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Problem/Opportunity

CSA Standard S406 on the construction of PWF allows any dampproofing 
equivalent to 6-mil polyethylene film without a specification for the 
basis of comparison. Ihis has lead to a proliferation of dampproofing 
systems untested for use in PWF. Resolution of this problem will 
assist in ensuring good performance in service which is one of the 
keys to increase market penetration in this application.

To develop test methods and criteria to evaluate performance and'to 
conduct tests on various dampproofing systems for PWF.

The performance of nine types of dampproofing for PWF are presently 
being evaluated using a test for liquid water permeance and two types 
of conditioning that emulate service conditions of backfill abrasion 
and joint movement.

, Initial tests resulted in improvements to the original test method.
The preliminary results on the joint specimens Indidate that coatings 
alone are not as effective as polyethylene film alone which in turn 
are not as effective as a combination of polyethylene film and 
asphalt. The effect of joint movement and backfill abrasion has yet to 
be determined. Final results will be available by June 1989. 

Implications

A method of test is proposed that will guide the selection of 
dampproofing for future PWF. If adopted in the CSA standard, this 
method of test will enable more effective dampproofing to be selected 
for use in PWF construction.
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S U MMARY

Preserved wood foundations represent a significant but elusive 
opportunity for the expansion of markets for wood products. One key to 
increased market penetration is the improvement of the assurance of good 
performance in service. A critical component of performance is the 
durability of the system, which can be assured with complementary 
protection provided by preservative treatment and moisture control.

CSA Standard S406 on the construction of PWF specifies various measures 
to control moisture, one of which is dampproofing. The allowance of any 
dampproofing equivalent to 6-mil polyethylene film without a specifica
tion for the basis of comparison has lead to a proliferation of dampp
roofing systems. A method to compare performance is needed to judge the 
suitability of a wide variety of dampproofing systems. The basic 
function of dampproofing is to inhibit the passage of water through its 
thickness and into the structure to which it is applied. The effect of 
abrasion during backfilling, joint movement and long-term chemical 
reactions in-service on water permeance needs to be determined.

The performance of nine types of dampproofing for use in PWF are 
presently being evaluated using a water permeance test and two types of 
conditioning that emulate service conditions of backfill abrasion and 
joint movement. Pending final results which will be available by 
June 1989, this report presents interim results.

i



T A B L E  OF CONT E N T S

Page

SUMMARY ......................................................................... ±

1.0 O B J E C T I V E S .................................................................. l

2.0 INTRODUCTION ...............................................................  x

3.0 MATERIALS AND M E T H O D S ...................................................  9
3.1 DAMPPROOFING SAMPLE S E L E C T I O N .................’ , . t ~2
3.2 PLYWOOD S U B S T R A T E .................................. ! * . ! ! . * ! . *  4
3.3 CONDITIONING AND S O A K I N G .............................................. 4
3.4 LIQUID WATER PERMEANCE ........................... 6
3.5 THE EFFECT OF BACKFILLING AND JOINT

ROTATION ON PERMEANCE ............................................ 6

4.0 RESULTS AND DISCUSSION ...................................................  7
4.1 THE FIRST SERVICEABILITY TEST ON

SPECIMENS WITHOUT A JOINT ........................................  7
4.2 THE FIRST SERVICEABILITY TEST ON

SPECIMENS WITH A J O I N T ............................................ 7

5.0 C O N C L U S I O N S ...............................................................  n

R E F E R E N C E S ......................................................................  13

ii



L I S T  OF  TAB L E S

Page

Table 1. The dampproofing types and their attachment.................  3

Table 2. Initial liquid water permeance from specimens
with a joint....................................................... 12

LIST OF FIGURES

Figure 1. Joint specimens floating in water in soaking trays. . . .  5

Figure 2. The mean moisture content of nine unjointed specimens
damp-proofed with polyethylene film.........................  8

Figure 3. The weight before and after soaking of the specimen with 
the maximum LWP shown against the data from the specimen 
with the minimum L W P .........................................  9

Figure 4. The weight before and after soaking of the specimen with 
the minimum LWP shown against part of the data from the 
specimen with the maximum L W P ................................ 10

i ii



1.0 OBJECTIVES

To develop test methods and criteria to evaluate performance and to 
conduct tests on various dampproofing systems for PWF.

2.0 INTRODUCTION

Preserved wood foundations (PWF) have been built using a variety of 
materials and construction practices over the past 30 years. It has only 
been in the last ten years that the popularity of the system has in
creased in local areas of Canada. The majority of these units have been 
built by small builders in single unit projects. The large volume 
builders have avoided either promoting or using PWF presumably because of 
the lack of consumer demand.

One key to increased market penetration is the improvement of the 
assurance of good performance in service. A critical component of 
performance is the durability of the system, which can be achieved by 
means of complementary protection provided by preservative treatment and 
moisture control.

Moisture control is addressed in the standard, CSA S406, on the 
construction of PWF. The standard specifies the use of a granular 
drainage pad, a surface moisture barrier or dampproofing applied to the 
surface of the plywood facing the soil, a weather barrier on the wall 
above ground-line, proper surface drainage of the grade near the 
foundation, and an effective air-vapour barrier on the interior surface. 
Poor performance in any one of these components, whether due to poor 
workmanship or products, can lead to high moisture contents in the wooden 
elements and insulation of a PWF.

The allowance of any dampproofing equivalent to 6-mil polyethylene film 
without a specification for the basis of comparison has led to a prolife
ration of dampproofing systems. A method to compare performance is needed 
by the CSA S406 Technical Committee in order to judge the suitability of 
a wide variety of dampproofing systems. The basic function of 
dampproofing is to inhibit the passage of water through its thickness 
into the structure to be protected. The effect of abrasion during 
backfilling of joint movement and of long-term chemical reactions in- 
service on water permeance needs to be determined.
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3.0 MATERIALS AND METHODS

3.1 DAMPPROOFING SAMPLE SELECTION

Three categories of dampproofing systems were chosen for testing; namely, 
film sheets alone, coatings alone and coatings combined with sheets. Not 
examined here is a new class of products now being used with damp
proofing. These are vertical drainage mats, which are thick, porous 
manufactured products that are applied to the face of a wall to drain the 
backfill and prevent water from collecting against the foundation. They 
share the same objective as dampproofing -- to control moisture -- but 
they function in the same way as granular backfill. Therefore, they 
should not be considered dampproofing. By virtue of performance criteria 
proposed by van Rijn (1987) based in part, on the permeability of the 
soil, the use of vertical drainage mats would influence the level of 
dampproofing required.

The dampproofing systems chosen are given in Table 1 along with their 
method of attachment. All sheet film specimens were bonded to plywood at 
edges and joints using butyl caulking. The thickness of the polyethylene 
sheet used on each specimen was tested in accordance with CGSB 51.34.

Breather-type sheathing membranes which are made from a poly-olefin are 
normally used as building wrap but since they have a high water vapour 
permeability but low liquid water permeability, they offer promise as a 
dampproofing material for PWF. These products must conform to CGSB 51.32.

A number of CGSB standards exist on bituminous dampproofing. Four of 
these (CGSB 37-GP- series) material standards are referenced in NBCC 
(1985) in Section 9.13. Of these, three are based on asphalt with either 
an aqueous or a non-aqueous solvent, to the second of which a filler may 
be added. The filled cutback asphalt, conforming to CGSB 37-GP-16, was 
selected for testing alone. Two others, conforming to CGSB 37-GP-2 on 
unfilled, emulsified asphalt and CGSB 37-GP-6 on unfilled, cutback 
asphalt, were used to adhere sheet film dampproofing to the plywood. This 
was thought to impart a measure of redundancy to the system since the 
asphalt acts as dampproofing should the sheet fail. Where asphalt was 
used, butyl caulking was not.

No product standards exist for plastic resins for use as dampproofing. 
Various formulations are available and marketed for use as dampproofing 
for PWF. Most manufacturers recommend that two coats be applied to yield 
a dry film thickness of 0.13 to 0.15 mm.

Although not considered dampproofing, water repellents for wood and 
concrete have been in use for many years. They may be regarded as 
possible materials for low level dampproofing on wood. They are almost 
always advertized as having the ability to "breathe", meaning that the 
dry film has a high vapour permeance. A cement-based coating was selected 
for test.
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Table 1. The dampproofing types and their attachment.

I MATERIAL TYPE THICKNESS ATTACHMENT

1 polyethylene film 0.15 mm butyl caulking

2 cross laminated 
polyethylene

film 0.15 mm butyl caulking

3 spun-bonded 
olefin

film butyl caulking

4 asphalt, filled 
cutback

coating 1.0 m'/L

5 thermoplastic coating 2.0 m'/L

6 cement-based coating

7 polyethylene film 0.15 mm unfilled cutback 
asphalt

8 polyethylene film 0.15 mm unfilled
emulsified asphalt

9 composite film unfilled cutback 
asphalt

10 none control
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Polyethylene film specimens, 0.15-mm in thickness, were bonded to plywood 
with unfilled asphalt conforming to CGSB 37-GP-6, a cutback type, and to 
CGSB 37-GP-2, an emulsified type.

A proprietary composite sheet dampproofing was selected for test and 
bonded to the plywood with unfilled cutback asphalt. The composite sheet 
is an asphalt-treated-creped-kraft-paper reinforced with fiberglass mesh 
and faced with 0.08 mm polyethylene.

One set of specimens was left without dampproofing in order to act as a 
control.

3.2 PLYWOOD SUBSTRATE

Specimens of five-ply, 15.9-mm-thick plywood, preservatively treated for 
PWF use, were cut into 200-mm square pieces. They were graded on the 
basis of the size and frequency of knots and lathe checks. From six 
grades of plywood only three were found to yield sufficient quantities of 
specimens. These were designated A, B, and E grades.

For the joint specimens, plywood of the highest grade A and B were 
selected and cut in half. The two halves were joined by nailing them to a 
38-mm square piece of lumber with a 0.76-mm gap between the plywood using 
three galvanized 51-mm-long nails spaced 83-mm on each side of the joint. 
Three specimens were used for each type of dampproofing and for the 
control which was without dampproofing - 30 specimens in total.

3.3 CONDITIONING AND SOAKING

The plywood specimens were conditioned to below 12% moisture prior to the 
application of dampproofing. The average equilibrium moisture content at 
application was determined from a subsample of 6 plywood specimens of the 
same size and cut from the same panels as those used for dampproofing.
The average oven-dry weight was based on the average as-conditioned 
weight of 188 plywood specimens and the average equilibrium moisture 
content.

Dampproofing was applied according to manufacturers' instructions or 
recommendations. For coatings, the quantity applied was measured. After 
dampproofing, the specimens were sealed at edges with caulking and strips 
of polystyrene foam insulation.

The specimens were conditioned to equilibrium at 4°C and 92% RH. Later, 
they were conditioned in the air at 21*C and 100%RH and which was above 
the water of the soaking trays. After equilibrium was reached, each 
specimen was carefully placed with the dampproofing facing the water and 
allowed to float freely as shown in Figure 1.

The weight of the specimens was taken and recorded twice a week. Before 
weighing the surface was patted dry with paper towels.
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1 • Joint specimens floating in water in soaking trays
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3.4 LIQUID WATER PERMEANCE

A method previously used by van Rijn (1988) was used to calculate the 
liquid water permeance (LWP) using the following relationship:

LWP = (6m • a) / (9.8 m2 • 6t • A)

where;
LWP is liquid water permeance [mg/d/Pa/m2], 6m is the change in 
mass [mg] of the specimen over time 6t [d], m2 [kg] is the mass of 
the specimen and (a/A) is the ratio of the total area of the face 
of the specimen to the area of exposed dampproofing.

For the present study, however, the change in mass, 6m, over time, 6t, 
was determined from by linear regression of the mass on time, weight is 
calculated relative to the previous reading rather than to the weight 
when soaking began. The area of the specimen and the area of the exposed 
dampproofing were measured using a digitizer and computer. The weight of 
the specimen and the total area of the specimen are used to represent the 
water pressure on the face of the specimen. In this way, the LWP accounts 
for slight differences in water pressure and more substantial differences 
in exposed area of dampproofing.

3.5 THE EFFECT OF BACKFILLING AND JOINT ROTATION ON PERMEANCE

The work related to this aspect of the study is in the initial stage. 
Construction of the backfilling apparatus is nearly complete. After the 
initial permeance test, the surface of the dampproofing on each specimen 
will be subjected to simulated backfilling by coarse sharp gravel. The 
gravel size distribution should follow as closely as possible a distribu
tion where the percentage by weight is finer than the grain size in mil
limetres. Sieves with square openings of 100, 75, 50, 25 and 10 mm were 
used to grade backfill material with a size distribution that is 25% by 
weight between each sieve.

The gravel will be dropped into a box-like device from a fixed a fixed 
height. The device will hold four specimens facing the interior. A 23 kg 
weight will be used to compact the gravel. The apparatus would then be 
emptied and the specimens replaced.

The specimens with a joint will be deformed by applying a rotation of 
about 30° to the plywood about the joint line. A pressure of 5.75 kPa 
will be applied to the faces of the plywood on each side of the joint 
during rotation. The deformation will then be reversed in a similar 
manner to bring the faces back to the original plane. After three cycles 
of this treatment, the specimens will be retested for liquid water 
permeance.
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4.0 RESULTS AND DISCUSSION

4.1 THE FIRST SERVICEABILITY TEST ON SPECIMENS WITHOUT A JOINT

It was initially assumed that the moisture content of the plywood exposed 
to the air at 100% RH would rise to fiber saturation and stabilize. This 
is required in order to minimize the change in weight due to adsorption 
through the back of the specimen. Any change in weight would then be due 
to passage of water through or into the dampproofing.

Our first attempt was in an unconditioned room and the weight would not 
stabilize. This was attributed to fluctuations in the ambient air 
temperature which caused condensation to occur on the specimens. After 
moving the apparatus to a conditioned room and drying the specimens, the 
weight increased substantially but did not stabilize as well as expected. 
During this period the temperature of the water and air was monitored and 
the temperature of the water adjusted manually. When reasonable stability 
was achieved the dampproofed face of the specimens were placed in the 
water. Except for specimens with the cement-based and olefin dampproof
ing, the weight of all specimens dropped over the following 30 days. This 
was unexpected.

An estimate of the average moisture content of the specimens was made 
based on an estimated oven dry weight of the plywood alone. The mean oven 
dry weight of the plywood was determined to be 300 g. The moisture 
content after moving the apparatus was determined to be 27.4% in the 9 
polyethylene covered specimens based on an initial moisture content of 7% 
when the dampproofing was applied. The estimated moisture content from 
this point until the soaking was stopped is shown in Figure 2. The 
vertical line at 72 days marks the point at which soaking began. This 
shows that condensation must have occurred during the conditioning phase.

During this period various means of controlling the temperature and 
circulation of the water were attempted. When the specimens were lowered 
into the water the surface area of water exposed to the air was reduced 
dramatically and the moisture in the specimens evaporated back to the 
air. Thus the change in weight is the sum of the evaporation from the 
backside and the gain through the face of the dampproofing. In the cases 
where a loss in weight occurred, the rate of evaporation was greater than 
the rate at which water penetrated the dampproofing.

4.2 THE FIRST SERVICEABILITY TEST ON SPECIMENS WITH A JOINT

The total weight before and after soaking are shown in Figures 3 and 4 
for the specimens with the lowest and highest LWP. The data shown in 
Figure 4 is the same as that shown in Figure 3 but at a enlarged scale in 
order to show the change in weight of the specimen with the lowest LWP. 
The change in weight before soaking is due to condensation during
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conditioning. At this low value of LWP it is important that condensation 
be avoided by means of improved control of water temperature. The sharp 
increase in weight during soaking is to be expected.

The mean and standard deviation of the LWP is given in Table 2 ranked by 
value of LWP. Also given is the ratio of LWP for each type to that of 
0.15-mm polyethylene and of no dampproofing. It can be seen that the 
polyethylene combinations performed about the same as polyethylene film 
alone. In contrast, the asphalt coating alone had a LWP that was 6.2 
times that of polyethylene, while the poly-olefin wrap was 7.3 times that 
of polyethylene. The results for the plastic resin coating are not shown 
because an error in constructing these specimens invalidated the results.

The significance of the LWP levels may be illustrated by considering the 
percentage increase in moisture content that would result at the mean LWP 
levels under 1 cm of water pressure (about 100 Pa) over 14 days by a 
sheathing with an oven dry density of 7.26 kg/m2. This calculation is 
shown in the last column of Table 2. Under these conditions the perfor
mance of the polyethylene combinations is in the same order of magnitude. 
The performance of the asphalt coating and poly-olefin wrap are about 
equal but the rise in moisture content is about ten times those of the 
polyethylene combinations. Upon reinspection of the asphalt coated 
specimen it was observed that gaps in the coating had been formed at the 
joint when the gap in the plywood at the joint had expanded due to 
swelling of the lumber strip.

Obviously the serviceability of these dampproofing types depends on 
actual site conditions. As well, the effect of backfill abrasion and 
joint movement has yet to be studied and the ranking seen here may change 
substantially as a result.

5.0 CONCLUSIONS

It is important to control the temperature of the water so that it stays 
at or slightly above the temperature of the air, in order to avoid 
condensation. With the improvements to the test method, the results are 
reasonable.

The unjointed specimens need to be retested before subjecting them to 
abrasion by gravel.

The preliminary results indicate that plywood joints are difficult to 
dampproof with coatings alone.

The liquid water permeance of polyethylene film combined with asphalt 
coating was slightly lower than polyethylene film alone before abrasion 
by gravel backfill. The results after backfill abrasion have yet to be 
determined.
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Table 2. Initial liquid water permeance from specimens with a joint.

RISE IN
LWP [mg/d/Pa/ml] RATIO TO % MC

OVER
TYPE MEAN STD COV % NONE POLY 14 d

polyethylene/crepe 52 13 24.8 0.029 0.54 1.0
polyethylene + GP 2 54 13 24.0 0.029 0.55 1.0
cross-laminated poly 79 7 8.8 0.043 0.81 1.5
polyethylene + GP 6 89 26 29.4 0.049 0.92 1.7
polyethylene film 97 13 13.6 0.053 1.00 1.9
GP16 asphalt coating 603 147 24.4 0.330 6.21 11.6
poly-olefin wrap 710 103 14.5 0.389 7.31 13.7
no dampproofing 1826 108 5.9 1.000 18.81 35.2

STD : standard deviation
COV : coefficient of variation
POLY : polyethylene film, 0.15mm thick
ISE IN %MC : assumes 100 Pa water pressure,

:7.26 kg/m1 oven-dry panel density
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