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Canada Plan Service wood frame structural components have, in the past, been designed to traditional engineering
theory, but not load-tested. A new test facility has been assembled, consisting of a steel strongback, a cable-and-pulley
system for simulating wind and snow loads, and a data logger for recording forces, deformations and time. Single-plane
frames are supported in the horizontal plane by ball-jointed parallelograms designed to minimize friction and prevent
out-of-plane buckling. Test loadings up to 21 kN/m of span are possible. A first series of six 12-m-span double-member
trusses has been loaded to failure, and of these, four improved trusses failed at 2.95 to 3.03 times design load, well
above expectations.

INTRODUCTION

Canada Plan Service (CPS) designs for
farm buildings have, in the past, been en
gineered theoretically to standards set by
appropriate Canadian codes. Wood-frame
structures predominate in the CPS system,
for which the CSA Code for Engineering
Design in Wood, hereafter called CSA
086-M80 (Anonymous 1980), is the rec
ognized Canadian standard. This is mod
ified in some areas by the Canadian Farm
Building Code, hereafter called the CFBC
(Anonymous 1977), which allows re
duced safety for 'low human occupancy'
buildings and gives design loads for spiral
nails.

A computer program developed by
Jackson (1976) has been used to design
virtually all of the roof trusses now cata
logued in the CPS system. Nevertheless
it has long been recognized that some
structural testing of typical CPS wood
structural components (including roof
trusses) would be helpful to the CPS de
sign engineering team and to the various
CPS committees, builders and farmers us
ing CPS designs. For this reason, a labo
ratory space has been established in the
ground floor of a barn adjacent to the main
Engineering building at the Central
Experimental Farm in Ottawa.

The laboratory has a relatively low 3-m
ceiling and has two rows of supporting
steel columns around which the testing
activities must be accommodated. This

dictated that test components be mounted
and loaded horizontally, regardless of
their intended orientation in a farm build

ing. The total floor area is 12.0 x 17.1
m, and a plan was developed to accom
modate testing of single-plane structural
components such as roof trusses up to 14.4
m span, and rigid frames (including gam-
brel roof arches) up to a maximum depth

of 8.7 m. Some ingenuity is required to
fit each test specimen and the cable-and-
block loading system around the existing
columns without interference.

DEVELOPMENT OF THE TEST RIG

McMartin et al. (1983) designed and
built a horizontal strongback of structural
steel sections. They used a row of hy
draulic cylinders spaced at 1.2 m and a
system of steel whiffletrees to apply loads
at span increments of 0.6 m to the angled
top chords of their test trusses. To change
trusses, the strongback was hinged open
and shut like a book, completely enclosing
the truss. This arrangement provided ex
cellent safety for test personnel and good
lateral support to prevent buckling of the
test truss compression members. How
ever, in spite of grease and polyethylene
used at all lateral support points, friction
of the trusses sandwiched within the

closed strongback resulted in up to 10%
loss of load (sum of applied hydraulic
loads minus end reaction loads). The size
and mass of the system made it costly to
build and difficult to modify or move.

Based on other good experiences with
cable-and-pulley loading systems, it was
decided instead to use a series of pulley
blocks (Ralmark, 124-mm diameter, air
craft type, with ball bearings) linked by
high-tensile stainless steel cable (7 x 19
wire configuration, breaking strength 16.5
kN). The aircraft pulleys were fitted with
blocks (Fig. 1) designed for a working
load of 13 kN, or 6.5 kN per cable. Pulley
block and cable sets were precalibrated for
static and dynamic friction loss over a
range of block loads. This calibration was
done to anticipate the accumulating loss
of load through a long series of pulley
blocks. To minimize the load loss effect,
a single length of cable was threaded
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through the blocks and led to hand winches
at both cable ends. For safety and conven
ience, the two winches were mounted
close together behind a safety screen of
expanded metal mesh (Fig. 2) fixed to one
outside corner of the strongback, as far as
possible from the loaded specimen.

Based on multi-laminated nailed truss

connections (Turnbull et al. 1981), the
CPS Design Center is developing a series
of heavy-duty doubled wood trusses de
signed to be spaced at 2.4 m. These
trusses are the strongest wood frames an
ticipated for testing and were the basis for
design of the strongback and loading sys
tem. Based on test loading to failure at
about 9 kN/m2 of roof (horizontally proj
ected), each pulley block is required to
safely pull up to 9 x 2.4 m (truss spacing)
x 0.6 m (pulley spacing) = 13 kN/
pulley.

Any test specimen surviving a horizon
tally projected load in excess of 9 kN/m2
x 2.4 m = 21.6 kN/m of span will ob
viously increase the risk of failure in some
component of the loading system instead
of the specimen. This is why the operators
work behind the safety screen (Fig. 2). It
was predicted that most trusses to be tested
would not come close to this load

(9 kN/m2 is 4.5 times the 'design' load of
the first test series of 12-m trusses).

The steel strongback was designed as
a parallel-chord truss welded from square
structural steel tubing (SST). Overall
strongback dimensions are 1.8 x 14.4m,
with chords of 152 x 152 x 6.2 mm

SST, and zig-zag webs of 102 x 102 x
6.2 mm SST. Total mass of the strongback
is estimated at 1.47 tonnes. Elastic strain

energy is accumulated in the massive
strongback during a test loading, and this
energy can be released abruptly (and with
great shock to all components) when a test
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Figure 1. Tension-measuring load link connected to aircraft pulley block and cable, as used to calibrate cable/pulley friction, and to indicate
loads on the preliminary test truss.

specimen fails. Therefore, the strongback
was designed to be somewhat stronger
than the winch-and-cable components. At
maximum test load (21.6 kN/m) and max
imum specimen span (14.4 m), the strong-
back was estimated to deform 12 mm at

mid-span.
The weakest link in the loading and re

action system is probably the aircraft pul
ley, rated by the supplier at 9 kN working
load. During friction-loss calibration of
the cable-and-pulley combination, each
pulley-pair was loaded up to 11 kN with
out failure.

Figure 3 shows one truss mounted on
its articulated supports 1.2 m above the
concrete floor and linked to the strongback
by the cable-and-pulley system. These
floating supports are set up with legs
plumb and with height adjusted to hold the
truss in a true horizontal plane during early
stages of the test. At extreme deformation
(Fig. 4), the truss clamp-bars remain in
dividually horizontal but there is some
minor vertical movement. This was judged
to be less important than minimizing fric
tion and preventing buckling of the
compression members of the test truss.
CSA standard S 307-M80 (Anonymous
1980) specifies for the truss upper chords
a maximum lateral support spacing of 600
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mm; this system provides a positive
clamping action at the top edge of the top
chord as specified, and reasonably dupli
cates the support provided by spaced roof
purlins or roof decking. Similar lateral
support can be provided for compression
web members of trusses at each point
where the truss design specifies lateral
stiffening.

Calibrating the Cable and Pulley Blocks
for Friction Loss

Pairs of pulley blocks were intercon
nected with a closed horizontal loop of the
riggingcable. For preliminarycalibration,
the block sets were tensioned hydrauli-
cally and pulley force was indicated by a
load cell (Fig. 1) connected to a signal
amplifier and a Fluke digital voltmeter. To
indicate tangential friction force, a Hunter
(model L-500) spring-type mechanical
force gage was connected to a free end of
the cable extending beyond the Nicopress
cable clamp that connected the loop.

Static friction forces were recorded at
the point where the tangential force was
just sufficient to start the cable and pulleys
revolving. It was decided that the static
(or breakaway) friction might be some
what greater than the runningfriction, and
that the static friction, not the running fric

tion, would be applicable in these exper
iments.

For each pulley pair a range of five ten
sion loads was applied up to a maximum
of 11 kN. With each tension load, eight
readings of tangential starting friction load
were taken, corresponding to eight start
ing positions at 45° intervals of pulley ro
tation.

The pulleys appeared to be from two
different production runs (designated
Y-type and B-type). These were separated
out and paired alike for the friction tests.
Figure 5 shows some slight differences.
The curves labelled 'Starting Friction
(Y pulleys)' and 'Starting Friction (B pul
leys)' were drawn from the mean of three
pulley pairs times eight readings per pair,
or 24 readings per plotted point.

Figure 6 shows a plan view of the Series
I truss tests, including truss (CPS plan
M-9232), cable and pulley block system,
and steel strongback. The left end of each
truss was supported on a fixed reaction at
which point a load cell was mounted. The
right truss reaction member was hinged at
the strongback to simulate typical stud
walls which would provide no 'horizontal'
reaction component as the truss lower
chord elongates under load.

As shown in Fig. 6, load sensing ten-
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Figure 2. Boat winches and marine cable used to apply load simultaneously at both ends oftest truss. The expanded metal mesh is for protection
against cable whiplash or other component failure.

Figure 3. Doubled 12-m truss mounted in the test rig, after failure. 1, strongback, on braced legs bolted to floor; 2, cable and pulley-block
loading system; 3, bridle and paired cables apply loads symmetrically about truss; 4, load pads from 76-mm steel channel, screwed
to top chord of truss, bolted to clamp bar 5;5, clamp bar, 38 x 38 mm SST, 600 mm long; 6, parallelogram floating truss supports
(see Fig. 4); 7, reaction load cell (at one end only).



Figure 4. Parallelogram floating truss supports. 1, clamp bar, 38 x 38 x 3 mm SST, 600
mm long; 2, ball joint, from 25-mm ball bearing welded to threaded rod, and 12-
mm plates machined to make a socket; 3, legs, 1/2-inch pipe with nuts welded each
end;4, floorbar, 50 x 50 x 3 mmSST; bolts, washers andanchors to holes drilled
in concrete floor.

sion links (Strainsert model TLLR, 8.9-
kN capacity) were inserted between the
pulley blocks and the strongback near the
left end, center, and right end of the test
truss. The tension links were connected to
the 'strongback' side of the cable where
the shock of a collapsing truss would be
less severe. For in-place pulley friction
calibration, simultaneous readings of
loads were taken at the three tension links
throughout two of the truss tests. These
readings resulted in a computed friction
characteristic curve as follows:

F = 0.00847 L - 0.006 (1)

where F = pulley friction loss (kN/pulley
pair), and L = pulley load (kN). Also
plotted on Fig. 5, this third friction curve
was a close fit with the previous friction
calibration. Equation 1 was therefore sub
sequently used to calculate cable-pulley
friction losses. For illustration, at the top
of Fig. 6 are plottedthe calculatedfriction
effects for a 12-m span truss as tested in
Series I. This truss has a horizontally proj
ected design load of 2.0 kN/m2 of roof. At
point load spacings of 0.6 m and truss
spacings of 2.4 m, this design load is
equivalent to a pulley load of 2.0 x 0.6

x 2.4 = 2.88 kN. With the end load links
reading 2.88 kN, the actual point loads at
0.6 m from each end of the truss are
slightly greater (2.89 kN) and the least
point load (at the center) is 2.71 kN. The
maximum difference (2.89-2.71) is only
6.25% of the indicated load.

Actual test results were later recorded
as a weighted mean of the three tension
load links, (left + (2 X center) + right)/
4, to compensate for this friction loss. The
data logger was programmed to do this
calculation automatically and to print out
three individual loads and the weighted
means.

Precision of Load and Displacement
Measurements

The first 12-m-span truss was tested in
1981 using temporary equipment to indi
cate the loads. Truss lower chord displace
ments (sag) were indicated by folded
stripsof millimetre-grid graphpapertaped
to the face of each lower chord gusset, and
were read through a surveyor's transit set
up beyond one end of the test truss. This
setup was accurateenough, but it required
too many people to simultaneously read
and record three to four loads and two to
five displacements at each load increment.

For 1982, equipment was purchased to
semi-automate the data-recording. A pro
grammable data logger (Digistrip II, by
Kaye Instruments, 15 DeAngelo Dr.,
Bedford, Mass.) was assembled with ap
propriate signal conditioning equipment,
to simultaneously record load and dis
placementmeasurements. The data logger
is equipped with a 'mathpack' accessory
that permits a limited amountof data-pro
cessing before printout. For point loads,
tension load links (model TLLR, 8.9 kN
capacity, by Strainsert, Union Hill Indus
trial Park, West Conshohocken, Pa.) were
used. Accuracy specifications for the load
links were: maximum non-linearity, ±
0.10% of full scale; maximum non-re
peatability, ± 0.05% of full scale; max
imum hysteresis, + 0.05% of full scale;
temperature coefficient, ± 0.012% of
load per °C. Combined worst-case error
for the load links plus the data-logger, as
suming 10 °C maximum temperature
range in the laboratory, is estimated at
± 0.4% of full scale, corresponding to an
overall potential error of ± 0.035 kN.

To minimize errors each load link/data
logger combination was calibrated just
prior to truss testing, on a large testing
machine at the Department of Energy,
Mines and Resources, Ottawa. This ma
chine is, in turn, calibrated once annually.
The data logger was programmed to print
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Figure 5. Friction loss versus tension load for pulley pairs and a loop of cable.

point loads to up to four significant digits,
the last digit being rounded to the nearest
0.01 kN. Calibration on the large testing
machine, with each load link connected to
the data logger, confirmed that all read
outs should be within the 0.01 kN accu

racy implied by the rounded digital read
outs.

Equipment to read truss vertical dis
placements consisted of potentiometer-
type, linear motion transducers (no. LF-
S0063150-0-D, by Waters Mfg. Inc.,
Wayland, Mass). Specifications for these
components were: maximum travel 152
mm; linearity, ±0.1% of full scale; tem
perature coefficient, ± 0.001% of full
scale per degree Celcius.

Combined worst-case error for the dis

placement transducer/data logger combi
nation, over a 10°C temperature range, is

estimated at ± 0.3% of full scale, or ±
0.46 mm, which easily meets the require
ments. Each transducer was calibrated

while coupled to the data logger, using a
vernier caliper as the standard.

To ensure safe isolation of the displace
ment transducers at the instant of dynamic
truss failure, each transducer was mounted
on its own pedestal. This was made from
pipe welded to a base-plate and bolted to
the concrete floor. The transducer shaft

was zeroed near the retracted limit of its

travel, and was pushed outwards by a coil
spring mounted around the shaft as it fol
lowed the deforming truss. The end of the
shaft was set to bear perpendicular to (and
free to slide on) a smooth steel plate
screwed to the 'top' of the truss joint, so
that only 'vertical' displacements were
recorded.
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LOADING SCHEDULE FOR TEST
TRUSSES

Loading Rate and Methods
The objective in setting a schedule for

bringinga test trussup to designload, and
later failure load, is to simulate the snow
load effect. It is, however, more conven
ient to compress the test time into a work
able schedule to fit normal working days.
CSA Standard S 307-M80 (Anonymous
1980) is intended for trusses up to 12 m
span mainly intended for housing; this
specifies a gradual load increase up to
1.33 times design roof snow load, a 24-h
hold at 1.33 (the deflection test), then a
further gradual increase to 2.67 times de
sign load (the strength test), and another
24-h hold without collapse. This is illus
trated in Fig. 7.

The two 24-h hold periods would call
for a schedule requiring at least 54 h test
time, or 3 days per test, one test per week.
With the winch-loaded test rig, there is no
easy way to maintain specified loads for
the 24-h holds without keeping someone
at the winch all night. A schedule closer
to that specified in the CFBC (Anonymous
1977) seemed more appropriate to farm
building trusses. However, even this
schedulewould require 29 h, or 2 daysper
test. It was therefore decided to follow the
CFBC schedule up to 1.0 times design
load, hold for 1.0 h, then continue loading
at the same rate, to failure. This would
require from 6 to 8 h to complete each test.
This also gave the advantage of forcing all
trusses to fail, a situation that better suited
the research objectives.

In practice, a smooth ramp loading was
not readily achievable (Fig. 7). It was de
cided to step-load at 5-min intervals, or
2 h to full design load (2.88 kN per load-
link). Thus, each step load at the sensing
load links would be 2.88 kN/24 = 0.12

kN per step. An actual load/time graph for
one test is also plotted in Fig. 7, to an ex
panded time-scale. During the first test it
was found that the 5-min stepping sched
ule was too frequent to maintain, so this
was revised to step loads of 0.24 kN per
10-min interval, thus maintaining the
same average rate of loading as originally
intended. Some minor load losses due to
creep were sometimes observed during
each 10-min hold.

The data logger was programmed to au
tomatically record a batch of load and dis
placement data at the end of each 10-min
hold period, reading at eight channels per
second. The noise of the printer was the
signal for the two operators to simultane
ously crank up the two cable-winches
(Fig. 2) to the next load step while ob-
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Figure 7. Truss loading schedules, including actual loading of a Series I truss.

load test, to be adequately safe for a real
snow load? McMartin et al. (1983) rea
soned that structural wood elements used

in bending or tension are generally con
sidered 'safe' if a short-term (5-min) test
strength of the weakest fifth percentile of
a large population of these elements is at
least 2.1 times the basic design value for
'normal' duration of load. This was de

veloped as 1.62 (load duration) x 1.3
(factor of safety) = 2.1. The value 1.62
for load duration was taken from a curve

of wood strength versus log time (Anon
ymous 1973).

For agricultural structures, the CFBC
(Anonymous 1977) gives other accumu
lative factors including 1.1 (load sharing)
x 1.25 (low human occupancy) x 1.15
(snow load, 2-mo duration) = 1.58. Thus
the ratio of short-term (5 min) test strength
to design load should be 2.1/1.58 = 1.33.
From this, McMartin et al. (1983) as
sumed that since their total test times were

considerably longer than the assumed 5
min, they could change their load duration
factor from 1.62 to 1.45. Given this as

sumption, their ratio of fifth percentile test
strength to design load would be (1.45/
1.62) x 1.33 = 1.19. Therefore, if the
near-minimum test strength of a large
group of trusses is greater than 1.19 times
total design load, the trusses could be con-
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sidered generally acceptable for low hu
man occupancy farm buildings.

However, a further argument could be
made that with the ramp-type loading used
here (and by McMartin et al. (1983)) the
trusses were not held at constant maxi

mum load for any time beyond 10 min,
the preceding load steps being at lower
loads. This is an aspect of load-duration
adjustment procedures requiring further
study. Requiring the near-minimum truss
test strength to exceed the total design load
by a factor as low as 1.19 certainly rep
resents a much less-severe requirement
than that of the CFBC (Anonymous 1977).
And because of cost limitations, our
Series I tests included only six trusses, a
small sample. A further complication is
that these CPS truss designs were based
on a spacing of 2.4 m, for which the
CFBC (Anonymous 1977) does not allow
the 'load sharing' factor of 1.10. There
fore, the calculated design load for these
trusses was 2.0 kN/m2, not 2.2 as would
be permitted if load sharing were allowed.

SERIES I TRUSS TESTS

Preliminary Tests, 1981
One truss was built to CPS plan M-9232

and loaded to failure. At that time, we did
not have the proper load cells, potentio

meters and data-logger for automatically
sensing and recording the loads and de
formations. Therefore this test was treated
as preliminary, to evaluate the mechanical
components of the test rig. Figure 8 (from
plan M-9202) shows the theoretical load
ing and stress diagrams for the Series I
trusses tested in 1981 and 1982.

Deformations were adequately re
corded using a surveyor's transit to read
paper scales taped to key points along the
truss lower chord. This preliminary test
truss was loaded twice to failure. The first
failure wasdue to tension in the threegus
sets of one lower chord joint located be

tween joints 2 and 3 (Fig. 8). Because
there was only minor damage to the two
ends of the failed lower chord as a result
of the first loading, this joint was repaired
(with oversized steel and plywood gusset
plates to ensure failure elsewhere), and the
truss was re-tested. The second failure oc

curred in the corresponding joint at the
other side of the truss, at only slightly in
creased load (2.02, versus 1.96 times de
sign load).

Examination of both failed lower chord
joints (Fig. 9) showed that both plywood
gussets and the center steel gusset failed
along transverse rows of nail holes where

FORCE (kN) -79.3 -74.0 -55.4 75.3 60.2 45.1 -9.8 13.1 -14.5 14.5

M/Sf + P/AC .97 .93 .79 .84 .67 .50 .20 .26 .32 .29

MEMBER 1-4 4-5 5-6 1-2 2-3 3-3 4-2 5-2 5-3 3-6

Figure 8. Loading diagram andforce/stress tablefromCPSplanM-9232, 12-mDoubled Gable
Roof Truss, Heavy Duty. Loads based on total design load of 2.0 kN/m2 of roof,
trusses spaced at 2.4 m.

Figure 9. Tension failure in lower chord joint, preliminary (1981) test.
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tension stress would naturally be most
concentrated. Detailed analysis of this
failure is beyond the scope of this paper,
but it was observed that the steel gusset
had stretched and narrowed considerably
at the failure zone. As outlined previously
(Turnbull et al. 1981) the steel center gus
set is loaded in double shear, whereas each
plywood gusset is loaded by only one
shear-plane of the nail group. The steel
gusset probably carries something over
half of the total tension load in the joint,
and may have actually been the first part
to fail.

Failure loads were not disappointing in
this preliminary test, but it was reasoned
that the steel and plywood gussets in this
lower chord joint were in fact the weakest
part in the truss design. Subsequent trusses
were built and tested in 1982 with this
joint relocated to the mid-span point (be
tween joints 3 and 3; Fig. 8). Here the
design tension force is 45.1 kN, compared
with 60.2 kN in the truss as first tested.

The nail number was reduced in propor
tion to load (15 to 12), but the gusset sizes
remained unchanged at 700 x 200 mm.
This change should result in some net ma
terial and labor cost reductions (fewer
nails for the joint, one joint instead of two)
in spite of the extra-length (6.0 m) bottom
chord members required. Sawn lumber
lengths to 6.0 m are generally available
but at a slight surcharge per unit of length.
Lumber grades are related to allowable
defects in relation to width and thickness,
not length, so this increased length should
have no detrimental effect on lower chord

strength.

Full Test Series I, 1982
Five trusses were made with the bottom

chord joint relocated as discussed above.
Lumber used was grade No. 2 (or better),
S-P-F (Spruce-Pine-Fir species group) as
defined in CSA 086-M80 (Anonymous
1980). Lumber parts were assembled at
'yard' moisture condition. Every attempt
was made to use lumber as would be de

livered to a farm construction site. Trusses

were then stacked under a temporary roof
for about one summer month of air-

drying. This was to allow any joint loos
ening due to wood shrinkage that might
occur over time in typical farm buildings.
Every attempt was made to use 'ordinary'
care in cutting, fitting and nailing the truss
parts to simulate workmanship typical of
rural construction.

The test rig was completed in 1982 with
the Strainsert tension load links inserted
at threepoints in the block-and-cable load
ing system. The large reaction load cell
(used the previous year) was located at the

108

left reaction strut (see Fig. 6). This load
cell was used during the first 1982 test
only, to record reaction force in order to
calculate load losses due to friction in the

truss supports. Two linear displacement
potentiometers were floor-mounted to in
dicate truss displacements at the two in
board lower chord joints.

The five test trusses were tested in ran

dom order, according to the loading
schedule discussed earlier and illustrated

in Fig. 7.

Test Result

Figure 10 shows load/deformation
curves for the five test trusses. In each

case, the greater (not the mean) of the two
recorded deformations was used. Truss

loads as plotted were the weighted means
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of the three tension links, as discussed ear
lier.

At 1.0 x design load (corresponding
to a force of 2.88 kN on the two end ten

sion links) a 1-h hold period resulted in
only very small increases in truss defor
mation, ranging from 0 to 1 mm. Where
these show as short kinks in the curves of

Fig. 10 (tests 2, 4, and 5), the kinks arrive
just below the design load line. This is
because the curves were plotted to the
weighted mean values of the pulley loads,
and due to pulley friction, these weighted
means were slightly below the controlling
load readings taken from the two end load-
links.

Table I summarizes the results of all the

Series I tests, including the preliminary
double test done in 1981. At design load,

Test 2
Lower Chord »

Tension Failure \

Test 4

r— Lower Chord

\ Tension Failure

Test 3

Lower Chord s.

Gussets Failed ^^*^^C^/Test 5
^^\K —Top Chord
" \ Compression Failure

\ Test 1
Support Failure

10 20 30 40 50 60 70 80 90 100 110 120 130
MAXIMUM TRUSS DEFORMATION, mm

Figure 10. Load vs. deformation curves for five Series I test trusses, made from CPS plan
M-9232 with revised lower chord joint location.

TABLE I. SUMMARY OF SERIES I TEST TRUSS PERFORMANCE

Truss

Max.

deformation

@ design

Max.

deformation

@ failure

Failure load

Test
Load/design Roof load,

ratio kN/m2
no. no. load (mm) (mm) Failure mode

1981 tests

A 21 54 1.96 3.91 Lower chord gussets
A (repaired)

~

51 2.02

1982 tests

4.05 Lower chord gussets

1 1 26 108 2.69t 5.38t Crushing at left truss
reaction pad

2 5 25 103 3.01 6.02 Lower chord members,
tension near heel

3 4 23 102 3.03 6.06 Lower chord gussets,
tension

4 3 26 114 2.95 5.90 Lower chord members,

near web conection

5 2 28 124 2.99 5.98 Top chords, compression
about ridge joint

tNot actually a truss failure, see 'Failure mode' column.
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truss maximum deformations ranged from
23 to 28 mm, and these deformation read
ings remained almost constant during the
1-h hold periods at design load.

Failure loads for the four improved
trusses successfully tested in 1982 ranged
from 2.95 to 3.03 times design load, with
a mean of 2.995. A low failure load of

2.69 (Test 1) was attributable to non-uni
form crushing at the left truss heel joint
due to insufficient reaction plate bearing
area. The truss end jumped out of the re
action plate, which was in turn mounted
on the reaction load cell. This occurred

before any truss failure was seen. Before
proceeding with tests 2 to 5, the bearing
plates at both truss reactions were in
creased in area and provided with side-
plates to prevent further similar mishaps.

Table I gives the mode of failure ob
served for each truss. Only two failures
were somewhat similar in the five trusses

tested in 1982; these two were combined
tension-bending breaks in the outboard
part of the lower chord members. Other
failures were at random, indicating that
the revised design was well-balanced, at
least as far as could be determined by only
four fully-successful tests.

Calculations were made from Test 1

data only, to compare the sum of the ap
plied (pulley) loads with the left reaction
(load cell) load. Within the limitations of
the load-sensing and recording equipment
used, there was no observable load loss
due to friction in the ball-jointed truss sup
port system (illustrated in Figs. 3 and 4).

SUMMARY AND COMMENTS
A versatile testing facility for a wide

range of single-plane structural compo
nents for farm buildings was completed in
the summer of 1981. The facility is ca
pable of testing specimens to 14.4 m max
imum length and 8.7 m maximum width,
with distributed loads up to 12 kN/m of
length.

Also in 1981, two preliminary tests
were completed on one CPS heavy-duty
12-m-span truss. Two similar tension fail
ures occurred in the gusset plates of the
truss lower chord. These failures limited
the truss strength to about twice design
load, and clearly indicated the weakest
point in the existing design.

In 1982 the truss was redesigned with
the two dubious lower chord connections

replaced by one, relocated to the center of
the span where the design force is only 45
kN rather than 60 kN (see Fig. 8). Five
redesigned trusses were loaded to failure.
Improved electronic instrumentation per
mitted precise measurementand recording
of loads and deformations. Friction loss
in the ball-jointed parallelogram truss sup
ports was essentially zero. Maximum load
variation due to cable and pulley friction
along the span of each truss was only
6.25% of the nominal point loads on each
truss. Cable system friction loss was re-
peatable and predictable.

Disregarding the first 1982 test where
the left truss heel crushed and jumped out
of the undersized reaction pad before the
truss could be loaded to failure, the re
maining four improved trusses performed
well beyond design expectations. Their
failure loads ranged from 2.95 to 3.03
times design load, a range of only 2.7%
of mean failure load.

Deformations of the five improved
trusses after 1 h at full design load ranged
from 23 to 28 mm; the maximum 28-mm
deformation represents only 1/429 of the
span, well under the most severe 1/360
limitation imposed by some building
codes.

The test population was small (only five
tests taken to complete truss failure), but
two somewhat similar tension-bending
failures in the outboard part of the doubled
lower chords give some indication of the
weak part remaining in the improved de
sign. By sighting along the trusses during
loading, more-abrupt lower chord curva
ture was observed about the web-to-lower-

chord joints (Fig. 8, joints 2). The com
puter program used for the truss design
calculations assumed no bending in the
lower chord, just tension. It would appear
that overall truss deformation causes some
secondary bending stresses not considered
in the design program. Note also in Fig.
8 that lower chord member 1-2 is stressed
to 84% of full design tension, leaving only
a small margin for those secondary
stresses not considered. This implies that
all existing CPS truss plans should be re
evaluated in this respect.

Performance of the improved trusses
was well above expectations. As dis
cussed earlier, a lowest-strength truss fail
ure at 1.19 times design load would not
be surprising or alarming. The lowest-
strength improved truss in this series
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failed at 2.69 and this was not, strictly-
speaking, a truss failure.

Load-sharing (factor 1.10) was not as
sumed in the setting of the allowable
member working stresses used in the com
puterized design program. In fact, the in
timately-connected two-member, three-
gusset truss system tested here may ac
tually function more as a true load-sharing
system than the three separated parallel
members normally defined by codes as
load-sharing. This indicates some scope
for further investigation.

Canada Plan Service plan M-9232 with
revised location of the lower chord tension
joint is very conservatively rated at 2.0
kN/m2 total horizontally-projected roof
load.
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