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SUMMARY

This report is on a pilot study on factors that influence air tightness 
of wall systems. The specific factors investigated were the influence of 
shrinkage of framing on the air tightness joints in wall sheathing.

Nail popping was confirmed to be related to embedment length. High 
variability in shrinkage of lumber caused by ring orientation and the 
location of the stud relative to the pith of the tree led to the 
conclusion that nail popping on one edge was not well correlated with 
nail popping on the other edge for some studs. Consequently, measurement 
of nail popping on one edge would not provide reliable data for 
correlation with air tightness of sheathing fastened on the other edge. 
Rather, overall shrinkage was likely to be a more reliable measure for 
this purpose.

Air leakage tests on three full-sized walls confirmed that air leakage 
changes as a result of lumber drying were not well correlated with nail 
popping on the opposite edge. The hypothesis that large increases in 
leakiness take place at joints when lumber dries was, however, confirmed. 
Increases in the equivalent leakage area per unit length of joint ranged 
from 113 to 6940 percent for joints built with the green lumber and dried 
to about 15 percent moisture content. These tests provide the first 
quantitative information available on this topic.

A better understanding of the factors involved was gained through this 
pilot study and the main study can now proceed using the improved 
measurement techniques recommended here.

l



TABLES OF CONTENTS

Page

1.0 OBJECTIVES

2.0 INTRODUCTION

3.0 BACKGROUND

4.0 SCOPE

5.0 METHODS
5.1 Nail Popping on Opposite Edges of Lumber

5.1.1 Materials
5.1.2 Measurement Techniques

5.2 Air Leakage Through Joints in Sheathing
5.2.1 Materials
5.2.2 Test Methods

6.0 RESULTS AND DISCUSSION
6.1 Nail Popping on Opposite Edges of Lumber
6.2 Air Leakage Through Joints in Sheathing

7.0 CONCLUSIONS

8.0 RECOMMENDATIONS

9.0 REFERENCES

11

co co 
in m

 in



LIST OF TABLES

Table 1 Characteristics of fasteners used in the

Page

Table 2

nail popping study

Summary of statistics for nail popping by

11

Table 3

fastener type

Air leakage characteristics of joints at

12

Table 4

shrinkage: class 3 studs

Air leakage characteristics of joints at

13

Table 5

shrinkage: class 5 studs

Air leakage characteristics of joints at

14

Table 6

shrinkage: class 7 studs

Air leakage characteristics of joints at

15

Table 7

shrinkage: class 9 studs

Summary of nail popping measurements on studs

16

at joints in sheathing 17

LIST OF FIGURES

Page

Figure 1 Location of fasteners and resistance moisture 
pins in test studs. 18

Figure 2 Details of a tool for measurement of nail 
popping 19

Figure 3 Measurement of nail popping with a tool built 
for this purpose 20

Figure 4 Elevation of a typical test wall showing 
nailing and joint details 21

Figure 5 Elevation of a typical test wall showing framing 
layout and location of nails for nail popping 
measurements 22

iii



1.0 OBJECTIVES

The overall objective of this project is to identify the factors critical 
to the long term performance of wood-based wall assemblies with respect 
to moisture. By developing an understanding of these factors on the 
drying behaviour of walls, it becomes possible to use credible computer 
simulation to demonstrate how durable wood-based walls can be built.

The specific goals set for this project during the current year were:

1. To improve the data acquisition and analysis program to 
free up the signal processing system for use on another 
project.

2. To complete the test series begun to assess the influence 
of drying out of framing lumber on the air tightness of 
walls.

3. To conduct a test series to assess ability of cellulose 
insulation to block or restrict air leakage.

4. To build a small chamber to obtain the air permeability of 
sheathing materials.

The present report deals with two pilot studies that were done to assess 
measurement techniques for the main study on the relationship between 
framing shrinkage and air leakage through joints in exterior sheathing.

2.0 INTRODUCTION

The hypothesis which this project tests is that shrinkage of lumber 
framing contributes to the leakiness of wall constructions. Increases in 
air leakage increase the probability of moisture related problems. This 
will be the result of greater leakage of indoor air wall cavities where 
condensation of moisture will occur during cold weather. There is also a 
possibility that, subsequent to drying out of green lumber, air leaking 
in and out of wall cavities from the outside can influence both the 
energy efficiency and moisture performance of walls in certain climates. 
Specific construction defects can be exacerbated by leakage through 
sheathing, or through joints in the sheathing. The moisture content of 
lumber framing and the effects created when it dries and shrinks or warps 
are events over which builders sometimes have very little control and 
which may lead to systemic failure of some wall systems under certain 
weather conditions. The ultimate goal of the current project will be to 
show how builders can achieve better performance when they build both 
residential and industrial light-framed construction through better 
understanding of the consequences of the inappropriate use of materials.
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3.0 BACKGROUND

A great deal of information is available on the mean shrinkage properties 
of many softwood and hardwood species in North America. Much of this 
information dates back to the early 1930s in much the same form as it is 
still presented in handbooks on wood properties. From the information 
provided, it is not possible to assess how much shrinkage can take place 
and what its variability is. Nor is it possible to say up to what level 
shrinkage could take place yet still assure that moderately tight 
construction will remain so.

Shrinkage of framing leads to the loosening of sheathing from the frame 
to which it is nailed. Some panel materials, which in themselves may be 
relatively impermeable to air, may become leaky at joints. The degree to 
which this loosening happens depends largely on the shrinkage of lumber 
framing and the resultant nail popping. Studies have shown that nail 
popping depends largely on the shrinkage of the wood, and that it is not 
dependent on the nail diameter or shape but on its embedment length 
(Suddarth and Angleton, 1956). Fluctuating moisture content changes also 
cause some further working out of fasteners. Others (Platts, 1962) report 
that some fasteners, particularly ringed nails, do not work out to the 
same extent.

The amount of loosening and air leakage that results in practice 
ultimately depends on the initial moisture content of the lumber framing 
at time of assembly. It is likely that the method of installation of 
fasteners, i.e., the degree of overdriving which causes the crushing of 
the attached sheathing material, may also have some influence. 
Differential shrinkage between studs and sill plates can also cause 
openings to result irrespective of the nail popping that takes place.

Current code provisions require that lumber used in construction not have 
more than 19 percent moisture content by weight. It has long been 
recognized that much of the lumber used in construction in different 
parts of the country has higher moisture contents than that specified by 
the regulations. Large shrinkage is one of the consequences that occurs 
when the framing dries to equilibrium conditions in a particular climate.

In order that the true impact of framing shrinkage be studied, it is 
necessary to obtain representative information on some of the factors 
that lead to the loosening of attachment and the degree of air leakiness 
that develops. Given this information, it would be possible to assess the 
impact of leakage paths developing in the external sheathing of wall 
systems by computer modelling. It may, for example, be found that in 
certain climates, leakage paths are desirable under some circumstances 
while in other climates or weather conditions these leakage paths are not 
desirable. Given representative values, it should be possible to come to 
some engineering conclusions about the most appropriate construction 
practices that should be followed.
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4.0 SCOPE

Prior to undertaking the main investigation on various types of 
construction details to obtain typical air leakage information as a 
function of drying out of lumber framing, it was necessary to undertake 
two pilot studies related to the measurement techniques that would be 

used.

To study the correlation of nail popping or lumber shrinkage with air 
tightness, it is required that one or both variables be measured in the 
lumber where a joint in the sheathing is located. Since nail popping has 
been found to be correlated with lumber shrinkage and fastener length 
(Suddarth and Angleton, 1956), it was considered convenient to use this 
as a measure of lumber shrinkage, particularly since the nailed 
attachment is responsible for the integrity of joints and their air 
tightness. However, measurement of nail popping on the same side of the 
lumber edges to which sheathing is attached is incompatible with the 
simultaneous measurement of air tightness. Hence, it would be convenien 
if nail popping on one edge of a lumber stud was correlated with nai 
popping on the other edge. Measurement of nail popping of joints on one 
edge can then be accomplished without compromising the air tightness of 
the sheathing on the other edge.

The two concurrent studies were designed to assess whether this technique 
could be used for the main study. The first study sought to determine 
whether there was correlation between the nail popping on one side of a 
piece of lumber and that on the other edge. The second study was done on 
full-sized walls to assess if the nail popping measured on the opposite 
face was correlated with air leakage. Since the findings of the first 
study need not necessarily agree with the findings of the second study, 
both were required.

5.0 METHODS

5.1 Nail Popping on Opposite Edges of Lumber

5.1.1 Materials

Five lumber studs were selected to be representative of 5 different 
lumber shrinkages classes as determined by screening a large number ot 
studs for the main study. Screening was done by measuring the cross 
sectional shrinkage of slices of stud material cut from one end of each 
stud when these slices were dried. The shrinkage measured was used to 
classify studs into nine shrinkage classes. Lumber in this study 
generally came from small trees. Many pieces contained the pith of the 
tree. On examining the ring curvature, it was concluded many other pieces 
had been located close to the pith.

The lumber was originally green and held at or above 60 percent moisture 
content by weight in a "green" chamber until ready for use.
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Four different fastener types were selected for this investigation. They 
were 52 mm and 78 mm spiral nails, and 26 and 31 mm drywall screws. The 
fasteners were installed on the centerline of each edge. A photo showing 
6 of the 8 studs is given in Figure 1. Details concerning the fasteners 
used are summarized in Table 1. The 4 fastener types were spaced at 
approximately 65 mm, and in the same order, so there were 8 fasteners of 
each type on each face of each stud. The same fastener types were lined 
up on opposite edges. The fasteners were offset slightly to prevent the 
points from intersecting and to minimize splitting. Each nail or screw 
was fastened into the lumber leaving the head protruding 9 to 10 mm as 
they would be if 9.5 mm sheathing was attached to the studs.

5.1.2 Measurement Techniques

A tool was machined from aluminum for the nail popping measurements. 
Details of this tool are shown in Figure 2. An electronic displacement 
gauge having a resolution of 0.0001 mm was attached to it. It was used 
by placing it over the fastener head and having the flat end of the tool 
bear uniformly against the face of the lumber surrounding the fastener 
while the plunger of the gauge rested on top of the nail head. The 
contact bearing area of the tool against the lumber edge was 32 mm in 
diameter with a 9 mm diameter hole for the nail head. Thus the contact 
area was 415 mm2. The electronic displacement gauge was connected to an 
interface module and thence to a computer. Each reading was recorded in a 
data file on command from a foot switch attached to the interface module. 
A photo showing this tool in use is given in Figure 3.

The repeatability of making measurements on any one nail was assessed. To 
get a repeatable result, it was necessary to press the tool firmly 
against the edge of the lumber. Repeatable readings could be obtained by 
different people, usually within 0.001 mm. It was concluded that this 
tool should enable reliable measurement of nail popping.

Three pairs of insulated resistance moisture pins were also installed 
into each edge to assess the drying of the studs at a depth of about 30 
mm in line with the nails or screws.

The weight of the studs was obtained each time a set of nail popping 
measurements was made. It was intended that about 5 sets of data be 
collected while the lumber dried to equilibrium. Initially, the studs 
were retained at 65 percent relative humidity and 21 C. This led to an 
equilibrium moisture content of approximately 12 percent. The specimens 
were finally removed to another area where drying conditions lowered 
equilibrium moisture contents further. When the final readings were 
taken, the moisture content was 10 percent by weight as determined by 
using a Delmhorst moisture meter. At the conclusion of drying, 250 mm 
long sections of each stud were cut off to determine the specific gravity 
based on air-dried volume and the moisture content after oven drying.

During this period, 3 studs became badly twisted because they were 
unrestrained during drying. Additional studs were selected from the same 
three shrinkage classes to add to the data base.
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5.2 Air Leakage Through Joints in Sheathing

5.2.1 Materials

Three full-sized walls 2400 mm by 3000 mm were built for air-tightness 
testing to fit the large chamber designed for this purpose (Onysko and 
George, 1987). The framing details and location of joints are given in 
Figures 4 and 5.

Green framing was used for the construction of the walls. The studs at 
joints in the sheathing were selected from shipments of green framing 
that had previously been screened for shrinkage properties and sorted 
into 9 different shrinkage classes. Each wall had 4 joints in the 11.1 mm 
waferboard sheathing, and studs from different shrinkage classes were 
used at each joint. The shrinkage classes used were 3, 5, 7, and 9. The 
individual shrinkage values for each stud will be used in the analysis, 
but for convenience they will be referred to by these numbers m  the body 
of this report.

The nail spacing at joints was 150 min using 50 mm long standard spiral 
nails. Each wall was taped around the perimeter with 3-M brand Y-8086 
tape to guard against leakage through joints other than those on the face 
of the wall. Three 19 mm by 89 mm wooden straps were nailed to the 
opposite edges to restrain twisting as the studs dried, (shown in Figure 
5).

Nails were installed on the opposite edges of each stud for nail popping 
measurements to provide a measure of the shrinkage each stud experienced. 
Eight 50 mm spiral nails were spaced at approximately 300 mm from top to 
bottom of these studs as shown in Figure 5. They were installed to the 
same depth as the nails used to attach the sheathing on the opposite 
face. The use of this technique was guided by the assumption that there 
might be a reasonable correlation between nail popping on each face of 
each stud, i.e., that there would be no significant difference between 
them. The wooden straps installed to restrain twisting also guarded the 
protruding nails against damage during handling of the walls.

Three pairs of insulated pins were installed at the mid-depth of each 
stud to monitor the moisture content. The bottom of the wall was 
reinforced with a 75 mm wide steel plate to facilitate handling the wall 
when it was moved on rollers into a slot in the wall storage frame.

5.2.2 Test Methods

Each wall was tested in the same way using an air tightness testing 
chamber described elsewhere (Onysko and George, 1987). The wall was 
clamped against the chamber so that the sheathing was outermost, with the 
joints in the sheathing exposed. All four test joints were taped over 
with 75 mm wide tape. An air tightness test was done to obtain the 
overall calibration leakage. This included leakage from around the seal 
of the wall with the chamber, which in the past had been found to be 
small. The calibration leakage also included the leakage through the
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waferboard material itself and through nail holes at locations other than 
the joints in the sheathing. Each test series included a calibration test 
to correct for possible changes in conditions from one time to another, 
particularly if other unknown leakage paths occurred.

The air tightness test itself consisted of measurement of the air flow 
into the chamber using a Datametrics 810L mass flow meter, doing both 
negative and positive pressure tests. The tests were monitored using a 
data acquisition system which provided real time median values of the 
pressure and flow signals over a 2 minute period using 20 frames of 301 
samples per frame at a sampling rate of 227 readings per second. This 
technique has been found to reliably remove the influence of pressure 
spikes resulting from uncontrolled openings of doors, and of pressure 
fluctuations in and around the building. Corrections for atmospheric 
pressure variations, relative humidity and temperature were made to the 
measured leakage data. This was stored as the flow in liters per second 
per meter of joint length at standard conditions. This allowed for 
correct comparison with leakage data from one test to another over the 
duration of the experiment, which lasted about three months.

Each joint was uncovered in turn and the air leakage was evaluated in the 
same way. The tested joint was then taped and another joint tested. In 
this way, all four of the joints were tested without removing the wall 
from the chamber, so no change in the calibration flow resulted. The nail 
protrusions were measured on each stud and input directly to a data file 
in a microcomputer. The moisture contents were also recorded.

Each wall was set aside to dry in a storage frame in the conditioned 
laboratory set at 65 percent relative humidity and 21 ”C. A total of 3 
sets of air tightness tests were obtained as the framing in each wall 
dried from about a range of 31 to 61 percent by weight to a range of 15 
to 23 percent by weight at the time of the last air tightness test.

6.0 RESULTS AND DISCUSSION

6.1 Nail Popping at Opposite Edges of Lumber

On examination of the data over the whole drying period it was apparent 
that the nail popping readings were not always consistent. The 
measurements were negative on some days for some fasteners. For a few 
others, nails appeared to progressively enter the wood. Also, the 
individual values from one set to another did not vary monotonically.
The variability in nail popping readings was attributed to the 
variability in the surface against which the nail popping tool was 
pressed from one time to the other. Furthermore, some twisting of the 
studs and the non-uniformity of shrinkage across the lumber edge 
contributed to the rotation of some of the protruding nails. This caused 
the plunger of the measuring tool to ride up on the high point of the 
nail head, giving readings that were much larger than the nail popping 
that actually took place.

6



It was then decided to examine the data using only the first and last
measurement sets. The small change in nail popping that took place from
one moisture content set to the other did not justify a closer 
examination. Also the larger change in readings had a smaller percentage 
error associated with the manner by which the operator applied the tool. 
The only error still likely to be significant was that associated with 
nail head rotation.

As expected, only the board number and fastener type proved to be 
significant variables, since boards had been selected on the basis of 
assumed different shrinkage classes, and the fasteners had different 
lengths. From this analysis it was determined that nail popping on some
boards was different from that on other boards and that the longer
fasteners (spiral nails) experienced significantly larger nail popping 
than that experienced by the shorter fasteners (drywall screws).

To assess the correlation of nail popping with shrinkage class, embedment 
length was treated as a covariate. The least squares adjusted mean nail 
popping by board was then plotted against the estimated specific gravity 
for each board. The latter value was calculated on the basis of the oven 
dry weights of the cut-off ends and the air dried volume. No correlation 
was found. Examination of the correlation of nail popping for the longer 
fasteners with estimated specific gravity showed that a positive 
significant correlation was found on one of the two edges. Based on the 
nature of the stud lumber used in this study and the inclusion of pith 
material, it is likely that the studs having a lower bulk density 
possessed more juvenile wood. Inclusion of the pith region of a tree in 
a stud appears to lead to highly variable shrinkage properties.

Finally, paired comparison tests were performed since each fastener had 
the same type of fastener located almost directly opposite it on the same 
board. The question of interest is whether there is any difference in 
nail popping from one side to the other. The analysis was done first by 
fastener type and by board. Out of 32 tests of significance (4 fasteners 
by 8 boards), 10 comparisons showed significant differences. Nail popping 
on opposite edges was significantly different for all fasteners in only 
one board. The majority of cases involved only the spiral nails, as they 
were longer. Seven of the ten comparisons which were significantly 
different involved two boards that warped badly. Thus, while the nail 
popping on opposite edges was not significantly different for some 
boards, for others it was significantly different, particularly for studs 
that exhibited warping. The latter behaviour is a sign that different 
type of wood material predominated on opposite sides of these studs.

Finally, paired t-tests were done across all boards; the results are 
summarized in Table 2. It was found that the difference in nail popping 
between edges was not significantly different from zero, given the 
variability in the data. This was particularly true for the shortest 
fastener.
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6.2 Air Leakage Through Joints in Sheathing

The air tightness tests were evaluated and the data fitted to the 
following equation:

Q = C • 6Pn [1]

where Q is the flow in standard liters per second per metre of joint, 6P 
is the pressure difference in Pascals (Pa), and C and n are constants. 
Standard conditions are defined as 21.1 “C and 101.3 kPa atmospheric 
pressure.

On finding the above coefficients by regression of the log of air flow on 
log of pressure difference, the equivalent leakage area in cm2 per metre 
of joint (ELA) was calculated using the following expression:

where p is the density of air at standard conditions (1.204 g/m3). 
Another expression for characterizing flow through joints is the 
foil owing :

The first term is related to turbulent flow while the second is related 
to laminar flow where the joints are assumed to be straight-through gaps. 
Here too, the coefficients Ai and A2 are found by least squares fitting.

A summary of the results of these air leakage tests is presented in 
Tables 3, 4, 5, and 6 by shrinkage class. These results include both 
positive and negative pressure tests as well as the coefficients C, n, Ai 
and A2 for equations [1] and [3] representing the best fits to the data 
in each case. The equivalent leakage areas calculated using equation [2] 
are also provided for a pressure difference of 10 Pa and 75 Pa.

An analysis of variance of air leakage measurements showed that there was 
no significant difference between negative and positive pressure tests, 
no matter whether walls were tested green or dry over all joints. Aside 
from this, there were significant differences between walls, even in the 
green state, because joints had different air tightness to begin with.

Of greater importance are the changes caused by drying, and the potential 
correlation of air leakage caused by drying with the nail popping as 
measured in this study. It was found that all but one joint (shrinkage 
class 5 in wall 1) became leakier from the first test to the last. The 
difference in air tightness was correlated with shrinkage class but was 
not correlated with nail popping as measured here, even when the joint 
noted above was omitted. The change in equivalent air leakage ranged 
from 113 to 4334 percent for walls tested in the "inflow" direction, and 
159 to 6940 percent for walls tested in the "outflow" direction. At the 
mean, "outflow" leakage was higher than "inflow" leakage.

ELA = 11.57 * pt>-5 • C . 10" 0. 5 [2]

Q = Ax • 6P° ■ 5 + A2 • SP [3]
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A summary of nail popping measurements of 50 mm spiral nails at studs 
located at each joint (by shrinkage class) is presented in Table 7. An 
analysis of variance showed that shrinkage class studs 3 and 5 were 
different from shrinkage class studs 7 and 9 at the 0.002 probability 
level. In this experiment, while the studs were restrained from twisting, 
some of the class 3 and 5 studs exhibited negative nail popping. On the 
basis of the analysis in the previous section and the finding here, it is 
clear that the technique for classifying studs by shrinkage class using 
end slices was not effective.

7.0 CONCLUSIONS

Both of the above experiments have shown 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. While no 
difference in nail popping on opposite edges was found for most studs, a 
difference was found for some studs.

The selection of lumber into shrinkage classes using the shrinkage of 
pieces cut from the ends of studs may not provide a representative 
assessment of the shrinkage that takes place over the length of a stud.
Of necessity, only pieces cut from ends could be used to assess shrinkage 
which was then attributed to the whole board.

There appears to be some correlation between nail popping and density, 
but variability caused by ring orientation and wood density in the region 
of the pith and its location relative to the lumber edges makes this 
technique far from certain as a means for assessing in-place shrinkage on 
the edge where sheathing is attached.

The air leakage tests showed that a large change in air tightness at 
joints occurred when the walls dried out. The percent increase in 
equivalent leakage area ranged from 113 to 6940 percent. Overall, there 
was no significant difference in leakage whether positive or negative 
pressures were used, because of the high variability. However, there was 
a consistently higher leakage in the "outflow" direction than in the 
"inflow" direction at the mean for each shrinkage class.

It was suspected that air leakage changes were better_related to the 
average shrinkage at a stud. This work provides the first test data 
showing the change in leakage that can be expected when stud material 
dries and confirms that it is significant.
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8.0 RECOMMENDATIONS

The technique used for nail popping measurements is recommended for 
shrinkage measurements. This technique can be used for the measurement of 
overall shrinkage from one side of the stud using a fastener that extends 
almost through the entire stud. Since variability in the quality of the 
surface of the stud probably leads to some variability in the 
measurement, the technique can be further improved upon by reducing the 
contact area of the measuring tool with the surface of the board. Using a 
washer glued to the surface at each nail location is one way to provide a 
smooth surface with a good contact. Since rotation of the nail relative 
to the surface of the board causes the tool to ride up on the highest 
point on the nail head, that end should be shaped or pointed so that the 
same location is used for measurements. A lead hole should also be 
drilled to assure that the fastener is inserted straight.

It is recommended that shrinkage measurements be used for the main study 
for correlation with the air tightness of joints in sheathing.
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Table 1: Characteristics of fasteners used in the nail popping study.

Fastener
Number

Mean
Length

(mm)

Mass
per
100
(g)

Description

1 77.836 532 spiral nail [nominal 3-inch]

2 52.500 174 spiral nail [nominal 2-inch]

3 31.280 179 drywall screw [nominal 1-1/4 -inch]

4 25.600 146 drywall screw [nominal 1-inch]
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Table 2: Summary of statistics for nailpopping by fastener type.

Fastener N<n Embeded
Length

Meant 2) 
Nail
Popping

Standard
Deviation

Range Meant3 > 
Difference 
Between 
Edges

Std. Dev. 
of

Difference

Std. Error 
of

Mean
Difference

TtO PR>!T!

(mm) (mm) (mm) (mm) (mm) (ran) (mm)

1 64 67.504 0.5046 0.1828 0.9135 0.0116 0.3580 0.0448 0.26 0.79

2 62 42.161 0.3011 0.1326 0.7180 0.0117 0.2424 0.0308 0.38 0.70

3 63 20.994 0.3770 0.1775 0.6150 0.0039 0.1580 0.0199 0.19 0.85

4 63 15.466 0.3480 0.3910 2.9940 0.1304 0.6579 0.0829 1.57 0.12

(1) Maximum number of pairs per fastener type is 64. A lesser number resulted when a negative nail popping value was 
recorded or one of the values was missing.

(2) Mean across all boards.

(3) Paired differences across all boards.

(4) None of the mean differences between edges could be shown to be significantly different from zero.



Table 3: Air leakage characteristics of joints at shrinkage class 3 studs.<1>

Hall Joint
Length

(m)

Teste 2) FlowO) ELA
Direction §10 Pa

(cm2/m)

ELA 
§75 Pa

(cm2/m)

C

(x 10-3)

N Ai

(x 10-»)

a2

(x 10-*)

1 2.110 1 in 0.099 0.169 4.282 0.7623 7.4360 6.7569
out 0.097 0.159 4.290 0.7484 7.0365 6.2866

2.110 2 in 0.079 0.123 3.743 0.7193 6.0750 4.0886
out 0.080 0.122 3.945 0.7056 5.9909 4.0276

2.110 3 in 0.279 0.401 14.557 0.6795 25.4097 8.1600
out 0.252 0.373 12.637 0.6957 22.9186 8.3770

2 2.216 1 in 0.029 0.034 1.966 0.5717 2.9422 -0.1340*
out 0.006 0.029 0.068 1.3153 0.1961* 3.0504

2.216 2 in 0.018 0.037 0.662 0.8420 1.3820 1.8168
out 0.011 0.036 0.236 1.0752 0.3855* 3.0587

2.216 3 in 0.062 0.116 2.412 0.8089 5.1658 5.0311
out 0.060 0.111 2.378 0.8017 4.5713 4.9868

3 2.212 1 in 0.011 0.025 0.346 0.9023 1.1918 1.0864
out 0.008 0.022 0.182 1.0246 0.1686* 1.9261

2.212 2 in 0.016 0.038 0.465 0.9297 0.7199 2.6438
out 0.019 0.038 0.692 0.8381 1.2353 2.0184

2.212 3 in 0.133 0.248 5.152 0.8085 10.0951 1.1238
out 0.123 0.243 4.454 0.8374 9.2291 1.1923

(1) All coefficients are provided based on flow per metre of joint. Coefficients marked
with an asterisk are not significant at the 0 .95 probability level.

(2) Test 1 —walls are in the green condition immediately following construction.
2 & 3 —while walls are drying out.

(3) Direction of airflow, i.e. to the inside or to the outside of the wall.
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Table 4: Air leakage characteristics of joints at shrinkage class 5 studs.11>

Wall Joint Test(21 FlowC3) ELA ELA C N Ai a2
Length Directioni @10 Pa @75 Pa

(m) (cm2/m) (cm2/m) (x 1 0 3) (x 10 3) (x 10 « )

1 2.253 1 in 0.047 0.079 2.057 0.7555 3.4145 3.1713
out 0.052 0.073 2.749 0.6716 4.1916 1.8247

2.253 2 in 0.008 0.014 0.334 0.7775 0.5878 0.6050
out 0.009 0.014 0.429 0.7179 0.7587 0.4150

2.253 3 in 0.024 0.045 0.930 0.8099 2.7388 1.2548
out 0.019 0.032 0.825 0.7561 1.7286 0.9690

2 2.227 1 in 0.049 0.071 2.506 0.6850 4.4814 1.4461
out 0.025 0.076 0.573 1.0429 1.3287 5.8846

2.227 2 in 0.034 0.065 1.251 0.8274 2.7511 2.9211
out 0.020 0.048 0.616 0.9183 1.0822 3.1692

2.227 3 in 0.153 0.275 6.216 0.7887 12.3343 11.1640
out 0.139 0.247 5.675 0.7852 11.4836 9.7178

3 2.217 1 in 0.018 0.025 0.964 0.6696 2.0243 0.1670*
out 0.011 0.023 0.361 0.8692 0.6555* 1.3382

2.217 2 in 0.010 0.023 0.310 0.9136 0.8202 1.2973
out 0.021 0.028 1.181 0.6422 1.9063 0.3840*

2.217 3 in 0.069 0.107 3.344 0.7135 6.3435 2.7178
out 0.053 0.102 1.935 0.8307 3.8293 5.0346

(1) All coefficients are provided based on flow per metre of joint. Coefficients marked
with an asterisk are not significant at the 0,,95 probability level.

(2) Test 1 —walls are in the green condition immediately following construction.
2 & 3 --while walls are drying out.

(3) Direction of airflow, i.e. to the inside or to the outside of the wall.
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Table 5: Air leakage characteristics of joints at shrinkage class 7 studs.*1)

Nall Joint Test*2 > Flow*3) ELA ELA C N Ai a2
Length Direction 010 Pa 075 Pa

(m) (cmJ/m) (cm2/m) (x 10"3) (x 10"3) (x 10-«)

1 2.223 1 in 0.080 0.129 3.689 0.7338 5.7904 4.9008
out 0.070 0.117 3.060 0.7547 5.1388 4.6216

2.223 2 in 0.046 0.073 2.104 0.7341 3.6770 2.4579
out 0.049 0.078 2.325 0.7245 3.7691 2.7040

2.223 3 in 0.213 0.304 11.177 0.6766 20.2177 5.4336
out 0.184 0.280 9.012 0.7074 17.5588 6.2733

2 2.233 1 in 0.107 0.128 6.858 0.5892 9.9660 0.5510*
out 0.090 0.156 3.734 0.7766 6.9133 6.3507

2.233 2 in 0.069 0.099 3.630 0.6769 6.2231 1.9915
out 0.070 0.118 3.000 0.7627 5.2527 4.7530

2.233 3 in 0.379 0.516 20.944 0.6538 33.1150 9.3543
out 0.383 0.522 21.215 0.6533 34.8826 8.8857

3 2.214 1 in 0.037 0.057 1.837 0.7060 3.5961 1.2144
out 0.030 0.056 1.200 0.7994 1.7312 2.9621

2.214 2 in 0.032 0.058 1.263 0.7977 2.4953 2.4403
out 0.036 0.060 1.571 0.7540 2.6853 2.3048

2.214 3 in 0.181 0.288 8.378 0.7308 16.1286 8.3313
out 0.170 0.289 7.307 0.7634 14.6473 1.0033

(1) All coefficients are provided based on flow per metre of joint. Coefficients marked
with an asterisk are not significant at the 0.95 probability level .

(2) Test 1 —walls are in the green condition immediately following construction .
2 & 3 --•while walls are drying out.

(3) Direction of airflow, i.e. to the inside or to the outside of the wal 1.
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Table 6: Air leakage characteristics of joints at shrinkage class 9 studs.<1>

Wall Joint
Length

Test<2> Flow^3) 
Direction

ELA
«10 Pa

ELA
«75 Pa

C N Ai a2

(m) (cm2/m) (cm2/m) (x 10-3 ) (x 1 0 3) (x 10 3)

1 2.242 1 in
out

0.070
0.065

0.113
0.115

3.149
2.657

0.7402
0.7841

5.4857
3.8805

3.9496
5.7553

2.242 2 in
out

0.043
0.049

0.086
0.098

1.517
1.781

0.8453
0.8398

2.7217
2.5991

4.6659
5.7839

2.242 3 in
out

0.744
0.802

1.037
1.078

40.153
45.109

0.6644
0.6464

65.2521
68.3883

19.7367
19.8088

2 2.220 1 in
out

0.041
0.027

0.055
0.067

2.305
0.772

0.6447
0.9449

4.2569
1.1981

0.3470*
4.8165

2.220 2 in
out

0.035
0.036

0.067
0.077

1.308
1.169

0.8218
0.8815

2.5659
1.9888

3.1687
4.7436

2.220 3 in
out

1.818
1.901

1.981
2.162

129.909
129.199

0.5424
0.5640

152.3986
50.6070

5.6465*
6.5471

3 2.224 1 in
out

0.028
0.026

0.061
0.062

0.940
0.736

0.8765
0.9375

1.8077
1.0583

3.5158
4.4733

2.224 2 in
out

0.023
0.028

0.054
0.056

0.714
0.981

0.9117
0.8494

1.2664
1.5662

3.4698
3.2741

2.224 3 in
out

0.210
0.207

0.403
0.392

7.848
7.889

0.8239
0.8162

16.4174
17.2341

18.4985
16.8063

(1) All coefficients are provided based on flow per metre of joint. Coefficients marked 
with an asterisk are not significant at the 0.95 probability level.

(2) Test 1 --walls are in the green condition immediately following construction.
2 & 3 —while walls are drying out.

(3) Direction of airflow, i.e. to the inside or to the outside of the wall.
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Table 7: Summary of nail popping measurements on studs at joints in sheathing.

Wall Stud Initial Final Number Mean Standard Minimum Maximum
No. Shrinkage Moisture Moisture of Total Deviation Nail Nail

Class Content Content Fasteners Nail Popping Poppinq
Popping

(%) (%) (mm) (mm) (mm) (mm)

1 3 40 15 8 0.386 0.237 0.178 0.877
5 43 14 8 0.302 0.085 0.161 0.437
7 39 14 8 0.577 0.190 0.377 1.006
9 31 14 8 0.904 0.137 0.687 1.094

2 3 59 16 2 0.199 0.236 0.032 0.366
5 60 15 4 0.275 0.299 0.063 0.710
7 37 14 7 0.078 0.048 0.007 0.144
9 34 15 8 0.165 0.078 0.010 0.256

3 3 61 16 8 0.273 0.098 0.073 0.363
5 47 16 8 0.256 0.060 0.155 0.343
7 37 15 8 0.809 0.153 0.512 1.024
9 36 14 8 0.611 0.195 0.376 0.902



Figure 1. Location of fasteners 
pins in test studs

and resistance moisture
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Figure 2 Details of a tool for measurement of nail 
popping
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Figure 3. Measurement of nail popping with a tool 
built for this purpose
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Figure 4 Elevation of a typical test wall showing 
nailing and joint details
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Location of 
nails for -
measurement of 
nail popping
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M-designates location of moisture measurement probes

Figure 5 Elevation of a typical test wall showing framing 
layout and location of nails for nail popping 
measurements
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