
pdJP

DEVELOPMENT AND TESTING OF A COMPOSITE WOOD STUD

J. Alexopoulos

FORINTEK CANADA CORP. 
EASTERN LABORATORY 
800 MONTREAL RD. 
OTTAWA, CANADA 

KlG 3Z5

Contract No. 60-68-500

June 1984

by

Research Scientist 
Dept. Composite ProductsDept. Composite Products



ABSTRACT

Several composite wood stud designs were developed and examined as 
possible replacements of large dimension solid wood studs and built-up 
stud walls in eastern Canada as the need for thicker wall cavities to 
accommodate added insulation material strengthens. The proposed 
" Measures for Energy Conservation in New Buildings" prescribes higher 
RSI values for much of the country than can be achieved with normal 
38- x 89-mm stud walls (HUDAC, 1980). From the potential alternatives, 
an optimum stud was selected based on performance and ease of assembly.

The chosen model had a continuous waferboard web running along the 
centre of two low grade lumber flanges. A single groove, inward-sloped 
pressure joint between the web and the wood flanges was designed and 
rigid polyurethane foam was used to fill the cavities on either side 
of the web giving the stud a symmetrical full rectangular configuration. 
This construction allows the composite stud to be used in a similar manner 
as solid wood studs in conventional construction.
The composite studs performed as well or better relative to 38- x 89-mm 
solid wood studs in terms of bending properties and racking strength.
The composite studs showed somewhat greater tendency to split during 
nailing and displayed higher absorption and thickness swelling during 
prolonged soaking in water. Fitting the studs with polystyrene sections 
did not increase thermal resistance of the wall significantly. According 
to the cost benefit analysis, the composite stud can be an efficient and 
cost-effective alternative to built-up 38- x 89-mm and 38- x 140-mm solid 
studs in constructing energy-efficient homes.
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INTRODUCTION

Rising energy costs in Canada and the increasing awareness for energy 
conservation have created the need for thicker building wall cavities 
to accomodate more insulation material. Dimension lumber in sizes 
38- x 140-mm and 38- x 184-mm (nominal 2- x 6-inches and 2- x 8-inches) 
is not produced in large quantities in eastern Canada. The long-term 
prospect is that the larger dimension lumber will, because of potential 
shortages, become correspondingly expensive. One alternative which 
could avoid dependence on costly West Coast lumber is the development 
of a composite-type stud made from materials produced in eastern Canada, 
such as low grade small dimension lumber and structural waferboard.

The objective of this study was to develop a wood composite stud that 
meets the building requirements of modem energy-efficient homes. : To 
date, the most common types of composite beams have the "  I" configuration 
or cross section. During the course of the study, several models of the 
" I" type design were prepared to examine the problems which could arise 
from the use of such products. Consideration was given to design, adhesive 
type, thermal bridging, bending strength and stiffness, nailing properties, 
durability, versatility, ease of assembly and possibility of commercialization.

The best stud model was selected, based on the above characteristics, and 
thermal and racking tests were performed. The economics pertaining to 
its manufacture and use were also considered.

LITERATURE REVIEW

I-beams with lumber or laminated flanges and glued wood composite webs, 
such as waferboard, can be designed to provide desired stiffness, bending 
moment resistance, and shear resistance. In a bending condition, the 
flanges resist bending moment and the webs provide primary shear resistance.

In the United States, construction plywood covered by Product Standard 
PS 1-74 (U.S. Department of Commerce, 1974) is commonly used as the 
shear web for I-beams. Design procedures and fabrication information 
are available from the American Plywood Association (APA, 1980) or 
National Forest Products Association (1980). Plywood-webbed beams have 
been used in England for about 20 years (McNatt, 1980).
Hunt (1975) suggested that structural particleboard had potential advantages 
as web-materials in composite beams. He showed that the in-plant shear 
modulus of sheathing-grade, large-flake structural particleboard (aspen 
waferboard) was over 2.5 times greater than for high quality structural 
plywoqd of the same thickness.
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Johnson et al. (1976) tested composite wood/particle box and I-beams 
under two—point loading and reported the beams to have roughly 80 percent 
of the stiffness and 50 percent of the strength of a perfectly clear 
southern pine 38— x 235—mm (nominal 2- x 10— inches). They indicated 
that the observed behaviour was probably the equivalent of a lower grade 
southern pine 38- x 235-mm.
I—beams comprised entirely of reconstituted wood particles and constructed 
using shaped molds and standard particleboard pressing techniques are 
reported by Geimer and Lehmann (1975). Their results indicated that 
beams having the best bending properties were constructed using aligned 
0.5- x 13- x 51-mm (0.02- x 0.5- x 2-inch) disk flakes in the flanges 
and 0.5- x 51-mm (0.02- x 2-inch) flakes randomly dispersed for the web.
In terms of stiffness and strength, their findings were similar to those 
of Johnson et al. (1976). The authors also suggested that with proper 
engineering design and construction techniques, beams could be made to 
suit a variety of structural applications.
Percival et al. (1977) investigated the feasibility of using 38- x 89-mm 
(nominal 2- x 4-inch) lumber and structural particleboard in 4877-mm 
(16-foot) garage headers. They compared the performance of a solid beam 
made with a double 38- x 286-mm (nominal 2- x 12-inch) header with 5029-mm 
(16.5-foot) long and 406-mm (16-inch) deep beams of the " I" type cross 
section using flanges of stress graded 38- x 89-mm (nominal 2- x 4-inch) 
lumber and webs of one of four materials: plywood; underlayment particle
board; large-flake, phenolic-bonded aspen board; and a urea-bonded mixed 
hardwood board. Each beam was nail-glued, using casein as the adhesive, 
at all contact surfaces between the lumber materials and web stock. In 
bending tests, the plywood—web beam was 100 percent stiffer, and the mixed- 
hardwood board-web beam 84 percent stiffer than the double 38- x 286-mm header.

Considerable information is available on the application of hardboard 
as the shear-web material in built-up beams in the United States (McNatt,
1980; McNatt and Superfesty, 1974; Ramaker and Davister, 1972; Superfesty 
and Ramaker, 1976 and 1978) and Europe (Chow, Noack, and Deppe, 1978;
Cizek, 1961; Môhler, 1961; PRL, 1972; Tyne, 1978). Several long-term 
load studies, principally on I-sections, indicate that hardboard-webbed 
beams perform in a manner similar to the performance of plywood-webbed 
beams (McNatt, 1980). A number of countries, including England, Germany, 
and Sweden, have published allowable design loads for structural use of 
hardboard.
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Several self-locking joints between the web and flange materials 
have been investigated. Such joints provide glueline bonding pressure 
as well as a locking action which permits the rapid movement of the 
beam assembly down a production line without any external clamping.
In a recent study, Sliker and Suchsland (1982) evaluated a locking 
joint that allowed plywood web material to be locked in place as it 
conformed to the curvature of sinusoidally shaped grooves in the flanges. 
They report that the beams with the locking joints could be handled during 
the time of adhesive cure without slippage and that they were as strong 
as, but slightly less stiffer than, beams made with straight grooves.

Several " I" type constructions have been patented in the U.S. and 
Europe that pertain to locking joints. Keller and Nickerson (1976) 
of Wood I Systems of Oregon, disclose a roof truss or I-beam having a 
plywood web member interconnecting a pair of wood chord members by 
means of glued inclined tongue and groove joints that form self-locking 
dovetail-type joints. It is claimed that these joints increase the 
strength of the member and are self-clamping, allowing the glue to set 
without external clamps. In U.S. Patent No. 4,155,462 (1980), the same 
inventors describe a similar type of beam or truss using particleboard 
for the web-member. Wood I beams are now manufactured commercially in 
Canada by Jager Industries Ltd., Calgary, Alta. Troutner (1970) discloses 
web-type wooden trusses fabricated by providing grooved chord and strut 
members and wooden web members having selected margins compressed to form 
tapered tongues. It is claimed that the water or solvent present in the 
glue causes the tongues to swell, thus interlocking the parts and eliminate 
the necessity of using clamps. In British Patent No. 978,639, Hess (1979) 
describes a beam with wooden flanges and with a sinuous web comprising 
at least two sheets of plywood that act to absorb transverse forces.

EXPERIMENTAL PROCEDURE AND RESULTS

Development Models 

Model I
The initial composite stud model was built using stud grade spruce-pine-fir 
(S-P-F) lumber flanges (i.e., chords) employing two grooved tracks along 
their full lengths (see Figure 1). Into these tracks were pressed 
6.35- x 100- x 150-mm commercial aspen waferboard webs in alternating 
series. This design was selected as it afforded good torsional rigidity.

The waferboard webs were glued to the tracks using an economical cold
setting polyvinyl acetate (PVA) adhesive. The web edges were dipped in 
the adhesive and pressured in place with screw-type clamps. The resulting 
stud was symmetrical with dimensions 45- x 140- x 2440-mm.

3





To minimize thermal bridging across the width of the stud, a poly
urethane foam was applied between the waferboard webs along the length 
of the stud (see Figure 2). This was accomplished at the laboratory 
using a two-part liquid polyurethane system1 which was poured between 
the webs with the stud on its side. A tight-fitting piece of waferboard 
covered with polyethylene plastic was clamped on top of the webs along 
the length of the stud to act as a molding form. The form was removed 
approximately two minutes later to reveal a rigid-foamed stud.

The dimensions of the stud components are shown in Figure 3. All cross 
section stud dimensions in this figure and other figures to follow were 
rounded off to the nearest millimetre.

A series of fourteen 38- x 89-mm and seven 38- x 140-mm S-P-F stud grade 
studs were tested for maximum strength and stiffness according to ASTM 
D 198-76. These were used as controls. The specimens were loaded over 
a span of 2220 mm at two points at a distance one-third the span from 
each support. All of the composite stud models designed jin this study 
were tested using the above standard. The moisture content of the solid 
wood specimens at time of testing was approximately 10 percent.

The bending test results of the solid lumber control specimens and 
two Model I composite studs (one with foam the other without foam) are 
presented in Table 1. The studs were compared in terms of maximum 
load (strength) and deflection produced with 2550 Newtons (N) of load 
(stiffness). The deflection was obtained from the load versus deflection 
curves by substracting the deflection at 2250N from the deflection at 
4500N after fitting a straight line through the points in the linear 
range.
In comparisons that follow, an attempt was made to be as general as 
possible as in most cases the sample size was kept small, due to budget 
constraints.

The stud assembled using the PVA adhesive and containing foam was lower 
in strength than the control 38- x 89-mm studs (see Table 1). It was 
interesting to note that the polyurethane foam appears to have increased 
the rupture strength of the composite stud significantly; bending stiffness 
increased to a lesser extent. Both composite studs had lower deflection 
values, i.e., higher bending stiffness than the 38- x 89-mm controls, 
however, they were not as stiff as the 38- x 140-mm solid wood studs.

lManufactured by Canus Plastics Ltd., Ottawa, Ontario
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Model II
Tto improve the moisture resistance of the adhesive and the bending 
properties of the composite studs, a commercial room-temperature-setting 
adhesive, phenol-resorcinol (PR), was used in the next series of studs.
In addition, the flange width was increased to 50 mm mainly for added 
nailing surface (see Figure 4). The lengths of the waferboard webs 
were varied among studs to determine the effect on maximum strength 
and stiffness. The lengths considered were: 75, 150, 300, 450 and 600 mm.
Hiey were placed in the tracks in alternating series and foam was 
applied as described earlier. The studs with the 75- and 600-mm webs 
are shown in Figure 5.
The combined effect of using PR adhesive and increasing the flange 
width by 5 mm (i.e., comparing the 150-mm web length foamed studs of 
Models I and II) , increased the maximum load and stiffness significantly 
(see Table 1). The maximum load was slightly higher while stiffness 
more than two times higher in comparison to 38- x 89-mm controls.

The influence of web length revealed that the 300- to 600-mm range 
yielded the highest maximum load and stiffness (see Table 1). The 
stud with the 75-mm webs was approximately 28 percent lower in strength 
than the 38- x 89-mm controls, however, it was approximately twice as 
stiff. All other studs of Model II had higher strength and stiffness.

The studs with 150-, 300-, 450-, and 600-mm webs produced satisfactory 
results with respect to strength and stiffness, however, the laboratory 
hand assembly procedure was found to be time-consuming.

Model III
For this model, the assembly process was simplified by bevelling the 
inside edge of both tracks in each end flange (see Figure 6). The 
webs were 300 mm long and placed in alternating series in the two tracks.
The foam was applied as described earlier.
When subjected to bending, strength and stiffness were not affected 
appreciably by the bevelling (see Table 1).

Model IV
To simplify the assembly process even further, a single continuous 
waferboard web was investigated (see Figure 7). On one side of the web, 
the inside edges of the end flanges were bevelled to accomodate the 
insulation batts more efficiently with minimal air spaces. Foam was applied 
to this side of the web flush with the outside edges of the flanges. The 
web track was deepened by 2 mm. A smaller track was added to the end 
flanges to strengthen the bond between the foam and the wood and the 
flange depth was increased by 5 mm. The foam stud is illustrated in Figure 8
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In bending tests, this stud was more or less equal in strength and 
stiffness as the Model III stud (see Table 1). The major drawbacks 
of this construction were that it was not symmetrical as compared to 
the others and, as was the case with all previous models, air cavities 
would be created when one stud is end-butted to the side of another, 
as in a stud-top plate connection, since the stud cross sections did 
not define a full rectangular configuration. In addition, pressure 
had to be maintained for several hours following glue application 
which is considered undesirable under manufacturing conditions.

Test Model
Model Design and Fabrication

Finally, a symmetrical simplified model was designed that solved most 
of the problems experienced with previous designs. This model, shown 
in Figure 9, had a single continuous waferboard web (7.9 mm in thickness) 
running along the centre of the two end flanges. A " locking pinch 
compression" joint was devised between the web and the wood flanges 
that allowed the clamps to be removed immediately following assembly 
and the stud to be transferred directly to a storage area while the 
adhesive cured.
The finger slope of 1:7.6, shown in Figure 10, was adopted from Ivanson 
and Strôm (1968). It was shown in their studies that this slope, when used 
in finger joints, provided the best results in terms of bending strength 
and maximum locking ability. Flatter slopes did not increase the 
strength while steeper slopes reduced the strength considerably.
The studs were assembled in the laboratory and were then sent out for 
synthetic foaming to Reichhold Chemicals Ltd., Ste. Thérèse, P.Q. where 
commercial polyurethane foam was applied using conventional technology.
The foam was higher and more uniform in density and less rigid than the 
foam prepared at the laboratory. It was applied to both sides of the web 
and flush with the side edges of the flanges. Studs were prepared in two 
sizes: 38 x 140 mm for bending and other tests and 38 x 184 mm to construct
walls for racking tests.

Bending Properties

Most of the failures in bending were associated with knots and cross grain 
in the tension flanges. Relatively high strength and stiffness values 
were obtained when such weakening defects were not present and the specimens 
failed in shear within the wood flanges and/or the waferboard webs, A 
typical shear failure is illustrated in Figure 11. Samson (1983) has 
shown that bending strength of composite I-beams is considerably affected 
by flange quality.
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The results of the bending tests are given in Table 1, The test 
model studs displayed the best performance relative to all other 
models and the 38- x 89-mm solid lumber controls. Maximum load of 
the test model studs was not quite as high as that displayed by the 
38- x 140-mm solid lumber controls, however, bending stiffness was 
similar if not superior. From the same table it can be seen that 
foaming the studs with commercial foam resulted in improved bending 
strength and stiffness in comparison to laboratory-foamed and unfoamed 
studs.

Nailing Properties
Nailing characteristics were determined on small sections using common 
construction butt— and toe-nail joints. Common 75—mm steel framing 
nails were used.
Nail-holding ability tests were not considered since the nails were 
driven through the S—P-F flanges only, and these are commonly known.
Visual examination did not indicate any problems with the butt joint, 
provided care was exercised in locating and centering the nails through 
the ends of the butted flanges. The toe nail, however, frequently 
resulted in end-flange splitting as is common in conventional construction 
lumber especially when the lumber is dry. The two joints are shown 
in Figure 12.
When constructing the wall using 50- x 184-mm composite studs for the 
racking strength tests, it was.observed that end-splitting would occur 
when nailing less than approximately 50 mm from the ends of the studs. 
Pre-drilling holes in this region to guide the nails prevented such 
occurrences. The solid wood specimens showed less tendency to split.
Face nailing of the waferboard siding to the studs did not present any 
problems whatsoever.

Durability and Weathering Properties
To test the durability of the adhesive, the foam, and the entire stud, 
several tests were devised since there is no standard durability test 
for a composite lumber specimen that combines polyurethane foam and 
wood. Two small stud sections, one with laboratory foam the other with 
commercial foam, were submerged in boiling water for 2 hours. Other 
commercial foam stud sections and 38- x 140-mra solid wood sections were 
placed in a 90 percent relative humidity (RH) and 20°C chamber for 
168 hours while another set was submerged for 24 hours and 72 hours in 
running water maintained at 209C. The 72—hour period simulates a weekend 
of continuous exposure to rain.
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The durability properties of the foamed composite stud were further 
evaluated by use of an Atlas Twin-Arc Weatheroneter. This is used 
to simulate accelerated outdoor weathering. The device employs two 
intense carbon arc ultraviolet lights, demineralized water sprays and 
temperature controls. Samples of the composite stud, 50 x 140 x 70 mm, 
were subjected to three 24-hour weatherometer cycles according to 
CGSB l-GP-71, Standard Method 122.2-1974, "Accelerated Weathering.
General Procedure" . During each cycle the specimens are subjected to 
8 hours light, 10 hours light and water spray, and 5.5 hours water spray 
only. This would be roughly equivalent to 5 weeks outdoor exposure.
Figure 13 shows the specimens following the 2-hour boil test. It is 
apparent that the commercial foam was less stable than the foam prepared 
at the laboratory. The commercial foam separated completely from the 
waferboard web and adhered marginally to the wood flanges. In both 
specimens, it appears that the swelling of the waferboard webs caused 
the flanges to deform more in the inner portions and in some cases to 
split. It should be noted, however, that the boil test may be too 
severe a test in considering the end-use of the product. Also, the 
commercial foam was sprayed on as opposed to being poured as a liquid, 
perhaps resulting in less adhesion with the wood components.

Exposure of the samples to 90 percent relative humidity and to room 
temperature water for 24 and 72 hours did not result in significant 
deformations and the foam remained intact. Table 2 shows that the 
composite stud cannot be considered inferior to solid wood studs of 
comparable size when exposed to 90 percent RH and 24-hour cold water 
soak. During prolonged soaking, however, water absorption and thickness 
swelling of the composite stud were higher. The foam was dimensionally 
stable, however, it did absorb much water. A cut 50 mm from the end 
of the specimens soaking for three days revealed that no moisture had 
penetrated to the waferboard web indicating that the foam perhaps shields 
the webs from moisture and helps the stud maintain its properties.
Following the three weatherometer cycles, the surfaces of the foam were 
markedly darker in colour, and slightly softer with greater tendency to 
rub or flake off. This surface deterioration is mainly due to ultraviolet 
light acting on the foam and suggests that the studs should not be exposed 
to prolonged sunlight. If long-term exposure cannot be avoided, this 
problem will be alleviated by covering the studs on both sides with paper 
or other medium. The wood flanges also appeared to have attained a slightly 
darker colour.
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Versatility and Construction Applications
To demonstrate the versatile properties of the composite stud, scaled-up 
sections measuring 50 x 184 mm and 50 x 235 mm were constructed. These 
are shown in Figure 14 alongside a 50- x 140-mm composite stud. The wall 
section shown in Figure 15 illustrates how the stud would easily lend 
itself to conventional building techniques. The composite stud is 
symmetrical with similar nailing surfaces as solid wood studs and can, 
therefore, be utilized in a similar manner.

Racking Performance
Racking strength tests were carried out at the Division of Building 
Research of the National Research Council of Canada. One experimental 
and one standard wall section, each 2.44 x 2.44 m (8 x 8 feet) in size 
were tested. The testing procedure was in accordance with Section 14 - 
" Racking Load - Evaluation of Sheathing Materials on a Standard Wood 
Frame " of ASTM E72-80, Standard Methods of Conducting Strength Tests 
of Panels for Building Construction. The standard wall section was 
constructed with standard 38- x 89-mm S-P-F stud grade lumber and the 
experimental wall panel with 50- x 184-mm composite foamed studs, both 
spaced 400 mm (16 inches) on-centre. Two waferboard sheets, 7.9 mm in 
thickness, were nailed to each side of each wall section. Full details 
of the experiment are provided in Appendix "A" .
The results of the racking tests showed that the experimental composite 
stud wall panel performed as well or better relative to the control wall 
section with respect to maximum load, true shear deflection, residual 
deflection or " set” and racking stiffness (see Tables 1, 2 and 3 of 
Appendix " A "  ) . Both wall panels failed in a similar manner by shearing 
and bending of the nails around the edge of the waferboard with the 
waferboard at the central vertical joint buckling outward about 10 mm 
withdrawing some nails in the process and pulling a few nail heads through 
the waferboard. Appendix " A ” includes photographs of the experimental 
wall panel, test setup, and failure mode.

Heat Transmission and Thermal Resistance
The heat transmission and thermal resistance of two configurations of a 
wall system comprised of 50- x 184-mm unfoamed composite studs were 
measured in the Environmental Test Facility of the Division of Building 
Research, National Research Council of Canada, In configuration 1, the 
weatherside surface of the composite stud wall was sheathed with 11.1—mm 
(7/16-inch) Douglas-fir plywood. The spaces between the.composite studs 
were fitted with fibreglass insulation batts. The room-side surface was 
covered with 0.152-mm (6 mil) polyethylene air barrier and 12,7-mm (1/2-inch) 
gypsum board. The wall in configuration 2 was similar to the other 
wall with the exception that all the composite studs were fitted with
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custom-made polystyrene rigid sections. Two weatherside temperatures 
of -7°C and -35°C were considered. Full details of the specimens and 
tests are provided in Appendix " B " .
The heat transmission and thermal resistance values for each test 
configuration are listed in Table 1 of Appendix " B" . ■ The wall panel 
with the polystyrene sections displayed higher thermal resistance, 
however, the increase averaged only approximately 3 percent. Since the 
polyurethane foam exhibits similar thermal resistance as polystyrene 
(0.0347 m2°C/W/mm (CMHC, 1981b) it is assumed that the foamed poly
urethane studs will behave in a similar manner in a wall as the studs 
fitted with polystyrene sections.
The average RSI value of 4.55 for the configuration 2 wall is well above 
the minimum thermal resistance value of 3.0 as specified by CMHC (1981a) 
for wall assemblies above ground level with a maximum number of Celcius 
degree days of 5000 (actually 4674 for Ottawa — NRCC (1980)). It should 
be noted that compression of the fibreglass batts from 216 mm to 184 mm 
reduced the potential thermal resistance value of the fibreglass insulation 
by approximately 10 percent.

Economic Considerations
The manufacturing process is simple and should present no problems for 
home builders or component companies. The equipment is not sophisticated 
and can be easily purchased or manufactured. Figure 16 illustrates a 
possible composite stud processing system. Two different operations are 
initially required to process the raw materials. In one line, the small 
dimension wood is sawn and planed to the desired dimensions. The specimen 
is then passed through the grooving machine and the adhesive is applied 
to the grooves as the members leave this machine. In the other line, 
the waferboard panels are sawn to appropriate widths and the edges shaped. 
The two products from the two lines finally come together at the assembly 
machine where the top and bottom chords are pressed snugly onto the 
waferboard. A series of rubber tires may be used to apply this pressure. 
Following assembly, the foam is applied to both sides of the waferboard 
web. The stud is then transferred to storage for post curing, followed 
by trimming and sizing, packaging and finally shipping.
The people who are likely to be involved in the manufacture of such a 
product are small home builders and component companies, such as truss 
manufacturers, who can expand their product line at no great expense.
They have the manpower, lumber, presses, versatility, expertise and 
markets for such a product. Jager Industries Ltd., Calgary, Alberta, 
is a building component manufacturing company that has added " Wood-I " 
beams to its various product lines. It is claimed that their product 
is competitive with solid sawn wood in the large dimension category and 
has successfully penetrated the home construction market. At the moment 
they are considering expansion to other parts of Canada.
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In estimating a cost of equipment investment and outlining a cost of 
manufacturing, it will be assumed that this product line will be an 
add-on operation. The building facility is initially available and 
administration and overhead costs will be shared.
Essentially, there are two major pieces of equipment involved in producing 
and assembling the wood composite stud developed in this study. The 
first set of equipment would be a combination grooving, shaper, and 
press machine. Although the three machines can be purchased separately, 
the method of manufacture, as outlined in Appendix " C" , requires 
one machine that performs the three functions : grooving the lumber
chords; shaping the waferboard webs; and pressing the top and bottom 
chords snugly onto the waferboard web while the adhesive, which has 
been applied to the lumber grooves, cures. Such a machine must be 
manufactured and the cost, as estimated by Jager Industries Ltd., is 
approximately $120,000. Hie production capacity for such a machine is 
182,880 lineal metres (600,000 lineal feet) per year. This rate is 
based on 914 lineal metres (3000 lineal feet) per day and a 200-day 
production year.
The only other major piece of capital equipment required is a machine 
to foam the composite stud cavities. There are three components to the 
stationary, pour-type foam applicator. Costs as provided by North 
American Urethane, Grand Rapids, Michigan are:

Pour machine $20,000
Tooling (bed and clamps) $ 8,000
Conveyor $ 2,000

$30,000

This machine can equal or surpass the production capacity of the grooving, 
shaping, and pressing machine.
The toal machine equipment cost for this operation will therefore be 
$120,000 for the combination grooving, shaping and pressing machine 
added to $30,000, the cost of the foam applicator equipment, giving 
a total investment of $150,000.
In addition to the machine equipment capital costs, there will be capital 
costs for a building, land, and working capital. Since the building and 
land already exist, these costs will be negligible and assumed to be zero.

Working capital is that fund required to pay for " goods in process" . 
Ordinarily, a business of this type requires a minimum 15_days of inventory 
of finished goods to operate in a sound business-like manner. The value 
of this unsold inventory is a cost to the firm and must be paid from 
the cash flow of operations. The actual cost to the firm is the interest 
expense on the money tied up in inventory value of approximately $17,000 
for unfoamed studs and $24,000 for foamed studs. At 20 percent interest, 
the working capital cost would be $3,400 and $4,000 per year for unfoamed 
and foamed studs, respectively.
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The unit manufacturing cost estimates of 50- x 140-mm and 50- x 184-mm 
composite studs are summarized in Table 3. Detailed analysis of the 
fixed and variable costs involved in producing these studs is provided 
in Appendix " C " . Table 3 indicates that adding foam to the studs 
raises the manufacturing costs by 33 and 50 percent for the 50- x 140-mm 
and 50- x 184-mm studs, respectively. The production cost of a 50- x 184-mm 
stud without foam is 8 percent higher than that of an unfoamed 50- x 140-mm 
stud. The increase in cost of similar studs with foam is 22 percent.
The top diagram in Figure 17, illustrates the composite stud wall 
construction detail used for the heat transmission tests. The actual 
composite stud design is given in Appendix " B" . It was indicated 
earlier that an average RSI value of 4.55 was obtained with this wall 
construction. The bottom two diagrams in Figure 17 show possible 
modifications that would have to be made to conventional 38- x 89-mm and 
38- x 140-mm stud walls to achieve similar thermal resistance as the 
composite wall. The 38- x 89-mm wall would require 73 mm of polyurethane 
foam added while the 38- x 140-mm wall would require 42 mm. Polyurethane 
foam was used as the added insulation material since it was applied to 
the composite studs and was considered in the evaluation of manufacturing 
costs.
Table 4 shows the costs incurred when framing 1.2 metres wide by 2.44 metres 
high exterior walls using 38- x 89-mm and 38- x 140-mm solid wood studs 
and 50- x 184-mm composite studs, all providing equal thermal resistance. 
Costs for Douglas-fir plywood, polyethylene air barrier and gypsum board 
were omitted as they are common to all three wall constructions. Allowance 
was made for bottom and doubled top plates. Based on the results, the 
composite stud can be considered competitive with conventional sawn lumber 
products. Although the composite stud wall is presently slightly more 
expensive, the composite stud has several advantages over sawn lumber that 
can reduce the final price of the product. Firstly, the sawn lumber 
considered above is strictly eastern Canadian and the high transportation 
costs involved in shipping West Coast lumber to the East are not encountered. 
When lumber of large dimensions (38- x 140-mm and larger) becomes in short 
supply and thus expensive in eastern Canada, this composite stud will look 
more attractive.

Secondly, if long distance shipping is involved, the stud has definite 
weight advantages over solid wood studs. Composite foamed studs 
measuring 50- x 140-mm are not as light as 38- x 89-mm solid wood studs, 
however, they are approximately 20 percent lighter than comparable size 
solid wood studs (see Table 5). The increase in weight by the additional 
foam and waferboard web material when manufacturing larger dimension studs 
is smallf thus the weight advantage becomes more important when using 
larger studs. Table 5 shows that the.weight of a 50- x 184-mm composite 
foamed stud is 3 percent higher.in comparison to a 50- x 140-mm foamed 
stud and 17 percent lower in comparison to a 38- x 140-mm solid wood stud. 
Lighter studs will not only be less expensive to ship but will also be 
easier and less costly to handle during construction.
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Thirdly, the built-up solid wood stud wall requires the installation 
of a separate material, such as rigid polystyrene sheets or polyurethane 
sheets, thereby adding to handling and erection costs. The composite 
stud walls only require thicker fibreglass batt insulation that is 
easily applied at no added appreciable expense.

Published information indicates that reconstitued lumber products are 
already becoming competitive with sawn lumber. Table 6 shows that 
the Corn-Ply products are actually cheaper than both stud grade 38 x 184 mm 
(nominal 2 x 8  inches) and 38 x 235 xnm (nominal 2 x 10 inches), in the 
South-Eastern United States. This table also reveals why composites 
are approaching cost competitiveness with sawn lumber. By comparing 
the two cost columns it can be seen that the wood cost (difference 
in the two cost figures) is much lower for the composite products.

Wood cost as a percent of total manufacturing cost is presented in Table 7. 
The cost of wood averages over 50 percent for sawn lumber and remanufactured 
products versus 33 percent for Com-Ply and Press-Lam composites. By 
contrast, wood costs constituted only 10 to 15 percent of sawn lumber 
costs at the turn of the century. Sawn lumber manufacturing costs are 
very vulnerable to the cost of the wood raw material and that cost 
is going to continue to increase as heavier demands are put on our 
softwood forests. In marked contrast, reconstituted lumber product costs 
are not as vulnerable to wood cost increases because there is more value 
added in the final product, i.e., two-thirds of their current manufacturing 
costs are due to labour, capital, energy, glue, and other inputs (Forintek 
Canada Corp., 1983). The costs of these inputs are not increasing as 
fast as the cost of wood raw materials. The composite products that have 
been developed to date compare quite favorably with the structural 
properties and quality of solid sawn lumber products (Forintek Canada 
Corp., 1983).

The construction of plywood-webbed Wood-I beams of Oregon is similar to 
the stud developed in this study with the exception that plywood is used 
as webbing material and foam is not applied. It is claimed, as indicated 
earlier, that mainly because of savings in wood fibre (i.e., 40 percent 
savings in the construction of a home), Wood-I beams can be produced for 
$2.20 per lineal metre ($0.67 per lineal foot) for a beam 89 x 235 mm 
(nominal 4 x 10 inches) compared with $3.28 per lineal metre ($1.00 per 
lineal foot) for a solid wood member (Anonymous, 1977). Wood-I Corporation 
has built homes with Wood-I members (floor joists, studs, and heaters) at 
a cost of $206.99/m2 ($19.23/ft2) compared to normal costs using solid
wood members at $236.80/m2 ($22.00/ft2). The Corporation reports 
that this results in a cost saving of $4,400 in building a house (Anonymous, 
1977).
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A report by Energy, Mines and Resources Canada (1981) describes 
an energy efficient residential construction technique in Manitoba 
incorporating a cost-effective innovative wall design. A home built 
with 356-mm (14-inch) thick walls using wooden I-beams spaced at 
600-mm (24-inch) centres used about 60 percent fewer studs than the 
conventional double-stud wall. The beams were built using 7.9-mm 
(5/16-inch) plywood webs and two 38- x 64-mm (nominal 2— x 3—inch) 
studs as flanges. A 19-mm (3/4-inch) groove was routed into each stud, 
into which the plywood was glued and nailed. With an insulation level 
of RSI 8.45 (R48), south orientation, triple-glazed windows, a continuous 
vapour barrier, and an energy-conserving heating and ventilation system, 
heating costs can be reduced by 80 percent compared to the costs of a 
" conventional" home.
The I-beam products such as Wood-I Beam, Trust-Joist Corporation s 
Micro-Lam (TJI) and Corrply (a European plywood-webbed beam) have 
plywood as the webbing material. The flange material for the TJI 
series is laminated veneer lumber. Large peelable logs are needed to 
produce plywood and Micro—Lam. The development of I—beam products 
manufactured entirely from small diameter, readily available trees 
should result in higher savings. The stud developed in this study has 
flanges produced from stud grade S-P-F lumber and waferboard webs.
Both of these materials are readily available in eastern Canada.

CONCLUSIONS

1. The composite wood stud developed in this study performed as well
or better relative to 38— x 89—mm solid wood studs in terms of bending 
strength and stiffness and racking strength.

2. The composite wood studs showed greater tendency to split during 
nailing and higher absorption and thickness swelling during prolonged 
soaking in comparison to solid wood studs. Weathering tests 
indicated slight surface deterioration of the polyurethane foam.

3. Custom-fitting the composite wood studs with polystyrene sections 
did not increase thermal resistance of the wall significantly. The 
average thermal resistance of RSI 4.55 was well above the minimum 
of RSI 3.0 specified by CMHC for the Ottawa area.

4. The manufacturing cost estimates suggest that, in comparison to solid 
wood studs, the composite studs can be used competitively for energy- 
efficient walls.

5. The foamed composite studs with rectangular cross sections may be 
used in a similar manner as solid wood studs in conventional light 
frame construction.
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RECOMMENDATIONS

The conclusions of this study provide a general overview of the 
performance of the composite wood stud. Additional research work 
is needed for a better representation and understanding of stud 
properties and long-term performance.
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TABLE 1. Bending Properties of Solid Wood and Composite Studs

Stud
Type

Foam Web Maximum Load (kN)
System Length (mm) Mean Range

Deflection Produced 
With 2250 N Load (mm) 
Mean Range

S-P-F Stud Grade

Dimension Lumber
- 38 x 89 mm
- 38 x 140 mm

8.36 (14)* 6.89 - 10.19
18.25 (7) 11.81 - 26.62

13.62 12.00 - 15.86
4.45 3.69 - 5.41

Composite Studs 
(38 x 140 mm)

- Model I Foamed 150 5.18
Unfoamed 150 • 3.04

- Model II Foamed 75 6.03
Foamed 150 8.81
Foamed 300 9.97
Foamed 450 9.84
Foamed 600 9.33

- Model III Foamed 300 9.22

- Model IV Foamed Continuous 9.32

- Test Model Commercially-
Foamed Continuous 14.29

Laboratory-
Foamed Continuous 12.96

Unfoamed Continuous 12.77

(1) 5.89
(1) 6.82

(1) 5.95
(1) 4.65
(1) 5.65
(1) 4.48
(1) 4.88

(1) 5.80

(1) 4.38

(4) 10.93 - 17.07 3.92 3.60 - 4.13

(2) 12.24 - 13.68 4.26 3.63 - 4.88
(3) 10.39 - 14.11 4.21 3.75 - 4.90

* Numbers in parentheses refer to sample size



Table 2. Exposure of Solid Wood and Composite Studs to Moisture

Moisture Treatment

90 Percent Cold Water Cold Water
Property RH Soak Soak

(168 hours) (24 hours) (72 hours)

Water Absorption (%)

Composite 5.9 13.1 23.4
Solid Wood 11.9 11.4 18.6
Foam - 69.8 90.5

Depth Increase (%)
Composite 0.9 0.9 1.9
Solid Wood 3.1 1.8 2.2

Thickness Increase (%)
Flanges of Stud 1.8 1.6 4.7
Foam in Stud - 0.4 1.0
Solid Wood 1.9 2.4 2.6
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Table 3. Unit Manufacturing Cost Estimate of 50- x 140-mm and 
50- x 184-mm Composite Studs

Assumed Production Rate: 182,880 lineal metres/year
- 914 lineal metres/day
- 200 production days/year

Cost/Lineal Metre C $ )50 x 140 mm 50 x 184 mm
Without Foam With Foam Without Foam With Foam

A. FIXED COSTS
1. Depreciation

1.1 Shaping, Grooving 0.07 0.07 0.07 0.07
and Press Assem
bly

1.2 Foam Applicator Equipt. - 0.02 - 0.02

2. Labor 0.41 0.41 0.41 0.41

3. Administration and 0.11 0.14 0.12 0.17

4.
Overhead 
Working Capital 0.02 0.03 0.02 0.03

B. VARIABLE COSTS 
1. Raw Materials 

1.1 Wood
Lumber 0.34 0.34 0.34 0.34
Waferboard 0.17 0.17 0.26 0.26

1.2 Adhesive 0.05 0.05 0.05 0.05
1.3 Foam 0.33 0.56

TOTAL COST 1.17 1.56 1.27 1.91
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Table 4 Exterior Wall-Framing Material Costs Using Solid Wood and Composite Studs

Stud
Type1 Material

Amount of Material 
Needed for a 

1.2- x 2.44-rn Wall
Cost of Material 

Per Unit
Total Cost 

of Material

Solid Wood

38 x 89 mm Wood 0.045 m3 2$89/m3 $ 4.02
R-12 Fibreglass Batt 

Insulation 0.35 rolls $14.88/roll3 $ 5.21
Polyurethane Foam 8.52 kg $3.08/kg1* $26.23

Total $35.46
38 x 140 mm Wood

R-20 Fibreglass Batt 
Insultation

0.058 m3 

0.41 rolls

2$105/m3

$28.95/roll3

$ 6.10 

$11.91
Polyurethane Foam 4.93 kg SS.OO/kg14 $15.19

.Total $33.20

Composite

50 x 184 mm Studs 10.92 lineal metres $1.91/lineal metre $20.86
R-28 Fibreglass Batt 

Insulation 0.56 rolls $26.29/roll3 $14.80
Total $35.66

1 Spacing for 38- x 89-mm studs is 400 mm; fop 38- ?c 140-mm studs and larger, 600 mm,
2 Taken from " Random Lengths" , green lumber, prices to wholesalers, net f,o,b, mill, Canadian funds, 
1982 average.

3 Retail prices.
Wholesale prices.



Table 5. Weight Comparisons of Solid Wood and Composite Studs

Stud
Type

Stud
Size
(mm)

Weight*

(kg)

Solid Wood 38 x 89 4.185

38 x 140 6.801

Composite - Foamed 50 x 140 5.450

50 x 184 5.622

- Unfoamed 50 x 140 5.058

* Each, weight measurement is the average of three specimens.
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Table 6. Estimated Manufacturing Costs for Various 
House Framing Materials, Adjusted to 1981 
Basis Assuming an Inflation Factor of 10 
Percent Per Year

Product and Data 
Source

Manufacturing 
Excl. Wood

* Costs/MBF 
Incl. Wood

1. Sawn Softwood Dimension 
Lumber

NE Quebec $121 $240 (CDN)
Northern Ontario $138 $274 (CDN)
Br. Col. Coast $144 $289 (CDN)
Br. Col. Interior $122 $203 (CDN)
PNW (USA) $ 90 $256 (US)
SE (USA)

Sandwell Mgt. Consult. (1977)
$105 $201 (US)

Northern Ontario “  
Anderson and Bonsor (1982)

$106-149 $182-226 (CDN)

2. Press-Lam (Douglas-fir) 
G. Harpole (1976)

$184-206 $280-347 (US)

3. Press-Lam (Douglas-fir) 
FPL Press Lam Team (1972)

— $297-348 (US)

4. Laminated Lumber (So. Pine) 
P. Koch (1976)

— $252 (US)

5. Corn-Ply Studs (So. Pine) 
G. Koenigshoff (1977)

$133 $177 (US)

6. Com-Ply Joists (So. Pine) 
G. Koenigshoff (1982)

$140-155 $180-200 (US)

7. Hardwood Lumber 
Harpole, et. al. (1982)

$ 80 $120 (US)

‘Except where noted, the manufacturing cost includes depreciation and excludes 
transportation to market. It does not include profit or return to capital.

“ Excludes transportation and depreciation.
Source: Forintek Canada Corp. (1983)
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Table 7. Wood Cost as a Percent of Total Manufacturing Cost

i
Product

Year
1981 1900

Press-Lam 37 N.A.

Com-Ply 27 N.A.

Dimension Lumber • )

B.C. Coast 50
North Ont. 43
PNW (US) 64
SE (US) 48 10-15

Wood Trusses 56

Corrply 61

Source: Forintek Canada Corp. (1983)
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Figure 1. Model I Composite Stud with Alternating Waferboard Webs and S-P-F Lumber Flanges



Figure 2 Foamed and Unfoamed Model I Studs
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Figure 3 Model I Stud Cross Section Dimensions
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Figure 5. Model II Studs with 75- and 600-mm Webs Arranged in Alternating Series
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Figure 6. Model III Stud Cross Section Dimensions
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Figure 7. Model IV Stud Cross Section Dimensions
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Figure 10 Test Model Cross Section Dimensions
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Figure 13. Specimens Following 2-Hour Boil Test

Note :
(i) Commercial foam was used in specimen on the left»
(ii) The foam in specimen on the right was prepared at the laboratory.
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Figure 16.

Small
Dimension
Wood

Waferboard
Panels

Proposed Processing System for Composite Stud

Sizing
&

Shipping



Figure 17. Composite and Built-Up Conventional Stud Walls Providing 
Equal Thermal Resistance

1. Composite 50— x 184-mm Stud Wall

m s H
’M & .—

. 600 mm |

11.1-mm D-fir plywood 

Fibreflass batt insulation

12.7-mm gypsum board 
Polyethylene air barrier

Total

2. Conventional 38— x 84—mm Stud Wall with Added Rigid Insulation

11.1-mm D-fir plywood
72.7- mm polyurethane foam
Fibreglass batt insulation
12.7- mm gypsum board
Polyethylene air barrier

Total

3. Conventional 38- x 140-mm Stud Wall with Added Rigid Insulation

11.1- mm D-fir plywood
42.1- mm polyurethane foam 
Fibreglass batt insulation

12.7-mm gypsum board
Polyethylene air barrier

Total

RSI
Value

4.55

0.097
2.523
1.851
0.079

negligibl
4.55

. 0.097 
1.470 
2.912

0.079
negligibl
4.55
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SUMMARY
This report describes two racking tests used to compare an experimental 
and a standard wall panel, each 2.44 x 2.44 m ( 8  x 8  ft), undertaken by 
the Building Structures Section of the Division of Building Research for 
Canada Mortgage and Housing Corporation and Forintek Canada Corporation.
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GENERAL
Mr. T. Szabo of Forintek Canada specified that the testing 

procedure be in accordance with Section 15, "Racking Load - Evaluation of 
Sheathing Materials on a Standard Wood Frame”, of ASTM E72-80, Standard 
Methods of Conducting Strength Tests of Panels for Building Construction.

The purpose of the tests was to compare the behaviour to failure of 
two 2.44 x 2.44 m ( 8  x 8  ft) panels. The panels were covered on each side 
with 2 sheets of 7.9 mm (5/16 in.) thick sheathing-grade waferboard, long 
side vertical. There were two suppliers of the waferboard, Weldwood of 
Canada Ltd. and Grant Waferboard Ltd. One 1.22 x 2.44 m (4 x 8  ft) sheet 
from each supplier was used on diagonally opposite sides of the panels.
One panel was constructed with standard construction-grade spruce 2 x 4's; 
the other, a new experimental panel (Fig. 1), was built with _-»mposite 
studs (except for the bottom plate) consisting of construction-grade 
spruce flanges glued to a waferboard web and filled out to a rectangular 
shape 50 x 184 mm (2 x 8  in.) by foamed-in-place polyurethane (see 
Fig. 2). The double top plate, double end and single internal studs were 
all composite. Only the bottom plate was solid 50 x 184 mm ( 2 x 8  in.) 
spruce. The nailing pattern for the sheathing was as recommended by the 
two manufacturers: 50 mm (2 in.) common 6  d nails spaced 150 mm ( 6  in.)
apart on the perimeter of each sheet 1 2  mm (•£ in.) from the edge with 
300 mm ( 1 2  in.) spacing along the internal studs.

The panels, supplied by Forintek, were installed in the loading 
frame (Fig. 3) by Roger Aston and Jim Alexopoulos of Forintek and Pat Daly 
of DBR. All three assisted D.A. Taylor with the testing.

TESTING PROCEDURE
To prevent the panels from lifting, 2 ball-bearing rollers were 

attached side by side to the testing frame 125 mm (5 in.) from the loaded 
edge. The rollers pressed vertically down on a 300 mm (12 in.) machined 
steel channel fastened to the top of the loading beam (Fig. 4). In the 
first test (the standard panel), the "hold down" was too loose and was 
reset at zero load after the cycle to 7.0 kN. Two sets of 2 horizontal 
rollers at the level of the top plate kept the panel plumb and the top of 
the panel in horizontal alignment during loading.

Racking loads were applied and removed at a rate of 1.78 kN 
(400 lb)/min by a horizontal jack of 50 kN (11,200 lb) capacity controlled 
by an Amsler testing machine with loads shown in pounds. During 
application of the loads, readings were taken at 0.89 kN (200 lb) 
intervals without changing the loading rate.

Each panel was loaded 3 times, to 3.5 kN (790 lb), to 7.0 kN 
(1570 lb), and to 10.5 kN (2300 lb), and unloaded each time to zero where 
the residual deflection or "set" was recorded. They were then loaded a 
fourth time to failure.



TEST RESULTS
Both panels failed in the same manner, the standard one at 25.8 kN 

(5800 lt>) with a racking or shear deflection of 30.9 mm, and the 
experimental panel at 29.4 kN (6600 lb) with a racking deflection of 36.3 
mm. The mode of failure in each was by shearing and bending of the nails 
around the edge of the vaferboard (Figs. 5,6) with the waferboard at the 
central vertical joint buckling outward about 10 mm (3/8 in.) (Fig. 7), 
withdrawing some nails in the process and pulling a few nail heads through 
the waferboard.

Figures 8  and 9 show the computed true shear or racking deflection,
A - (A + A ), plotted against the applied horizontal load.3 1 2

Table 1 presents the results, for comparative purposes, of the 
measured (Ag) and computed true shear deflections. Table 2 shows the
sets, and Table 3, the stiffnesses at 8.9 kN (2000 lb) and 17.8 kN 
(4000 lb).

*****
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TABLE 1 Measured Deflections A 1  , A2, A 3  and True 
Shear Deflection of Panel A3~ (Â  + A2)

Standard 2 x 4 Stud Panel

No. Load
A 1 A 2 A3 t 3  - CAj +

kN lb mm mm mm mm

1 2.23 500 0 . 2 0 0 0.53 0.33
2 4.45 1 0 0 0 0.63 0.05 1.57 0.89
3 6.23 1400 1.04 0.16 2.82 1.62
A 8.90 2 0 0 0 0.91 0.32 5.04 3.81
5 11.57 2600 1.35 0.50 7.45 5.60
6 13.35 3000 1.65 0.60 9.10 6.49
7 15.58 3500 2.09 0.74 11.94 9.12
8 17.80 4000 2.46 0.83 14.80 11.51
9 22.25 5000 3.11 1.07 23.75 19.57

1 0 25.81 5800 3.52 1.35 35.75 30.88

Note: Hold-■down reset between loads 3 and 4

Experimental Composite Stud Panel

No. Load
kN lb

A 1

mm
A 2

mm
A3
mm

A 3  - (Aj + 
mm

1 2.23 500 0.05 0 . 0 2 0.34 0.27
2 4.45 1 0 0 0 0.14 0.07 0.94 0.73
3 6.23 1400 0 . 2 1 0 . 1 2 1.60 1.27
4 8.90 2 0 0 0 0.32 0 . 2 1 2.92 2.39
5 11.57 2600 0.42 0.29 4.60 3.89
6 13.35 3000 0.49 0.35 5.93 5.09
7 15.58 3500 0.59 0.42 7.80 6.79
8 17.80 4000 0.71 0.49 9.96 8.76
9 22.25 5000 0.93 0.63 . 15.75 14.19

1 0 26.70 6000 1.15 0.80 25.85 23.90
1 1 29.37 6600 1.31 0.96 38.57 36.30



TABLE 2 Residual Deflections or Set at Zero Load 
after Cycling to 3.5, 7.0 and 10.5 kN

Standard 2 x 4  Stud Panel
Set after 3.5 kN A 3  - it/■"NCM<+H<N-/ 0.19 mm = 32.7% of deflection at 3.5 kN

7.0 kN SS 1.29 mm = 65.1% of deflection at 7.0 kN

10.5 kN ss 3.01 mm — 63.2% of deflection at 10.5 kN

Experimental Composite Stud Panel

Set after 3.5 kN A 3  - <‘l + V  - 0 . 2 2 m m  = 43.9% of deflection at 3.5 kN

7.0 kN = 0.64 mm = 39.8% of deflection at 7.0 kN

10.5 kN ss 1.34 m m  = 38.7% of deflection at 10.5 kN

TABLE 3 Shear or Racking Stiffness of Panels 
at Lateral Load of 8.9 and 17.8 kN

Load Standard 2 x 4  Stud Panel Experimental Composite
Stud Panel

kN kN/mm kN/mm

8.9 2.34 3.72
17.8 1.55 2.03



Fig. 1 The "experimental" panel made with composite studs
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FIGURE 2
DETAIL OF COMPOSITE STUDS USED IN 
EXPERIMENTAL PANEL
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Fig. 3 "Experimental" panel installed in loading frame

FIGURE 4
DIAGRAM SHOWING THE VERTICAL "HOLD DOWN" 
ROLLERS AND THE HORIZONTAL ALIGNMENT ROLLERS



®  Fio. 6  Shearing displacement of waferboard at bottom/centre of panelf
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Fig. 7 Buckling outward of one sheet of waferboard along central vertical joint at 
failureI

FIGURE 8
STANDARD PANEL TEST. DECEMBER 13. 1982
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FIGURE 9
EXPERIMENTAL PANEL TEST, DECEMBER 17, 1982
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Heat transmission test on a wall built with composite 
wood studs.

Summary
The heat transmission and thermal resistance of a composite wood stud wall 
system with two configurations were measured in the Environmental Test Facility 
of the Division of Building Research.
Specimen
A 2.A4 m by 2.44 m wall was assembled (Fig. 1) using seven wood composite studs 
supplied by the applicant (Fig. 2). The wall as assembled consisted of five 
vertical wood composite studs 50 mm by 185 mm by 2.34 m long on 406 mm centers 
with two pine boards 19 mm by 185 mm by 2.44 m long as end studs. Two wood 
composite studs 50 mm by 185 mm by 2.40 m long were used as the top and bottom 
plates. The outside surfaces of the top and bottom plates were custom fitted 
with 19 mm by 150 mm by 2.40 m long polystyrene sections. (See Fig. 3).
Configuration 1
The weatherside surface of the wood composite stud wall was sheathed with 11 mm 
fir plywood. The spaces between the wood studs were fitted with 410 mm wide 
friction fit full thickness glass fiber insulation (reference thickness of 
216 mm) applied from the room side which was compressed to the 185 mm stud 
thickness. The room side surface was covered with a 6  mil polyethylene air 
barrier and 1 2  mm thick gypsum board.
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Thermocouples were attached to the weather side and room side surfaces (Figure

Configuration 2

Same as in configuration 1  except that all the wood studs were fitted with 
custom made polystyrene sections (Fig. 4). When the weather side panels were 
removed in preparation for the test of Configuration 2, it was noted that the 
insulation, when applied from the room side, created a number of voids next to 
the weather side panel/stud contact areas. The glass fiber insulation was cut 
and custom fitted to each individual space, and the weather side panels 
installed and re-sealed with tape.
Test Procedure

The test wall system as assembled for Configuration 1 was mounted into the 
2.44 m by 2.44 m square opening of a polystyrene lined steel frame. The 
perimeter of the air barrier on the room side was taped and sealed to the 
polystyrene surround to eliminate any air leakage around the test wall. The 
weather side panels were taped to the surround to simulate field conditions.
The steel frame was then mounted to the weatherside chamber of the Environmental Test Facility.

The calorimeter box used to measure the heat flow through the test specimen was 
mounted over the room side surface of the test wall. The room side and weather 
side chambers were clamped together as shown in Appendix A Figure A2. All 
necessary changes required in the test configurations were accomplished by 
removing the weather side plywood panels and without disturbing the room side 
chamber or calorimeter.

During the tests the calorimeter box was maintained close to 21°C with the heat 
input held constant while the weather side chamber was set at — 7°C or —35°C as 
required. The heat input to the room side chamber was controlled so that the 
average temperature difference across the calorimeter walls was practically zero 
(less than 0.1 C). This small imbalance ensured that the heat exchange between 
the calorimeter and room side chamber was negligibly small and that the measured 
heat input to the calorimeter passed through the test wall.
The heat transfer from the calorimeter heater to the test wall was by natural 
convection air flow and by radiation transfer from the calorimeter surfaces. 
Tests were performed previously to establish the heat transfer characteristics 
for the calorimeter, and are described in Appendix A. The mean temperature of 
the inside surface of the test wall, Tsi, and the equivalent inside temperature 
Te, were calculatd by the methods described in Appendix A.
The fan in the cooling unit of the weather side chamber was used to provide 
forced convection heat transfer on the weather side of the test wall.
Test Results

The heat transmission and thermal resistance values for each test configuration 
are listed in Table 1. The temperatures used in calculating the results in 
Table 1 are shown in Figures 6  and 7 respectively.
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TABLE 1 R E P O R T  K D .  3 1 7 Ô T P

Forintek Composite
Wood Stud Wall TEST: Configuration 1 Configiiration 2

Mean Weatherside 
Air Temperature (°C)

lao -35:2 -6.7 -35.0 -7.0

Mean Roomside
Air Temperature (°C)

Tai 21.4 21.3 21.3 21.2

Mean Baffle 
Temperature (°C)

Tb 20.5 20.3 20.5 20.7

Roomside Equivalent 
Temperature (°C)

Te 20.9 20.9 20.8 20.8

Mean Roomside Surface 
Temperature (°C)

Tsi 1 9 . 6 20.3 19.5 20.2

Mean Weatherside 
Surface Temperature (°C)

Tso -34.3 -6.2 -34.3 -6.6

Heat Flow 
(W/m2)

qt 12.17 6.02 11.64 5.99

Total Resistance 
(m2 K/W)

*t 4.61 4.59 4.79 4.64

Wall Resistance 
(m2 K/W)

11
*w j 4.43 

i
4.39 4.63 4.46

Roomside Air Film 
Resistance, (m2 K/W)

Sfi
I
| 0.11 0.11 0.11 0.11

Weatherside Air Film 
Resistance, (m 2 K/W)

3f 0 0.07 0.09 0.06 0.07

Design Resistance 
(m 2 K/W)

%)
1

I
4.53 4.54 4.78 4.61

!jDesign Coefficient of Heat 
jTransmission, (W/mzK) ■° : C.22 0.22 0.21 0.2?

■  C  I » »
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DETAIL OF COMPOSITE WOOD STUD WALL 
ALL DIMENSIONS IN METERS

Page
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FIGURE 2
P age 5
R ep ort N o. 317ÔTP

DETAIL OF COMPOSITE WOOD STUD 
ALL DIMENSIONS IN MILLIMETERS 
SIZE FULL SCALE

Spruce

Board

Spruce

S e c t i o n  A-A ( C o n f ig u r a t io n  1)



FIGURE 3
P age 6
R ep ort No. 3176TP

DETAIL OF COMPOSITE WOOD STUD WITH POLYSTYRENE SECTION 
ALL DIMENSIONS IN MILLIMETERS 
SIZE FULL SCALE

S e c t i o n  B -3  (C o n f ig u r a t io n  1)



FIGURE 4
P age 7
R eport No. 3176TP

DETAIL OF COMPOSITE WOOD STUD WITH POLYSTYRENE SECTIONS ON BOTH SIDES 
' OF STUDS AND PLATES
ALL DIMENSIONS IN MILLIMETERS
SIZE = FULL SCALE

-Polystyrene
Sections

S e c t io n  A-A (C o n fig u r a t io n  2 )



FIGURE 5
P age 3
R eport No. 3176T?

LOCATION OF THERMOCOUPLES ON ROOM SIDE & WEATHER SIDE 
SURFACES OF TEST WALL
0 TEMPERATURES ON WEATHER SIDE 
. TEMPERATURES ON ROOM SIDE 
0 TEMPERATURES ON ROOM SIDE & WEATHER SIDE

2.44



P age 9
R eport No. 317ÔTPFIGURE 6A 

CONFIGURATION 1
FORINTEK COMPOSITE WOOD STUD WALL
Tai = 21.4°C Tao = -35.2°C Rw = 4.1»3 m2 K/W
BRACKETS INDICATE WEATHERSIDE TEMPERATURES 
UNDERLINED ARE Tso



FIGURE 6B
P age 10
R ep ort No. 317ÔTP

CONFIGURATION 1
FORINTEK COMPOSITE WOOD STUD WALL
Tai = 21.3°C Tao = -6.7°C R„ = 4.39 m2 K AJ
BRACKETS INDICATE WEATHER SIDE TEMPERATURES 
UNDERLINED ARE Tso



CONFIGURATION 2
FORINTEK COMPOSITE WOOD STUD WALL
Tai = 21.3°C • Tao = -35.0°C Rw = Ü.63 m2 K/W
BRACKETS INDICATE WEATHER SIDE TEMPERATURES

»

UNDERLINED ARE Tso

Page 11 ;
FIGURE 7 A R eport No. 317ÔTÇ



FIGURE 7B Report No. 3176TP j
i

CONFIGURATION 2 j
«I

FORINTEK COMPOSITE WOOD STUD WALL j
T . = 21.2°C T = -7.0°C R„ = M.46 m2 K/W jai ■ du
BRACKETS INDICATE WEATHER SIDE TEMPERATURES !

UNDERLINED ARE TSQ
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CALORIMETER BOX HEAT TRANSFER CHARACTERISTICS

The calorimeter box was constructed of 76 mm isocyanurate foam 
covered Inside and outside with fiberglas and polyester resin. The 
inside dimensions of the box are 2490 mm high x 2490 mm wide x 
675 mm deep. The box has one 2490 mm square side open. A baffle 
of 41 mm fiberglas-resin covered isocyanurate foam was installed 
229 mm from the back wall. The baffle Is the full box width and 
2015 mm high leaving a gap of 238 mm across the top and bottom. A 
row of electric heaters was installed between the baffle and the 
back wall just above the bottom of the baffle so that the baffle 
shields the test wall from direct radiation from the heaters. Air 
heated by the heaters flows up between the baffle and the back wall, 
through the gap at the top, down the 405 mm space between the baffle 
and the test wall and back through the gap at the bottom. See Figures.

The heat transfer to the test wall is by convection from the 
air and by radiation transfer from the baffle and inside box 
surfaces in the view of the test wall. The mean temperature of 
the baffle and box surfaces Tb is thus slightly lower than the 
mean air temperature Ta  ̂ because of the radiation loss. This 
raises the question of which inside temperature to use in calculating 
the overall "U" value and the inside surface coefficient f-f. An 
equivalent temperature Te is therefore calculated such that if T^i 
and Tv were both equal to Te , the same heat flow would result as 
that for the actual air and box surface temperatures and the same 
radiation and convection coefficients.

The total heat flow q t W/m2 will be the sum of the convective 
component qc plus the radiative component qr . That is

<lt = qc + qr
- ACTal ' TS1>B + Ff Fe <0Tb ‘ 0Tsi)

Where A and B are constants
T si is the inside wall surface temperature;
Ff and Fe are form and emissivity factors which in this 
case can both be assumed equal to 1.0;

— 8  2 4
a is the Stefan-Boltzmann constant = 5.6703x10 (W/m K4 ) .

The constants for the equations were evaluated from the results 
of a range of total heat flows q t measured on a special test wall.
The wall was constructed of very stable insulating boards with 
surface coverings of k inch plywood. The test wall had uniform 
conductance throughout and the mean surface temperature could be

5
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determined with fair precision. From the 
«U» Tai » Tsi and Tb were measured, qr was established. Values of A = 3.025 and B - 
to give a good fit in the equation for qc

tests on the wall, where 
calculated and q c 
1.25 were then found 
at all heat flows .

Thus: q t = q (
= 3.025 (Tai - i.i)1 -25 + -  ax  . )s 1

When the test wall has framing or other components that influence 
the inside surface temperatures, the mean temperature Tgi can be 
calculated by a trial and error solution of the above equation with 
better precision than trying to establish a weighted mean temperature
from measurements.

Once the mean surface temperature of the wall is established, 
coefficients for the convective and radiative exchange h c and hr 
(W/m2oC) can be calculated:

h c = 3.025 (Tai - Tgi) = q c/(Tai “ Tsi^

h r = <lr/(Tb “ Tsi)
The equivalent inside temperature Te can now be calculated by 
the following equation

(Te - Tsi)(hc + h r ) = h c (Tai - Ts i ) + h r (Tb - T si) = q t

o r
h c T al + h r Tb 

h c + hr

The overall coefficient of heat transmission "ü" v a l u e  
(W/m2oC) measured in the test and total resistance ( Cm /W)
then becomes :

Tao = outside air temp» - 1t/<Te - T ao>
= (Te T ao)/q t

The wall conductance "C" (W/m2oC) and resistance Rw (°Cm /W)
are :

c ■ ’t'‘T sl ' T so> T = outside wall surface temp, s o
<Ts l  -  T . „ ) / qSO

5COPT NO-------
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2 oThe inside film or surface coefficient f ± (W/m °C) is:

£1 " h c + h r ■ - Tsi>

The outside film or surface coefficient is 

fo 13 ^ s o  “ ^ao^

The values assigned to f± and fQ in design "U" value or total
resistance calculations are usually f± = 8.29 (R = __1-- = 0.121)8.29
and f = 34.1 (R - r = 0.029). The total design resistance then® • JL
become s :

Rp = (measured) + .121 + .029
= Rw + .150

The design "U"D value is then 

°D * 1 /R D

Figures : Figure A1 shows the calorimeter box only, while Figure
A2 shows an overall view of the NRC/DBR Environmental Test 
Facility .
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NRC/DBR CALORIMETER BOX 
FRONT VIEW AND SIDE SECTION

* Inside Air Temperature Thermocouples (Tfl̂ ) 
Ij.s: ! ’ o Temperature Thermocouples (T^)
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NRC/U B R ENVIRONMENTAL TEST FACILITY 
VERTICAL SECTION

• Inside Air Temperature Thermocouples (Ta^) 
®  Baffle Temperature Thermocouples (T̂ ,)
©  Outside Air Temperature Thermocouples (Tao)

♦
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Table of Conversions from SI to British

Temperature : 9/5°C + 32 = °F

Length : 1 m = 39.370 i n .

Area : 1 m 2= 10.76A ft2

Volume : 1 m 3= 35.315 ft3

Density: 1 kg/m3 = 0 .06 2427 lb / f t 3

Heat Flux: 1 W(J/s) = 3 .4121 Btu/h

Heat Flux Density: 1 W/m2 = 0.3170Q Btu/ft2h

Thermal Conductance: 1 W/m2 °C = 0 .17611 Btu/ft2h°F

Table of Conversions from British to SI

Temperature : 5/9 (°F - 32) = °C

Length : 1 in = 0.025400 m

Area : 1 ft2= 0.092903 m 2

Volume : 1 ft3= 0.028317 m 3

Density: 1 lb/ft3 = 16.019 kg/m3

Heat Flux: 1 Btu/h = 0.29307 W

Heat Flux Density: 1 Btu/ft2h = 3.1546 W/m2

Thermal Conductance: 1 Btu/f t2h°F = 5.6783 W/m

COPY NO

317 6 TP
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APPENDIX " C"
Detailed Manufacturing Cost Estimates for the Conposite Wood Stud

Production rate: 182,880 lineal metres (600,000 lineal feet)/year
- 914 lineal metres (3,000 lineal feet)/day
- 200 production days/year

A. Fixed Costs
1. Depreciation

1.1 Capital equipment — combination grooving, router, press and
foam injector assembly

a) Grooving router and press machine
. built from scratch - $120,000 (Jager Industries Ltd., 
Calgary, Alta.)

. economic life - 10 years

. straight line depreciation - $12,000/year

b) Foam injector equipment (North American Urethane Co., 
Grand Rapids, Michigan)

. pour machine _ $20,000

. tooling (bed and clamps) 

. conveyor
- $ 8,000
- $ 2,000 

$30,000
. economic life - 10 years
straight line depreciation - $3,000/year

1.2 Buildings, land, site preparation, etc.
. all assumed to be available at no extra cost 2

2. Labor
Five people required at $15,000/year each - $75,000/year

43



3. Administration, overhead, taxes, insurance, maintenance, electricity, 
utilities, etc.

In similar production operations these items average 25 percent 
of the total manufacturing costs, however, since these costs 
will be shared with other existing processes they were taken 
as 10 percent of total manufacturing costs.

4. Working Capital
Fifteen days inventory is a " rule of thumb" used to estimate 
required working capital to pay for " goods in process 
Actual out of pocket cost is the interest on working capital. 
Fifteen days inventory is 13716 lineal metres which amounts 
to approximately $17,000 for unfoamed studs and $24,000 for 
foamed studs. Therefore at 20 percent interest, the working 
capital expense is $3,400/year without foam and $4,800 with foam.

B. Variable Costs (Raw Materials)

1.1 Wood
a) Wholesale 38-.x 89- x 2440-mm (nominal 2- x 4- x 96-inch) S-P-F 

stud grade lumber - $89/m3
Flange material — $0.34/lineal metre ($0.10/lineal foot)

b) Wholesale 7.9- x 1220- x 2440-mm (5/16- x 48- x 96-inch) 
waferboard panel - $5.10

Web material for 50- x 140-mm stud - $0.17/lineal metre
(0.05/lineal foot)

Web material for 50- x 184-mm stud - $0.26/lineal metre
($0.08/lineal foot)

1.2 Adhesive
Wholesale resorcinol phenol—formaldehyde adhesive (resin + hardner) 
- $2.76/kg ($1.25/lb)
Adhesive cost for a spread of 300 g/m2 (62 lbs./1000 ft2) - $0.05/ 
lineal metre ($0.02/lineal foot)



1.3 Polyurethane Foam
Wholesale commercial foam from Reichhold Co.

- $1400/454 kg ^$1400/1000 lbs.)
- $3,08/kg ($1.40/lb.)

For a foam density of 40 kg/m3 (2.5 lbs./ft3) cost for 
50- x 140—mm stud - $0.33/lineal metre ($0.10/lineal foot) 
50— x 184—mm stud — $Q.56/lineal metre ($0.17/lineal foot)


