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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not 
constitute publication. The report is not to be copied for, or circulated 
to, persons or parties other than those agreed to by Forintek. Also, this 
report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal 
responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights. Any 
reference in this report to any specific commercial product, process or 
service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members.
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1.0 OBJECTIVES
1. To conduct research on factors that are responsible for drying of walls 

after construction.
2. To use computer modelling to study how typical wall constructions 

perform in different regions of the country.
3. To cooperate with the Forest Products Laboratory in the USA in 

maintaining a coordinated research program related to the 
moisture/thermal performance of light framed construction.

2.0 BACKGROUND
Shrinkage of framing leads to the loosening of sheathing-frame connections. 
Some sheathing which is relatively impermeable to air may become very leaky at 
joints. The degree to which loosening occurs depends largely on the shrinkage 
characteristics of the lumber framing and its moisture content at the time of 
assembly. Differential shrinkage between studs and sill plates as well as 
warping of studs can also cause openings to occur, irrespective of the nail 
popping that takes place.

Current code provisions require that lumber used in construction not have more 
than 19% moisture content by weight. It has long been recognized that much of 
the lumber used in construction in parts of Canada and the U.S. has a higher 
moisture content than specified by building regulations. Often, climatic 
conditions are such that substantial drying takes place before this moisture 
is locked in by vapour retarders and sheathing. In other climates however, 
drying is poor and excess moisture is locked in during construction and 
subsequently takes longer to be removed.

The moisture content of framing and the effects created when the lumber dries 
and shrinks or warps are events over which builders sometimes have very little 
control. This may lead to systemic failure if leakage paths develop. For the 
true impact of framing shrinkage to be studied, it is necessary to obtain 
representative data on the influence of some factors that lead to the 
loosening of the attachment of sheathing and other materials to the framing 
and the concomitant air leakiness that develops. Given this information, it 
will be possible to assess the impact of leakage paths in the exterior 
sheathing by modelling the moisture/thermal performance of walls under the 
influence of various climatic factors, such as wind and atmospheric pumping, 
for example.

The ultimate goal of this work is to demonstrate how builders can achieve 
better performance of both residential and industrial wood-framed construction 
through a better understanding of the consequences of the inappropriate use of 
materials.

The work in the current year examines two factors that influence airtightness 
of wall systems. First, shrinkage of lumber framing that contributes to the
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leakiness of wall constructions. Second, the influence of joint type on air 
leakiness i.e., butt joints at wall studs, joints at wall plates and joints at 
wall-to-floor intersections.

3.0 PROGRESS IN PREVIOUS YEARS
During the 1988-89 fiscal year, tests were done on three walls in which nail 
popping on one edge of the lumber studs was compared with the air leakiness 
that developed on the opposite edge of those same studs (Onysko and Jones 
1989a). It was concluded that nail popping is highly variable in lumber cut 
from smaller trees. It was confirmed that longer fasteners exhibit more nail 
popping than shorter nails, but it was also found to be difficult to measure 
reliably for use as an indicator of lumber shrinkage. Air leakage tests on 
these full-sized walls confirmed that air leakage increases as a result of 
lumber drying. Air flow through joints increased by a factor of 3 to 28 times 
that measured when the joints were initially constructed. An improved 
technique was suggested for shrinkage measurement of lumber from one side of 
the stud using a fastener that extends almost through the entire stud.
During the following fiscal year (1989-90), the suggested improvements to in- 
place measurement of shrinkage were attempted and still found to be 
unsatisfactory. This was because a combination of radial and tangential 
shrinkage leads to cupping of the cross section. As well, due to the increase 
in surface roughness that occurs as the lumber dries, accurate and reliable 
measurement of fastener protrusion was prevented because a tool that relied on 
contact with that surface was used. Instead, it was found that overall 
shrinkage, measured using callipers on both faces of a piece of wood, could be 
done reliably. Only initial and final measurement of lumber size was used as a 
measure of shrinkage.

A working plan for two test series was prepared. Twenty-four walls were 
built - 12 using wood having a moisture content over fibre saturation, and 12 
using wood that was at approximately 19 percent moisture content. Joint types 
included butt joints over single studs, and joints typical of those found at 
wall plates. In all, 179 joint tests were involved. The sheathing materials 
used included waferboard, plywood, fibreboard, and gypsum board. The as-built 
airtightness was evaluated before the walls were set aside to dry. When they 
had attained moisture contents of approximately 10 percent, they were 
retested.

Supplementary to this experimental work, two reports from a previous year were 
updated and presented to the CIB W40 meeting on Heat and Moisture Transport 
during September in Surrey, Vancouver Island. These reports concerned the air 
leakiness measurements of joints through siding, and the air leakiness of 
walls built with green framing lumber and insulated with sprayed-in-place 
urethane foam insulation (Onysko and Jones, 1989b, 1989c). In addition, a 
paper was prepared based on the previous year's work, and published in the 
proceedings of the ASHRAE/DOE/BTECC/CIBSE Thermal Performance of Exterior 
Envelopes, IV Conference (Onysko and Jones, 1989d).
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4.0 PROGRESS DURING 1990-91
Air leakage testing of the 24 test walls was completed when the walls had 
dried. They were subsequently disassembled and shrinkage measurements were 
made on the individual studs. These tests have provided approximately 15 times 
more data than were generated for the pilot study. The analysis of leakage 
characteristics is underway and a final report is in preparation. This report 
is scheduled for completion early in the 1991-92 fiscal year. Air permeability 
measurements were also obtained for sheathing materials employing a one- 
square-meter test chamber built in a previous year.

A further test series involving floor header details was outlined and 6 walls 
were constructed using green wood and tested in that state. These walls were 
set aside to dry and will be ready for retest near the end of the 1990-91 
fiscal year. On retesting, a report on leakage characteristics of conventional 
and non-conventional wall-to-floor details will be prepared early in the 1991- 
92 fiscal year.

5.0 WORK PLANNED FOR 1991-92
On completion of this test program and preparation of the final reports noted, 
parametric modelling studies will be undertaken using CMHC's computer program 
WALLDRY to assess the influence of air permeability of materials and air 
leakage at joints on the drying performance of walls in different regions of 
the country. CMHC has been upgrading the capabilities of this program in 
several important ways both through validation experiments and through 
analytical improvements that will allow study of the air permeability of the 
outer layers of wall systems. Their concurrent work has enabled us to plan 
Forintek's program in this area so as to secure the basic data that will 
enable these simulations to be made on a realistic basis.

6.0 TECHNICAL REPORTS PRODUCED
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