  and s / tz .  Desrgne are  inc ruded fo r
30 ,  40  and 50  ps f  snow load areas .



TRUSSED RAF'TERS F'OR HOUSES

by

A. T. Hansen

In 1955, the Divis ion of Bui lding Research, Nat lonal Research
Councl l ,  ln co-operat ion with the Forest Products Research Branch of
the Department of Forestry, 'undertook an invest igat ion of the strength

and de f lec t ion  charac ter is t i cs  o f  wood roo f  t russes .  Th is  p rogram has
cont inued at intervals over a period of seven years, dur ing which t i rne

a total  of  about 150 test structures have been examined. This paper
out l ines the results of that port ion of the test program undertaken
by the Divis ion of Bul lding Research.

Scope

The or iginal  object ive was to develop and test t russ designs
su i tab le  fo r  genera l  use  in  houses  across  Canada.  To  do  th is  i t  was
neces€ lary  to  have c r i te r ia  to  assess  the  per fo rmance o f  t russes .  I t
was recognized that those designed according to standard engineering
procedures were rnuch stronger and more expensive to bui ld than
convent ional roof f rarnes. As there appeared to be no need for roof
trusses to be stronger than wel l  bui l t  convent ional roof f rarning, which
has  a  h is to ry  o f  genera l l y  sa t is fac to ry  per fo rmance,  c r i te r ia  were
establ ished on the basis of an evaluat ion of di f ferent t14res of these
jo is t  and ra f te r  f raming sys terns .  These c r i te r ia  were  used f i rs t  by
Central  Mortgage and Housing Corporat ion in accept ing trusses for
houses bui l t  under the Nat ional.Housing Act and later were incorporated
into the Housing Standards (Supplement No. .5 to the National Building
Code o f  Canada 1960) .

Most of the work carr ied out by the Divis ion was concerned
wlth W trusses with nai led plywood gusset plates, al though at the beginning
of  the  Program a  ser ies  o f  compara t ive  tes ts  was car r ied  ou t  on  t russes
with other types of jo int  connect ions including glued, spl i t r ing, and
bo l ted  jo in ts .  These t russes  were  fo r  the  most  par t  mod i f i ca t ions  o f
designs developed in the united States. AII  tests,  however,  were of an
e><ploratory nature and were rneant only as a guide in deterrnining the
direct ion of the truss test ing program. The results of these ini t ia l
tes ts ,  there fore ,  a re  no t  inc luded in  th is  paper .  on  the  bas is  o f  tes ts
and fo r  p rac t ica l  cons idera t ions  i t  was  dec ided to  p roceed w i th  the
development of t russes with nai led plywood gusset plate connect ions
only.
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Orlginal ly,  i t  had been planned that the trusses should be loaded

to fai lure with short  term loading to cornpare their  strength with that
o f  convent iona l  cons t ruc t ion .  As  tes t lng  proceeded,  however ,  i t  was

thought advisable to carry out a number of tests wlth longer terrn loading

in an atternpt to correlate the results with those of short  term loadlng.

In  add i t ion ,  o ther  aspec ts  o f  t russ  per fo r rnance were  inves t iga ted .

These inc luded the  e f fec ts  o f  loca t ing  par t i t ions  beneath  t russes  and o f

cant i lever ing  t russes  over  the  suppor ts ,  as  we l l  as  the  e f fec t  on  t russ
performance of varying the nai l ing and changing the mernber sizes.
Variat ions in span and slope were algo invest igated.

Tes t ing  Equ ipment  and Procedure

Al l  structures were tested in pairs and sheathed to provide
Iateral  stabi l i ty.  During the early part  of  the prograrn board sheathlng
was used, but i t  d id not provide suff ic ient lateral  stabi l i ty,  especial ly
at higher loads. Plywood sheathing was used instead in rnost of  the
later tests and provided suff ic ient restraint to prevent lateral  buckl ing
without addit ional bracing.

Short  term roof loads were appl ied with eight equal ly spaced
hydraul ic tension jacks anchored to the f loor,  and located at the panel
quar te r  po in ts  mid-way be tween the  pa i r  o f  t russes  or  ra f te rs  (F igure  l2 l .
The weight of the test assernbly approxirnated the dead weight of the
roof covering so that the reported loads are those over and above the
dead weight of roof shingles and sheathing.

For the longer term loading tests roof loads were appl ied with
concrete blocks stacked to prevent arching act ion between the units
(F igure  l3 ) .  In  a l l  cases  a  ce i l ing  load equ iva len t  to  I0  Lb /sq f t  was
appl ied to the lower chords with weights located at the quarter points of
each pane l .

In rnost cases def lect ions were rneasured at each panel point
and mid-way between for both the upper and lower chords. Def lect lons
were measured with piano wire weighted at one end and stretched along
the  chord  members .  Convent iona l  jo is t  and ra f te r  assembl ies  were
tes ted  bo th  on  f i xed  end suppor ts  bo l ted  r ig id ly  to  the  f loor  to  res is t
outward thrust and on rol ler supports.  The former represented wal ls that
could effect ively resist  lateral  thrust;  the lat ter,  wal ls that could not
ree is t  la te ra l  th rus t .  The jo is ts  were  a lso  suppor ted  a t  cen t re -
span near  the  sp l i ce  (F igure  l ) .

Exploratory tests indicated that the type of end support  did not
have an irnportant af fect on truss perforrnance. Most of the trusses,
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therefore, were simply supported on 2 x 4 plates rest ing direct ly

on concrete blocks during the tests.

Loading Procedure

In the f l ret  ser ies,trusses and tradl t lonal f rarning assemblies
were loaded with a l0 psf cei l ing load and 40 psf roof load appl ied in
increments .  The roo f  load  was removed to  record  the  recovery
character ist ics,  based on def lect lons caueed by roof load only,  and
then re-appl ied in incrernents unt i l  fa i lure. Loads were appl ied 5 rninutes
before  de f lec t ions  were  recorded.

During the lat ter part  of  the program this procedure was
modif ied sl ightty.  After appl icat ion of a l0 psf cet l ing load, the trusees
were loaded in lncrernenta up to a load corresponding to the snow load
antlcipated for the truss. This load was maiirtained for one hour and
def lect ions were recorded after both 5 minutes and one hour.  The roof
load was then increased in increments to twice the ant ic ipated snow load
and maintalned f .or 24 hours, af ter which the loads were increased ln
increments unt i l  fa i lure occurred.

A nurnber of fair ly long terrn tests were conducted in which
etructures were loaded for one rnonth, then unloaded and al lowed to
recover for another rnonth. In two caees the structure€r were reloaded
for 2 weeks. The def lect ions were recorded in every case 5 minutee
after load application or removal and at increaslng tirne intervals
thereafter.

Tests to determine the effect of  t russ def lect ions on the
part i t ions beneath them were of the short  term type. In these cases the
trusses were loaded in incrernents. After each lncrernent of loading the
bottom chord of the truss was raised to a posit ion of zero def lect ion at
a point where a part i t ion wasr assumed to be. The load at this locat lon
was then measured with proving r ings and the over-al l  t russ def lect ions
recorded.  Th is  p rocedure  was repeated  a t  severa l  pos i t ions  a long
the bottorn chord for each increment of loading.

Tes ts  to  de termine the  e f fec t  o f  can t i lever ing  t russes  were
also short  terrn, and the sarne general  test procedure was fol lowed as
for simply supported trusses, except that the cant i levered port ion was
loaded with a uniforrn loading (Figure 1I) .
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Types  o f  S t ruc tures  Tes ted

The convent ional roof construct ions tested are shown in

Figures I  and 2. The nai l ing at the joints conformed to the requirernents

o f  the  1953 ed i t ion  o f  the  Nat iona l  Bu i ld ing  Code and the  I958 Hous ing

Standa. rds .  Where  there  were  no  spec i f i c  requ i re rnents  fo r  some

deta i l s ,  na i l ing  cons idered to  represent  good bu i ld ing  prac t ice  was used.

I t  is worth not ing that the nai l ing specif ied in both the Code and the

Standards  was cons iderab ly  super io r  to  na i l ing  observed in  ac tua l

cons t ruc t ions  across  the  count ry  (accord ing  to  a  survey  made pr io r  to

the  tes t  p rogram) .

Since this ser ies of tests on convent ional construct ion was

carr ied out,  further invest igat ions of convent ional roof structures have

been under taken as  a  separa te  research  prograrn  to  de termine the

effect of  nai l ing, roof s lope and span length on the performance of

convent ional construct ion. This work fal ls outslde the scope of this

paper ,  however ,  and w i l l  be  repor ted  separa te ly  by  o thers .

The t russ  des igns  tes ted  were  deve loped rnore  or  less  on  an

ad hoc  des ign  bas is  and were  mod i f ied  th rough tes ts  to  p rov ide ,  as  s ta ted

earl ier,  t russes at least as strong as wel l -bui l t  convent ional construct ion

and reasonab le  de f lec t ion  charac ter is t i cs .

No.  I  spruce was used fo r  a l l  tes ts  on  convent iona l  jo is t -

ra f te r  assembl les  and fo r  most  t russ  tes ts .  Some t russes ,  however ,

were rnade of construct ion grade Douglas f i r .  Mernber size for the

top and bottom chords was general ly 2 x 4 in.  but this was increased in

a nurnber of cases to 2 x 5 or 2 x 6 in.  for addit ional strength or to

obtain cornparat ive test results.

The number  o f  na i l s  in  the  ear l ie r  tes ts  was based on  a  des ign

roof load of 35 lb/sq f t  and a cei l ing load of l0 fb/sq f t .  The al lowable
lateral  load per 3 in.  nai l  was assurned to be I0Z lb in double shear
with spruce and 155 lb for Douglas f i r .  The al lowable lateral  load for

Zt- in.  nai ls in spruce was assumed to be 43 lb/nai l  in single shear.  The

des igns  de ter rn ined on  th is  bas is  a re  shown in  F igures  3  to  5 ,  inc lus ive .
In later tests the number of nai ls was reduced to two thirds and one

half  the or iginal  nai l ing to deterrnine the effect of  nai l  reduct ion on over-

al l  strength and st i f fness of the assembly.

Resu l ts  o f  Tes ts

A summary  o f  resu l ts  o f  shor t  te rm tes ts  on  convent iona l

cons t ruc t ion  is  shown in  Tab le  I .  Tab le  I I  summar izes  the  resu l ts  o f
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the  f l rs t  ser ies  o f  shor t  te rm tes ts  on  t russes ,  Tab le  I I I ,  the  la te r

ser les .  As  ment loned ear l le r ,  the  tee t  p rocedure  ln  th is  la te r  ser ies

had been s l igh t ly  rev ised.  The tes t  resu l te  a re  shown on the  bas is  o f

I6- in.  spacings for convent ional construct ion and 24-in.  spacings

for  t russes .  Except  as  ind ica ted  in  Tab le  I I  the  resu l ts  in  Tab les  I

to  I I I  a re  based on  an  average o f  th ree  tes ts  (s ix  roo f  f ra rnes)  in  each

c a s e .

The curves in Figure 5 show the effect of  roof s lope on the

def lect ion character ist ic of  t russes with simi lar spans and main

m e m b e r  s i z e s .

Figure 7 shows the effect of  span length on trusses having

equal roof s lopes and tnain mernber sizes.

Figure 8 i l lustrates the effect of  increasing the rnain rnernber

s izes  on  the  de f lec t ion  o f  t russes .

The variat ion in truss st i f fness caused by var iat ions in nai l ing

are  i l l us t ra ted  by  the  curves  in  F igure  9 .

Figure I0 shows a typical  over-al l  def lect ion pattern of a truss

sirnply supported at each end, the def lect ion pattern of the same truds

having a part i t ion located at var ious posit ions beneath the lower chord.

The loads measured at each part i t ion locat lon are also shown in Figure 10.

The resu l ts  o f  tes ts  shown in  F igures  6  to  l I  inc lus ive  are

based on  shor t  te r rn  tes ts  on  spruce t russes .  The tes t  resu l ts  i l l us t ra ted

in  F igures  5 ,  7  and 9  are  based on  the  average o f  th ree  tes ts  (6  t russes)

in  a l l  cases .  Those shown in  F igures  B,  l0  and I  I  a re  based on  a

s ing le  tes t  ( two t russes) ,  except  as  o therw ise  no ted  in  F igure  8 .

The results of long terrn tests on convent ional jo ist  and rafter

construct ion are shown in Table IV and are based on single tests of the

type of construct ibn shown in Figure l .  The surnmary of long term test

resu l ts  on  t russes  is  shown in  Tab le  V ,  and is  based on  s ing le  tes ts

(two trusses) of the design shown in Figure 3.

DISCUSSION OF TEST RESULTS

Convent ional C onstruct ion

Convent ional roof f r  arnes

wide range of fai lure loads frorn l8

tha t  were  tes ted  showed an ex t remely

to  lZ5 lb /sq  f t ,  depend ing  on  the  hee l
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jo int  detai ls,  s ize of raf ter and f ixat ion of the end supports*:When

tes ted  on  ro l le r  suppor ts ,  they  were  lZ  per  cent  s t ronger  w i th  2  x  6

rafters and 59 per cent stronger with Z x 8 rafters than with 2 x 4

ra f te rs  (F igure  l ) ,  even though fa i lu res  occur red  fo r  the  most  par t  a t

the  same loca t ion  (hee l  jo in t  o r  cen t re  jo is t  sp l i ces) .  In  the  case o f

the construct ion shown in Figure 2, assernbl ies rnade with 2 x 8 rafters

were over Zt t imes as strong as those with 2 x 4 rafters,  even though the

nai l ing was the same; al l  fa i lures occurred at the heel jo ints.  Thle

increase in strength with rafter s ize is probably due in part  to the fact

that the st i f fer the rafter,  the less the col lar beam wi l l  contr ibute

to the outward thrust of  the rafter.

In pract ice, the most comrr-ron type of construct ion is that

shown in Figure I  with 2 x 6 rafters.  This type had fai lure loads of

between 62 and I  I3 fb/sq f t  depending on whether the supports were on

rol lers or were f ixed so that they could not rrrove outwards. Norrnal ly,

the exter ior wal ls of a house would provide l i t t le resistance to rafter

spread and the fai lure load in pract ice would probably be closer to a

value of.62 fb/sq f t .  I t  may be of interest to note that nai l ing requirements
for roof f raming in Canada have been upgraded sornewhat since these
tes ts  were  car r ied  ou t ,  so  tha t  p resent  requ i rements  as  ou t l ined  in

the I963 Housing Standards should ensure a minirnum fai lure load of

about 70 Lb/sqft  for convent ional f raming bui l t  in snow load areae of

50  fb /sq  f t  o r  more .  These fa i lu re  loads ,  o f  course ,  re fe r  to  shor t
terrn loading tests;  for longer durat ion loading the fai lure load mlght be
cons iderab ly  lower .

Per fo rmance Cr i te r ia

Convent ional f raming, constructed in accordance with

requirernents in the 1953 edit ion of the Nat ional Bui lding Code, has been
used for a number of years with few i f  any reported fai lures. I t  seems
reasonable, therefore, to use past e>cperience with convent ional construct ion
in establ ishing an'acceptable standard of performance for t russ
cons t ruc t ion .  I t  a lso  seems reasonab le  to  re la te  the  per fo rmance s tandard
to  the  des ign  snow load fo r  the  area  in  wh ich  the  t russ  is  to  be  used,
so that a uniform factor of safety can be establ ished across the country.
The per fo rmance c r i te r ia  fo r  t russes  in  the  1953 ed i t ion  o f  the  Hous ing
Standards is a reasonable atternpt to achieve these goals.  The cr i ter ia
require that a truss be able to withstand at least twice the design roof
load plus the cei l ing load for 24hr,  and that i t  rnust not def lect more than
I /360 o f  the  span under  the  fu l l  des ign  load a f te r  I  h r .  These c r i te r ia
ensure that t russ construct ion wi l l  be at least as strong as good convent ional
roo f  f raming.
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T r u s s e s

T h e  t r u s s  r e s u l t s  r e p o r t e d  i n  T a b l e  I I I  a r e  b a s e d  o n  t e s t s
conducted  in  the  l igh t  o f  these per fo rmance c r i te r ia ,  whereas  the
t r u s s  t e s t s  r e p o r t e d  i n  T a b l e  I I  w e r e  c o n d u c t e d  b e f o r e  t h e s e  c r i t e r i a
had been deve loped.  Because o f  the  la rge  number  o f  tes ts  on  t russes ,
however,  there are suff ic ient data avai lable on the factors affect ing
s t rength  and de f lec t ion  to  permi t  assessment  o f  the  t russ  resu l ts  in
T a b l e  I I .

E f fec t  o f  T russ  SIope

The effect of  roof s lope on truss def lect ions is shown in
F igure  5 ,  wh ich  ind ica tes  the  average 'mid-span de f lec t ion  f .o r  28- f t  span
sPruce t russes  w i th  s imi la r  s ize  main  rnernbers  and na i l ing  ca lcu la ted
for the same design load. At a def lect ion of.  l /360 of the span, the roof
load p lus  the  ce i l ing  load (10  ps f )  was  48  ps f  fo r  a  t russ  s lope o f .  l f  t z ,
7 I  ps f  fo r  a  s lope o f .  a /LZ and 96  ps f  fo r  a  s lope o f .5 / tZ .

Under  a  roo f  load  o f  50  ps f ,  3 / tZ  s lope t russes  de f lec ted
0 . 9 5  i n .  ,  4 / 1 2  s l o p e  t r u s s e s  a b o u t  0 . 6 5  i n . ,  

" r r d  
5 / t Z  s t o p e  t r u s s e s

0.  45  in .  ,  even though the  load per  na i l  was  approx imate ly  the  same in
a l l  cases .  Th is  can be  exp la ined by  the  fac t  tha t  the  de f lec t ion  caused
by a given amount of nai l  s l ip at the joints and the def lect ion caused by
ax ia l  s t ra ins  in  the  rnembers  is  inc reased as  the  s lope is  decreased.

The average fa i lu re  load fo r  these
s l o p e  o f . 3 / t 2 ,  l 3 l  a n d  I 3 5  p s f  f o r  a  s l o p e  o f
o f  5 / tZ .  Th is  rneans  tha t  + / tZ  s lope t russes
s t ronger  and 5 /L2  s lope t russes  about  35  per
s l o p e  t r u s s e s .

t r u s s e s  w a s  1 0 7  p s f  f o r  a

+ f  tZ ,  and 145 ps f .  fo r  a  s lope

were  about  Z5  per  cent

cent stronger fnan 3/ lZ

Ef fec t  o f  T russ  Span

Figure  7  shows the  e f fec t  o f  t russ  span on  t russ  de f lec t lon .
AI I  t russes  in  th is  case are  spruce w i th  a  s lope o f .  a /  IZ  and na i l ing
ca lcu la ted  to  suppor t  the  sarne  des ign  loads .  A  roo f  load  o f  ? l  ps f  was
requ i red  to  cause a  de f lec t ion  equa l  to  l /360  o f  the  span fo r  the  zg- f t
t russ ;  loads  o f .84  ps f  fo r  the  z6- f t  span,  and g7  ps f  fo r  t ]ne  z4- f t  span
were  requ i red  to  p roduce the  same def lec t ion  ra t io .  That  i s ,  a t  a
def lec t ion  o f .  r /360 o f  the  span the  26- f t  t russes  suppor ted  lg  per  cent
rnore  roo f  load  and the  ZL- f . t  t russes  about  23  per  cent  rnore  roo f  load  than
the  Z tJ  - f t  span t russes .  These va lues  ind ica te  a  t rend towards  s t i f fe r
t russes  in  te r rns  o f  the  de f lec t ion  to  spanra t io  w i th  the  shor te r  spans .
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The fai lure load for

Z6- f t  t russes  i t  was  f  30  lb /sq

Truss  Mernber  S izes

ZB- f t  t russes  was l3 I  Lb /sq f t ;  fo r

f t ;  and fo r  24- f t  t russee i t  was  165 lb /sq  f t .

The def lect ion curves in Figure B,show the relat ive effect of

member  s izes  on  de f lec t ion  charac ter ie t i cs  and s t rength .  These curveg

show the mid-span def lect ion of.  28-f t  span, +/tZ'sLope spruce trusses

with ident ical  nai l ing. Al though these curves are in rnost instances based

on a  s ing le  tes t  ( two t russes)  the  resu l ts  ind ica te  a  t rend,  showing an

increase in st i f fness by subst i tut ing 2 x 6 chord rnembers for 2 x 4

members .  The roo f  load  necessary  !o  cause a  de f lec t ion  o f  l /360

of the span, for example, is about 68 psf i f .  Z x 4 rnernbers are used

throughout ,  79  ps f  i f .  Z  x  5  top  chords  are  used,  8 l  ps f  i f .2  x  6  bo t to rn

chords  are  used,  and 102 ps f  i f .2  x  5  top  and bo t to rn  chords  are  used.

Bottom chords of Z x 6 seem to contr ibute more in reducing def lect ions

than 2 x 6 top chords at roof loads below 90 psf,  but the revef se seerns

t rue  a t  loads  above 90  ps f .

The fa i lu re  load was 135 ps f  fo r  t russes  rnade en t i re ly  o f  2  x  4 te ,

and increased on ly  to  I40  ps f  i f .2  x  6  bo t to rn  chords  were  used.  When

2 x6  top  chords  were  used,  however ,  the  fa i lu re  load was increased to

l7 l  ps f ,  and i f  Z  x  6  chords  were  used bo th  top  and bo t tom the  fa i lu re

load was increased on ly  to  176 Lb /sq t t .  Th is  pa t te rn  o f  inc rease is

understandable when one considers that the fai lures in trusses with

2 x 4 top chords occurred when the top chord broke in bending. When

2 x  6  top  chords  were  used fa i lu re  occur red  in  one ins tance a t  the  cent re

spl ice in a mernber containing dry rot,  and in the other case by lateral
instabi l i ty of  the structure.

The sarne pattern of behaviour may be seen in the results
l i s ted  in  Tab le  I I I ,  where  the  fa i lu re  load fo r  Z8- f t  span 3 / tZ  s lope
t russes  was increased f ro rn  107 to  184 ps f  i f .2  x  6  top  chords  were
subst i tuted for 2 x 4ts,  even though the nai l ing was the sarne. This change
a lso  reduced the  de f lec t ion  f rom 0 .95  to  0 .  ?5  in .  (about  2 l  per  cent
l e s s )  a t  a  5 0  p s f  r o o f  l o a d .

Nailing

As rnay  be  seen in  F igure  9 ,  de f lec t ion  ls  cons iderab ly  in f luenced
by the nai l ing. Figure 9 is based on tests of.}B-f t  span +f tZ slope spruce
trusses. At a def lect ion equal to l /360 of the span the roof load was
7 l  ps f  when fu l l  na i l ing  was used,  55  ps f  when i t  was  reduced by  one
third, and 44 psf when i t  was reduced by one half .  In other words, when
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the  na i l ing  was reduced 33  per  cent ,

a  de f lec t ion  o f  l /360  o f  the  span was

a 50 per cent reduct ion the roof load
by  on ly  38  per  cent .

the roof load carrying capacity at

reduced by only 23 per cent;  and at

caus ing  th is  de f lec t ion  was reduced

The fai lure load for these trusses with ful l  nai l ing was
I 3 l  l b / s q  f t  ( T a b l e  I I ) ;  a t  t w o - t h i r d s  n a i l i n g  i t  w a s  1 0 5  p s f  ( T a b l e  I I I ) ,
or about 80 per cent of value for ful l  nai l ing; at  one-hatf  nai l ing i t  was
87 lb /sq f t  (Tab le  I I I ) ,  o r  about  56  per  cent  o f  s t rength  w i th  fu l l  na i l ing .
I t  is of  interest to note that the trusses did not fai l  at  the joints,  even
at one-half  nai l ing; fai lure was invariably structural  -  in the chord
members .  I t  must  be  assurned,  there fore ,  tha t  the  reduc t ion  in  load-
car ry ing  capac i ty  was caused by  an  inc rease in  to ta l  s t resses  resu l t ing
f ro rn  the  grea ter  d is to r t ion  o f  the  t russ  w i th  reduced na i l ing .

Durat ion of Loading

The de f lec t ion  o f  t russes  under  a  re la t i ve ly  long te rm load ing
may be  seen in  Tab le  V  fo r  var ious  roo f  loads .  The percentage increase
in def lect ion after a given t i rne interval  was fair ly constant and relat ively
independent of the appl ied load. The average increase in def lect ion after
one hour of loading was 6 per cent;  af ter one day, 26 per cent;  af ter
one week, 55 per cent;  and after one rnonth, 9T per cent.  During this
ser ies  o f  tes ts  t russes  sub jec ted  to  an  80  ps f  roo f  load  co l lapsed due to
la te ra l  ins tab l l i t y  a f te r  IZ  days ,  and those sub jec ted  to  60  ps f  roo f  load
co l lapsed a f te r  ZZ days  fo r  the  sarne  reason.  These fa i lu res  were  no t
cons idered t rue  fa i lu res ,  however ,  because the  sarne  t russes  ins ta l led
in  a  house roo f  wou ld  rece ive  cons iderab ly  rnore  la te ra l  res t ra in t  than
was Prov ided in  th is  tes t  fo r  on ly  one pa i r  o f  t russes  sheathed w i th  I  x  6
board sheathlng. The rernaining trusses cont inued to show def lect ion
recovery for one month after the loads had been rernoved.

Locat ion of Part i t ions

It  has been cof i rr ' 'on pract ice among sorrre authori t ies to
cons ider  par t i t ions  loca ted  beneath  t russes  as  non- load bear ing .  A t though
to the authorrs knowledge this has not caused any di f f icul t ies, tests
ind ica te  tha t  t russes  de f lec t ing  under  load can exer t  cons iderab le  fo rce
on a  par t i t ion  res t ra in ing  th is  de f lec t ion  (F igure  l0 ) .  A t  a  40  ps f  roo f
load and l0  ps f  ce i l ing  load,  fo r  example ,  th is  load  has  been measured
at 44o lb/ truss i f  the part i t ion is located at the centre of the span,
1800 lb/ truss i f  the part i t ion is located at the junct ion of the diagonal
members, and 240 lb/ truss i f  i t  is located mid-way between the end panel
po in ts .  These va lues  are  fo r  a  ?6- f t  span,  4 / tz  s rope spruce t russ  o f
the t lpe shown in Figure 4.
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I f  the  par t i t ion  y ie lds ,  these loads  w i l l ,  o f  course '  be

reduced, but the amount of y ielding to el iminate load should equal the

t russ  de f lec t ion  a t  the  loca t ion  o f  the  par t i t ion  when the  t russ  is  s imp ly

suppor ted  a t  the  ends  on ly .  There  is  a  poss ib i l i t y ,  there fore ,  tha t  i f

open ings  in  par t i t ions  are  f ra rned as  non- load bear ing  so l r re  darnage

to  the  wa l l  f in ish  may resu l t  i f  t russes  are  sub jec ted  to  subs tan t ia l  snow

loads .  There  is  no  ques t ion  o f  s t ruc tu ra l  co l lapse,  however ,  because

the  load is  reduced as  the  par t i t ion  y ie lds .

Cant i l  ever in g of T rus s e s

T h e  c a n t i l e v e r i n g  o f  r o o f  t r u s s e s  ( o r i g i n a l l y  d e s i g n e d  t o  b e

end suppor ted)  in  such a  way tha t  the  suppor t  on  the  cant i levered  end l ies

between two end pane l  po in ts  can lower  the  u l t imate  s t rength  o f  a  t russ .

Th is  cant i lever ing  rnay  a l  so  cause a  reversa l  o f  s t ress  in  the  web

members  on  the  cant i levered  s ide  as  we l l  as  the  cant i levered  por t ions

of  the  chord  rnernbers .  Fur ther  work  seems to  be  requ i red  in  deve lop ing

a s tandard  de ta i l  fo r  can t i lever ing  t russes  or ig ina l l y  des igned to  be

end suppor ted .  The rne thod used here ,  whereby  the  chord  rnernbers  on

t h e  c a n t i l e v e r e d  e n d  w e r e  i n c r e a s e d  f r o m  2  x  4  t o  Z  x 6  a n d  a  v e r t i c a l

s t ru t  wedged be tween top  and bo t to rn  chords ,  was  no t  adequate  to

develop strength equal to that of  the end supported trusses with sirni lar

na i l ing .  F igure  I  I  shows the  resu l ts  o f  th ree  tes ts  on  cant i levered

t russes  in  wh ich  the  suppor t  on  the  cant i levered  end was loca ted  rn id -

way be tween pane l  po in ts  and a  Z  x  4  s t ru t  was  wedged be tween the  top

and bo t to rn  chords  a t  the  suppor t .  In  F igure  l l (a )  the  t russes  were  o f  the

sarne t1rye as those shown in Figure 3, except that the top chord rnernbers

on the  cant i levered  s ide  were  Z  x  6  and the  na i l ing  was reduced to  Z /3 ,

the  na i l ing  shown in  F igure  3 .  The long d iagona l  ( l  in .  th ick )  began to

buck le  in  cornpress ion  a t  fa i r l y  low load ing  and f ina l l y  b roke  be fore  a

to ta l  roo f  load  o f  80  ps f  had been reached,  a t  about  the  sarne  t i rne  as  the

top  and bo t tom chords  broke a t  the  cant i lever ing  suppor t .  A  t russ  w i th

sirni lar nai l ing using Z x 4 top chords and supported at the ends would

have a  fa i lu re  load o f  approx imate ly  105 lb /sq  f t  (Tab le  I I I ) .

T r u s s e s  i n  F i g u r e  1 l ( b )  a n d  ( c )  w e r e  s i r n i l a r  t o  t h e  d e s i g n  i n

Flgure 4, except that Z x 6 top and bottom chord rnernbers were used on

the  cant i levered  end.  These t russes  had fa i lu re  loads  o f  80  and 100 Ib /sq

and fai lure occurred on the cant i levered end with the breaking of the top

and bottorn chords in bending at the support .  A sirni lar t russ with 2 x 4

members  th roughout  shou ld  have a  fa i lu re  load o f  135 ps f  when suppor ted

a t  t h e  e n d s  ( T a b l e  I I ) .

ft
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Appl icat ion of Results

This test prograrn has shown that l f  the design load per nai l
and the  mernber  s izes  are  cons tan t  the  resu l ts  o f  tes ts  on  t russes  o f  a
given span and roof s lope rrray be conservat ively appl ied to shorter
sPans and s teeper  s lopes  w i thout  the  necess i ty  fo r  fu r ther  tes ts  to
deve lop  t russ  des igns  o f  a t  Ieas t  equa l  per fo rmance.  The number  o f
na i l s ,  a lso ,  can  be  sa fe ly  reduced ln  p ropor t ion- to  the  roo f  1oad,  o r
more  conserva t ive ly  s t i l l ,  in  p ropor t ion  to  the  to ta l  load  ( roo f  p lus
ce i l ing) ,  so  tha t  i f  a  g iven  des ign  is  p roo f  tes ted  fo r  adequacy
in a given snow load area, the nai l ing may safely be reduced in proport ion
to  the  to ta l  load  to  deve lop  des igns  fo r  t russes  fo r  a reas  w i th  lower
snow loads .

As  ment ioned prev ious ly ,  the  resu l ts  o f  the  tes ts  in  Tab le  I I
a re  fo r  shor t  te rm tes ts  on ly  and were  de ter rn ined be fore  accepted
per fo rmance c r i te r ia  had been deve loped.  However ,  on  the  bas is  o f
the  tes t  resu l ts  shown in  Tab les  I I I  and V,  one r r lay  a t tempt  to  assess
the  per fo r r r rance o f  the  t russes  in  Tab le  I I  in  re la t ion  to  these per fo rmance
cr i te r ia .

The precise relat ionship between the rnaxirnurn load that
can be  car r ied  by  a  t russ  over  a  z4-howr  per iod  as  compared to  the
short  term fai lure load is di f f icul t  to establ ish without extensive test ing.
some use can,  however ,  be  made o f  the  da ta  in  Tab le  I I I ,  showing the
rnax imum proof  load  car r ied  by  the  t russes ,  and the  cor respond ing  fa l l i r re
loads  when the  t russes  were  tes ted  to  des t ruc t ion .  T lne  }4 -hour  p roo f
Ioads  shown in  Tab le  I I I  a re  no t  necessar i l y  the  la rges t  Z4-hour  load
that could have been carr ied, however,  s ince t ine z4-hour proof loads
were  app l ied  on ly  in  20  ps f  inc rements .

In  examin ing  the  resu l ts  o f  Tab le  I I I ,  i t  can  be  seen tha t
the rat io of the Z4-hour proof load to the short  terrn fai lure load was
0.76 f .or zB-f . t  span 4/rz slope trusses with z/ l  tne nai l ing shown in
Figure 3. In applying this rat io to the measured fai lure loads shown in
Table I I  to predict  the maximurn z4-hour proof loading that can be
carr ied, the results should be on the conservat ive side. By rnult ip ly ing
this rat io by the fai lure loads in Table I  I ,  i t  can be shown that al l  but
two t russes  wou ld  suppor t  a  24-hour  p roo f  load ing  o f  100 ps f ;  and tha t
of these two the weakest truss should be able to withstand a Z4-hour
proo f  load ing  o f  9?  ps f .  A  9?  ps f  p roo f  load  shou ld  be  acceptab le  fo r
snow load areas  o f  48 .  5  Lb /sq f t .  cons ider ing  tha t  the  0 .  76  f .ac to r  rnay
be sl ight ly low ( in view of the 20 psf incrernent of proof loading) i t  would
seem reasonab le  fo r  a l l  p rac t ica l  purposes  to  cons ider  a l l  t russes  in
Tab le  I I  as  meet ing  the  per fo r rnance requ i rement  o f  suppor t i4g  tw ice  the
des ign  snow load o f  50  ps f  f .o r  24  hours .
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With regard to the requirements for l i rni t ing def lect ion, i t

may be seen from Table V that an increase in def lect ion after one hour

of loading should not be more than about 6 per cent.  I f  th is increase in

def lec t ion  is  app l ied  to  the  de f lec t ions  shown in  Tab le  I I  fo r  50  ps f  roo f

loads, the def lect ions would st i l l  be wel l  within the l imit  of .  l /360 of the

span. I t  would appear reasonable to conclude therefore that the trusses

in  Tab le  I I  must  rneet  the  accepted  per fo rmance c r i te r ia  fo r  t russes
for  a  50  ps f  snow load.

On the  bas is  o f  these cons idera t ions  th ree  na i l ing  schedu les

have been prepared to  p rov ide  t russ  des igns  to  cover  a  range o f  spans ,

s lopes  and snow loads  to  sa t is fy  the  per fo rmance requ i rements  ee tab l i shed

in  the  1963 Hous ing  Standards .  Tabte  VI  l s  a  na l l ing  schedu le  f ^or  4 f  12

and 5 / I2  s lope spruce t russes  w i th  spans  o f  f rom 16 to  28  f t  and snow

Ioads of 30, 40 and 50 psf for the type of t russ shown in Flgure 3,

Table VII  Is slml lar except that l t  appl ies to the type of t russ

shown ln Figure 4. Table VII I  is the nai l ing schedule f .or 3/12 slope

spruce trusses of the t1rye shown in Flgure 5. In thls case the spans also

range frorn 16 to ZB f t  and nal l ing is deterrnined for 30, 40 and 50 psf

snow loads .

Conc lus ions

l.  Convent ional construct ions but l t  pr ior to the introduct ion

of  the  l96Z and I963 Hous ing  Standards  show a  w ide  range o f  load  car ry ing

capacit ies, sorne of which are as low as l8 psf under a short  terrn loading.

z. The c r i te r ia  o f  acceptab le  per fo rmance s ta tes

trusses must withstand twice the design snow Load fot 24
not def lect rnore than l /360 of the span under design load

It  provides for roofs that are considerably stronger than
f ramed roo fs .

that roof

hours and must

after one hour.

most convent ional ly

3 .  The s t i f fness  o f  t russes  w i th  mernbers  o f  s i rn i la r  s ize  and
na i led  jo in ts  des igned fo r  the  sarne  load is  inc reased as  the  s lope is
i n c r e a s e d  o r  a s  t h e  s p a n  i s  d e c r e a s e d .

4. Increasing the rnember sizes frorn 2 x 4 to Z x 6 in the top or

bo t to rn  chords  inc reases  the  s t i f fness  and s t rength  o f  t russes .  Inc rease

ln  s t rength  is  most  rnarked when the  top  chord  rnembers  are  inc reased
in  s ize .

5 .  T r u s s  s t i f f n e s s  i s  d e c r e a s e d  a s  t h e  n a i l i n g  l s  d e c r e a s e d .  I f

the  number  o f  na i l s  i s  reduced by  a  cer ta in  percentage,  the  load requ i red
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to  cauee equa l  de f lec t ion  w i l l  be  decreased by  a  smal le r  percentage.

6. Truss  s t rength  is  dependent  to  some ex ten t  upon t russ
s t i f fness .  l f  t russes  o f  s im i la r  member  s ize  and geomet ry ,  bu t  w i th
jo in ts  des igned fo r  d i f fe ren t  load ings ,  a re  tes ted  to  fa i lu re  and fa i lu re
occurs  in  the  members  and no t  a t  the  jo in ts ,  the  s t i f fe r  t russes  w i l l
have h igher  fa i lu re  loads .

7 . The percentage increase in  t russ  de f lec t ions  over  an  ex tended
per iod  o f  t ime seems la rge ly  unre la ted  to  the  magn i tude o f  the  load.
For  t russes  made w i th  2  x  4  mernbers ,  the  inc rease in  de f lec t ion  is
about 6 per cent after one hour,  26 per cent after one day, 55 per cent
after one week, and 9T pet cent after one month.

8. contrary to popular concept ion, part i t ions located beneath
t russes  can be  sub jec ted  to  loads  in  excess  o f  those born  by  par t i t ions
loca ted  beneath  f ramed roo fs .

9 .
so that i t

10 .
program rneet  the  above c r i te r ia
s ince  been incorpora ted  in to  the
roo fs  o f  adequate  per fo rmance in
were  deve loped.

cant i lever ing  o f  t russes  beyond the i r  des igned end suppor t
i s  loca ted  be tween pane l  po in ts  can ser ious ly  weaken thern .

T h e  r o o f  t r u s s  d e s i g n s deve loped on  the  bas is  o f  th is  tes t
o f  acceptab le  per fo rmance (wh ich  has

Hous ing  Standards)  and shou ld  p rov lde

those snow load areas  fo r  wh ich  they
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TABLE I

SUMMARY OF RESULTS OF SHORT TERM TESTS ON
CONVENTIONAL CONSTRUCTIONS WITH SPRUCE JOISTS

AND RAFTERS SPACED t6 in. O. C.

Type of
Construct ion

Raf te r

S i z e
: -
t r l .

Collar

T i e

S i z e

in .

Type o f

End

Supports

>F

Ult imate

Roof

Load
( P s f )

S e e

Figure

Zx4

2x4

2x4

Zx4

Rol le r  s

Fixed

56

7Z

Zx6

2x6

Zx6

2x6

l x 5

I x 5

? x 4

Z x 4

Rol le r  s

Fixed

Rol le r  s

Fixed

63

I I 3

6z

r08

Z x 8

Z x B

? x 4

Z x 4

Rol le r  s

F ixed

89

rz5

S e e

Figur e

2x4

Zx4

?x4

2x4

Rol le r  s

F ixed

I 8

t 8

? x 8

2 x B

2x4

2x4

Rol le r  s

Fixed

46

46

d '  In  add i t ion  to  l0  ps f  ce i l ing  load



TABLE I I

CONDENSED SUMMARY OF RESULTS OF SHORT TERM TESTS

(

ON NAILED w TRUSSES SPACED 24 in.  O. C.

Type

of
T r u s  s

Span

ft

Slope Upper

Chord

S ize

in.

Lower

Chord

S ize

in.

Lower Chord

Def lect ion

Rat io for  40
. x

pS l  l (OOf  J -oac l

Percen tage  o f

R e c o v e r y

af ter  40 psf

Roof  Load

Removed

Lower Chord

Deflection

Ra t i o  f o r  50

ps f  Roo f  Load {

Fai lur  e

L o a c l '

(psf)

Spruce
( s  e e

F i g u r e  3 )

z4
z4
z6
2 h

z8
z8
z8

5 /

4/

4/

4/
4/

z
?

z
z
2

z
z

2 x 4
2 x 4

Z x 4
2 x 4

2 x 4

Z x 4
Z x 5

Z x 4
Z x 4
Z x 4

Z x 4

Z x 4

Z x 4
Z x 4

L /9Lo
L /8zo
L /B7o
r /8oo
|  /890
L  /600
r /690

69
78
69
t )

7 Z

7 L

7 7

r / 740
t /670
r /7zo
r / 660
r /?40
r  /5oo
r / 570

1 6 3
l b 5

143

1 3 0
t45

l 3 l
t 4 2

Spruce
( s e e

F igure  4)

z6
z8
z8
z8
z8

4/  rz
+/  rz
4 /  rz
4 / rz
4/ rz

2 x 4

Z x 4
2 x 6

Z x 4
Z x 6

Z x 4

Z x 4
Z x 4

2 x 6

2 x 6

t  /6 ro
r  /6Lo
L /650
r  /8oo
t / Lo3o

7 L

7 0

7 3

7 9
7 9

|  /5oo
L/5rc
r /550
r /650
r /B4o

I Z?
r35
I  7  I ' l ' *

140>i<v'<

I ? 6r,.*

Doug las  F i r  ( see

Figure 4)

) A

z8
+/  tz
+/  tz

Z x 4
Z x 4

Z x 4
Z x 4

| / .650
r  /590

66
74

r /,520
r  /470

r36
I T 7

, i .  In  addi t ion to 10 psf  ce i l ing load
'k ' l  Based on one test  onlv



TABLE I  I  I

SHORT TERM TESTS ON TRUSSES TO DETERMINE ACCEPTABILITY
FoR vARIous sNow LOAD AREAS. TRUSSES spAcED 24 i... o, c.

Typu

of

T  r u s s

Span Slope Upper

Chord

Size

Lower

Chord

S ize

Lower  cho rd  de f l ec t i on  ra t i os

af ter  I  -hr  loadi r rs

Max.  roof

load

sus ta ined

for  24 hr{ '

( ps f )

Ave rage

fa i lur  e

l oao

( p s f )

3 0  p s f

Roof
Loado'

4 0  p s f

Roof
.LOaO

5 0  p s f

Roof
Load 'F

6 0  p s f

Roof
Loadx

Spruce

( s e e

F igu re  5 )

z8

z8

3/  rz

3  / rz

Z x 4

2 x 6

Z x 4

2 x 4

r  / 415

L /390

8 0

l z 0

1 0 7

1 8 4

Spruce
( s e e  N o t e  I

be low)
2 8 4/  rz Z x 4 2 x 4 | /5rc 6 0 8 7

Spruce

( s e e  N o t e  2

be low)

z8 4 /  Lz 2 x 4 2 x 4 r  /470 8 0 I 0 5

Note I - T!us3€3 sirnilar to those in Figure 3 except that the nurnbe! of nails $?as teduc€d to 50 per cert
of the nurhber shown in Figule 3

-\

Note 2 - Trusses similar to those ir Figure 3 except that th€ nurnber of nails was reduced to Z/3 of. tb,e 
a \nurnber shown ia figure 3

* In addition to I0 psf ceiling load



TABLE IV

SUMMARY OF LONG TERM TESTS ON CONVENTIONAL CONSTRUCTION

lz4-ft spAN, 5/LZ SLOPE, Z x 6 SFRUCE RAS.TERS
AND JOISTS SPACED 16 in.  O.  C.  (FICURE t ) )

TESTED ON ROLLER SUPPORTS

Load ing

P h a s  e

App l ied

R o o f

Load

(p  s f )

Joist Splice Separation
( in.  )

Peak Def lect ions
(in. )

Mid -span Rafter
Def l  ect ions,  P erpendicular

to Slope ( in .  )
5

Min.
I

Hour

I
Dev

I

Week

I
Month

- 5

Min.
I

Hour
l

Day

t
W e e k

I

Month
5

Min.
I

Hour

I

Day
I

W e e k

I

Month

Firs t  appl icat ion

of ' long terr r r  roof

and ceil ing load

z0

40

0 . 0 3 ?

0 .  i 0 g

0 . 0 3 9

0 .  l i 5

0 . 0 5 0

0 .  r44

0 . 0 6 ?

0 .  233

1 0 9

384

0 .

0 .

0.  rz

0 . 3 9

0 .

0 .

l 3

4 3

0 .  l 6

0 . 5 5

0 .  2 3

v .  I  I

0 . 3 5

r .  09

0 . 0 8

0.  zz

0 . 0 8

0 .  2 4

0 .

n

l 0

3 0

0 .  1 4

0 . 4 3

0 .  1 9

0 . 6 3

Roof  loads  and

ce i l ing  loads

r  e m o v e d

0 0 0 . 0 6 0

0 . 3 l g

0 . 0 5 9

0 . 3 1 6

0 . 0 5 7

o .3 t z

0. 04rl

0 .  3 1 0

047

3 0 3

0

0

o.  z0

0 . 8 2

0 .  zo

0 .  8 1

0 .  z0

0 . 8 0

0 .  1 9

0 . 7 8

0 .  l g

u .  { 6

0 .  l 0

0 . 4 2

0 .  l 0

0 .  40

0 . 0 9

0 .  3 9

0 . 0 9

0 . 3 8

0 . 0 8

0 . 3 5

' i '  S t ruc tu re  o r ig ina l l y  loaded w i th  Z0  ps f  roo f  load

' i ' : l<  S t ruc ture  or ig ina l l y  loaded w i th  40  ps f  roo f  load



TABLE V

SUMMARY OF LONG TERM TRUSS TESTS (26.ft  SPAN, 4/12 SLOPE
SPRUCE TRUSSES SPACED 24 in. O. C. OF DESIGN SHOWN

IN FIGURE 3 vrITH 2 x 4 TOP AND BOTTOM CHORDS)

Loading

Phase

A,ppI ied

Roo f

Loads

MID SPAN DEFLECTIONS OF LOWER CHORDS
5  M inu tes I  Hour I  Dav I  W e e k Month

In. In. P  e r  c  en tage

Inc rease

over 5 -min

Def lect ions

rn_ Pe r  cen tage

Inc r  ea  s  e

over 5 -min

De f l ec t i ons

In. P  e r  cen tage

Inc r  ease

over 5 -min

Def le ct ions

Pe  r  cen tage

Inc rease

over 5 -min

Def lect ion s

F i r s t  app l i ca t i on

o f  I ong  t e rm  roo f

l oads  and  ce i l i ng

l oad  s

a i

40

O U

8 0

0 .  3 0

0 . 5 5

0 , 7 9 5

I .  T Z

0 .  3 1 5

0 .  5 8

0 , 8 4

I .  Z l

5

5

6

8

0 .  3 8 5

0 .  6 8

0 . 9 8 5

r .  4 2

z 8

z 4

2 4

z 7

0 . 4 8

0 . 8 3

l .  l 9

t -  I  ) )

6 0

l l

) U

) t

0 . 5 0

r .  0 6

1 0 0

o ?

Roo f  l oads  and

ce i l i ng  l oads

removed

In. P er  c entage

Re  cove rv

P  e r  cen tage

Rec  ove r  v

P erc entage

Recove r  v

In. Pe r  cen tage

Recove r  v

Tn Per  cen tage

Recove r  y

J J f

5 U 5

44

5 Z

0 .  3 2

0 .  4 9

47

5 4

n  2 a (

o. 445

5 I

f 6

v .  a o )

0 , 3 9

5 6

o 5

58

o a

Second  app l i ca t i on

o f  l ong  t e rm  roo f

l oads  and  ce i l i ng

l oads

z0

40

In. Pe rcen tage  o f

Or ig ioal

I -mo

Def le ct ions

In. Pe rcen tage  o f

Or i ginal

I  -mo

Def lect ion s

I n Percen tage  o f

Or ig inal

I  -mo

Def lect ions

In. Pe rcen tage  o f

O r i g i na l

l  -mo

Def lect ions

In. Pe rcen tage  o f

Or ig inal

I  -mo

Def lect ions

.  5 2 5 8 8

6 )

o.  545

0 . 9 1 5 8 6

n 5 5 5

9 4

a ?

8 9

0 .  5 8

r ,  0 0

9 7

9 4

*  T russes  o r i g i na l l y  l oaded  w i t h  20  ps f  r oo f  l oad

/ t *  T russes  o r i g i na l l y  I oaded  w i t h  40  ps f  r oo f  l oad

*tr*  Structure col lapsed due to lateral  instabi l i ty  af tet  22 days

* * * *  S t ruc tu re  co l l apsed  d i . r e  t o  l a t e ra l  i n s tab i l i t y  a f t e r  l 2  days .



TABLE VI

NUMBER OI'NAILS REQUIRED AT VARIOUS JOINTS FOR

DII.I.ERENT SNOW LOAD AREAS. TRUSS DESIGNS IN FIGURE 3

SPACED 24 in.  O.C.  SPRUCE -  2 x  4 TOP AND BOTTOM CHORDS

Snow

load

ar  ea

Slope Span Joint Ioeation

( s e e  F i g u r e  3 )

l n . o
3 - in. nai ls

@
3 -in. nails

o
2* -in. nails

@
2* - in. nai ls

@
3 - in. nai ls

3 0  p s f 4/ rz

l 6

I 8

z0
zz
z4
z6
z8

4

4

4

4

4

4

4

9
l 0
I I
TZ
l 3
t 4
I 5

8

9

l 0

I I

T Z

l 3

l 4

5

5

5 .

5

5
t

5

5

6

7

7

8

9
9

5
6
I

7

8
o

9

3 0  p s f 5/ rz

r6
I 8

z0
zz
z4
z6
z8

4

4

4

4

4

4

4

7

8

9
I O

t 0

I I

T Z

7

7

I

9
I O

t 0

l l

)
t

5

5

5

f

)
6
6
T

8

8

9

f

5
6
6
(

t

8

40 psf 4/  tz

1 6
l 8
zo
zz
z4
z6
z8

4

4

4

4

4
t̂

4

LZ
t 3
1 5
l 5
I ?
l 9
z0

I I

L Z

l 3

l 4

l 6

t 7

l 8

f

5

t

5

t

)
5

7

8

9
I O

l l

l l

LZ

I

8

9
t 0

I I

1 l

t 2

40  ps f 5 /  L z

1 6

l 8

zo
zz
z4
z6
z8

4

4

4

4

4

4

4

t 0

I I

I Z

l 3

T 4

l 5

l 6

9
I O

I I

t z
I 3
t 4
l 5

5

)
f

f

5

5

7

I

I

9
l 0

l t

I Z

6

7

8

I

9
I O

l 0

5 0  p s f 4/  rz

l 6

l 8

z0
zz
z4
26
Z B

4

4

4

4
^

4

4

L 7

I 9

Z I

z3
z5
z7
z9

I 6

I B

zo
Z L

z3
z5
z7

5

f

f

5

5

5

5

t l

t z
I 3

I 4

l 6
t 7

l 8

l l

I Z

I 3

t 4

r 6
l 7

I 8

5 0  p s f 5/  rz

r 6
l 8

z0
zz
z4
z6
Z B

4

4

4
4

4

i

I A
I T

l 6

L 7
1 0

zo
zz
z4

l 3

t 4

I 6

t 7

l 9

zo
z2

5

5

5

5

5

5

5

l 0

I I

I Z

I 4

l 5

l 6

I '

9
l 0
l l

t z
t 3
t 4
I 5



NUMBER OF 3- in.

DIFFERENT SNOW

SPACED 24 in.  O.  C.

T A B L E  V I ]

NAILS REQUIRED AT VARIOUS JOINTS FOR

LOAD AREAS. TRUSS DESIGN IN T'IGURE 4

SPRUCE -  Z x 4 TOP AND BOTTOM CHORDS

Snow

Ioad

a r e a

Slope Span Jo in t  loca t ion

( s e e  F i e u r e  4 )
f+ I n . I (z) ( 3 ) &\ (5) (6)

3 0  p s f 4/ rz

l 6
l 8
z0
zz
z4
z6
z8

4

4

4

4

4

4

4

q

l 0
l l
t z
l 3
t 4
l 5

8

9
l 0
l l
I Z
l 3
T 4

)
7

)
7

3
3
3

3
3
5

A

4

4

4

5

4

4

4

5

5

5
6
1
a

7
I

9
9

3 0  p s f 5 /  Lz

T 6
l 8
zo
zz
z4
z6
z8

4

4

4

4

4

4

4

7

8

9

l 0

I O

l l

L Z

I
I

7

8

9
l 0

l 0

l l

z
z
z
z
z
3
3

)

3
3
3
3
4
=̂

3
3
4
A
T

4
5
5

5
5
6
6
I

7

8

40  ps f +/ tz

r5
1 8

? 0
zz
z4
z6
z8

4

4

+

4

4

4

4

T Z
I 3
l i r
I 6
I 7
l 9
zo

l l

t z
I 3
L 4
l 6
t 7
l 8

)

3
3
3
4
4
4

4

4

4

5

5

6

6

4

5

f

6
6
I

I

7

8

9
l 0

I I

t l

LZ

40 psf s/  rz

I 6
l 8
2 0
zz
z4
z6
) 9

4

4

4

4

4

4

4

l 0

I I

I Z

l 3

L 4

l 5

l 6

9
i 0
t l
I Z
l 3
T 4
l 5

)

3
3
3
3
4
4

3

4

4

4

4

5

5

4

4

f

5
6
6
6

6

8

8

9

l 0

l 0

5 0  p s f +/  rz

l 6

l 8

z0
zz
z4
z6
Z B

4

4

4

4

4

4

4

L I

I 9
z l
z3
z5
z7
) q

l 6

I 8

z0
Z I

z3
z5
z7

3

4

4

4

5

5

5

5

5

6

7

7

8

8

6
I

a

8

9

l 0

l 0

l l

l z
I 3
L 4

l 6

I 7

l 8

5 0  p s f 5 /  L z

I O

I B

z0
zz
) A

z6
L 6

4

4

4

4

4

t 4
r6
L 7
t 9
zo
zz
) 4

l 3
I +

r6
t 7
l q

) n

zz

3
A

I

4

4

5

5

4

5

5

6

6

7

5

6

7

I

I

9
q

9
l 0
1 I
1 Z
I 3
I A
t a

I 5



TABLE V I I I

NUMBER OF 3-iN. NAILS REQUIRED AT VARIOUS JOINTS FOR

DIFFERENT SNOW LOAD AREAS. TRUSS DESIGN IN FIGURE 5

SPACED 24 in. O. C. SPRUCE - 2 x 4 LOWER CHORDS

Snow

Ioad

ar ea

Span Joint locat ion

( s e e  F i g u r e  5 )

ft ln. I z 3 4 5 6

30  ps f
(Zx4  t op  cho rd )

t 6

IB

z0
zz
z4
z6
ZB

4

4

4
4

4

4
+

I7

I9

2Z

z3
z6
ZB

30

I7

I9

ZT
23

z5
z7
z9

3

3

4
4

4

5

5

6
6
7

I

8
9
9

6

6

7

7

8

9
9

I I

r3
l 4

I 5

L 7

I 8

1 9

30  ps f
(2x6  t op  cho rd )

I 6

IB

z0
zz
24
z6
z8

4

4

4

4

4

1

4

tz
L 4

t6
L7

}B
z0
ZL

TZ
t3

I5

T7
IB

z0
z l

J

3

3

3
3

4

4

4

4

5

5

6

7

7

4
4

5

5

6
t

7

8

9
IO

I I
TZ

l3

t4

4 0  p s f

( ? x 4  t o p  c h o r d )

I 6
I 8

z0
zz
z4
z6
ZB

4

4

4

4
A.*'

4

4

ZT
z4
z7
z9
3Z
35
37

z l
z3
z6
z9
3 I

34
36

4
A.+

5
5

5

6
6

7

7

8

9
IO
I I

t l

7

7

B

9
10
I I

I t

r4
I 6
t 7

rg
ZL

z3
z4

40  ps f
(2x6 topcho rd )

I 6

IB
z0
zz
z4
z6
ZB

4
+
+

+

4
4

4

I5
L7

I9

ZL
23
z5
z7

I 5

t 7
19

ZL
zz
z4
z6

3

3

4
4
4
5

5

5

5

6
7
7
B

B

5

5

6
7
7

B

B

IO

I I

IZ
T4
I5
t7

I7

50  ps f
(Zx6 topcho rd )

I 6
I8

zo
zz
z4
z6
z8

4

+

4

4

4

4

4

IB
z l
z3
z5
z8
30
3Z

IB
z0
22

z5
z7
) Q

3 l

4
4
5

5

5

5
5

6

6
I

I

9

I O

l 0

6
6

7
8

9
IO
IO

LZ
T4
I5

I6

t8

z0
z l



2 X 4
(  U N L E S S  O T H € R T Y I S E  I N O I C A T E D  I

2 X 4 . 2 X 6  0 R  2 X 8

LUMBER - CLA No. I  SPRUCE
NAILS - 3*" COMTTaON

3 NAILS JOIST TO RAFTER
3 NAII.S JOIST TO JOIST AT CENTER
2 TOE NAII.S EACH END OF EACH JOIST TO PLATE
3 TOE NAILS EACH RAFTER TO PLATE
3 NAIIS EACH END OF COLLAR TIE TO RAFTER

FIGURE I  TYPE I  CONVENTIONAL CONSTRUCTION SPACED 16, .O.C
1 tn  2918 - t

2 4 ' -  4 "

24 ' -  4 "

LUMBER -

NATLS - 3 -

3 -

z -
l -

l -

3 -

z -

CLA No. I SPRUCE
3+" Jolsr ro JoIST AT CENTER
3j" coLLAR TIE To RAFTER
4II HEADER TO END OF JOIST
4I'  RAFTER PLATE TO JOTST
4II RAFTER PLATE TO HEADER
3+ ' ,  RAFTER To RAFTER PLATE
3j" JOrST TO JOTST PLATE (TOE

(TOE NAILED)

NAILED)

FIGURE 2 TYPE 1I  CONVENTIONAL CONSTRUCTION SPACED I6 . '  O.C.
a n  2 9 t g -  2



SLOPE SPAN

NO. OF NAII,S

I z 3 4 5

3 r ' n a i l s 3 r '  na i l s 2j l  nai ls Zj i l  nai ls 3 r t n a i l s

5 /  Lz
z4t  -4t l

z6t  -4t l

zg t  - 4 t l

z0
zz
2 4

T 9
7 6

z2

5

5

5

l 5

l 6
't '7

l 3

L 4
I f

4 /  Lz
z4 t  _4 t l

z6t  -4t l

zg t  - 4 t l

2 5
z7
2 Q

z 3
2 5
z ?

5
5

I 5

L ]

l 8

I 6
t 1

l 8

2 X 4  S T R U T

i -Z ,Za'rUrr-S'

I  X 6  T I E  T O  S T R U T

LUN{BER - CLA No. I  S,PRUCE
PLYWOOD - j"  SHEATHING GRADE DOUGLAS FIR, BOTH SIDES
NAILS - z*" AND 3'r COMMON - UNCLINCHED

2 EXCEEDED ZO

EXCEEDED I2

TOE I IA IL  EACH ETO OF 2X4
S T R U T  W I T H  2 . 3 "  I { A I L S

2 X 4  ( U I | L E S S

H E R T I S E  I I I O I C A T E D )

NOTE I

IZ;Fr-ers usED vrHEN No. oF NArrs FoR I AND

NOTE 2
I x 8 DIAGONALS USED WHEN NO. OF NAILS FOR 4

F IGURE 3 NAILED W TRUSS SPACED 24"  O.C.
84 29 t?- t



SPRUCE TRUSS

LUMBER - CLA No. I SPRUCE OR CONST. GRADE DOUGLAS FIR
PLYWOOD -  | "  SHEATHING GRADE DOUGLAS FIR,  BOTH SIDES
NAILS -  3r 'COMMON, UNCLINCHED

DOUGLAS FIR TRUSS

NAILING SCHEDULE

2 X 4  ( U N L E S S

O T H E R W I S E  I N D I C A T E D  )

NAILING SCI{EDULE

NUMBER OF NAII-S NUMBER OF NAILS

FIGURE 4 NAILED W TRUSS SPACED 24,,  0.C.
aR 2 t t t -+



NAILING SCHEDUIE

NUMBER OF NAII,S

LUMBER - CLA No. I  SPRUCE
PLYWOOD - j" SHtrAIHING GRADE DOUGLAS FIR, BOTH SIDES
NAILS - 3I '  COMMON, UNCLINCHED

2 X 4  (  U N L E S S

O T H E R W I S E  I N D I C A T E O }

Ytz SLOPE 24" O.C.

iu{t

FIGURE 5 NAILED W TRUSS FOR

dn 2158-t



r80

r60

t

0 . 5  t . 0  t . 5
M I D  -  S P A N  D E F L E C T I O N S ,  L O W E R  C H O R D ,  I N .

F IGURE 6

DEFLECTION CURVES FOR 28 'SPAN,  SPRUCE TRUSSES WITH 2X4  UPPER
AND LOWER CHORDS WtTH NA IL ING CALCULATED FOR S IM ILAR LOADINGS
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360
f
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o- 40

20

0 . 5
M I D - S P A N

F  I G U R E  7

D E F L E C T I O N  C U R V E S  F O R

A N D  L O W E R  C H O R D S  W I T H

t . 0  t . 5
D E F L E C T I O N S ,  L O W E R  C H O R D ,  I N .

a /12  SL}PE,  SPRUCE TRUSSES w lTH 2X  4  UPPER
NAIL ING CALCULATED FOR S lM ILAR LOADING

S I M I L A R  T O  D E S I G N

S I M I L A R  T O  O E S I G N

S I M I L A R  T O  D E S I G N

I N  F I G . 3

lN FlG.  o a/ tz  SLOPE
lN Flc.  5 f i  / i -

T R U S S  D E S I G N
A S  P E R  F I G  3 2 4  F l
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F IGURE 8

LOAD VS DEFLECTION CURVES 28 .  SPAN,
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MEMBER S IZES  BUT  S IM ILAR NA IL ING

S P R U C E  T R U S S E S

F O R  D I  F F E R E N T

An zrrt-t

j /3.0 or senN 
cErLmG

L O A O

t . 2 0  r . 6 0  2 . 0 0  |  2 - 4 0  2 . 8 0
MID -  SPAN OEFLECTIONS,  LOIYER CHORD,  IN .



ra0

t50

E 140
v,
o.

.  t 80
q
{
3 roo
tl

8ao
c

3Bo
o.

t40

20

0

-'/'-

\ rar r - r i lG REoucED
8Y lz

j/sso spAN

cErLi l tG
LOAD

I
I

( ,C

0.5  t .o  t .5  I  z .o
I r0 -SPAN 0EFIECTto t ts ,  LoWER GHoRD.  m.

F I G U R E  9

O E F L E C T I O N  C U R V E S  F O R  S P R U C E  T R U S S E S  W I T H  V A R I A T I O N S  I N
NAfL fNG zB 'spAN,  4 /z  sLopE (F rc  3 l  ax4  uppER AND LowER cHoRDs



t-

TRUSS DEFLECTIONS WI IHOUT IN IER i lEOIATE  SUPPORTS
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TRUSS DESIGNS SIMILAR TO FIG. 3 ExCEpT Z x 6 TOp CHORD
USED ON CANTILEVERED END, AND NAILINC REDUCED B\ I /3,
BOTTOM CHORD DEFLECTIONS AT 40 PSF ROOF LOAD AND
IO PSF CEILING LOAD ONE HOUR AFTER LOADING. DEFI.FC-
TION OF OVERHANC - 0.44I"  DEFLECTION RATIO BETWEEN
SUPPORTS = I /377,  FAILURE LOAD - LESS THAN 80 PSF ROOF
LOAD.

TRUSS DESIGNS SIMILAR TO FIG. 4,  EXCEPT Z x 6 TOp AND
BOTTOM CHORDS USED ON CANTILEVERED END. BOTTOM
CHORD DEFLECTIONS AT 50 PSF ROOF LOAD AND IO PSF
CEILING LOAD AFTER ONE HOUR LOADING. DEFI,ECTION OF
OVERHANG - O,26I"  DEFLECTION RATIO BETWEEN
SUPPORTS = l /497,  FAILURE LOAD - t00 pSF ROOF LOAD
AFTER 45 MIN LOADING.

0

o.50

1.00

TRUSS DESIGNS SIMILAR TO FIG. 4 ExCEpT Z x 6 TOp AND
BOTTOM CHORD USED ON CANTILEVERED END. BOTTOM CHORD
DELFECTIONS AT 50 PSF ROOF LOAD AND IO PSF CEILING
LOAD AFTER ONE HOUR LOADINC. DEFLECTION OF OVERHANG -
O .35 I I ,  DEF I ,FCT ION RAT Io  BETWEEN SUPPoRTS =  I / 456 ,
FAILURE LOAD - 80 PSF ROOF LOAD AFTER 6 MIN LOADING.

FIGURE I I

BOTTOM CHORD DEFLECTIONS FOR CANTILEVERED SPRUCE
TRUSSES a /2SLOpE,28 'SpAN,2X4 Top  AND BOTTOM
CHORDS ON THE END OPPOSITE CANTILEVERTD END

a p  2 9 t E - t f

0

(c)



Figure  lZ  Genera l  a r ranger r len t  fo r  typ ica l  shor t  te rm tes ts

Figur e I  3 Long te rm tes ts  us ing  concre te  b locks


