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SUMMARY

Objectives

To determine the levels of moisture attained and retained in preserved 
wood foundation (PWF) sheathing and framing due to construction details.

Introduction

The forest products industry has experienced a new and, in some areas, 
significant expansion of its market for lumber and plywood. This has 
appeared in the application of basement construction for housing. In 
order to assist in ensuring that this trend continues and expands, it is 
imperative that the present construction practices result in good in- 
service performance. This will be one of the key elements on which this 
market will expand or survive.

The use of preservative treated material is one important means by 
which long-term durability can be assured. But to ensure the growth of 
this market, another complementary technique is the control of moisture.
By minimizing the absorption and by maximizing the desorption of moisture 
in PWF walls in service, improved performance will result. Last year, a 
facility was constructed for the testing of PWF wall specimens in the 
Eastern Laboratory of Forintek Canada Corp. A PWF wall specimen was 
constructed in accordance with the minimum requirements of the CSA 
Standard S406 and tested. The environmental conditions under which 
the moisture content was monitored included a period of soaking followed 
by the circulation of cold air on one side of the wall.

The assessment of performance of PWF installations in the field was begun 
last year when three units were instrumented with moisture and temperature 
sensors. This project is a continuation of both the laboratory and field 
studies.

Work Performed

Another PWF unit was added for monitoring and the moisture contents at 
a total of 82 locations in 4 PWF units in Ottawa were monitored during 
this year. In the laboratory, 3 tests of the control of moisture in PWF 
wall specimens were conducted. During the tests up to 29 locations were 
monitored for moisture content. A technique to monitor moisture content 
under computer control was developed for use in the laboratory.



Results and Conclusions

Field measurements of the performance of PWF units in Ottawa has shown 
that with present construction practices, the moisture levels of elements 
in PWF respond quickly to environmental factors such as water movement 
in the soil during spring and condensation of moisture in the wall during 
winter. These construction methods do not adequately control moisture in 
PWF walls and thus the durability of the foundations depends solely on the 
effectiveness of the preservation treatment.

The performance observed in the laboratory of polyethylene and resin coated 
PWF walls is in agreement with that observed in the field. Both construc-
tions show rapid response to soaking and thermal gradient conditions. The 
use of a capillary break which is offered by a product such as semi-rigid 
insulation with and without additional polyethylene cover, shows promise 
as a significant improvement in the control of moisture.

The technique of indicating moisture levels by means of the electrical 
resistance principle is useful, economical and convenient.

Commercial Significance

Since most foundations for house construction presently use concrete, 
acceptance of wood products in this application could have a significant 
potential impact on the forest products industry. Estimates of the 
commercial value of this market depends on the estimate of market penetration 
A goal of 10 percent of the annual Canadian housing market has been suggested 
Part of the market in the United States may also be realized in the form 
of exports of treated wood. Thus, a new multi-million dollar market for 
lumber and plywood can be envisaged. However, it needs the
improved assurance of durability that is provided by moisture control 
and good performance in service to achieve and hold better penetration 
of the market.

Recommendations

Further documentation of performance in the field is recommended. 
Additional units using other construction techniques to control moisture 
should be considered. Further tests in the laboratory on PWF wall cons-
truction may be employed to compare relative performance. For improved 
accuracy in both field and laboratory measurement of moisture content, 
more appropriate correction factors for electric resistance moisture 
meter readings of wood products in service should be determined.
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OBJECTIVES

The aim of this study is to acquire a better understanding of the mech-
anisms of moisture movement in preserved wood foundation (PWF) systems. 
Specifically, a better understanding of how the construction details af-
fect moisture movement is needed. By minimizing the adsorption and by 
maximizing the desorption of moisture in PWF walls, improved performance 
in the field will result.

Thus, the objective of this study is to determine the levels of moisture 
which are attained and retained in PWF sheathing and framing; and to 
determine the effect of various construction details on the movement of 
moisture.

INTRODUCTION

The forest products industry has experienced a new and, in some areas, 
significant expansion of its market for lumber and plywood. This has 
appeared in the application of basement construction for housing. In 
order to assist in ensuring that this trend continues and expands, it is 
imperative that the present construction practices result in good in- 
service performance. This will be one of the key elements on which this 
market will expand or survive.

The use of preservatively treated material is one important means by 
which long-term durability can be assured. But to ensure the growth of 
this market, another complementary technique is the control of moisture. 
With moisture controlled to low levels the hazard for decay of wood and 
corrosion of fasteners is reduced.

BACKGROUND

Previous inspection of PWF units in the field in 1976 in the United States 
(unpublished) and 1977 in Canada (by Unligil and Shields, 1978) have shown 
high (above 20%) levels of moisture in elements below ground level. The 
inspections in Virginia and Minnesota were prompted by a concern for the 
corrosion of fasteners in treated moist wood. Other investigations have 
studied the production of odours in PWF units having high moisture 
contents. None of these studies have either documented moisture levels 
over a large enough time period or taken enough measurements to indicate 
what improvements in construction might be made so that the cause of the 
problem, moisture, may be controlled.
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The most commonly used technique to measure moisture content is that in-
volving the electric resistance meter. While this has been primarily 
used for lumber drying and data developed for correction of readings, the 
moisture content has been estimated for many other wood products such as 
plywood, waferboard and hardboard. Other techniques to measure moisture 
have been developed based on other principles such as capacitance or power 
loss. Still others use a measure of relative humidity to estimate the 
equilibrium moisture content by sealing sensors of various designs in pre-
bored holes of the specimen under investigation. Such a device was briefly 
investigated by van Rijn (1983) for use in an earlier laboratory study.
(This report deals with the continuation of that work). It was based on 
the principle that a wooden element expands due to an increase in relative 
humidity. Although promising, its size and fabrication cost made it im-
practical to use for monitoring a large number of points in the specimen.

Also begun last year and reported by van Rijn and Onysko (1983) was the 
instrumentation of three PWF units in the Ottawa area. Electric resistance 
probes were used for monitoring. Further instrumentation of one additional 
unit and the results of monitoring all four units are presented in this 
report.

The construction of a facility to test PWF units under controlled conditions 
of moisture, air pressure and temperature was reported by van Rijn (1983).
One PWF wall specimen built to meet minimum standard construction was tested 
and the results reported. A second wall with, what is considered, improved 
construction details was also built and instrumented. The subject of this 
report, in part, will be the results of the tests on the second and successive 
wall specimens.

STAFF

G.J. van Rijn 

R. Demers

with the assistance from 
D.M. Onysko

Y. Tardif

Research Scientist and 
Project Leader

Technician

Research Scientist 

Technician

The cooperation and assistance provided by Sean Redmond of Halliday Homes, 
Carleton Place in locating prospective sites for monitoring and by the 
homeowners; R. Nicholson, K. Cooper, S. Wilson and D. Macleod in allowing 
their homes to be monitored is gratefully acknowledged.
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FIGURE 1

Corner detail of PWF unit in Carlsbad Springs showing use of polye-
thylene sheet.

FIGURE 2

Moisture meter readings being taken at exterior terminal box of the PWF 
unit in Rideau Glenn.
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MATERIALS AND METHODS

Monitoring of PWF in Ottawa

Four sites in the Ottawa area were chosen and instrumented for monitoring 
moisture contents in preserved wood foundations. The sites were located 
in or near Carlsbad Springs, Rideau Glenn, Orleans and Britannia. These 
are all located within the Regional Municipality of Ottawa-Carleton. Since 
all sites are within half and hour's drive of the laboratory,it was con-
venient to take more frequent readings.

With the cooperation of a local builder, Halliday Homes of Carleton Place 
who uses preserved wood foundations, a number of suitable sites were ident-
ified. From these, four sites were selected. The first site instrumented 
was built by the owner in Carlsbad Springs.

The factors which were considered in the selection of available sites, in-
cluded:

i) type of basement floor
ii) type of damp-proofing

iii) natural drainage pattern and soil type

The PWF in Carlsbad Springs is situated on a sandy lot near the top of a 
hill overlooking Bearbrook Creek just south of Ottawa. The foundation, a- 
part from the attached double garage, consists of about 79 linear metres 
of 38 x 140 stud wall construction. The plywood is 15.5 mm thick Douglas- 
fir with 0.15 mm polyethylene sheet acting as damp proofing. The gravel 
drainage pad is reported to be 600 mm thick. A sleeper floor has been 
installed. Figure 1 shows the north-east corner of this unit where 2 of 
the sets of probes are located.

The PWF unit in Rideau Glenn is also situated on a hill but is overlooking 
the Rideau River in Nepean. The natural soil is reported to be clay. When 
it was being constructed in the spring of 1982 it was reported to have taken 
many truck loads of gravel before an acceptable granular drainage layer was 
formed. The house design is sometimes described as a high-ranch so the 
backfill height is about 1.2 metres above the basement floor which is a 
suspended type. The plywood exterior was damp-proofed with two coats of 
a thermoplastic rubber-based resin. Four vents were installed in the 
PWF wall to provide ventilation to the space below the suspended floor.

These vents were used to route wiring from the probes to a terminal box 
mounted on a stake just outside the foundation. Figure 2 shows a reading in 
progress at one of the two terminal boxes at this site. By bringing all 
lead wires to an exterior terminal box,regular and frequent readings are 
more easily arranged since access to the house is not required. While the 
first unit in Carlsbad Springs used terminal boxes in the basement, exterior 
terminal boxes were used in all three remaining units.
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FIGURE 3

The construction detail used in a PWF wall specimen for laboratory 
conditioning and which uses semi-rigid glass-fibre insulation.
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The third PWF unit is an addition to a concrete foundation in Orleans. Thus 
the length of PWF is only about 12 metres. The site is in a large develop-
ment about 1.5 kilometres from the bank of the Ottawa River. Two coats of 
the thermoplastic rubber-based resin were applied to the plywood. As well, 
at least one coat of paint was applied to the plywood above groundline.

The fourth and last site is located in Ottawa in an area known as Britannia. 
It is adjacent to the Ottawa River and, in fact, the unit is only a few hundred 
metres from the river's edge. By far, this site has the highest hazard for 
moisture of the four units. The construction details which were used at 
this site recognize this threat, since the granular drainage layer was re-
ported to be about 36 inches and two sump pumps have been installed. The 
damp proofing consisted of two coats of the thermoplastic resin.

PWF Wall Sections for Laboratory Tests

The standard minimum construction details were tested last year on a rather 
long conditioning cycle. The essential feature for moisture control in 
that wall was the use of polyethylene sheet. The construction details fol-
lowed the minimum requirements of CSA Standard S406 on Construction of 
Preserved Wood Foundations.

In order to compare the performance of various construction details, two 
other basic designs were implemented in the construction of two PWF walls. 
The first alternative to standard construction involved the use of a 50 mm 
layer of semi-rigid glass-fiber insulation between the polyethylene sheet 
and plywood. As shown in Figure 3, strapping was added vertically between 
just below groundline and the top of the wall; and the siding was brought 
down to overlap the top of the PWF wall. A 600 mm wide plywood panel was 
attached to the strapping to cover the polyethylene and glass-fiber layer. 
The purpose of this detail is to allow the ventilation of the top edge of 
the glass-fibre layer. This layer also acts as a capillary break to any 
water which might get through holes or tears in the polyethylene. More-
over, where the polyethylene is intact it acts to inhibit water vapour from 
wet soil migrating to the plywood.

A third approach is to coat the plywood with a damp-proofing layer. Since 
some builders and suppliers are promoting the use of a thermoplastic rubber- 
based resin, the third specimen PWF wall was coated with two coats of this 
resin. The resin was obtained from the same local builder who used it on 
three of the units which we were monitoring.

Vent holes were installed at the top of the wall and the insulation between 
studs was kept away from the surface of the plywood in order to provide some 
ventilation so that the plywood could be allowed to dry should it get wet 
in the conditioning cycle.

6



TABLE 1

Number and location of moisture content probes in 
PWF units monitored in the field

Number of Probes

Location of Probes Carlesbad
Springs

Rideau
Glenn

Orleans Britannia Total

1. bottom of stud 4 3 2 2 11

2. ledger or edge board 4 3 0 0 7

3. bottom plate 4 3 2 2 11

4. footing plate 4 3 2 2 11

5. lowest plywood 4 3 2 2 11

6. mid-height plywood 4 2 2 2 10

7. upper plywood 3 2 2 2 9

8. top plate 3 0 1 2 6

9. band joist 4 0 0 2 6

TOTAL 34 19 13 16 82
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The basic framing and sheathing detail was constant for all walls. All 
framing members and the sheathing in the foundation wall were pressure 
treated and stamped for use in PWF construction. A 15.8 mm layer of 
Douglas-fir plywood was nailed to 2840 mm high by 2400 mm wide frame with 
butyl caulking between them at the edges of the plywood panels. The 38 x 
184 framing members were spaced at 400 mm.

Method of Measuring Moisture

After some investigation with alternative techniques of measuring moisture 
content, a decision was made to use the standard electrical resistance 
technique for both laboratory and field studies. For field use, the con-
sideration of portability and cost lead immediately to the conclusion that 
the use of insulated probes from standard moisture meters was the only 
practical way of monitoring moisture content.

A prime consideration in the selection of a method was the level of accuracy 
required for this study. Since moisture control in PWF is directed at 
prevention of decay, preservative treatments notwithstanding, it is desir-
able to control moisture to levels below about 20 percent for as long as 
possible during the life of the structure. While it is not critical to 
know the moisture content within 1 percent it will be important to estimate 
the rate of change in moisture content in order to compare the performance 
of various construction details.

In addition, the use of standard moisture meter probes allowed the use of 
existing data to estimate corrections for species and temperature. The 
low cost of the probes allowed as many points in the wall to be monitored 
as the recording hardware was able to handle. In the field, the cost of 
manpower both for installation and subsequent monitoring allowed only a few 
points to be chosen. A location along a wall was chosen on the basis of 
its proximity to a corner or window. If additional locations were included 
one without any corner or window was included to allow a comparison 
to be made. Once selected a location was instrumented with up to 9 
pairs of moisture probes and 4 T-type thermocouples in roughly a vertical 
line. Undersize holes were bored into the members to half its depth.
Care was taken not to disturb the outer surface of the plywood when probes 
were installed. Table 1 gives the number of pairs of probes installed at 
each of the four sites and at each of the 9 locations.

In the laboratory, a PWF wall specimen had more probes near each of these 
9 locations plus some additional points, such as the blocking installed 
at plywood joints or the waferboard subfloor at the top of the PWF wall 
were included. Table 2 gives a complete listing of all locations shown 
in each of the test walls as well as the corresponding channel number of 
the data acquisition device to which it was wired.
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TABLE 2

Location of moisture content probes in PWF 
wall specimens for laboratory study

PWF Specimen Wall Number of Description 
of Surface Treatment on Plywood

Channel 2. Fibre-glass plus polyethy- 3. Thermoplastic coating
Number lene sheet 4. Fibre-glass plus polye-

thylene sheet

2 footing plate footing plate near soil
3 footing plate footing plate near soil
4 footing plate footing plate ©centerline
5 plywood @ 7 5  mm footing plate @ centerline
6 base plate footing plate interior
7 plywood @ 500 mm footing plate interior
8 ledger base plate near plywood
9 ledger base plate near plywood
10 ledger stud near plywood @ 7 5  mm
11 stud @ 7 5  mm stud @ center and 75 mm
12 stud @ 75 mm blocking @ 500 mm
13 stud @7 5  mm blocking @ 1800 mm
14 blocking @ 500 mm stud near plywood @ 2970 mm
15 blocking @ 500 mm stud @ center and 2970 mm
16 blocking @ 500 mm top plate
17 blocking @ 1750 mm top plate
18 plywood @ 1750 mm band joist
19 plywood @ 2970 mm plywood @ 7 5  mm
20 band joist plywood @ 75 mm
21 joist stub plywood @ 75 mm
22 waferboard subfloor plywood @ 75 mm
23 band joist plywood @ 75 mm
24 joist stub plywood @ 75 mm
25 stud @ 1500 mm plywood @ 500 mm
26 thermocouple plywood @ 1750 mm
27 the rmo couple plywood @ 2970 mm
28 thermocouple plywood @ 2970 mm
29 thermocouple plywood @ 2970 mm
30 thermocouple plywood @ 2970 mm

Note: Distance refers to vertical height from bottom of plywood or
top of footing plate to location of probe.

9



A Hewlett-Packard 3054 data logger was used for switching channels under 
control of a Hewlett-Packard 85 computer. A six digit programable volt-
meter was also added.

In order to use existing data to correct moisture meter readings for species 
and temperature, it was necessary to program the computer to take electrical 
resistance values and compute a value for moisture content that a meter 
would read. From data in the laboratory, the values shown in Table 3 were 
fitted with linear, power and exponential curves after the data was trans-
formed to logarithmic values of base 10. The exponential curve fitted the 
data best with a coefficient of determination of 0.999. While the simpler 
linear curve yielded a coefficient of 0.997, it was decided to use the more 
complex exponential curve on the basis of its better fit. The final equa-
tion is given as the following:

Log M = 2.607 e (-0.109 LOG R)
(1 )

where M: meter moisture content
R: resistance between probes.

The measurement of the large variation in resistance was accomplished under 
computer control by switching successive probe leads into an electric circuit 
consisting of:

i) a dc voltage power supply connected in series with
ii) a precision 1 Megaohm resistor and

iii) 2-10 Megaohm input impedances of the two volt meters each in 
parallel with the unknown resistance of the wood between the 
probes.

From elementary theory of electrical circuits the resistance R is given as:

R = __________ 1________
1 - 1 (2) 

0.9999 V 5.00155

where R: resistance in Megaohms
V: ratio of voltage across unknown resistance to voltage across

1 Megaohm resistor.

Finally the calculated meter values were adjusted to account for species 
and temperature. Existing data from Pfaff and Garrahan (1980) on Jack 
Pine for PWF lumber and Douglas-fir for PWF plywood were used to estimate 
adjustments. Linear regressions were done on each of the two coefficients 
reported by Pfaff and Garraham on 6 temperatures in the range -20°F to 
120°F (-28.9°C to 48.9°C). Their equation is of the form:

M = AMfc + B (3)

10



TABLE 3

Calibration data of moisture meter with electrical resistance

Meter Resistance
Moisture Content 

%
(ohm x 10®)

7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21

19000
5800
1900
700
290
130
62
34
20
12
8
5

3.8
2.6
1.6

11



TABLE 4

Results of linear regression of 
coefficients A and B on temperature (°C) 
with data from Pfaff and Garrahan (1980)

A

B

Species Jack Pine Douglas-fir 
(interior and coastal

Slope .005 .004

intercept .701 .774

2r .995 .928

n 6 12

Slope

intercept

2
r

n

.005 .016

.509 .339

.348 .463

6 12

12



where M: meter moisture content
Mt: adjusted (true) moisture content

A&B: coefficients that are both functions of temperature.

The results of the regressions fitting data for A and B are given in Table 4 
along with their coefficients of determination. The more significant co-
efficients, A, have coefficients of determination of Q.928 or better.

With computer control of channel switching, voltage ratio measurements 
using the digit voltmeter, and calculation of resistance, "meter" 
reading and adjustments for temperature and species, it was finally de-
cided to read all channels every hour on the hour for the duration of each 
wall test. Some of the channels of the 39 then available were devoted to 
T-thermocouple temperature recording for use in the adjustment to the 
moisture content determinations. Others were used to record interior and 
exterior air temperatures while another was used in the last wall test to 
record the air pressure difference across the wall.

A number of factors affect the electrical conductivity and the accuracy of 
this measurement technique for the determination of moisture contents in 
lumber and panel products in service. These include hysteresis in adsorp-
tion during cyclic moisture changes. The correction data for species and 
temperature were derived from initial desorption conditions. Moreover the 
data was developed for lumber, not plywood or waferboard. Preservatively 
treated material presents another factor which James (1965) investigated 
He found that electrical moisture-meter readings on CCA treated wood were 
higher than untreated controls. His specimens were treated with a salt 
formulation of CCA. Baker (1980) suggests that the electrical conductivity 
of CCA treated wood depends upon whether salt or oxide based formulations 
are used. Without an extensive calibration study and in consideration of 
the accuracy required in this study, it was decided to use the closest 
existing data to adjust the calculated meter readings. Thus data for 
Jack pine was used for all lumber probes and the combined data on interior 
and coastal Douglas-fir was used for plywood probes.

EXPERIMENTAL PLAN

Monitoring of PWF Units in Ottawa

Once each of the four sites in the field were instrumented, it was planned 
that readings should be taken approximately twice monthly. However, this 
was subject to the difference in moisture content that would be found bet-
ween successive reading. The smaller the difference the longer the lapse 
in time that would be allowed between readings.

13



Laboratory Study of PWF Performance

It was planned to keep all variables that were critical to the performance 
of the wall as constant as possible during each of the tests. Primarily, 
the duration of water soaking or sprinkling, the air pressure and tempera-
ture differential across the wall during the cold air cycle and the warm 
air recovery period should all remain constant. Also important was that 
the instrumentation, that is, the location and quantity of the moisture 
probes, should be approximately the same to ensure that the comparison in 
performance be fair.

After the first test, last year, it was realized that the total conditioning 
period was too long. This was reduced from 43 days of the first test to 
about 14 days in subsequent tests. In these later tests the conditioning 
cycle was planned to be 3 days of soaking followed by 3 days of cold air 
with suction air pressure, then 1 day of soaking followed by 3 days of cold 
air with suction air pressure. Finally a 4 day recovery period with warm 
air circulation would complete a 14 day total conditioning period.

RESULTS AND DISCUSSION 

Monitoring of PWF in Ottawa

The results of readings of moisture content, after correction for tempera-
ture and "species" are shown in Figures 4 through 13 where moisture content 
is plotted against time in weeks from the first reading. The first reading 
was taken at the Carlsbad Springs unit on February 24, 1983. The time 
scale is also divided into seasons where the 21st of March, June, September 
and December are used to define the beginning of Spring, Summer, Fall and 
Winter respectively.

Lines that connect points of data are used only to identify data that were 
taken from the same location in the unit. It should not be inferred that 
these lines are representative of the actual moisture content history bet-
ween data points. Each line is identified by an alphanumeric where the 
numeric identifies the same location as that given in Table 1 and the letter 
designates the location in plan of the house.
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FIGURE 4

History of corrected moisture content measurements at Carlsbad Springs 
unit for bottom of stud (1A-1D), framing members of sleeper floor near 
wall (2A-2D) and bottom plate (3A-3D).

♦ ♦ +

FIGURE 5

History of corrected moisture content measurements at Carlsbad Springs,
unit for footing plate (4A-4D) and lowest plywood (5A-5D).
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Carlsbad Springs Unit

This PWF unit used a sleeper floor construction and polyethylene sheet as 
damp-proofing. During the complete period of monitoring the basement walls 
remained unfinished and uninsulated. The exterior of the plywood above 
ground level was unprotected.

Nevertheless, after an initial dry—down in the spring the moisture content 
in the bottom of the stud, sleeper floor framing member and bottom plate, 
shown in Figure 4, remained relatively constant throughout the summer 

fall. Less certain is the evidence that further drying takes place 
in winter and wetting takes place in late winter or early spring.

The footing plate and the adjacent portion of the plywood show moisture 
contents, in Figure 5, much higher than the 20 to 30 percent range found 
for low elements of the PWF not in direct contact with the soil or gravel 
drainage pad. Although erratic at times, the moisture content in both 
footing plate and plywood remained above fibre saturation (30 percent) 
during the entire period except in the winter when some drying took place. 
It should be emphasized that these readings are normally considered over 
the range in which moisture content can be measured accurately. However, 
as an indicator this method of measurement appears to be reasonable. Points 
at locations A and C were known to be areas of higher moisture than the rest 
of the basement. This was due to the lack of a downspout at A, although 
eavestroughs had been installed, and the reverse slope of the backfill near 
C. At both these points, the apparent moisture contents were the highest 
recorded in late spring.
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FIGURE 6

History of corrected moisture content measurements at Carlsbad Springs 
unit for plywood at mid-height (6A-6D) and the top plate (8A-8D)

FIGURE 7

History of corrected moisture content measurements at Carlsbad Springs
unit for uppermost plywood (7A-7D) and band joist (9A-9D).
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As before, the plywood at mid-height, as shown in Figure 6, shows an 
initial increase, but then so does the upper plywood and band joist in 
Figure 7. More data would have been extremely useful if taken during this 
period. Another example of this may be seen in the period between week 39 
in the fall and week 54 in late winter. Here the moisture content, especially 
at location 7 in Figure 7, was shown to be rising in the preceding weeks.
It is suspected that the moisture content reached a peak sometime in mid-
winter and was decreasing when a set of readings was finally taken at week 
54.

In general, the upper elements, near or above ground level, of this PWF, 
show cyclic seasonal changes in moisture content; low in the summer and 
rising in late fall and winter due to condensation. Except for the lowest 
plywood and footing plate, since the moisture content of the lower 
framing not in ground contact and the mid-height plywood did not increase 
shows that the polyethylene sheet is effective at these points.
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FIGURE 8

History of corrected moisture content measurements at Rideau Glenn unit 
for bottom of stud (1A-1C), ledger for suspended floor (2A-2C), bottom 
plate (3A-3C) and plywood at mid-height (6A-6C).

FIGURE 9

History of corrected moisture content measurements at Rideau Glenn unit
for footing plate (4A-4C), lowest plywood (5A-5C) and uppermost plywood
(7A-7C).
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Rideau Glenn Unit

This PWF unit uses a suspended floor and a thermoplastic coating on the 
plywood. From Figure 8, the moisture content of framing not in ground 
contact but near the bottom of the wall and the plywood at mid-height 
near ground level, showed some variation during the year but remained 
essentially between 10 and 20 percent. A relatively small increase in 
late spring is noted and matches the more dramatic increase of the bottom 
plywood in Figure 9. These increases are attributed to the drainage of 
spring melt-water.

The footing plate has a much lower increase in moisture in late spring than 
the plywood. This is contrasted to the performance of the Carlesbad Springs 
unit where the lowest plywood and the footing plate showed about equal 
moisture contents, although both were much higher than the footing plates 
at Rideau Glenn. Either the gravel drainage pad is more effective at 
Rideau Glenn, or the moisture hazard at Carlesbad Springs is greater than 
Rideau Glenn. The latter is offered as a more probable cause for the dif-
ference in the footing plate.

Also shown in Figure 9 is the history of the moisture content in the upper 
plywood. The definite drying trend in spring and wetting in fall and win-
ter are indicative of cyclic moisture caused by condensation. Figure 8 
shows some indication of this condensation cycle in the plywood at mid-
height, but it is not nearly as convincing as location 7. Unfortunately, 
construction was too far advanced to place probes in the band joist or 
top plate.
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FIGURE 10

History of corrected moisture content measurements at Orleans unit for 
bottom of stud (1A-1B), bottom plate (3A-3B), footing plate (4A-4B), 
uppermost plywood (7B) and top plate (8A).

FIGURE 11

History of corrected moisture content measurements at Orleans unit for
footing plate (4A-4B), lowest plywood (5A-5B) and plywood at mid-
height (6A-6B).

21



Orleans Unit

The basement addition in Orleans shows quite a different performance than 
the previous two. However, some similarities exist. The moisture content 
in the footing plate (locations numbered 4 in Figures 10 and 11) shows ap-
proximately the same level as the Rideau Glenn unit, about 25 percent, but 
instead of drying in the winter this unit shows no change from the fall. 
The other lumber framing, at the bottom of the stud and the bottom plate, 
shows a slight cyclic trend but remain at moisture contents in the range of 
18 to 30 percent.

The plywood, in contrast, shows overall higher levels of moisture, the 
typical increase in spring due to soaking, the drying in fall, and some 
evidence of condensation on plywood at mid-height. Since the footing 
plate and framing showed no similar increase at the points monitored, the 
rise in moisture in the plywood is mostly due to the performance of, the 
thermoplastic coating.
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FIGURE 12

History of corrected moisture content measurements at Britannia unit 
for bottom of stud (1A-1B) , bottom plate (3A-3B), footing plate (4A-4B) 
and upper plywood (7A-7B).

FIGURE 13

History of corrected moisture content measurements at Britannia unit for 
lowest plywood (5A-5B), plywood at mid-height (6A-6B), top plate (8A-8B) 
and band joist (9A-9B).
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Britannia Unit

The PWF unit in Britannia uses a concrete floor and thermoplastic coating 
on the plywood. The site is located in a high-hazard area for moisture.

Through the erratic readings of moisture in late fall and early spring, a 
number of observations can be made on the performance of this unit which 
is similar to the others.

The framing at the bottom of the wall, including the footing plate, remained 
in the range of 33 to 48 percent from mid-spring to early fall. In the 
fall and the first part of winter the readings indicate large increases and 
decreases in the moisture content. At this point it is not certain that 
these are real changes in moisture or the result of some other influence 
on the measurement technique. On at least one occasion, these variations 
occurred when the readings were taken in light rain, and it is possible 
that these variations may be due to moisture in the terminal-meter circuit 
during the reading. What is more certain is that by late winter the moist-
ure content of the footing plate was at about the same level as that found 
during late spring and early summer. The bottom of the stud and the bot-
tom plate dried down to the 20 to 30 percent range.

The upper plywood, from Figure 12, began slightly above 20 percent, went 
through the erratic period in fall and ended the winter just slightly 
higher than it started. In similar fashion, the top plate and header 
joist in Figure 13 cover the same moisture content range, except with less 
erratic readings.

The lower and mid-height plywood moisture content were extremely high in 
spring and summer and showed some evidence of drying down to what is still 
a high level by the end of winter. Since this range is well out of the range 
of accurate moisture content reading these data can only be considered 
indicative of their true moisture condition. Location 6A describes a 
history similar to those found at other sites but at a much higher level 
since it peaks at about 75 percent after spring and dries to about 30 per-
cent by the end of the summer.

Laboratory Studies of PWF Wall Performance

Data collected in the laboratory on PWF wall specimens conditioned during 
a 15 day period are presented in Figures 14 through 21. Since the data 
was collected on an hourly basis a solid line fairly represents the temper-
ature and moisture history over this period. Temperature data was obtained 
without difficulty but on occasion and for periods extending up to several 
days the moisture content determinations using a voltage ratio measurement 
indicated an over-load on the volt-meter. Initially, the problem was 
solved by reducing the excitation voltage from 40 volts to about 12 volts. 
The problem returned later. Thus, in the presentation of data, these oc-
currences are indicated by a dotted line.
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FIGURE 14

Temperature record during conditioning in laboratory of PWF wall specimen 
number 2 at the stud near the top of the suspended floor (36) and in the 
air above the soil near the wall (26).

FIGURE 15

Moisture content response of all points monitored in PWF wall specimen 
number 2.
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The numbers identifying each line refer to the channel numbers and locations 
given in Table 1. In order to minimize edge effects only the two central 
stud spaces were used in placing sensors.

A PWF wall specimen (number 1) was constructed to meet the minimum require-
ments of what was then a proposed CSA Standard on PWF construction. This 
wall was tested last year. The next wall (number 2) was constructed and 
installed last year but only tested recently. In the interim, efforts 
were made to use an existing refrigerated chamber to duct air from the 
PWF test facility through it. This attempt was not successful, so a 
decision was made to proceed without this control during the cold air con-
ditioning cycle. The temperature of the cold air rluctuated with the 
temperature outside the laboratory.

The major construction feature of the second PWF wall, as previously des-
cribed, was the use of a semi-rigid fibre—glass insulation board against 
the uncoated plywood sheathing. The results of monitoring temperature is 
given in Figure 14. This history also describes the conditioning to which 
this specimen was subjected. In Figure 14, channel 26 identifies the air 
temperature of the cold side of the wall during this test while channel 
36 is, in fact, the temperature of the central stud near the suspended 
floor, but is used here since it was the best estimate of the interior 
or warm side of the wall.

The first soaking period is represented on the plot of temperature re-
corded at channel 26 by the first plateau of temperature from day 0 to 
day 2. The actual start of soaking preceded the start of recording by 
1 day. The first cold air period extended over the next 3 days, from 
day 2 to day 5. At the same time the fan used to draw the cold outside 
air into the PWF test chamber created a suction of about 30 Pascals on 
the face of the wall. After day 5 the cold air circulation was stop-^ 
ped and another soaking period of 4 days was begun. The rate of soaking 
over the combined 7 days averaged about 900 litres per day. A final 4 
day cold air circulation period and a recovery period of 2 days followed.

The moisture contents of all channels are given in Figure 15. Having the 
specimen in contact with the soil in the chamber for a number of months 
allowed the moisture content of the footing plate, (channel 2, 3 and 4) 
to rise above that of the remaining monitoring points. Except for some 
minor condensation at the upper joist framing (channels 20, 21 and 23), 
the moisture content of all points was contant. All measurements indicated 
moisture contents to be well under 20 percent.
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FIGURE 16

Temperature record during conditioning in the laboratory of PWF wall 
specimen number 3 showing air temperatures on the interior (basement) 
side (38) and the exterior (above soil) side (37).

FIGURE 17

Moisture content response of PWF wall number 3 in plywood at level of 
suspended floor (25), mid-height (26) and uppermost height (27-30).
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The next wall tested (number 3) consisted of exactly the same framing as 
the previous wall but instead of using semi-rigid fibre-glass, two coats 
of thermoplastic resin was applied to the surface of the plywood. The 
placement of probes was improved and increased over that used in the pre-
vious wall. Non-insulated probes were used for all plywood positions and 
their exposed ends insulated.

It was felt that the test on the previous wall may not be as harsh 
as it should be so a layer of spunbonded olefin sheet (tradename: Tyvek) 
was placed in an arc in the soil so that water draining in the soil near 
the wall would be forced under the wall and into the gravel drainage layer. 
The arc of the sheet began about 600 mm from the face of the wall at a 
height of about 1 m from the bottom of the wall. The arc defined by the 
sheet was located about 100 mm below the wall and extended well into the 
gravel drainage pad. Clean washed gravel was placed over the horizontal 
portion of the sheet to a depth of 100 mm.

Figure 16 shows the temperature of the warm (channel 38) and the cold 
(channel 37) sides of the wall during the test. The first three days were 
a soaking period. The rate of sprinkling was increased during the second 
day because the spray pattern was observed to be more of a dribble than 
the square pattern expected. A blocked nozzle is suspected. After about 
12 hours at this rate it was returned to its former value. These changes 
caused the changes in temperature recorded on channel 37 on during the first 
three days. The average rate of soaking was 5450. litres per day. An 11 day 
cold air circulation period followed. The last day was used for recovery 
by circulation of warm air.

The moisture content history of all points monitored in plywood at 500 mm 
from the bottom of the wall are given in Figure 17. Points 25 and 26 are 
both below ground level with point 25 being the deeper of the two. In a 
manner similar to that found in the field, the plywood below ground shows 
high levels of moisture in response to high rates of water drainage through 
the soil. Plywood above ground shows substantial increases in moisture 
due to condensation.
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FIGURE 18

Moisture content response of PWF wall number 3 in lowermost lumber elements

FIGURE 19

Moisture content response of PWF wall number 3 at points in lowermost 
plywood (19-24), mid-height plywood (26), and blocking (12-13).
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The moisture content of all locations in the lumber framing below the level 
of the suspended floor is given in Figure 18. Rapid and large increases 
in moisture content are evident in 4 out of 6 points monitored in the footing 
place. Of these, only one appeared to maintain a high moisture content.
The base plate near the plywood in the left stud space (channel 8) also shows 
an extremely high moisture content. To a lesser degree the moisture content 
in the central stud at the bottom of the wall and near the plywood (channel 
10) also shows high levels. Nearby, in the same stud at the same elevation 
but at its centerline, (channel 11) the moisture content is unchanged from 
its level of about 11 percent.

Figure 19 shows the moisture content recorded from probes set into ply-
wood near the footing plate (channels 19 through 24), plywood at mid-
height (channel 26) and the blocking (channel 12 and 13). The plywood 
shows a steady increase in moisture from the start of the soaking period.
The rapid increase in moisture content shown by the blocking is thought 
to be due to the accumulation of condensed water on the plywood which 
finally flows down and collects on the ledges formed by the blocking.

It was determined later that the two coats of resin gave a coverage rate 
of 4.2 square meters per litre which is about twice the coverage recommended 
by the supplier of the resin for one coat. The supplier recommends two coats 
to achieve a thickness of 5 to 6 mil (.12 to .15 mm). It was observed in 
applying the resin that in certain areas of earlywood and around knots, the 
resin was quickly absorbed by the plywood and left no glossy finish that 
would have indicated a thick finished coat. Thus the response of the ply-
wood (channels 19 through 24) is not surprising.
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FIGURE 20

Temperature record during conditioning in the laboratory of PWF wall 
specimen number 4 showing air temperatures on the interior (basement) 
side (38) and the exterior (above soil) side (37).

FIGURE 21

Moisture content response of PWF wall specimen number 4 of all points 
monitored.
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Since the third PWF wall specimen had a more sensitive array of moisture 
probes installed, and a sheet was used in the soil to direct more water 
to the specimen, the second wall was reinstrumented with a similar set 
of probes, renumbered as wall 4 and retested. It was intended that this 
wall, which used the semi-rigid insulation layer against the plywood, 
would be conditioned with a schedule of soaking and cold air circulation 
which was close to that used for wall number 3. However, after the first 
three days of soaking at the same average rate as the third PWF wall, 
no change in the initial moisture content was detected, so the soaking 
was continued until 5 days had passed. Since no change was still evident, 
the soaking was stopped for a short time during which the backfill was 
partially removed and a section of the polyethylene sheet, which was 
placed between the backfill and the layer of insulation, was removed.
The section was about 500 mm deep and the full width of the face of the 
wall. Soaking was continued for another 3 days. A 5 day period of cold 
air circulation followed. The record of temperature if given in Figure 20.

The moisture content history of all points are given in Figure 21. It was 
only after the removal of the polyethylene sheet, that any increase in 
moisture content was noted. These were at both probes set into the footing 
plate near the soil side. The sudden increase in moisture at location 2 
in the footing plate is associated with increases in nearby plywood probes 
(channel 20, 22 and 24) and may be associated with condensed water flowing 
down through the exterior insulation. Since these increases occurred when 
the cold air circulation began, it seems the most likely explanation. The 
superior performance indicated by the second wall test appears to be con-
firmed by this test.

CONCLUSIONS AND RECOMMENDATIONS

The technique of indicating moisture levels using the electrical resistance 
principle is useful, economical and convenient. It is recommended that 
better data be collected on correction factors to account for temperature 
and its use in wood-based panel products, lumber in service conditions and 
preservatively treated material. These data would improve or better define 
the accuracy both below and above 30 percent moisture content.

Field measurements of the performance of PWF units in Ottawa have shown 
that with present construction practices, the moisture levels of elements 
in the PWF respond quickly to environmental factors such as water movement 
in the soil during spring and condensation of moisture in the wall during 
winter. These construction methods do not provide effective control of 
moisture in PWF walls and thus the durability of the foundations depends 
solely on the effectiveness of the preservation treatment.

No supporting evidence was found to conclude that the most common resin 
coating used in PWF construction today is better than polyethylene sheet 
in controlling moisture. While it may be true that resistance to puncture 
is higher for a coating, in order to achieve a uniform thickness equivalent
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to the polyethylene sheet, careful quality control is required in construc-
tion. A coating must cover differences in grain, lathe checks, knot holes 
and nail holes.

The performance observed in the laboratory on polyethylene and resin coated 
PWF walls is in agreement with that observed in the field. Both construc-
tions show rapid response to soaking and thermal gradient conditions. The 
use of a capillary break which is offered by a product such as semi-rigid 
insulation with and without additional polyethylene cover shows promise 
as a significant improvement in the control of moisture. It is recommended 
that further tests be conducted in both laboratory and field to confirm 
this performance.
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