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RESUME

Le Code national du batiment du Canada precise que la teneur en eau du bois de 
construction ne doit pas etre superieure a 19 % lors de la mise en oeuvre. Une 
importante raison motive cette disposition. En effet, le bois qui enregistre au 
point de depart une forte teneur en eau amene une quantite considerable 
d'humidite dans l'enceinte murale. Sa presence, surtout dans les batiments 
residentiels de faible hauteur, cree des situations qui peuvent donner lieu a 
une foule de problemes d'humidite. Puisque cette exigence du code est souvent 
bafouee, il a ete decide d'evaluer dans le cadre d'une recherche la nature et 
les consequences de 1'humidite dans le sud-ouest de 1'Ontario. Des recherches 
analogues ont ete menees dans les provinces atlantiques et une autre a ete 
amorcee en Alberta.

La presente recherche portant sur 1'assechement des murs en Ontario a ete 
effectuee sous la direction du Comite consultatif representant les organismes 
suivants :

° Ontario Home Builders Association (OHBA)

° la Societe canadienne d'hypotheques et de logement (SCHL)

° le Regime de garanties des logements neufs de l'Ontario

° The Society for the Plastics Industry of Canada (SPI)

° The Structural Board Association

° Canadian Fibreboard Manufacturers Association

° 1'Association canadienne des fabricants de fibres minerales
synthetiques (CAMMMFM)

° Forintek Canada Corp.

° Croupe de genie en batiment, Universite de Waterloo.

L'objectif premier consistait a obtenir une connaissance meilleure et plus 
large de la tenue en service de divers murs construits en bois de charpente 
vert (d'une teneur en eau superieure a 19 %).

Le Comite consultatif a cerne les buts mesurables suivants dans le but 
d'atteindre l'objectif global :

Premier but : Determiner si la teneur en eau du bois de charpente vert employe 
dans differents murs augmente, diminue ou subit une variation cyclique, et si 
la tendance entraine des problemes d'humidite.

Deuxieme but : Elaborer des parametres appropries d'essais sur place pour 
comparer le comportement a 1'humidite prevu des divers murs avec celui qu'a 
etabli le programme de simulation informatique WALLDRY de la SCHL.



Troisieme but : Determiner si le parement exterieur (maijonnerie en brique 
d'argile ou bardage de vinyle) influe sur la teneur en eau du bois de charpente 
vert utilise dans divers murs au point de la faire augmenter, diminuer ou de 
lui faire subir une variation cyclique et d'entrainer des problemes d'humidite.

Quatrieme but : Determiner si 1'orientation des murs (nord, sud, est ou ouest) 
influe sur la teneur en eau du bois de charpente vert utilise dans un mur au 
point de la faire augmenter, diminuer ou de lui faire subir une variation 
cyclique et d'entrainer des problemes d'humidite.

Cinquieme but : Determiner si le delai que prennent les constructeurs a achever 
le gros oeuvre du batiment realise en bois de charpente vert influe finalement 
sur son comportement a 1'humidite.

Sixieme but : Determiner quelles solutions, s'il y en a, peuvent etre 
recommandees a 1'industrie canadienne de la construction d'habitations pour 
prevenir ou attenuer les risques de problemes d'humidite au moment de 
construire avec du bois de charpente vert (si de tels problemes surviennent 
pendant les travaux de recherche).

Septfeme but : Constituer un forum d'echange d'information concernant les 
batiments d'essai et d'autres recherches ou activites en matiere d'humidite.

Les travaux experimentaux de cette activite de recherche, de developpement et 
de demonstration ont ete effectues a 1'aide des installations d’essai (BEGHUT) 
de I'Univertise de Waterloo. Douze paires de panneaux d'essai de 
1 200 mm x 2 400 mm ont ete realises avec du bois de charpente prealablement 
conditionne a une teneur bien au-dela de 19 %. Les panneaux ont ete disposes 
par paires soit en direction nord et sud ou est et ouest des quatre cotes du 
batiment d'essai. Dix murs differents ont fait 1'objet d'essais. Les principaux 
elements de construction variables etaient :

° les elements d'ossature en 2 x 4 et 2 x 6

° le revetement d'ossature :

isolant (panneau de fibre de verre, de polystyrene extrude ou de 
polyisocyanurate)

non isolant (panneau de copeaux, de fibres ou plaques de platre) 

° 1'orientation.

Les instruments dont etait pourvu chaque panneau permettaient de mesurer la 
teneur en eau du bois, la temperature et 1'humidite relative d'endroits 
strategiques. Les panneaux ont ete mis en place en decembre 1989 et controles 
de faqon continue pendant 11 mois. Le milieu interieur etait maintenu a une 
temperature d'environ 20 C et a un degre d'humidite relative de 50 %. Des 
essais supplementaires d'etancheite a 1'air et d'activite microbiologique ont 
egalement ete menes. Le rapport decrit le programme d'essai, 1'enregistrement, 
l'analyse et la presentation des resultats et tire des conclusions generales. 
Des precisions sur 1'etalonnage, les mesures de teneur en eau et d'autres 
resultats d'experiences, de meme que les resultats d'activite microbiologique 
et d'essais d'etancheite a 1'air sont fournis dans les annexes dii rapport.



Les principales conclusions touchant la construction de maisons a ossature de 
bois I'hiver dans le sud-ouest de 1'Ontario, se caracterisant par une forte 
teneur en humidite, s'expriment comme suit :

i) Pour les dix murs testes, la teneur en eau des poteaux et 
probablement de la lisse et de la sabliere devrait pouvoir atteindre 
19 % ou moins en 90 jours (trois mois) et parvenir au point 
d'equilibre de 9 a 12 % dans cinq mois ou moins.

ii) C'est bien connu, il existe deux taux d'assechement du bois bien 
definis, presque lineaires. Au-dessus du point de saturation des 
fibres, l'humidite libre s'estompe rapidement et le taux
d'assechement est relativement rapide, alors qu'au-dessous du point 
de saturation des fibres, le taux d'assechement du bois se fait a un 
rythme beaucoup plus lent. Pour chacun des murs testes, des valeurs 
numeriques pour les taux d'assechement pertinents sont proposees en 
pourcentage de teneur en eau par jour.

iii) Tous les murs qui etaient conformes aux exigences des fournisseurs et 
bien executes ont affiche une tenue en service satisfaisante en ce 
sens que le bois de charpente s'est asseche pour atteindre un point 
d'equilibre dans un delai raisonnable, sans donner lieu a des mefaits 
d'humidite visibles. Aucune moisissure ou proliferaton fongique n'a 
ete relevee.

iv) Des plaques de platre pour usage interieur ont ete fixees par 
inadvertance plutot qu'un revetement en plaques de platre pour usage 
exterieur. II a ete confirme que les plaques utilisees ne doivent pas 
servir a cette fin, puisque son revetement en papier absorbant ne le 
destine pas a un usage exterieur. L1Industrie du platre preconise 
I'emploi de plaques pour usage exterieur puisqu'elles comportent un 
revetement en papier hydrofuge qui se prete a un tel usage.

v) Etant donne que le comportement du mur depend du systeme employe, que 
le taux d'assechement du bois ne constitue qu'une mesure de sa tenue 
en service et que dans tous les systemes le bois de charpente s'est 
asseche de faqon satisfaisante, il s'avere quelque peu superflu de 
classer les revetements d'ossature. Quoi qu'il en soit, la principale 
variable du programme d'essai etait le revetement d'ossature, et en 
ce qui concerne l'assechement du bois, il est evident que :

le revetement d'ossature en fibre de verre accelerait le plus 
1'assechement;

1' assechement se faisant relativement rapidement avec les revetements 
d'ossature en fibres et en panneau de copeaux;

1'assechement etait moins rapide avec le revetement d'ossature en 
polystyrene extrude;

1'assechement etait le moins rapide avec le revetement d'ossature en 
polyisocyanurate.
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vi) Vu que le bois de charpente de tous les panneaux correspondants s'est 
asseche de faqon satisfaisante, il vaut la peine de noter que, pour 
la construction en hiver, un mur comportant un revetement isolant et 
un placage de maqonnerie procure certains avantages par rapport a un 
mur comprenant un revetement non isolant et un parement leger fixe 
par contact, tel le bardage de vinyle, d'aluminium ou meme le bardage 
derive du bois.

Les recommandations decoulant de cette activite de recherche, de developpement 
et de demonstration sont categorisees selon qu'elles sont orientees vers les 
methodes de construction ou qu'elles s'adressent a 1'experimentation ou au 
modelage de la tenue en service de l'enceinte. Parmi les recommandations les 
plus importantes figurent les suivantes :

° Dans le sud-ouest de l'Ontario, le climat en hiver est tel que la 
temperature a la jonction des poteaux et du revetement d'ossature 
peut etre assez basse suffisamment longtemps pour y favoriser la 
formation de condensation et egalement permettre a la condensation de 
s'y accumuler. Si la temperature est inferieure au point de 
congelation, la condensation s'accumulera sous forme de givre. Pour 
cette raison, il est avantageux 1'hiver de recourir a un revetement 
d'ossature isolant pour contrer les effets de 1'humidite emprisonnee. 
D'apres la presente recherche, aucune raison ne porte a recommander 
un revetement d'ossature isolant de preference a un autre.

° Il faut admettre que la disposition du code limitant la teneur en eau 
initiale du bois a 19 % est couramment bafouee. Il est done 
recommande, en cas d'emploi d'un revetement d'ossature non isolant 
juxtapose a un parement leger par point de fixation, comme le bardage 
de vinyle, de preter plus d'attention a 1'etat du bois de charpente a 
employer. Par exemple, 1'emploi d'elements de charpente en 2 x 6 
disposes a entraxe de 400 mm (16 po) demande de respecter davantage 
1'exigence de 19 %. Par contre, on pourrait recommander de 
s'appliquer davantage a se conformer a l'exigence du CNB dans les cas 
risquant d'aboutir a une forte charge'd'humidite.

° Le seuil d'une tenue en service satisfaisante des elements muraux
n'est pas bien defini et il y a beaucoup a gagner a tester les murs 
reconnus pour ne pas se comporter comme il se doit. Ces deux points 
sont relies. Il est done recommande d'orienter les efforts pour 
definir et quantifier ce qu'est un comportement satisfaisant.

° Il faut effectuer plus de recherche et d'essais dans le but d'etablir 
l'influence autant de 1'orientation des murs que du parement.
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EXECUTIVE SUMMARY

The National Building Code of Canada requires that the moisture content of framing 
lumber be not greater than 19 per cent at the time of installation. One important reason 
for this provision is that, if the initial moisture content of lumber is high, a considerable 
amount of water is built into the enclosure. Its presence, especially in low-rise 
residential buildings, creates conditions that can give rise to a variety of moisture- 
related problems. Because this code provision is commonly violated, a project to 
assess the nature and consequences of built-in moisture was developed for South
western Ontario conditions. Similar full-scale projects had been conducted in the 
Atlantic Provinces and one was underway in Alberta.

This project, formally designated the Ontario Wall Drying Project, was conducted 
under the direction of an Advisory Committee representing the following organizations:

• Ontario Home Builders. Association (OHBA)

• Canada Mortgage and Housing Corporation (CMHC)

• Ontario New Home Warranty Program (ONHWP)

• The Society for the Plastics Industry of Canada (SPI)

• The Structural Board Association

• Canadian Fibreboard Manufacturers Association

• Canadian Association of Man-Made Mineral Fibre Manufacturers 
(CAMMMFM)

• Forintek Canada Corp.

• Building Engineering Group, University of Waterloo.

The primary objective was to obtain a broader and better understanding of the moisture- 
related performance of various wall assemblies constructed with wet/green (above 19% 
moisture content) framing lumber.

The Advisory Committee identified the following measurable goals to ensure that the 
overall objective was met:
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Goal One: Determine whether the moisture levels of wet/green framing lumber
used in different wall assemblies increase, decrease or cycle with time and whether 
such a trend causes moisture-related problems.

Goal Two: Develop appropriate field test data to allow comparison with the
predicted moisture performance of the various wall assemblies made by CMHC's 
WALLDRY computer simulation program.

Goal Three: Determine whether the exterior cladding (clay brick masonry vs. vinyl 
siding) affects the moisture levels of wet/green framing lumber used in various wall 
assemblies, causing it to increase, decrease, or cycle with time and result in moisture- 
related problems.

Goal Four: Determine whether wall orientation (north, south, east or west) affects
the moisture levels of wet/green framing lumber used in a wall assembly causing it to 
increase, decrease or cycle with time and result in moisture-related problems.

Goal Five: Determine whether the time taken by home builders to close up wall
assemblies constructed with wet/green framing lumber affects its ultimate moisture- 
related performance.

Goal Six: Determine what solutions, if any, can be recommended to the Canadian
home building industry to prevent or lessen the likelihood of moisture-related problems 
when building with wet/green framing lumber (should such problems occur in this 
project).

Goal Seven: Provide a forum for the exchange of information concerning the test
hut project and other related moisture research or field activities.

The experimental work for this research, development and demonstration (R, D and D) 
project was conducted using the full-scale test facility (BEGHUT) at the University of 
Waterloo. Using framing lumber that had been pre-conditioned to moisture contents 
well in excess of 19%, twelve pairs of 1200mm x 2400mm test panels were 
constructed. Pairs of panels were located either north and south or east and west on the 
four sides of the test facility. Ten different wall systems were tested. The principal 
construction variables were:

2x4 and 2x6 framing



• sheathing material:
insulating (glass-fibre board, extruded polystyrene and 
polyisocyanurate)
non-insulating (waferboard, fibreboard, gypsum board)

• cladding—vinyl and brick masonry

• orientation

Each panel was instrumented to measure wood moisture content, temperature and 
relative humidity at strategic locations. The panels were installed in December 1989 
and monitored on a continuous basis for 11 months. The interior environment was 
maintained at about 20°C and 50% relative humidity. Supplementary testing for air 
leakage and microbiological activity was also conducted. The report describes the test 
program, the recording, analysis and presentation of the results and draws general 
conclusions. Details of calibration, moisture content measurements and other 
experimental results, and microbiological and air leakage test results are documented in 
appendices to the report.

The main conclusions for wood frame construction during winter construction in 
South-western Ontario, with high built-in moisture contents, are that:

(i) For the 10 wall systems tested, the studs and probably the top and 
bottom plates can be expected to dry down to the 19% level in 90 
days (three months) or less and down to an equilibrium level of 9 to 
12% in five months or less.

(ii) As is well known, there are two well defined, nearly linear, wood 
drying rates. Above fibre saturation the free moisture is lost quickly 
and the drying rate is relatively fast, whereas below fibre saturation 
the wood drying rate is significantly slower. For each wall system 
tested, numerical values for pertinent drying rates in units of per cent 
moisture content per day are suggested.

(iii) All those wall systems that complied with the suppliers’ 
requirements and were well constructed, performed satisfactorily in 
that the framing lumber dried down to an equilibrium level within a 
reasonable period of time, without giving rise to visible moisture- 
related damage or impairment. No significant mould or fungal 
growth was identified.



(iv) Gypsum lath board was inadvertently used instead of exterior grade 
gypsum sheathing. It was confirmed that gypsum lath board should 
not be used as an exterior sheathing. Gypsum lath has an absorbent 
paper coating and is not suitable as an exterior sheathing. The 
gypsum industry advocates the use of exterior grade gypsum board 
that is manufactured with a water-repellent paper coating specifically 
for this purpose. Gypsum lath has an absorbent paper coating and 
is not suitable as an exterior sheathing.

(v) Given that wall performance is system dependent, that the wood 
drying rate is only one measure of performance and that in all 
systems the framing lumber dried satisfactorily, it is somewhat 
redundant to rank sheathing material. Nevertheless, the main 
component variable in this test program was the sheathing and, 
insofar as wood drying is concerned, it is evident that:
• Drying was fastest with glass-fibre sheathing.
• Drying was relatively fast with fibreboard and waferboard 

sheathings.
• Drying was less fast with extruded polystyrene sheathing.
• Drying was least fast with the polyisocyanurate sheathing.

(vi) Given that the framing lumber in all the relevant panels dried 
satisfactorily, it is worth noting that, for winter construction, a wall 
system incorporating an insulating sheathing and a masonry veneer 
cladding has some advantages over the use of a non-insulating 
sheathing and a light-weight, contact-attached cladding such as 
vinyl, aluminum or even a wood-based siding.

Recommendations arising from this R, D and D project were categorized as being either 
building-practice oriented or concerned with experimentation or the modeling of 
enclosure performance. Some of the more important recommendations are:

• In South-western Ontario the climate in winter is such that the 
temperature level at the stud space-sheathing interface can be low 
enough for long enough to cause condensation at this interface and 
also to permit the accumulation of condensate. If the temperature is 
below freezing, the condensate will accumulate as frost. For this 
reason, during winter construction, a sheathing with thermal 
insulating properties can be advantageous with respect to dealing 
with built-in moisture loads. On the basis of this project, we have



no reason to recommend one type of insulating sheathing in 
preference to another.

It has to be acknowledged that the code provision, limiting initial 
wood moisture content to 19%, is routinely violated. It is therefore 
recommended that when a non-insulating sheathing is being used in 
conjunction with a light-weight, contact-installed cladding, such as 
vinyl siding, relatively more attention needs to be paid to the 
condition of the framing lumber to be used. For example, if 2x6 
framing lumber is used at 400mm (16”) centres, then it is relatively 
more important that the 19% criterion be met. Conversely, one 
could recommend that relatively more effort be made to enforce the 
NBCC in those situations where there is potential for a high built-in 
moisture load.

The threshold levels for good performance of wall elements are not 
well defined, and there is much to be gained from also testing wall 
systems that are known not to work. These two issues are related, 
and it is recommended that some effort be directed at defining and 
quantifying good performance.

More research and testing is needed in order to establish the 
influence of both orientation and cladding.
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1. INTRODUCTION

1.1 Background

The National Building Code of Canada (1985 and 1990) states in section 9.3.2.5 [1]* that 
"Moisture content of lumber shall be not greater than 19 per cent at the time of installation.” 
There are several reasons for this provision. One important reason is that, if the initial 
moisture content of lumber is high, a considerable amount of water is built into the 
enclosure. Its presence, especially in low-rise residential buildings, creates conditions that 
can give rise to a variety of moisture-related problems.

Possible problems are:

warping/twisting of framing members which can result in a loss of air- 
tightness.

microbiological growth within the wall cavity, causing mould, mildew, 
and deterioration of the wood or wood-based products. Structural 
damage and reduced air quality are two possible consequences.

a reduction in the effectiveness of the thermal insulation.

paint peeling.

nail popping.

A recent survey conducted by Forintek Canada Corp. [2] established that wet lumber is 
commonly being installed. This is particularly the case with green or non-kiln-dried lumber 
in Ontario, Quebec and the Maritime provinces. For example, in Ontario (Toronto and 
Sudbury) 25% of the studs monitored had a moisture content of more than 19 per cent 
before closure, i.e., on average, some three to four weeks after installation.

Because the incidence and extent of moisture-related problems in housing seem to be more 
prevalent in the Maritime provinces, most studies and test programs carried out since 1980 
have been directed at conditions that prevail in Atlantic Canada. The findings of the 
CMHC/CHBA Task Force on Moisture Problems in Atlantic Canada were reported in 
November 1987 [3]. Physical testing of full-scale wall panels fabricated from wet lumber 
were an integral part of this work. Three test huts, located in New Brunswick, Nova 
Scotia and Newfoundland, enabled 44 pairs of different wall systems to be monitored for 
periods of more than one year.

In 1988 CMHC attempted to initiate, in Alberta and Ontario, supplementary studies on the 
consequences of using wet lumber in the construction of houses. The study in Alberta [4],

* Indicates a reference
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which is representative of conditions in the Prairie provinces, was completed in December, 
1990. The Ontario study, which ran about 6 months behind the one in Edmonton, is the 
subject of this report.

The Ontario test project, situated in Waterloo, differed from the previous experimental 
studies in that funding was provided by both government and industry. The opportunity 
was used to establish a full-scale, flexible test facility (named BEGHUT) on the campus of 
the University of Waterloo.

This project, formally designated the Ontario Wall Drying Project, was conducted under the 
direction of an Advisory Committee representing the following organizations:

• Ontario Home Builders Association (OHBA)

• Canada Mortgage and Housing Corporation (CMHC)

• Ontario New Home Warranty Program (ONHWP)

• The Society for the Plastics Industry of Canada (SPI)

• The Structural Board Association

• Canadian Fibreboard Manufacturers Association

• Canadian Association of Man-Made Mineral Fibre Manufacturers 
(CAMMMFM)

• Forintek Canada Corp.

• Building Engineering Group, University of Waterloo.

1.2 Objectives

The Advisory Committee for the Ontario Wall Drying Project developed the following 
overall objective for the study:

Objective: To obtain a broader and better understanding of the moisture-related
performance of various wall assemblies constructed with wet/green (above 19% moisture 
content) framing lumber.

The Advisory Committee then identified the following measurable goals to ensure that the 
overall objective was met:

Goal One: Determine whether the moisture levels of wet/green framing lumber used in
different wall assemblies increase, decrease or cycle with time and whether such a trend 
causes moisture-related problems.
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Goal Two: Develop appropriate field test data to allow comparison with the predicted
moisture performance of the various wall assemblies made by CMHC's WALLDRY 
computer simulation program.

Goal Three: Determine whether the exterior cladding (clay brick masonry vs. vinyl 
siding) affects the moisture levels of wet/green framing lumber used in various wall 
assemblies, causing it to increase, decrease, or cycle with time and result in moisture- 
related problems.

Goal Four: Determine whether wall orientation (north, south, east or west) affects the
moisture levels of wet/green framing lumber used in .a wall assembly causing it to increase, 
decrease or cycle with time and result in moisture-related problems.

Goal Five: Determine whether the time taken by home builders to close up wall
assemblies constructed with wet/green framing lumber affects its ultimate moisture-related 
performance.

Goal Six: Determine what solutions, if any, can be recommended to the Canadian
home building industry to prevent or lessen the likelihood of moisture-related problems 
when building with wet/green framing lumber (should such problems occur in this project).

Goal Seven: Provide a forum for the exchange of information concerning the test hut
project and other related moisture research or field activities.1

The Advisory Committee considered that for the purposes of this project, moisture-related 
degradation includes one or more of the following conditions2:

• A reduction in the ability of the wall to perform its basic functions, e.g., 
loss of structural soundness, loss of thermal efficiency, etc.

• A deleterious impact on the appearance or function of either the interior 
or exterior surfaces of the wall cavity, e.g. siding deformation, 
condensation, etc..

• The creation and growth of moulds or fungi that have been deemed 
harmful to human health.

The results were to be evaluated in terms of goals one, three, four and five. Drying rates 
for the different wall assemblies were to be assessed and compared based on 
considerations such as orientation, relative humidity, weather, cladding material and 
temperature, among other things.

1Minutes of Dec. 14,1989 Advisory Committee Meeting.
2Definition from minutes of Aug. 7, 1990 Advisory Committee Meeting
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1.3 Scope and Approach

In order to meet the goals listed in Section 1.2, a full-scale, permanent test facility was built 
on the campus of the University of Waterloo. The square, symmetrical building was 
oriented so that one side faces due north (9° east of magnetic north). Twelve pairs of wall 
panels, paired North-South or East-West, could be tested. The panels were to be 
monitored for about one year.

The scope of the experimental work was therefore limited to 12 pairs of identical wall 
panels. The selection of different wall systems, stud size, sheathing, cladding and 
orientation was made by the Advisory Committee. This report describes the test program, 
recording, analyzing and presenting the results and drawing general conclusions. Details 
of calibration, moisture content measurements and other experimental results, and 
microbiological and air leakage test results are in appendices to the report.

The test facility, panels and other relevant features dealing with the test program are 
outlined in Chapter 2. All instrumentation and data acquisition are described in Chapter 3. 
Chapter 4 presents the experimental results. In Chapter 5 Air Leakage and Microbiological 
testing are discussed. Chapter 6 addresses wood moisture movement. Chapter 7 includes 
a discussion of the influence of various experimental variables on wall performance, and, 
in a systematic consideration of the goals of the project, develops major conclusions and 
recommendations. Chapter 8 lists conclusions and recommendations. In addition to 
documenting the test results, the Appendices contain reports on the microbiological testing, 
wood moisture measurement and air tightness testing.
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2. EXPERIMENTAL PROGRAM

2.1 Experimental Variables

The primary experimental objective was to quantify the drying capability of various wall 
systems built from representative framing lumber with moisture-contents at installation well 
above 19%. The physical scope of the test program was decided upon by the Advisory 
Committee. It was agreed that 12 pairs of panels representing a variety of different wall 
systems would be tested.

The main test variables were to be:

• stud size (38mm x 89mm and 38mm x 140mm (2x4 and 2x6))

• insulating versus non-insulating sheathing

• typeof insulating sheathing

— 38mm (1-1/2") semi-rigid, glass-fibre insulation board with 
spun-bonded polyolefin facing on one side

— 38mm (1-1/2") type 4 extruded polystyrene (EXPS), shiplapped

— trilaminate polyisocyanurate

• type of non-insulating sheathing

— 13mm (1/2") exterior grade gypsum board

— 11mm (7/16") fibreboard

— 11mm (7/16") waferboard

• orientation (Goal 4) by pairing panels in either the north-south or east- 
west directions

• cladding type (Goal 3)

— vinyl siding

— clay brick veneer

2.2 The Test Facility

In order to assess the performance of residential wall systems in a south-western Ontario 
climate realistically, a test building was needed. A full-scale, permanent, fully-enclosed 
test and demonstration facility (BEGHUT) was constructed, with room for seven 1200mm
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x 2400mm (4,x8') test panels in each face. Twenty-four of the 28 possible wall panels 
were used for the wall systems examined in this study. The remaining four were used in a 
window project

The photographs of BEGHUT provide some idea of the scale, nature and location of the 
test facility.

The test hut is a square building, 10.62m x 10.62m (34T0" x 34T0") from outside edge to 
outside edge of the concrete foundation wall. The foundation walls are 1200mm (4') deep, 
152mm (6") above grade and 1067mm (3'6") below grade to the footing, and 254mm 
(10") thick with a strip footing 305mm (12") deep by 508mm (20") wide.

There is a 508mm (20") diameter, reinforced-concrete column with a 1200mm x 1200mm x 
610mm (4' x 4' x 2') footing at the centre of the building to support the roof.

The floor consists of a slab-on-grade, 102mm (4") thick, with two layers of 6 mil 
polyethylene vapour retarder and 152mm (6") granular fill underneath.

As shown in the layout drawing in Figure 2.1 there is a framed section at each comer of the 
building consisting of 140mm x 140mm (6x6) preserved-wood posts framed with 38mm x 
140mm (2x6) lumber and plywood (on the interior and exterior) to form an L-shaped 
comer column 165mm (6.5") deep and 610mm (2') long on each side.

The posts are insulated with fibreglass batt insulation and there is a 6 mil polyethylene 
vapour retarder on the warm side (inside) of the insulation. Two additional 140mm x 
140mm (6x6) preserved-wood posts frame the central section of each face of the building,
i.e., 635mm (21") clear from the mid-point of each side. These posts provide structural 
support and frame the 1219mm x 2438mm opening for a panel at the centre of each side of 
the building.

A 660mm (2'-2") deep, ring beam spans between the comer supports and the intermediate 
140mm x 140mm (6x6) posts at the middle of each side. The ring beam consists of 38mm 
x 140mm (2x6) lumber framed with plywood and is insulated with fibreglass batt 
insulation. There is also a 6 mil polyethylene vapour retarder on the warm side (inside) of 
the insulation.

The manner of framing allows seven 1200mm x 2400mm (4x8) wall panels to be installed 
on each face of the building (three on each side of the centre window panel on each face in 
the current configuration).

The roof is peaked to the centre with a l-in-3 slope. Three-ply wood trusses extend from 
the comers of the building to the centre column. In addition, a one-ply truss spans from 
the centre of the ring beam on each side of the building to the column at the centre of the 
building. )
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The rest of the roof has been conventionally framed with 38mm x 140mm (2x6) lumber at 
406mm (16") spacing. The north and south quadrants have plywood sheathing and the 
other two sides have waferboard sheathing. The roof has been finished conventionally 
with an ice and water shield, building paper and shingles. There are continuous soffit 
vents around the perimeter of the building under the overhang, as well as four roof vents 
near the peak (one on each side). The ceiling is finished with 13mm (1/2") gypsum board, 
6 mil polyethylene vapour retarder, and there is RSI-5.4 (R31) insulation.

A heat pump heating and air conditioning unit was installed to control the interior 
environment A humidifier was an integral part of the service system. A floor-mounted air 
distribution system was used to distribute conditioned air evenly and four symmetrically 
mounted ceiling fans with individual controls were used to avoid vertical and horizontal 
stagnation.

A weather station was mounted through the peak of the roof to a height of 10m above the 
ground.

2.3 Wall Systems

Twenty-four wall panels were installed in the test hut: six on each side. Figure 2.2 shows 
the layout and numbering scheme for the panels. The north panels are paired with the 
south panels; similarly, the east panels are paired with those on the west. Table 2.1 lists 
the panels and their component materials. Figure 2.3 shows the composition of the panels. 
Figure 2.4 demonstrates the location and size of joints in the various sheathings as well as 
the interior gypsum wallboard.

All panels have 38mm x 89mm (2x4) wood studs except for panels Nl, N2 and N3 and 
SI, S2 and S3. These panels have 38mm x 140mm (2x6) studs. All panels were 
constructed in a similar manner, with the studs at 406mm (16”) on-centre (o/c). It should 
be noted that in practice the 2x6 studs could be spaced at either 610mm (24”) o/c or 406mm 
(16”) o/c.

The interior finish on all panels was 13mm (1/2") gypsum wallboard. The inside face was 
left unpainted, as a water-based paint would not contribute significantly to the 
drying/wetting of the wood studs.

When the gypsum wallboard was installed, a joint was created horizontally along the 
centreline of the panel, as well as vertically along the right-hand stud from the centre down. 
This was done in order to represent the joints that would be found on a wall in normal 
residential construction. These joints were taped, also as for normal residential 
construction, in order to prevent air leakage. The edges of the gypsum that formed the 
joints were all ‘factory edges and ends’ (i.e., no cut edges or ends) so that the joints would 
be as if whole sheets of wallboard had been placed; this simulated practice and also 
permitted consistency.
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TABLE 2.1 - DETAILS OF WALL ASSEMBLIES

PANEL FRAMING SHEATHING EXTERIOR

Nl-Sl 2" X 6" 1/2" gypsum board^ -building paper 
-vinyl siding

N2-S2 2" X 6" 7/16" fibreboard -building paper 
-vinyl siding

N3-S3 2" X6" 7/16" waferboard -building paper 
-vinyl siding

N4-S4 2" X 4" 11/2" semi-rigid glass fibre 
insulation board with spun- 
bonded polyolefin

-taped joints 
-vinyl siding

N5-S5 2" X 4" 11/2" type 4 extruded poly
styrene (EXPS), 
shiplapped and butted

-building paper 
-vinyl siding

N6-S6 2" X 4" 1” trilaminate polyisocyanurate, 
butted

-building paper 
-vinyl siding

El-Wl 2" X 4" 11/2" semi-rigid glass fibre 
insulation board with spun- 
bonded polyolefin

-taped joints 
-clay brick

E2-W2 2" X 4" 7/16" fibreboard -building paper 
-clay brick

E3-W3 2"-X4" 7/16" waferboard -building paper 
-clay brick

E4-W4 2" X 4" 1 1/2" semi-rigid glass fibre 
insulation board with spun- 
bonded polyolefin

-taped joints 
-vinyl siding

E5-W5 2" X 4" 1 1/2" type 4 EXPS, 
shiplapped and butted

-building paper 
-clay brick

E6-W6 2" X 4" 1 1/2" type 4 EXPS,
(delayed closing) shiplapped and butted

-building paper 
-clay brick

NOTES: 1. Fibrous glass ban insulation was friction fitted within the stud space (RSI 2.1 within the
2x4 construction and RSI 3.5 within the 2x6 construction).
2. Nominal imperial dimensions have been used in this table largely because thisis how the 
materials are identified in the trade literature. For the record, 2x4 lumber is equivalent to 38mm 
x 89mm; 2x6 lumber is equivalent to 38mm x 140mm; 1/2” is equivalent to 13mm; 1” is 
equivalent to 25mm; 7/16” is equivalent to 11mm; 1.5” is equivalent to 38mm.
3. All panels are sealed to the interior with 6 mil polyethylene and covered with 13mm (1/2") 
gypsum wallboard.
4. This sheathing was intended to be an exerior grade gypsum “sheathing” product In fact, an 
interior grade gypsum lath product was installed.
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vapour retarder 
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SEMI-RIGID GLASS FIBRE INSULATION BOARD 

WITH SPUNBONDED POLYOLEFIN FACING

clay brick 

1" air space 

building paper 

7/16" fibreboard

2X4 stud/batt 
insulation

vapour retarder

gypsum wallboard

PANEL E2, W2
7/16" FIBREBOARD

vinyl siding —

1.5" semi-rigid 
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insulation board 
with spunbondec 
polyolefin faclnt

2X4 stud/batt 
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vapour retarder -

gypsum wallboard-

vinyl siding, 
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PANEL E4, W4, N4, 54 PANEL N2, 52
SEMI-RIGID GLASS FIBRE INSULATION BOARD 

WITH SPUNBONDED POLYOLEFIN FACING
7/16" FIBREBOARD

Fig. 2.3a - Test Panel Configuration
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Fig. 2.3b
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gypsum wallboard-

PANEL N1, SI
GYPSUM BOARD

*The initial intention was to install exterior grade gypsum board. 
In fact gypsum "lath" was supplied and installed. This is not a . 
recommended use for this particular gypsum product and the 
associated test results should not be used out of context.

PANEL N6, S6
TRILAMINATE POLYISOCYANURATE

Fig. 2.3c - Test Panel Configuration
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fibreboard joint
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butt joint

WAFERBOARD AND FIBREBOARD TRILAMINATE POLYISOCYANURATE, INTERIOR 
GYPSUM LATH BOARD AND GLASS FIBREBOARD

EXTRUDED POLYSTYRENE INTERIOR GYPSUM WALLBOARD

Figure 2.4 - JOINTS IN WALL PANEL SHEATHING
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Behind the gypsum wallboard, a sheet of 6 mil (.15mm) polyethylene was installed as a 
vapour retarder. The polyethylene was stapled to the studs and, after the panels had been 
installed in the test hut, sealed around the perimeter to the studs. Sealing was done with 
acoustical sealant. The .6 mil poly, was applied in one sheet without joints. In actual 
practice, there would be some joints, but the current practice of using an 2438mm (81) roll 
minimizes the number of joints. It was thought that avoiding a joint would ensure 
consistency between panels.

Fibreglass batt insulation (RSI-2.1 (R12) for 38mm x 89mm (2x4) walls and RSI-3.5 
(R20) for 38mm x 140mm (2x6) walls) was installed within the stud spaces.

As can be seen in both Table 2.1 and Figure 2.3, the sheathing and cladding for the wall 
panels vary. To summarize, all the test panels on the north and south faces have vinyl 
siding, and those on the east and west faces have clay brick, with the exception of panels 
east and west 4 which have vinyl siding.

All panels labelled 2 (N2, S2, E2 and W2) have fibreboard sheathing.

All panels labelled 3 have waferboard sheathing.

All panels labelled 4 have semi-rigid glass-fibre insulation board, with spun-bonded 
polyolefin facing.

All panels labelled 5 have extruded polystyrene sheathing.

Instead of exterior grade gypsum sheathing, gypsum lath board was inadvertently installed 
on panels N1 and SI. Panels El and W1 have-semi-rigid glass-fibre insulation board with 
spun-bonded polyolefin facing.

Panels N6 and S6 have trilaminate polyisocyanurate sheathing, while the construction of 
panels E6 and W6 is identical to that of panels E5 and W5.

Each panel was assembled and installed by sub-contracted framers. Every attempt was 
made to ensure that installation and fabrication procedures were in accordance with the 
manufacturers’ and other guidelines. The top plate and bottom plate construction details are 
shown in Figure 2.5.

For obvious reasons trade names or company names have been avoided. However, this 
practice can lead to confusion, and for this reason it is useful to record that:

• the spun-bonded polyolefin used in this study is Tyvek3

Registered trademark of E.I. Dupont de Nemours & Co. (Inc.)
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• the semi-rigid glass-fibre insulation board covered with Tyvek is the 
product Glasclad4

• the trilaminated polyisocyanurate product is Thermax sheathing5

2.4 Testing Procedure

Framing lumber measuring 38mm x 89mm and 38mm x 140mm (2x4 and 2x6) was used 
to construct the frames for the twenty-four 1200mm x 2400mm (4x8) wall panels.

When ordering this lumber we requested normal run framing lumber all from the same mill. 
We took delivery of a single, bound, batch of wood that was stated to be all non-kiln dried, 
or S-GRN as opposed to S-DRY, Eastern White Spruce, all from the same mill. The wood 
was soaked in a tank of water for approximately 5 weeks to achieve a moisture content of 
much greater than. 19% (typically 28% to 30%). All the panels were then constructed using 
normal residential construction materials and techniques. Special care was taken to follow 
manufacturers’ instructions and code requirements.

Except for E6 and W6, the wall panels were all assembled, instrumented and installed in 
the test building in one week (the week of December 4, 1989 to December 11, 1989; see 
Diary, Appendix 1). By December 12, 1989, complete monitoring was underway, again 
with the exception of panels E6 and W6.

In order to achieve goal five (Section 1.2), two panels were framed and sheathed and left 
outside for five days, entirely exposed to December weather. They were subsequently 
moved to another location, still outside but protected from wind and precipitation, and left 
there for another five days. They were then instrumented, assembly was completed and the 
panels were installed (December 14,1989). Monitoring of these panels began on day 3— 
two days later than the others. This process was intended to simulate the conditions, both 
exposure and period of time, that prevail prior to closing in the framing of a house. It was 
thought that these conditions can have a significant influence on wood drying.

The instrumentation of the panels and the test building are documented in Chapter 3. Each 
panel was continuously monitored for temperature, relative humidity and moisture content 
at various locations. The interior and exterior environmental conditions were also 
monitored continuously.

The inside environment of the test hut was maintained at 20°C and 50% relative humidity.

All measurements for the panels (temperature, relative humidity, moisture content) were 
registered 10 times every hour. The resulting average over that hour for each sensor was

^registered trademark of Fiberglas Canada Inc.
Registered trademark of Celotex Canada Inc.
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stored on a floppy disk. The program cycled all these readings ten times within the first 40 
minutes of every hour.

Over the next 12 minutes all the measurements for interior and exterior conditions were 
registered ten times. The average of the ten was stored on disk for each monitoring location 
as the average for that hour. During the last eight minutes in each hour the 
program/computer, was idle, waiting until the next hour, before cycling again. This pause 
allowed time for the operator to look at a particular measurement, or a particular panel, or to 
make changes to the program without interrupting the measurement process.

The floppy disk was changed approximately every week. Each disk could hold slightly 
more than two weeks of data, but for safety’s sake, the disks were changed and backed up 
every week.

It should be noted that no data was stored on the hard disk, only on the 3.5 inch floppy. 
The program was stored on the hard disk, and an "auto exec" command was copied onto 
the floppy every week so that, if a power failure occured, the computer could “reboot” 
without the intervention of the operator. The program then waited until the next hour 
before continuing to take readings.
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3. INSTRUMENTATION

3.1 Moisture Content

Moisture content in wood is measured by passing a voltage between two metal pins, 25mm 
(1") apart. Output (voltage difference) to the computer-based data acquisition system is 
converted into a resistance and correlated with readings from a Delmhorst (model RC-1D) 
moisture meter for wood. These readings are then corrected for temperature and wood 
species, and a measurement of the moisture content of the wood at a specific location is 
obtained. Reference should be made to Appendix 2 for additional details on measuring the 
moisture content of wood.

3.1.1 Location

The moisture pins for the wood frame structure of the wall panels are positioned at five 
different locations in each panel. These positions can be seen in Figure 3.1. All moisture 
contact pins are located at the middle of the larger, inward-facing side of the stud.

The vertical stud: The second stud from the left, when viewed from the inside, is 
instrumented. An interior vertical stud was chosen in order to avoid the effects of exterior 
temperature and other environmental conditions (due to air leakage between panels, for 
example). In this respect, the stud chosen simulates a stud in a continuous wall in 
residential construction. Three locations are monitored for moisture content: 220 mm (9”) 
from the top of the panel, 220 mm (9”) from the bottom of the panel, and at the mid-height 
of the stud.

The moisture pins penetrate the wood to a depth of about 10mm (3/8”). Since the stud is 
38mm (1-1/2") thick and will, theoretically, dry equally from both 89mm (3-1/2”) faces, 
the average moisture content of the lumber is likely to be at 1/4 the depth, or approximately 
10mm (3/8") as shown in Figure 3.2.

The upper plate: The upper plate is instrumented in the centre, midway between the two 
interior vertical studs, as shown in Figure 3.1. The moisture pins are driven to a depth of 
19mm (3/4") from the lower surface of the plate, as shown in Figure 3.3. Since the in- 
place conditions on either face of the plate are not the same, it cannot be assumed that 
drying will be the same from each of these 89mm (3-1/2”) faces. For this reason, the 
average moisture content is thought to occur mid-way through the upper plate.

The lower plate: The lower plate is instrumented at the centre of the panel. There are 
two pairs of moisture pins at this location, each pair slighdy off-centre. One pair of pins is 
insulated (496C Delmhorst moisture content pins); the other pair is not (A-107 Delmhorst 
moisture content pins). The insulated pins signal a resistance measured at the very tip of 
the pin where there is no insulation. The uninsulated pins signal the least resistance 
anywhere along the uninsulated length of the pins. The bottom plate is the only location
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where there are uninsulated pins. The reasons for this approach are to establish if and 
when any moisture accumulates and to check on the other bottom plate reading.

The location (i.e., depth of penetration and position through the wall) is the same as 
described for the upper plate, except that the 19mm (3/4") is measured from the upper' 
surface of the plate in this case. The uninsulated pins are shorter and penetrate to a depth of 
approximately 3mm (1/8") to 5mm (3/16"), as shown in Figure 3.4.

Sheathing: In those panels with wood-based sheathing, one set of moisture pins is 
positioned in the centre of the sheet of sheathing. These pins are insulated and extend to 
the mid-depth of the sheathing. Panels E2, E3, W2, W3, N2, N3, S2, S3 are therefore 
instrumented as shown in Figure 3:1 by the bracketed ‘m’ and Y at the centre.

3.1.2 Evaluation

The method of determining the moisture content in wood is described briefly below. For a 
more detailed explanation of the calibration process, see Appendix 2.

As mentioned previously, a voltage is applied across the moisture contact pins and the 
resulting voltage drop across the pins is measured. From this voltage a resistance, and 
subsequently an equivalent Delmhorst moisture content, are determined. This voltage, as 
well as a moisture content value calculated by the program, are stored on disk. This 
moisture content must be corrected for species and temperature, using the following 
equations [5]:

for M below fibre saturation
Mc = (S-0.0018*t)*M +(0.57-0.043*t) (3.1)

and for M above fibre saturation t

Me = (3 - 0.028*t)*M - 24.63 (3.2)

where
M is the moisture content of the wood (%),
Me is the corrected moisture content (%),,
t is the temperature at the location of the moisture contact pins 
(°C), and
S is the species correction factor.

Correspondingly, S=1.515 for Jack Pine [5]; S=1.45 for Spruce [2]; S=1.261 for Balsam 
Fir [5].

Fibre saturation can be defined as the point at which all the free water (water in the cell 
cavities) is gone, and only bound water (water that is chemically bound to the cell wall 
material) exists in the cell wall. Shrinkage occurs in wood when the bound water is 
'released' [6].
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3.2 Temperature Measurement

The temperatures within the test panels are monitored using type T thermocouples. The 
thermocouple wires are fed back to the data acquisition system (see Section 3.5 Data 
Acquisition System). Data in the form of a voltage is converted into a temperature and both 
the voltage and the corresponding temperature are stored.

3.2.1 Location

The thermocouples are positioned at five different locations in the wood frame structure in 
all panels. These are the same five locations as the moisture content pins and permit the 
correction of moisture content readings for temperature. These sensor positions can be 
seen in Figures 3.2 to 3.4. The thermocouples are placed at the centre of the stud but 
approximately 13mm (1/2") to one side of (or in the the case of the vertical stud, above or 
below) the moisture pins in order to avoid interfering with the moisture content readings.

The layout of the panels and instrumentation is shown in Figure 3.1. Not only are the 
wood frames of each wall panel instrumented with thermocouples, but so also are the 
sheathings where moisture pins are located, the cavity space (within the insulation) in some 
panels, and behind the vinyl siding/brick on other panels. In addition, panels N1 and SI 
each have a thermocouple in the sheathing, despite the fact that there are no mbisture 
content pins at these locations. Table 3.1 lists which panels have thermocouples in the stud 
space or behind the exterior cladding.

3.2.2 Evaluation

The computer receives a voltage and converts it to a temperature within the range of -30 to 
+150 °C. If the temperatures fall outside this temperature range, the result will not be 
accurate and an error message will be generated.

The following equation is used in the computer program:

t = -0.009 + v * (25.882? + (-6.9646 * v) + 0.0261 * v2) (3.3)

where v is the voltage after it has been corrected with respect to the reference temperature 
and t is the temperature in °C.

A more detailed description of the methodology is given in the Sciemetric Manual [7]. 
Thus, for each monitoring location, a voltage is registered by the computer and corrected 
for the reference temperature. This voltage is then used in the above equation (3.3) and 
both the temperature and voltage are stored on disk.

25



PANEL
NO.

BEHIND
CLADDING

IN STUD 
SPACE

N1 •

N2 •

N3 •

N4 •

N5 •

N6 •

SI •

S2 •

S3 •

S4 •

S5 •

S6 •

El •

E2 •

E3 •

E4 •

E5 •

E6

W1
W2 ? •

W3 •

W4
W5 •

W6 . •

TABLE 3.1 -THERMOCOUPLE LOCATIONS (STUD SPACE/CLADDING)

NOTE: Temperatures were recorded either immediatley behind the cladding or 
approximately at the middle of the stud space following this chart.
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3.3 Relative Humidity Measurement

The relative humidity is monitored at two locations within every panel using relative 
humidity transmitters. These are connected to the data acquisition system (see Section 3.5 
Data Acquisition System). Data in the form of a voltage is stored and then converted into a 
relative humidity.

3.3.1 Location

Within each panel the relative humidity is monitored 220 mm (9”) from the top and 220 mm 
(9”) from the bottom of each panel, at the same level as the temperature and moisture 
content sensors in the vertical stud. The relative humidity sensors are located at the middle 
of the central stud space. The location of the relative humidity gauges is shown in Figure 
3.1.

3.3.2 Evaluation

The relative humidity gauges used are encased in a plastic (ABS) shell. The unit is an 
"HMW 20 U" humidity transmitter, made by VAISALA SENSOR SYSTEMS. It is 
effective over the range of 0% to 100% relative humidity, between -5°C and 55°C (23 to 
131°F).

The computer, via the Sciemetric hardware, registers the relative humidity value of the stud 
space in terms of a voltage. The voltage is converted to relative humidity percentage using 
the following equation:

RH = (volts - 2) * 100/8 (3.4)

This conversion is done by the computer program as the data is collected. The relative 
humidity value, as well as the voltage, is stored on disk.

3.4 Environmental Conditions

3.4.1 Interior Environment

The interior micro-climate within the test hut is also monitored continuously. This is 
accomplished with a variety of sensors. The temperature and relative humidity of the 
interior of the building are monitored in the north-east quadrant of the building. The 
sensors are suspended from the ceiling approximately 2 metres from each wall (the north 
and the east) and approximately 2 metres from the floor. Temperature is monitored using a 
type T thermocouple. The relative humidity is monitored using a through-wall type relative 
humidity gauge, the whole unit being suspended from the ceiling alongside the 
thermocouple. This is the same type of relative humidity sensor discussed in section 3.4.2 
(exterior environmental conditions).
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The heating/cooling system is, essentially, an electric forced-air system. The duct work is 
visible (there is no subfloor), and there are two vents in each quadrant of the building. The 
vents are far enough away from the wall (762mm or 30") to permit even distribution of air 
in the space instead of being concentrated on one wall panel (which might affect the drying 
of the panel). There is one ceiling fan in each quadrant of the building to ensure that the air 
is circulated properly and does not become stratified.

3.4.2 Exterior Environment

The measurements required include:
• wind speed and wind direction,
• relative humidity,
• temperature, and
• relative humidity behind the brick on the east and west faces.

In order to monitor ambient exterior conditions, an aluminum mast was built to penetrate 
the roof at its peak. The mast was designed so that it could be raised and lowered to enable 
calibration or repairs to be carried out. All the instruments are located 10 metres above the 
ground. Ten metres is the the reference height used by meteorological stations referred to 
in the Supplement to the National Building Code of Canada [8].

A centrally located PVC pipe extends right down the concrete column, allowing the mast to 
be lowered. This pipe also accommodates the wires that extend from the monitoring 
equipment at the top of the mast to the data acquisition equipment and computer inside the 
building in the north-east comer. These wires are fed through the hollow aluminum and 
PVC pipes to emerge at the column face some 914mm (3’) above the floor.

Wind speed and wind direction are monitored by means of a model 05103 WIND 
MONITOR supplied by R.M. Young Company. The wind speed (WSP) is registered as a 
voltage and converted, by the computer, to a wind speed in meters per second (m/s) using 
the following calculation:

WSP = volts * 50 (m/s) (3.5)

The wind speed range is from 0 to 60 m/s (or 0 to 134 mph) and the system can survive 
gusts up to 80 m/s (180 mph). The voltage and the calculated wind speed are stored on the 
disk.

The wind direction (WDIR) is also registered as a voltage and converted, by the software, 
to a wind direction in degrees using the following equation.

WDIR = volts * 360 (degrees) (3.6)
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It should be noted that 0° corresponds to true north. Again, both the voltage and the wind 
direction are stored on disk.

A temperature and relative humidity probe has been installed alongside the wind monitor at 
the top of the mast The probe is made by VAISALA SENSOR SYSTEMS and is called an 
"HMP 35A humidity and temperature probe for meteorological applications." It is accurate 
over a range of 0 to 100% relative humidity and -20 to 60°C. In order to determine a 
temperature (°C), the program registers a resistance and uses the following equation:

t = 2.5641026 * R - 253.3846 (3.7)

where R is the resistance in ohms and t is the temperature in °C.

In order to determine relative humidity, the program registers a voltage and makes use of 
the following equation:

RH = (volts - 2) * 100/8 (3.8)
‘i ,

where RH is the relative humidity in per cent. The relative humidity can vary between 0 
and 100 per cent.

A radiation shield is necessary to protect the temperature and relative humidity probe from 
both solar radiation and precipitation. The unit employed is a model 41002 Multi-Plate 
Radiation Shield by R.M. Young Company. A white thermoplastic shield is designed to 
allow ventilation while providing protection against solar radiation (direct and reflected) and 
precipitation. This attaches directly to the mast, just below the wind monitor.

The relative humidity behind the brick on the east and west faces (behind the brick of 
panels East 2 and West 2) is also being monitored using a through-wall relative humidity 
gauge. The gauge allows the unit to be inside in a controlled environment, while the end of 
the probe extends through the wall to the outside. The probe is an HMD 30U Humidity 
Transmitter which is capable of measuring relative humidities from 0 to 100% over a 
temperature range of -20°C to 80° C (-4 to 176°F). The humidity transmitter is 
manufactured by VAISALA SENSOR SYSTEMS. The program registers a voltage which 
is converted to per cent relative humidity using the same equation (and computer 
subroutine) as the panel relative humidity sensors:

RH = (volts - 2) * 100/8 (3.9)

where RH is the relative humidity in per cent.

3.5 Data Acquisition System

The data acquisition system is made up of Sciemetric Hardware and an IBM PC computer, 
which are connected. This system allows continuous monitoring of the data. The
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following section describes the hardware involved, as well as the routines required to run 
the system.

3.5.1 Hardware

The monitoring system is the "System 200" manufactured by Sciemetric Instruments Inc.. 
One of two cabinets contains all the wood moisture monitoring channels (cabinet ‘B’), 
while the other has the hardware to monitor the rest of the instrumentation (cabinet 'A'). 
The 'B' cabinet is connected to the 'A' cabinet which is in turn connected to the computer. 
A QuickBasic computer program drives the system.

' Each cabinet needs a ’master' card that enables it to be connected to the computer. The 
'slaves' in each cabinet are driven by the 'master.' In cabinet 'B' (wood moisture), there 
are 2 'master' cards since each one can drive only 128 channels and more moisture 
channels than that are needed (see Table 3.2). A special card, called the A/D card, is 
needed to change the signal from analogue to digital. The A/D card is in cabinet 'A,' and 
all signals go through the A/D card before being sent back to the computer.

The computer used to drive the Sciemetric hardware is an IBM Personal Computer (PC) 
with a 8088 processor and a 8087 math co-processor. It has one external disk drive for a 
3-1/2" floppy disk. The QuickBasic program used to run the instrumentation takes up 
223,844 bytes of space out of a total of 33 megabytes on the hard drive. Other programs 
are also on the hard drive, such as QuickBasic and PCTools. All data are stored on the 
floppy disk inserted in drive A, which is changed once a week.

The floppy disk is set up so that, if the power fails or the computer stops for any reason, 
the program can “reboot” off the floppy drive. All that needs to be done is to transfer the 
system files and the "autoexec.bat" and "command.com" files to the disk every time it is 
replaced.

3.5.2 Software

The software (QuickBasic program) is written so that each channel is scanned 
consecutively. Only one channel can be accessed, or read, at a time.

Much of the QuickBasic software was written by personnel at Sciemetric Instraments Inc. 
and was included with the purchase of the hardware. Various programs from Sciemetric 
were compiled and additional programs added at the University of Waterloo, by the 
Building Engineering Group (BEG). Additional programming sections were added to 
those by Sciemetric Instruments Inc. in order to include the equations that convert, for 
example, the voltage to a temperature.
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NUMBER OF SENSORS PER PANEL

PANEL MC TEMP RH TOTAL
Nl/Sl 7 ea. 6 ea. 2 ea. 30
N2/S2 7 ea. 7 ea. 2 ea. 32
N3/S3 7 ea. 7 ea. 2 ea. 32
N4/S4 6 ea. 6 ea. 2ea. 28
N5/S5 6 ea. 6 ea. 2 ea. 28
N6/S6 6ea. 6 ea. 2 ea. 28
El/Wl 6 ea. 6 ea. 2 ea. 28
E2/W2 7 ea. 7 ea. 3 ea. 34
E3/W3 7 ea. 7 ea. 2 ea. 32
E4/W4 6 ea. 6 ea. 2 ea. 28
E5/W5 6 ea. 6 ea. 2 ea. 28
E6/W6 6 ea. 6 ea. 2 ea. 28

TOTAL 154 152 50 356

ADDITIONAL SENSOR LOCATIONS

MC TEMP RH TOTAL
INSIDE 1 1 2
OUTSIDE 1 1 2

TOTAL 2 2 4

OTHER SENSORS NOT LISTED ABOVE

WIND SPEED 1
WIND DIR 1

TOTAL 2

TOTAL NUMBER OF SENSORS BEING MONITORED 362

TABLE 3.2 - DISTRIBUTION OF SENSORS IN THE TEST HUT
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4.1 Period of Monitoring

Monitoring and acquisition of data began on 12 December 1989, (Day 1) and stopped on 
16 November, 1990 (Day 340), when the gypsum board and vapour barrier were removed 
for visual inspection and microbiological sampling. During this period all data were 
collected and stored as hourly average values.

For the purposes of reviewing the data, daily average values have been used in all the 
figures and tables that follow. It would have been easier to use weekly average values but, 
in spite of the amount of data involved, it was thought that a weekly average would cause 
too much “smoothing” of the results.

While a daily average value may be suitable for relatively slow-changing properties, e.g., 
moisture content, internal relative humidity or wood temperature, it should be. borne in 
mind that mean daily wind speeds and wind directions are not too indicative of gusting or 
other, rapidly fluctuating, essentially dynamic effects. For this reason the maximum and 
minimum values sampled within each hour are also provided where relevant

All the data collected are stored on disk. The bulk of these data are documented in 
Appendix 3. As far as possible, we have attempted to limit the body of the report to 
reproducing representative examples and summary versions of relevant data.

4.2 Wood Species

To establish the species of the wood that was being monitored with certainty, it was 
necessary to collect small, cored samples from the studs and both top and bottom plates. 
Forintek Canada Corp. established the distribution of species given in Table 4.1.

In spite of considerable effort to obtain a consistent batch of framing lumber, it is evident 
that, of the 72 pieces of instrumented lumber, 2 were Balsam Fir, 15 were Spruce and the 
remaining 55 pieces (76%) were Jack Pine. None of this wood was kiln-dried.

When the single, flat-wire-strapped, bundle of lumber was delivered, all pieces appeared to 
be of the same species. It appeared, however, to be relatively wet and had visible sap 
staining. We have been assured that the wood used in this project was, if not better than, at 
least representative of, current usage in South-western Ontario.

4. THE EXPERIMENTAL RESULTS
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STUD TOP BTM

N1 S S S
N2 s S S
N3 F s P
N4 P P P
N5 P p P
N6 P p P

SI P s S
S2 S s p
S3 F s s
S4 P p s
S5 P p p
S6 P p p

El P p p
E2 P p p
E3 P p p
E4 S p p
E5 P p p
E6 P p p

W1 P . p p
W2 P p p
W3 P p p
W4 P p p
W5 P p p
W6 P p p

S - SPRUCE 
P-JACK PINE 
F-BALSAM FIR

sampling done - Nov. 21-25,1990 
samples returned - Dec. 7,1990

TABLE 4.1 - WOOD SPECIES
(ANALYSIS PROVIDED BY FORINTEK)
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4.3 Exterior Environment

4.3.1 Temperature

Figure 4.1 shows the variation in the exterior air temperature over the period of this study. 
The mean daily average and, except for the first five weeks, the daily maximum and daily 
minimum values are plotted.

The figure clearly shows the seasonal variation in exterior ambient temperature. The 
following characteristics should be noted:

• At the start of monitoring (Dec. 12, 1989) and for about 2 weeks the 
temperature was on average about -10°C. In fact, the whole of 
December was very cold and, according to newspaper records, one of 
the coldest Decembers on record. During assembly and erection of the 
test panels the outdoor temperature was also consistently well below 
freezing.

• Between weeks 2 and 3 there was a warming trend. Subsequently, 
between the end of week 3 (January 2, 1990) and the end of week 9 
(February 13, 1990), the mean outdoor temperature fluctuated above 
and below a mean value of -1.1°C, reaching a high of about 8°C and a 
low of approximately -9°C.

• Between the end of week 9 (Febraary 13,1990) and the end of week 12 
(March 6,1990), the temperature was lower—on average about -5°C— 
but with considerable fluctuation.

• Despite large daily temperature fluctuations, starting in the 13th week 
there was a gradual but consistent rise in the average daily temperature.
This lasted from the beginning of the 13th week of monitoring (March 
6,1990) until the end of the 27th week (June 19,1990).

• Then for about 12 weeks the temperature was fairly stable with a mean 
temperature of about 20°C until the end of week 39 (Sept. 11,1990).

• The exterior temperature then gradually but consistently declined, down 
to a mean daily value of 0°C at week 48, i.e., the beginning of 
November, 1990, with averages still above 0°C by November 16,
1990.

Two periods of particular interest should be noted. These occur between the 12th and 14th 
weeks of monitoring and between the 18th and 20th weeks. Over both these periods, the
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daily average temperatures (as well as maximum and minimum temperatures) jumped 
considerably higher than the overall trend would suggest is likely.

Between the 6th and 26th of March, 1990, the average daily temperature rose to more than 
15°C, with a maximum daily value greater than 20°C. A value of about 0°C could have 
been anticipated. In the period between the 17th April and 1st of May, 1990 the average 
daily temperature rose to about 21 or 22°C, well above an expected value of about 8°C. 
Over both of these periods there was an apparendy "unseasonable" hot spell. These two 
unusually warm periods also have a significant impact on the test results.

4.3.2 Relative Humidity

The variation in the mean daily hourly maximum and hourly minimum values each day are 
plotted with respect to time iii Figure 4.2. The exterior relative humidity clearly varied 
greatly within and between days. The lowest minimum hourly relative humidity (RH) was 
about 17% between the 18th and 21st weeks. The highest relative humidity was 100% and 
this occurred on numerous occasions. The average daily relative humidity is generally 
between 65% and 85%, with the average winter RH (about 80%) being higher than the 
summer average (about 70%).

4.3.3 Wind Speed

In Figures 4.3 and 4.4 the daily average wind speeds are plotted. Since the hourly 
averages are based on only approximately 15 minutes of monitoring in each hour, the 
maximum wind speeds may not have been recorded. Only the daily average values of wind 
speed are discussed.

The average daily wind speeds were generally between 3 and 4 metres per second (m/s) or 
between 10 and 13 kilometres per hour (km/h). Between weeks 30 and 40, however, the 
average daily wind speed was approximately 2 m/s or 7 km/h. The maximum hourly wind 
speeds recorded in this time are also lower.

4.3.4 Wind Direction

Figure 4.5 is a plot of average daily wind directions versus time. Also shown are the 
maximum and minimum values recorded for the day. Although the wind direction varies 
greatly from day to day and within each day, the mean daily wind direction is consistently 
60° west of north. This value is remarkably consistent over the whole time period. Note 
also that apart from various brief excursions, the wind direction is consistently between 
NW and due W. The wind is very rarely from the east, except for the occasional gust.
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4.4 Interior Environment

4.4.1 Temperature

Figure 4.6 is a plot of the mean daily average temperatures versus time, as well as the 
maximum hourly and minimum values recorded for each day. The interior temperature 
remains fairly constant for the entire monitoring period (December 12,1989 to November 
16, 1990).

The temperature remains relatively constant between 20 and 21°C from December 12,1989 
until the end of the 18th week of monitoring (April 17,1990). The temperature then rises 
gradually to about 27QC until the end of the 30th week. It stabilizes at about 22°C for 3 
weeks and then restabilizes at about 21°C for the remainder of the time.

The test hut was both heated and air conditioned. Cold-weather control was clearly better 
than hot-weather conditioning. The thermostat on the interior of the test hut was preset to 
20°C. There are obviously other factors that influence the temperature of the interior air 
which are discussed later.

4.4.2 Relative Humidity

Figure 4.7 is a plot of the average daily interior relative humidity versus time, as well as the 
daily hourly maximum and daily hourly minimum. The interior relative humidity was 
preset to 50%. The measured relative humidity (RH) varies about this value, as shown. 
Even though it does vary, the average relative humidity is seen to be approximately 50%. 
In the cold weather the target level of 50% is met, and much of the cycling (on-and-off 
control to humidifier) occurs for lower values of RH. Conversely, in warmer weather the 
target level of 50% is met but cycling occurs at higher RH levels. On average, it might be 
said that in cold weather the average RH value was closer to 45% and during the warmer 
weather about 55%.

Note that there is a correlation between the variation in exterior temperature and interior 
RH, i.e., when there are warm periods, there are corresponding increases in interior RH; 
conversely, with cold weather there seem to be corresponding periods of lower internal 
RH.

4.5 Wood Moisture Content

4.5.1 Moisture Content of Wood Studs

In each test panel, moisture content was monitored at five locations. Appendix 3, section 
A, contains a set of 24 graphs, each showing the variation in moisture content with time for 
these 5 locations. In the bottom plate moisture content was monitored using both insulated 
and uninsulated moisture pins. A representative plot is provided in Figure 4.8. For the
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purposes of illustration, the results from the uninsulated pins in the bottom plate are also 
shown in this figure. Test results from the uninsulated pins are not reported; they generally 
complemented the values from the insulated pins, but never indicated surface saturation or 
pooling of water on the top surface of the lower plate.

Some points to note with regard to these moisture content versus time graphs are the 
following:

i. Measuring moisture content in wood with precision is difficult and, 
especially for values in excess of fibre-saturation, absolute values 
should be treated with some caution. Irrespective of species and 
temperature corrections, relative values or trends or changes in moisture 
content may be considered to have greater reliability than the absolute 
value.

ii. In many instances there would appear to have been some initial wetting.
This increase in measured moisture content was probably due to the 
redistribution of moisture within the wood. Drying may have been 
occurring at the wood surface, but at the uninsulated ends of the 
moisture pins wetting may well have been occurring. This phenomenon 
was reported in both the Atlantic Canada [3] and Prairie Region [4] test 
programs.

Initial values for moisture content ranged between a high of 45.4% and a low of 15.5% 
with the majority between 24% and 36%. Transition values range between 17.5% and 
28.5% with an average of about 22%. Winter equilibrium moisture contents were 
relatively stable ranging between 9.5% and 23.0% with an average value of about 13%. 
Summer equilibrium ranges between 9.0% and 17.0% with an average value of about 
11%.

A detailed discussion of these results is provided in Chapter 6.

4.5.2 Moisture Content of Wood-Based Sheathing

With reference to the graphs of moisture content versus time, Figures 4.9 and 4.10, it 
should be pointed out that:

i. There is no scale for moisture content. Because there is no published 
“species” correction factor, we thought it best to avoid quantification 
and use these figures only to identify trends.

ii. These non-insulating sheathings are relatively dry when installed; so 
much so that we were unable to evaluate the equivalent moisture content 
using a Delmhorst gauge.
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iii. The graphs represent the performance of the mid-point of the sheathing 
and, presumably, the sheathing panel as a whole. There is no physical 
evidence, apart from the fact that the batt insulation was found (see 
section 5.3) to be stuck to the sheathing, that the inside face of the 
sheathing accumulated condensation. However, given the relative 
humidity levels and surface temperatures, especially on the north face, 
there is a distinct possibility that condensation of moisture from the 
wood could have occurred.

With reference to both figures, some general conclusions are possible. From the start of 
monitoring there was an increase in moisture content, indicating that these sheathings 
absorbed moisture. This probably started soon after assembly and sometime prior to the 
start of monitoring. Given their surface area and thickness i.e., volumetrically there is 
slightly more dry sheathing than wet framing lumber, and their initial dryness, it is evident 
that these sheathing materials can and do accommodate relatively large amounts of water. 
Subsequently this moisture is dissipated, i.e., the sheathings dry down to a seasonal 
equilibrium level, presumably to the outside. There can be no doubt that this type of 
sheathing serves the very useful function of absorbing, storing and then releasing moisture. 
The type of cladding and orientation have an influence, but the fibreboard sheathing 
reached an equilibrium level in slightly less time than the waferboard, regardless of these 
influences.

4.6 Thermal Considerations

4.6.1 Temperature of Wood Studs

The variation in mean daily temperature for each of the 5 thermocouples monitoring wood 
temperature is plotted with respect to time for each wall panel. All these graphs are 
provided in Appendix 3, Section C. A representative graph, for panel S4, is provided as 
Figure 4.11 and the following general points should be noted:

i. With the exception of the temperature in the lower plate, all the other 
values for wood temperature are essentially the same. The lower plate is 
evidently cooler in cold weather and very slightly warmer in warm 
weather. The thermal regime for the lower plate is noticeably different 
from the stud and upper plate, suggesting that the lower plate is more 
exposed to the outside environment than the vertical stud and top plate.
It should be noted that the exposure of the lower plate in these test 
panels is somewhat different from that which occurs in practice. These 
are two reasons why we have tended to deemphasize the response of the 
lower plate.

ii. With very few exceptions the temperature of the wood, mid-way 
through the panel, never went below 0°C in spite of the fact that the 
weather was extremely cold during the first twelve weeks of
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monitoring. On the other hand, in the summer (June and July), the 
mean daily temperature in the wood was comparable to the mean daily 
ambient temperature for the outside air.

iii. With reference to the exterior temperature record (Figure 4.1), it will be 
noted that the wood temperature variation has essentially the same basic 
shape as the outside, with the difference being greatest at lower 
temperatures. The two hot weather spells appear as well defined, very 
similar spikes on Figure 4.11 and on all the wood temperature graphs.
Based on mean daily values there is no discernible lag in these 
monitored wood temperatures, although it should be noted that the 
graphs are plots of daily averages and there might, in fact, be a lag when 
plotted in terms of hours rather than days.

In Figure 4.1 and on each of the wood temperature graphs it should be noted that there is a 
warming trend during the first three weeks; between the 3rd and 9th weeks there is some 
stability in the thermal trend line and then, between week 9 and 12, there is a cooling trend. 
By evaluating the average value of the mean temperatures at the centre of the vertical stud 
between day 22 (January 2,1990) and day 64 (February 13,1990) an average temperature 
for each test panel over a period of 42 days can be established. These temperatures are 
indicative of January and February response and have been listed in Table 4.2. Since these 
temperatures prevail over the period when much of the drying of the wood occurs, the 
following points are worth noting:

i. The mean temperature on the north face is generally lower than that on 
the south face. Mean temperatures on the east and west faces are 
comparable and, based on the panels N4, S4, E4 and W4, lower than 
that on the south face. The lowest temperature is on the north side.

ii. Wood temperatures behind brick cladding are significantly higher (1 to 
3°C) than behind vinyl siding.

iii. The mean stud temperature is higher when insulating sheathing is used.

iv. The highest mean stud temperatures occur for a combination of 
insulating sheathing and brick veneer cladding.

4.6.2 Temperature of Stud Space

The temperature at the middle of the central stud space was measured in 8 test panels. The 
variation with time of this temperature for panels Nl, N3, N4, N6, S2, S5, E4 and W5 are 
plotted in Figures 4.12 and 4.13. As before, the mean values of the daily means from day 
22 to day 64 have been determined and are also listed in Table 4.2
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TEMP. TEMP. TEMP. TEMP.
PANEL CENTRE OF STUD SPACE SHEATHING BEHIND

VERT. STUD CLADDING
(C) (C) (C) (C)

N1 8.3 9.74 1.36
SI 10.15 3.5 2.6

N2 8.13 1.57 0.4
S2 8.13 10.24 5.65
E2 11.01 8.35 3.3
W2 10.91 6.27 4

N3 7.18 8.44 -0.2
S3 8.14 2.34 3
E3 11.49 5.91 3.3
W3 10.70 6.6 3.1

N4 10.17 11.06
S4 12.85 3
E4 12.22 12.83
W4 12.21 1.7
El 13.18 3.2
W1 13.01 3.3

N5 10.23
0

0.5
S5 13.00 13.60
E5 14.01 2.5
W5 14.38 14.10
E6 . 14.91 2.8
W6 13.37 3.2

N6 12.05 15.46
S6 12.95 2.9

TABLE 42 - AVERAGE MEASURED TEMPERATURES FROM DAY 22 TO 64 
(JANUARY 2 TO FEBRUARY 13,1990)

51



TEMPERATURE IN STUD SPACE, DAILY
DEC. 12/89 TO NOV. 16/90

LU
IE
D

£
LU
Ol

LU
H

1 43 85 127 169 211 253 295 337
02-Jan-90 13-Feb-90 27-Mar-90 08-May-90 19-Jun-90 31-Jul-90 11-Sep-90 23-Oct-90

DAYS/DATE

Ul
to

NORTH 1 ------ NORTH 3-------  NORTH 4
------ NORTH 6..........SOUTH 2 ^........SOUTH 5 FIGURE 4.12



TEMPERATURE IN STUD SPACE, DAILY
DEC. 12/89 TO NOV. 16/90

-15-

illlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllillllllllllllllllllll iiiiiiiiiliiiiililiiliiiiiiiuifliiillllllliillllllllllililllililillliiliiiiiiiiiilniiiiiiiuiiiiiiiiilliHiiiiiiiiiliiliiiiilniiiiiiiaiiiiiliiiiiiiiiiiiiiiliiiliKill) liii mill miiilii mill Hi uiiiillilliiililbliiiBiiiiiliii mill iiiiiiiuli
295

11-Sep-90 23-Oct-90
43 85 127 169

02-Jan-90 13-Feb-90 27-Mar-90 08-May-90 19-Jun-90
DAYS/DATE

EAST4 ------ WESTS FIGURE 4.13



Compared to the wood temperature values, it should be noted that:

i. Except for panel W5 the temperature in the stud space is greater than the 
comparable wood temperature.

ii. The greatest difference is about 3.5°C, but is more often between 1 and 
2°C.

4.6.3 Temperature.of Sheathing

Most of the drying of the framing lumber occurred over a 12 week period, and it is mainly 
with this period that we should be concerned. Over this period, the mean outside 
temperature was -1.1°C and the mean inside temperature was 20.7°C. Plots of mean daily 
temperature versus time for all the panels sheathed with fibreboard and waferboard are 
graphed in Figures 4.14 and 4.15. In addition, Table 4.3 lists the mean values of various 
mean daily temperatures between the third week (day 22) and the ninth week (day 64) for 
the ten test panels. The following should be noted:

i. The sheathings are generally warmer than the exterior temperature.
From the mean daily data it was evident that the mean daily sheathing 
temperatures rarely go below the outside daily minimum and are 
commonly above the daily maximum.

ii. The north face is the coldest for the sheathing. This face receives the 
least solar radiation and is on a windward side. The mean daily 
sheathing temperatures on the east and west faces are usually the highest 
and appear to be of comparable orders of magnitude. Note that this 
does not mean that the absolute maximum temperatures necessarily 
occur on the east or west sides.

The temperature of the sheathing is dependent upon the following three factors:

i. the insulating capability of the sheathing

ii. • orientation (north, south, east, west)

iii. cladding type (vinyl/brick)

Assuming that the thermal gradient is linear through both the stud space insulation and the 
studs, theoretical sheathing temperatures at the centre of the stud space and at the centre-line 
of the stud can be calculated as shown in the sketch and Table 4.4 on pages 58.

Over the six week period from 2 January, 1990 and 13 February, 1990, temperature at the 
exterior face of the gypsum/vapour retarder can be calculated to be the values shown on 
page 58. The temperature of the sheathing can be estimated using either the stud 
temperature or the temperature in the stud space as shown.
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SHEATHING
TYPE

CLADDING
TYPE

PANEL
NO.

MEAN 
TEMP. (C)

STANDARD 
DEVIATION ( C)

FIBREBOARD VINYL N2 1.6 2.81
VINYL S2 5.7 2.69
BRICK E2 8.4 1.98
BRICK W2 6.3 2.12

WAFERBOARD VINYL N3 -0.2 2.83
VINYL S3 2.3 3.19
BRICK E3 5.9 2.10
BRICK W3 6.6 2.07

TABLE 4.3: MEAN DAILY SHEATHING TEMPERATURE BETWEEN 
DAY 22 AND 64
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gypsum 
and vapour 
retarder

sheathing

Assumed
Thermal
Gradientstud space 

or stud

Over the period 2 January, 1990 to 13 February, 1990, the mean temperature values were:
ti=20.7°C and to=l. 1°C, tm is known (monitored), and tf is calculated.

Estimate based on the stud temperatures:
2x4 stud (uninsulating sheathing) tp=17°C 

2x6 stud (uninsulating sheathing) tf^l8°C 

2x4 stud (insulating sheathing) tp=19°C 

Estimate based on the stud space temperatures:
2x6 stud (uninsulating sheathing) tf=19.6°C 

2x4 stud (uninsulating sheathing) tf=19°C 

2x4 stud (insulating sheathing) tp=19.5°C) 

and it follows that ts = tm - (tf - tm) = 2tm - tf

CALCULATED CALCULATED ACTUAL
BASED ON STUD BASED ON STUD MEASURED

TEMP. SPACE TEMP. TEMP.

N1 -1.4 -0.1 1.4

SI 2.3 3.5

N2 -1.7 1.6
S2 -1.7 0.9 5.7
E2 '5.0 8.4
W2 4.8 6.3

N3 -3.6 -2.7 -0.2
S3 -1.7 2.3
E3 6.0 5.9

W3 4.4 6.6

N4 1.3 2.6 N.A.
E4 5.4 6.2 N.A.

S5 7.0 7.7 N.A.
W5 9.8 8.7 N.A.

N6 5.1 11.4 N.A.
S6 6.9 N.A.

TABLE 4.4 CALCULATED AND MEASURED MEAN VALUES FOR 
SHEATHING TEMPERATURES (ts) FOR THE PERIOD 

BETWEEN DAY 22 AND DAY 64
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From Table 4.4, it is evident that:

i) the mean measured sheathing temperatures are usually a bit higher than 
the calculated values.

ii) as seen previously, the sheathing at the centre of the stud space is 
slighdy warmer than at the centreline of the stud.

iii) the six panels with vinyl siding and non-insulating sheathing have 
temperatures on the inside face of the sheathing that are colder than 
those panels with either brick cladding or insulating sheathing or both.
For the S.W. Ontario winter in 1990, this temperature difference was 
critical in that the non-insulating sheathing panels, especially on the 
north face, spent lengthy periods of time below freezing, i.e., vapour 
condensate could accumulate as frost on the inside face of the sheathing.
This is an important consideration for the control of construction 
moisture.

4.6.4 Temperature Behind the Claddings

In the seven cases where the temperature in the space immediately behind the cladding and 
the temperature of the sheathing are both monitored, the mean temperature behind the 
cladding (vinyl siding) was less than the temperature of the sheathing, except for panel S3 
(see Table 4.2). The thermocouple behind the siding in S3 could have been touching the 
surface of the siding and, because this panel is on the south side with the greatest exposure 
to the sun, the mean temperature may well have been greater than the temperature of the 
sheathing.

In all sixteen cases where thQ temperature behind the cladding is monitored, these mean six 
weekly temperatures are all greater than the exterior temperature for . this same period 
(-1.1.°C). The lowest temperatures occur on the north face. The temperatures behind vinyl 
cladding are lower than behind brick cladding (see W1 and W4). The temperatures behind 
the cladding on the east and west faces are very similar.

4.7 Relative Humidity

Representative values for the relative humidity (RH) were monitored in the upper and lower 
sections of the central stud space in each panel. For each test panel the variation in mean 
daily RH is plotted against time (days of monitoring); these are provided in Appendix 3, 
Section, D. It is evident that the RH values vary significantly on a day-to-day basis and 
that the various panels perform somewhat differently. '

Patterns of response are, however, discernible and, with reference to Figure 4.1.6, the 
following items of information are summarized in Table 4.5. During the first few weeks
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FIGURE 4.16: IDEALISED VARIATION OF RELATIVE HUMIDITY IN STUD SPACE
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BETWEEN DAY 22 AND DAY 64
MEAN DAILY MEAN DAILY RELATIVE R.H. VARIATION

PANEL CLAD- STUD TEMP. AT HUMIDITY IN STUD SPACE SEE HGURE 4.15
NO. DING SIZE CENTRE OF UPPER LOWER RESP. SIGN LATER

2x? VERT.STUD REGION REGION AFTER OF 2 HOI RESP- COMMENTS
(C) AVG. % AVG. % AVG. WEEK12 SPELLS ONSE

N1 V 6 8.3 9.2 44.0 51.1 M H FLAT
SI V 6 10.2 50.7 47.4 57.6 54.4 M H H

N2 V 6 8.1 46.0 45.8 H H H INTER-
S2 V 6 8.1 b 8.1 53.0 50.8 55.7 54.2 FLAT M FLAT MEDIATE
E2 B 4 11.0 48.0 62.0 L M FLAT LEVEL OF
W2 B 4 10.9 11.0 56.1 53.2 FLAT H FLAT R.H.

9.5

N3 V 6 7.2 50.5 49.0 H H H
S3 V 6 8.1 7.6 58.1 a 52.3 49.5 48.2 FLAT H FLAT
E3 B 4 11.5 54.1 46.7 FLAT H FLAT
W3 B 4 10.7 11.1 46.6 47.6 M H FLAT

9.4

N4 V 4 10.2 39.3 40.5 H H M RELATIVELY
S4 V 4 12.9 11.9 47.2 45.8 M H&L M LOW LEVELS
E4 V 4 12.2 39.2 44.1 46.7 45 M M&L M OF R.H..
W4 V 4 12.2 48.0 42.4 M H&L H MOREAFF-
'El B 4 13.2 44.1 49.3 M M&L LOW ECTED BY
W1 B 4 13.0 13.1 46.6 45.5 M H&L M TEMP

12.3
N5 V 4 10.2 57.7 63.5 FLAT&M M&H FLAT&M RELATIVELY
S5 V 4 13.0 11.6 60.9 60.4 FLAT H&M FLAT HIGH LEVEL OF
E5 B 4 14.0 59.4 59.9 80.4 c 63.5 M H M RH SUSTAINED
W5 B 4 14.4 14.2 57.5 50.5 b M M M OVER MOST OF
E6 B 4 14.9 61.9 65.5 FLAT H&L FLAT THE PERIOD
W6 B 4 13.4 61.9 60.8 FLAT H&M FLAT OF MONITOR-

13.3 - ING. POSSIBLY
LEAST AFFECTED

N6 V 4 12.0 12.5 55.6 57.2 59.4 61 M H FLAT BY EXT. TEMP.
S6 V 4 12.9 58.9 62.6 L M FLAT

a - on the high side (above the anticipated value) . c - on the high side, not representative due to water penetration 
b - on the low side (below the anticipated value) H,M,L - High, Medium, Low

TABLE 4.5 - VARIATION IN RELATIVE HUMIDITY
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the RH tended to increase, probably due to the wanning weather or from moisture given up 
by the wood or both.

Between weeks 3 and 9 the RH values were relatively stable but, due to the colder weather, 
tended to decrease between weeks 9 and 12. Subsequently, largely in conjunction with the 
exterior temperature, RH values tend to increase and decrease as the exterior temperature 
increases and decreases. Table 4.5 lists the average of the daily average values between 
weeks 3 and 9; the nature of the variation in RH between weeks 12 and 27; the extent to 
which the two hot spells between weeks 12 and 14 and between weeks 18 and 20 affect the 
RH. With reference to Figure 4.16 and Table 4.5, the following should be noted:

i. the 6 test panels with glass-fibre insulation board consistendy have the 
lowest RH measurements within the stud space. Between weeks 3 and 
9 the average value was about 44%. Moreover, RH in the stud space in 
these panels seemed to be more responsive to the outside weather than 
all the other test panels. The glass-fibre insulation board was not sealed 
at the edges, which might serve to explain these results.

ii. the 8 panels with extruded polystyrene and trilaminate polyisocyanurate 
consistently have the highest RH measurements, within the stud space.
On average, during the period between weeks 3 and 9, the stud space 
RH is about 10% higher than for glass-fibre insulation board. For the 
same temperature in the stud space (say 12.5°C) an air volume at 60%
RH will contain 40 per cent more water vapour by weight than the same 
volume at 44% RH.

iii. The other test panels (10 in total) have RH values that vary more than 
the RH in the 14 panels with “insulating” sheathing. One should be 
careful of oversimplification but note that the average wood temperature 
in the stud space is about 9.5°C and the average RH over this period is 
about 51%. With reference to a psychrometric chart, it will be seen that 
an air volume at 9.5°C and 51% RH contains the same amount of water 
as air at 12.5°C with 44% RH., i.e., the same amount as the 6 panels 
with glass-fibre board insulation.

iv. With the possible exception of panel N5, it should be noted that the 
relative humidity (RH) in the stud space of the north facing panel is 
always less than that of the south facing panel of each pair. The mean 
temperature levels in the north panels are less than the mean 
temperatures in the south panels in each pair. This is indicative of the 
difference in conditions with regard to the effect of wind and solar 
radiation on each face.

62



5. ADDITIONAL TESTS

This chapter contains brief accounts of three supplementary investigations, namely:

• air leakage testing

• microbiological testing

• post-monitoring survey of panels.

5.1 Air Leakage Test Program

Air leakage tests were performed on all 24 wall panels in November, 1990. In conducting 
the tests and in the subsequent calculations, it was assumed that the vapour retarder was 
perfectly sealed around the perimeter of each panel. Therefore, the air flow measured 
during these tests was flow from the interior of the panel (stud space) to the exterior via the 
sheathing, or cracks and openings in the sheathing. It should be noted that the edges of 
the glass-fibre sheathing were not sealed and might, therefore, allow for more air leakage 
than would be found with normal construction practice.

Two methods were used to test the panels: Method 1 required all three stud spaces in a 
panel to be independently pressurized but only the air flow into the centre space to be 
monitored. Method 2 required pressurization of the centre space and the air flow 
requirement to be monitored.

Both Method 1 and Method 2 were conducted on fifteen panels and, as can be seen in Table 
5.1, it was established that there was no consistent difference in the results which were 
often very similar. Method 2 was therefore used for the remainder of the panels, as this 
was a quicker and much simpler test to conduct.

A detailed account of the air leakage tests can be found in Appendix 4. The method 
followed is that described in the Canadian General Standards Board's "Determination of the 
Airtightness of Building Envelopes by the Fan Depressurization Method", Standard 
CAN/CGSB-149.1-M86. Depending on the equipment and procedure being used, there is 
considerable room for error. The values listed in Table 5.1 are values obtained using 
Method 2 and Method 1. Figures 5.1 to 5.5 present these results graphically.

The equivalent leakage areas for the panels are listed in Table 5.1. If these values were to 
be normalized (NLA, cm2/m2), then the area that should be used in these calculations 
would be the exterior surface area of the centre cavity, which is one third of the area of the 
1200mm x 2400mm panels, or approximately 1 m2. The air flow and pressure 
measurements were only made for this cavity, therefore all air leakage would result from air 
leaving this area. The NLA would then represent the leakage area that could be expected 
for a typical 1 m2 area of residential, wall.
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In Table 5.2 values for the discharge coefficient and the exponent are tabulated for the air 
flow into the wall panels, in accordance with the equation: Q=C(AP)n. The flow exponent 
describes the type of flow that exists and should be between .5 and 1. For streamline flow 
through an orifice n = 0.5; values of n = 1 are indicative of laminar flow. Note that the 
exponent n is greater than one in ten of these tests, as shown in Table 5.2. It is thought 
that wind during the testing of these panels is to blame. In six of the panels tested there are 
two values for n and C based on Method 1 and Method 2. In five of these panels the one n 
value is greater than 1 and the corresponding equivalent leakage area (ELA) is less than the 
other measured value when n is less than 1. In the sixth case where both n values are 
greater than 1, i.e. Wl, the ELA areas are reasonably close but, continuing the previous 
logic, are probably on the low side.

With reference to Figures 5.1 to 5.5 it is evident that:

• The panels with the trilaminate polyisocyanurate sheathing appear to 
have the least air leakage areas of all panels.

• In all other N-S pairings, other than the fibreboard pair (N2 and S2) 
which have equal air leakage areas, the north face panels have the 
greater air leakage areas. All N-S panels have vinyl cladding.

• Apart from the glass-fibre board pair (El and Wl) which have equal air 
leakage areas, in all E-W pairings the west face panels have the greater 
air leakage areas. Five of these pairs have brick cladding. It seems that 
being on the windward side may affect the outward air leakage area.

• In the set of four panels with one panel each on the north, south, east 
and west faces (glass-fibre board), it is clearly demonstrated that the 
wind (N60W) has an effect on the air leakage characteristics of a wall 
system, apparently being on the windward side increases the air leakage 
areas. •

• It is interesting to note that, given the variability of these results, the air 
leakage characteristics of the panels with EXPS appear to be comparable 
to those with the glass-fibre insulation board. In the cold weather, the 
EXPS is prone to contracting (see the coefficient of thermal 
expansion/contraction in Table 6.1) and this could widen the joints thus 
resulting in more air leakage area. If these panels were to have been 
tested in February or July instead of November, it is expected that rather 
different air leakage areas would have been obtained.
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5.2 Microbiological Test Program

Three different phases of microbiological testing were carried out These were:

Phase one - initial testing and examination of the wood, soak water 
and environment of humidity room. This was conducted during 
construction of the test panels by Forintek Canada Corp.

Phase two - air sampling of all test panels, approximately 8 months 
into testing procedure (July 23 and July 24,1990). Sampling was done 
by the Building Engineering Group (BEG) at the University of Waterloo 
in conjunction with the Biology Department at the University of 
Waterloo and Agriculture Canada.

Phase three - removal of gypsum board and 6 mil polyethylene and 
physical examination of panels and sampling of wood approximately 
one year after project implementation. This was carried out by Forintek 
Canada Coip. BEG independently conducted a visual examination of 
each panel and this is reported in Section 5.3.

5.2.1 Phases One and Three

The report by Forintek Canada Corp. is included as Appendix 5. Essentially, three 
categories of fungal groups were identified: moulds, sapstain and decay organisms. As 
quoted in the report "moulds ... may cause health concerns"6. "Sapstaining fungi discolor 
wood, but are not otherwise hazardous"7 and wood-decaying fungi "cause strength losses 
in wood that may render the structures unsafe"8. The studs, as well as the wood-based 
sheathing, were examined.

It was reported that only in one panel (S4) were any wood decaying organisms isolated. 
This was reported in the second visit (Phase three, November 21,1990).

The incidence of sapstaining fungi increased between the initial and final visits. Although 
these fungi are thought to be harmless, the increased number of these organisms apparently 
indicates there was a favourable environment for fungal growth during the drying phase. 
Panels Nl, N2, N3, N4, S5, E2, E4, E6 and W1 had the least favourable conditions for 
the promotion of growth of sapstain fungi.

6"MICROBIOLOGICAL TESTING IN MOISTURE TEST HUTS", Final Report, by Barton C. Bilmer, 
FORINTEK CANADA CORP., prepared for Canada Mortgage and Housing Corporation, Feb. 15, 1991. 
P. 1
7Ibid., P. 1
8Ibid., P. 1
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The total number of mould species identified during phase 3 increased over that identified 
after phase 1. One species identified was Paecilomyces variotii which is said to "produce 
toxins, form large numbers of spores and to be common in dust in Canadian homes"9. 
This mould was found on the second visit in N2, S2, and S3.

It is impossible to state within the scope of this project whether the presence of fungal 
growth was a result of trapping construction moisture within the wall or was a natural, 
unavoidable property of the wood. The purpose of the microbiological tests was not to 
determine the amount of moulds and fungi present, but to identify those species that are 
present. It was found that the water in which the wood was soaked prior to construction 
was contaminated, as were both the wood-based sheathings before installation in the wall 
panels. Given different conditions before construction, the presence of fungi and other 
contaminants might be less than found in these wall panels.

It should also be noted that not every piece of wood at every location was sampled. 
Therefore, the results may not be truly representative.

5.2.2 Phase Two

Air sampling was carried out in order to supplement the work by Forintek, described in 
Section 5.2.1. Agriculture Canada was responsible for the analyses of the samples.

One hundred litres of air was drawn from the central stud space of each panel. Tubes with 
sealing caps had been installed in each panel at the time of construction, so all that was 
required was removal of the caps, hook up of a vacuum pump and flow meter, and 
extraction of the air through a sterile Millipore filter. The filters were then sealed and sent 
to Ottawa for analysis..

As reported by Agriculture Canada, no evidence was found on the filters to be of any 
concern.

5.3 Visual Observations of Wall Panels

At the end of the monitoring period for this project, the wall panels were opened up 
(interior gypsum wallboard and vapour barrier were removed) for wood sampling and 
microbiological testing. While the panels were open, on November 23, 1990, a visual 
observation was made on each panel. Notes are as follows:

• There was nothing visibly unusual in the panels with waferboard 
sheathing (N3, S3, E3, W3), nor in the panels with glass-fibre board 
sheathing (N4, S4, E4, W4, El, Wl), nor in the panels with trilaminate 
polyisocyanurate (N6, S6).

9Ibid., P. 6
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• The fibreglass batt insulation in panels N2 and S2 was lightly stuck to 
the fibreboard sheathing. This was more noticeable in panel S2 than in 
N2. In the other two panels with fibreboard sheathing (E2 and W2), we 
did not observe anything unusual.

• Bearing in mind that gypsum lath (with an absorbent paper backing) 
rather than exterior grade (with a water repellent, water vapour 
permeable paper covering) gypsum'board was used in N1 and SI, it 
should be noted that the sheathing of panel SI (gypsum lath board) was 
heavily stained (presumably a black mildew). Panel N1 showed no 
obvious signs of mildew or staining at this time. Panel S1 was the only 
panel where we were able to clearly observe wetness and evidence of 
microbiological activity. The moisture content measurements for S1 
also indicate relatively high levels of wetness - much more than N1 for 
instance.*

• The fibreglass batt insulation in some of the panels sheathed with EXPS 
(N5, S5, E5, W6) was lightly stuck to the interior surface of the 
sheathing. This was not evident in the other panels sheathed with the 
same material (i.e., W5 and E6).

It should be noted that we have avoided commenting on any discoloration of the wood. 
Visual observation does not always identify sources of wood decay as some are visible 
only with a microscope. Without expert knowledge, observation is difficult to interpret, 
and interpretation is provided within the microbiological study.

* In May, 1991, the vinyl siding and building paper were removed and replaced from panels N1 and SI, and 
in June, 1991, the six pairs of panels Nl, SI, N2, S2, N3, S3, E4, W4, E5, W5, E6 and W6 were opened 
up prior to replacement. At these times, there was clear evidence of mildew/mould growth on both faces of 
the gypsum lath board, plus corrosion of the nails in both Nl and SI. Other observations from the original 
visual investigation of November, 1990 were confirmed.
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6.1 Preamble

The overall objective of this study is to obtain a broader and better understanding of the 
moisture-related performance of various wall assemblies constructed with wet framing 
lumber. In addition to documenting the drying characteristics of the wood framing, it is 
necessary to track the movement of the moisture that is given up by the wood. The reason 
for this is that wood drying is only a part of the problem; not only must the wood dry, but 
the wood moisture must be dealt with by the wall system and eventually be transported out 
of the wall without causing any damage.

Figure 6.1 provides some idea of the considerations involved with construction-induced 
moisture. First, the drying of the wood in each test panel has to be quantified, if only to 
assess the extent and rate at which moisture is given up by the wood. Most of this 
moisture is transferred to the stud space, mainly, (if not solely) as water vapour, thereby 
increasing the relative humidity (RH) in the stud space.

The vapour pressure differential, for interior conditions of 20°C and 50%, was always 
towards the cold side during the first 12 weeks so that the vapour drive was outwards. 
Moreover, because the polyethylene is well sealed, it is unlikely that any moisture (as either 
vapour or water) can move inwards. Built-in moisture, therefore, either stays in the stud 
space or moves outwards. At any given time, some of this moisture will be either on the 
inner surface or within the sheathing, some might be present as water or frost on the inner 
face of the sheathing wrap or building paper, and some will have passed beyond the wrap 
or building paper to either be stored (as vapour, liquid or solid) dr dissipated (by gravity 
drainage or air movement).

The following sections of this chapter systematically address each of the moisture 
movement considerations identified in Figure 6.1. It is worth stressing that the causes of 
moisture movement are numerous, e.g., air movement, vapour diffusion, gravity and 
capillary action. It follows that the moisture-related perfoimance of any panel is dependent 
upon more than one of its characteristic properties. Table 6.1 provides information on the 
sheathings alone, while Table 6.2 is an attempt to provide a composite summary of all the 
pertinent properties of each test panel.

6.2 Wood Drying

6.2.1 The Nature of the Drying Process

The graphs of monitored moisture content versus time for each test panel are provided in 
Appendix 3, Section A. Each figure contains at least 5 graphs, as there were at least 5 
locations where wood moisture content was measured. In order to make sense of the 
amount of information and permit tabulation, we have attempted to identify behavioural

6. WOOD MOISTURE MOVEMENT
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PRODUCT/ thickness thermal relative vapour relative coeff. exp./contr. density coating or
MATERIAL resistance (R) R resistance (Rv] Rv (a) treatment

mm (in) K*mA2/W value s*mA2*Pa/ng value (mm/mm O*10A-6 kg/mA2

GYPSUM LATH BOARD 13 (0.5) 0.079 0.78 • 18 6.5 paper (lath-type) both sides
FIBREBOARD 11 (7/16) 0.2325 2.29 0.0035 1.00 6 2.8 asphalt impregnated
WAFERBOARD 11 (7/16) 0.1017 1.00 0.0075 2.14 35 7.1 none
GLASS HBRE BOARD 38 (1.5) 1.18 11.60 0.0006 0.17 9 2.0 spun-bonded polyolefin on outer fact
EXTRUDED POLYSTYRENE 38 (1.5) 1.321 12.99 0.0215 6.14 63 1.0 none
POLYISOC Y ANURATE 25(1) 1.41 13.86 0.58 165.71 23 0.81 aluminum kraft paper trilaminate 

foil on both sides

6 mil POLYETHYLENE .15 (.006) 0.3 85.71
BUILDING PAPER 0.0105 0.0017 0.49
TYVEK * - 0.0003 0.09

TABLE 6.1 SHEATHING PROPERTIES (overall values based on manufacturers' or ASHRAE data)

• - the vapour resistance of gypsum board is largely a function of the paper covering. Exterior gypsum board uses a water-
repellant paper, whereas the lath board used here has an absorbant paper to facilitate plastering.

* - air impermeable housewrap; registered trademark of E.I. Dupont de Nemours & Co. (Inc.)



SHEATHING PANEL CLAD- THERMAL RESISTANCE VAPOUR RESISTANCE JOINT TYPE AIR LEAKAGE AREA WIND EFFECT
CODE DING TOTAL FROM C.L. TOTAL FROM C.L. L BUTT/SHIP ELA ELA (IN./EX.)

(K*m2/W) (K*m2/W) (s*m2+Pa/ng)*10"3 (s*m2*Pa/ng)* 10'3 (mm) TAPE/NOT (cm2) (cm2)
1 2 3 4 5 6 7 AVERAGE 8

GYPSUM N1 V 3.85 1.89 303 2.1 2440 BUTT/NOT 3.8 IN
SI 3.85 1.89 303 2.1 2440 BUTT/NOT 2.5 3.1 EX

FffiREBOARD N2 V 3.99 1.99 306 5.2 2440 BUTT/NOT 4.5 IN
S2 3.99 1.99 306 5.2 2440 BUTT/NOT 4.5 4.5 EX
E2 B 2.59 1.3 306 5.2 2440 BUTT/NOT 7.3 EX
W2 2.59 1.33 306 5.2 2440 BUTT/NOT 11.1 9.2 IN

WAFERBOARD N3 V 3.87 1.91 310 9.2 2440 BUTT/NOT 7.2 IN
S3 3.87 1.91 310 9.2 2440 BUTT/NOT 4.6 5.9 EX
E3 B 2.46 1.2 310 9.2 2440 BUTT/NOT 2.9 EX
W3 2.46 1.2 310 9.2 2440 BUTT/NOT 4.3 3.6 IN

GLASS FIBRE BOARD N4 V 3.53 2.27 301 0.6 2440 BUTT/TAPE 5.1 IN
S4 3.53 2.27 301 0.6 2440 BUTT/TAPE 2.4 EX
E4 3.53 2.27 301 0.6 2440 BUTT/TAPE 3.7 EX
W4 3.53 2.27 301 0.6 2440 BUTT/TAPE 7.6 4.7 IN
El B 3.53 2.27 301 0.6 2440 BUTT/TAPE 6.3 EX
W1 3.53 2.27 301 0.6 2440 BUTT/TAPE 6 6.1 IN

EXPS N5 V 3.68 2.42 324 23.2 4880 SHIP/NOT 2.8 IN
S5 3.68 2.42 324 23.2 4880 SHIP/NOT 2.7 2.75 EX
E5 B 3.68 2.42 324 23.2 4880 SHIP/NOT 3.8 EX
W5 3.68 2.42 324 23.2 4880 SHIP/NOT 6.9 IN
E6 3.68 2.42 324 23.2 4880 SHIP/NOT 3.9 EX
W6 3.68 2.42 324 23.2 4880 SHIP/NOT 6.6 5.3 IN

TRILAMINATE N6 V 3.77 2.51 882 582 2440 BUTT/NOT 1.6 IN
POLYISOCYANURATE S6 3.77 2.51 882 582 2440 BUTT/NOT 1.5 1.55 EX

NOTES FOR COLUMN 1- R - thermal resistance across the whole wall but between studs, assuming a vented air space behind the cladding
2- R - thermal resistance downstream (to the outside) of the centreline of the stud space
3- Rv - vapour resistance across the whole wall but between the studs, assuming a vented air space behind the cladding
4- Rv - vapour resistance downstream (to the outside) of the centreline of the stud space
5- L - internal joint length of sheathing (i.e., excludes perimeter of 7320mm)
6- butt or shiplapped joint, with or without tape
7- ELA - equivalent air leakage area downstream of stud space
8- windward (infiltration) or leeward (exfiltration) side with reference to prevailing wind 
C.L. - centre-line

TABLE 6.2 - TEST PANEL PROPERTIES



change points, define phases of behaviour, and quantify common trends. In Figures 6.2 
and 6.3 representative graphs of moisture content versus time in days are shown. The 
following are common features of these graphs.

I — the initial moisture content, or the first reading registered by all panels subsequent to 
installation of the panel, connection of all wires and initiation of monitoring. Day 1 is 
December 12, 1989, but note that the panels were installed over the period December 5, 
1989 to December 8, 1989. Panels East 6 and West 6 were installed on December 14, 
1989. The initial moisture content readings were therefore on December 12,1989, for all 
panels except East 6 and West 6, in which case the initial readings were on December 14, 
1989.

P — the peak or maximum value registered immediately prior to the initiation of drying. In 
many, but not all, instances there would appear to be some initial wetting, i.e., the 
measured moisture content increases. Moisture would appear to be moving across the 
section of the wood. We are of the opinion that this is indicative of redistribution of water 
in the wood in an attempt to establish equilibrium with its new environment These panels 
were installed during very cold weather. The brickwork on the east and west faces of the 
building was not completed until December 18, 1989. The test building was not 
completely sealed until December 22, 1989. The heated enclosure for the brickwork might 
have served to draw moisture to the surface of the studs, resulting in an apparent increase 
in moisture content. This possibly accounts for some of the wetting so evident with the 
brick-faced panels. Note that the peak value and the initial value can coincide and that the 
peak value is not necessarily the absolute maximum value for the moisture content.

T—Drying usually occurs in two distinct, nearly linear, phases: relatively rapidly between 
P and T and then more slowly between T and Ew. The transition point between these two- 
phases is labelled T. T is not necessarily on the drying curve; T merely represents the 
transition point between two linear phases of drying.

Ew — the equilibrium cold-weather moisture content that occurs in these tests during the 
winter or early spring.

Es — the equilibrium warm-weather moisture content that occurs in the summer months. 
This is usually lower, sometimes equal to, and in a few instances, higher than Ew. In this 
experiment Es represents the stabilized warmer weather equilibrium moisture content.

As is also evident from Figure 6.2, the following drying rates need to be quantified:

P to T - the relatively rapid initial drying phase between P and T.

T to Ew -- the subsequent, relatively slow, drying phase between T and the initial 
stabilization of moisture content (Ew).
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There are also other means of defining a drying rate, and the following are illustrated in 
Figure 6.2 and Figure 6.3.

P to Ew — the average rate of drying between the peak value and the winter equilibrium 
moisture content This value may be very different from either the rate between P and T or 
T and Ew.

I to Ew — the average rate from the initiation of monitoring to the attainment of 
equilibrium. This is a crude measure and does not reflect any apparent wetting that may 
occur.

P to 19%—-as a moisture content of 19 per cent is an acceptance level for construction, 
the average rate of drying between P and this level is of some interest.

I to 19% — instead of the peak value, the average rate of drying between the initial 
moisture content and the 19 per cent acceptance level could also be quantified.

It needs to be emphasized that only the drying rates between P and T and between T and 
Ew are "true" drying rates, i.e., they represent the actual behaviour of the wood as it dries. 
The other drying rates are only average indicators of the time period required to traverse 
two levels of moisture content and are not representative of the actual nature of drying or 
the actual relationship between moisture content and time.

' f

Whether a P to T drying rate exists is largely a function of the initial moisture content. If 
the initial or even the peak moisture content is relatively low (about 20.to 25 per cent), this 
transition may not be evident. However, with low initial or peak values, the rate of drying 
may be more consistent with the slower rate between T and Ew. For this reason, a low 
peak value may be designated T in the tables.

Summary Tables 3B1, 3B2, 3B3, and 3B4 in Appendix 3, section B, document the co
ordinates of all the relevant focal points relating moisture content and time, i.e.:

• MCI, the moisture content at initiation of monitoring, at day 1 (day 3 in 
panels East 6 and West 6)

.

• MCP, the moisture content at the peak and the number of days to reach 
this peak

• MCT, the moisture content at the transition point, the day number 
(relative to I) and the time period between P and T

• MCEW, the winter equilibrium moisture content, the day number and 
time period to reach Ew from T •

• MCES, the summer equilibrium moisture content, and the day number.

80



Tables 3B1 to 3B4 also record five drying rates (P to T, T to Ew, P to Ew, P to 19% and I 
to 19%). The two drying periods, P to 19% and I to 19%, have also been quantified in 
these tables. It will be noted that in some instances data are missing. This might be a result 
of there being no well-defined peak or a transition moisture content value. If there is only 
one visible drying rate prior to winter equilibrium, and, if the peak value, MCP, is less than 
25% it is listed as a transitioji value, MCT, so that the drying rate (T to Ew) can be 
correctly calculated and listed in the table.

It should be noted that most of the test results for three panels, N3, S3 and E5, have been 
omitted from the tables. In both N3 and S3 the vertical stud that was monitored was found 
to be balsam fir. It is entirely coincidental that the monitored studs in this pair of panels 
(both with waferboard sheathing) should be the only two that are of balsam fir, but they 
were fabricated at the same time and it is not unlikely that other studs in both these panels 
are also balsam fir.

The nature of coarse-fibred balsam fir is such that accurate measurement of moisture 
content is difficult because of the presence of localized ‘wet pockets’, and the use of these 
values is much more problematic than for spruce or pine. Even if the proper species 
correction factor is used, the measured moisture content is not necessarily a reflection of the 
moisture content of the adjacent wood, nor are they reliable indicators of overall 
performance with regard to moisture movement or storage. Some indication of these 
problems is evident in the graphs for N3 and S3 in Appendix 3, Section A.

Panel E5, due to an unfortunate combination of construction-related factors, was found to 
have exterior water (rain or snow melt) leaking into the bottom of the test panel. The 
consequences of this wetting are readily evident in the graph of moisture content versus 
time in Appendix 3, Section A. For this reason, only the initial moisture contents and the 
drying period, I to 19%, are recorded. For the record it should be mentioned that this 
wetting was the result of practical, commonly occurring causes, as follows:

i. The metal lath and plaster finish (parging - see Figure 2.5b) applied to 
the top and outside of the externally insulated foundation wall produced 
a backward slope on the top of the wall. This caused water and melted 
snow to accumulate.

ii. As the vinyl clad panel E4 was thinner than the brick clad panels E5 and 
E6, there was a vertical projection at the junction of panels E4 and E5 
that caused water to accumulate and drain down to the top of the 
foundation wall.

iii. Because there was a slight slope on the top of the foundation wall from 
E4 to E5 and then to E6, water tended to flow from E4 to E5.

iv. Because the flashing detail to E5 was different from the base detail to E4 
and because water could rise (due to gravity flow, wind pressure.
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capillary action) behind the flashing, water was seen to penetrate the test 
panel above and below the bottom plate.

One final proviso is that it should be borne in mind that in Panels N1 and SI, gypsum lath 
board, rather than the industry recommended externally rated gypsum sheathing, has been 
used. For this reason, the results from panels N1 and SI are not representative of practice 
and should not be used or discussed out of context.

6.2.2 Targets, Periods and Rates

The only specified target or datum level for the moisture content of framing lumber is the 
19% limit required by the NBCC at the time of installation. Behaviourally, die equilibrium 
moisture that a wood sample reaches is also significant because, at least for a specific 
temperature and relative humidity, it represents a stable minimum. Otherwise, little 
guidance is given to the builder or, for that matter, the researcher, as to what is a suitable or 
practical target for the time period or rate at which construction lumber should dry.

Even the precise intent of the 19% limit is not entirely clear, except, perhaps, to prevent 
wood decay. A value below the fibre saturation moisture content is obviously appropriate, 
but wood with a 19% moisture content actually contains a significant amount of potentially 
free moisture. For example, a 1 metre length of 2x4 wood at 19% moisture content will 
give up 0.150 litres of water in drying to an equilibrium level of 9%. This can result in a 
lot of water being released into the wall enclosure. Another concern is whether the choice 
of the 19% value is predicated upon there being enough time prior to closure to enable the 
wood to dry to its equilibrium value. Another point to remember is that the start of 
monitoring (Day 1), occurs some time after closure of the panel, i.e., well after installation, 
which is when the 19% provision applies.

It therefore follows that particular attention must be paid to the levels, the time periods, and 
the rates at which drying occurs.

6.2.3 Transition Moisture Content

With reference to the summary Tables 3B1, 3B2, 3B3 and 3B4 in Appendix 3, Section B, 
it will be noticed that the experimental values for the transition moisture content (MCT) are 
remarkably consistant. For example, based on the vertical stud averages, the mean MCT 
values for all studs is 21.7%. Based on the overall average (stud plus both plates), the 
mean value for all MCT measurements is 21.3%. The transition moisture content values 
vary between 15.5% and 29%, but 75% of the time are between 19% and 24%.

Three points to note about the co-ordinates of T:

(i) T does not necessarily lie on the drying curve; it is merely the junction 
of two lines. The transition between the two ‘linear’ drying regions is 
less absolute than these idealizations indicate.
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(ii) Fibre saturation, nominally the point at which there is no ‘free water’ 
remaining in the wood, is difficult to establish precisely. If it is 
presumed to be the point where transition is initiated, the fibre saturation 
would occur before T on the drying curve, with a moisture content value 
greater than, or at least equal to, the value for MCT.

(iii) The fact that MCT is less than or equal to fibre saturation has an 
important bearing on the interpretation of test results. Because nearly all 
wood was above MCT when monitoring was started and because the 
period T to Ew and especially the drying rate T to Ew are fully 
represented in all graphs, it follows that this range between T and Ew is 
not only important but, in statistical terms, it is also likely to be the most 
reliable for modelling purposes. Moreover, MCT is greater than 19%, 
and drying between MCT and Ew is of greatest practical significance.

6.2.4 Drying Periods

The number of days that it takes for the wood moisture content to go from one level to 
another is recorded in the Tables 3Blto 3B4 in Appendix 3, Section B. Four time periods, 
I -19, P - 19, T - Ew and I - Ew, would seem to be significant. Values for these relevant 
time periods have been retabulated in Tables 6.3 and 6.4.

Vertical Studs

Consider the vertical stud or, more specifically, consider the drying period for the stud 
based on the average of the three monitored locations in each stud. In Table 6.3 the values 
for these drying periods, i.e., I to 19%, P to 19%, T to Ew and I to Ew, have been 
categorized by sheathing type and, to a large extent, cladding type9 for one vertical stud in 
each wall system. Note that average and maximum values are recorded at the bottom of 
each table.

In addition to the panels N3, S3 and E5, the panels N1 and SI have also been excluded 
from these average and maximum values. S1 has values that are much higher than values 
for all other panels, and they would appear to be non-representative. As will be explained 
later, the panel S1 does perform very differently from other panels; moisture and mould do 
appear and SI could be said to perform poorly. Because the lath-type gypsum board was 
used, the two panels N1 and SI are not representative of good practice and need to be 
assessed separately. For these reasons the five panels mentioned above have not been 
included in the average values. Based on the 19 remaining panels and bearing in mind that 
the initial moisture content values are not the same, it is evident that:

i. The vertical studs took at most 35 days (on average about 22 days) to 
dry to 19% and at most 71 days (on average 42 days) to obtain a winter 
equilibrium value. With few exceptions, all significant drying took place
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TEST
PANEL

VERTICAL STUD
DRYING PERIODS - DAYS COMMENT

NO. 1-19% P-19% T-Ew I-Ew

N1 [30] [21] [37] [57] GYPSUM
SI [175] [46] [41] [208] LATH

N2 15 8 20 35
S2 22 13 27 46
E2 14 10 20 27
W2 27 14 26 47

N3 [HO] [*] [*] [124] BALSAM FIR
S3 [58] [38] [76] [123] BALSAM FIR
E3 20 16 18 35
W3 16 11 20 27

N4 16 11 18 32
S4 23 11 10 29
E4 20 7 16 32
W4 35 12 15 41
El 35 13 20 46
W1 26 9 17 40

N5 25 18 41 53
. S5 25 17 43 55

E5 [230] [*] [*] [*] RAIN PENETR-
W5 14 8 18 25 ATION
E6 20 19 57 68
W6 27 18 49 71

N6 18 11 26 39
S6 19 8 38 52

AVG. 22 12 26 42
MAX. 35 19 57 71

TABLE 6.3: DRYING PERIODS (SEE TABLES 3B1 - 3B4 IN APPENDIX 
3 SECTION B)

Note: Values in Bracket, [], are considered to be non-representative and 
are not included in the averages
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TEST
PANEL

TOP PLATE 
DRYING PERIODS -DAYS COMMENT

BOTTOM PLATE
DRYING PERIODS - DAYS

NO. 1-19% P-19% T-Ew I-Ew 1-19% P-19% T-Ew I-Ew

N1 [60] [50] [97] [116] GYPSUM [77] [67] [209] [230]
SI [20] [20] [64] [86] LATH [114] [114] [208] [244]

N2 3 3 18 27 28 18 59 78
S2 25 13 33 83 [123] [HI] 9 21
E2 18 18 31 49 42 31 67 89
W2 2 [1] 101 102 33 32 61 69

N3 21 11 36 59 88 73 105 130
S3 9 9 35 35 45 45 111 111
E3 6 6 13 13 29 16 42 61
W3 [51] 35 37 73 27 20 54 ' 73

N4 28 23 15 27 28 16 34 49
S4 22 9 29 42 21 12 23 39
E4 25 25 28 39 [128] 43 51 [161]
W4 34 18 40 61 33 29 69 88
El 9 9 19 19 23 23 47 47
W1 33 25 32 51 14 5 26 35

N5 13 12 18 24 [209] [208] [219] [220]
S5 9 9 30 36 68 67 148 149
E5 11 [*] [*] [*] RAIN PEN- [231] [*] [*] [*]
W5 [77] [45] 109 [163] ETRATION 50 36 50 79
E6 14 10 69 66 18 15 22 37
W6 15 15 79 82 43 34 103 112

N6 8 6 24 36 89 89 89 89
S6 18 18 69 91 33 32 60 61

AVG. 16 14 41 51 40 33 62 75
MAX., 34 35 109 102 89 89 148 149

TABLE 6.4: DRYING PERIODS (SEE TABLES 3B1 - 3B4 IN APPENDIX 3 
SECTIONS)

Note: Values in Brackets, [], are considered to be non-representadve and are not included in the averages

85



during the first 12 weeks (84 days) of monitoring, during which the 
weather was cold and reasonably constant

ii. The period of time between initiating monitoring and the moisture 
content reading reaching a peak value, i.e., the difference in days 
between the drying period I - 19% and P -19%, is variable and can be 
substantial. Nonetheless, the drying period P -19% is important in that 
it represents the period of fastest sustained drying. On average it is 
evident that it takes about two weeks, three weeks at most, for the 
vertical studs to dry from the peak to 19% value.

iii. The values for the drying period T - Ew would, within sheathing 
categories, seem to vary the least. It would seem that for Spruce and 
Jack Pine lumber that this stage of drying in the vertical studs takes at 
most 57 days (about 8 weeks) given these wall constructions and 
climatic conditions.

Top and Bottom Plates

A similar comparison can be carried out for the top and bottom plates. In Table 6.4 the 
relevant drying periods for the top plates are listed. Note that, in addition to E5, the panels 
N1 and W5 both appear to have some non-representative values. While the top plate values 
largely corroborate the values obtained for the vertical studs, it should be noted that there is 
much greater variability or spread in the values obtained for the top plate. First, plate 
values are based only on one reading (unlike the stud, which has three). Second, exposure 
conditions for both plates, both inside and out, are rather different and less constrained than 
that for the vertical stud. Figures 2.5a and 2.5b clearly show that the closure and exposure 
conditions differ from the stud and are different from most real situations While the centre 
stud is representative of real situations, we have reservations about the top plate and even 
stronger reservations about using results from the bottom plate.

To illustrate this concern, consider the tabulated values for the bottom plate in Table 6.4. 
There is clearly a much greater variability in results than with either the top plate or stud 
values. In general, the recorded drying periods for the bottom plate are much longer and 
more varied than those for the upper plate and the stud. Many more values seem 
unrepresentative and, on this basis alone, we have serious reservations about using plate 
response as an accurate measure of wall performance, especially that of the bottom plate.

All Framing Lumber

On the other hand, important conclusions can be drawn about the performance of all the 
framing lumber. From Tables 6.3 and 6.4 it is evident that most of the monitored wood 
had dried to 19% within 90 days (three months) and to an equilibrium level by 150 days 
(five months). In this respect, all these wall systems could be said to have performed
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satisfactorily. There are exceptions however, for example panel SI and the bottom plates 
in at least five panels: Nl, S1, S2, E4 and N5.

Although we also have serious reservations about any attempt to use these time periods to 
assess any inter-panel variable, it is worth noting that for drying down to the Ew level the 
panels with extruded polystyrene and trilaminate polyisocyanurate sheathing tend, in a 
relative sense, to take slightly more time than the others.

6.2.5 Drying Rates

Theoretically, drying rates are much better measures of performance than drying periods 
because specific differences of both moisture content and time are involved. However, 
there is no single codified or practice-specific drying rate that identifies an acceptable level 
of performance. Instead, there is the general expectation that drying should be fast enough 
to ensure that high moisture levels are not sustained for long enough to cause a problem 
such as mould growth, deformation, etc.

In the summary tables in Appendix 3, Section B, five drying rates are listed, and values for 
drying of the vertical stud, top plate and bottom plate are given. As would be expected 
each drying rate is very different, but the following should be noted about the variability of 
values within each drying rate:

i. numerical values within each panel and between panels vary greatly and, 
from a statistical point of view, the quality of the data is relatively poor.

ii. even if the top and bottom plates did not have different exposure 
conditions from the vertical stud, any attempt to assess the drying 
performance of a plate (or its related wall system variables) on the basis 
of a single moisture content sensor would be unwise. At best, the 
drying rates for the two plates could be used to confirm stud values and 
to provide some comparative indication of performance during the 
experiment.

iii. It follows that with three measured moisture contents, the average 
performance of the vertical stud can be assessed with some degree of 
statistical confidence. Accordingly, stud perfomance will be 
emphasized.

Because of the nature of drying, the variety of different measured drying rates and the 
variability of the test results, it is perhaps appropriate to consider initially all five measured 
drying rates. Table 6.5 lists the five drying rates for the monitored vertical stud in each test 
panel, and these values are based on the average of the three measurements of each stud. 
Perhaps because there are at least three variables—sheathing type, cladding and 
orientation—there is again considerable variability within each drying rate.

A word of caution is needed in interpreting this table. With only two tests (for example, 
Nl and SI or N6 and S6), it is important that both tests have similar results; otherwise,
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P-T MEAN
(COV)

T-Ew MEAN
(COV)

P-Ew MEAN
(COV)

P-19 MEAN
(COV)

1-19 MEAN
(COV)

AL1
SUM

. VALT. 
MEAN 
(COV)

■ES
RATIO OF

MEANS

N1 1.193 0.80 0.240 0.17 0.413 0.32 0.619 0.48 0.382 0.25 2.847 2.03 0.33
SI 0.415 0.092 0.234 0.348 0.125 1.214

N2 0.678 0.284 0.403 0.586 0.263 2.214
S2 2.257 1.26 0.262 0.36 0.641 0.54 1.308 0.84 0.725 0.43 5.193 3.43 0.56
E2 1.050 (54.29) 0.485 (2957) 0.563 (18.42) 0.636 (39.26) 0.406 (47.79) 3.140 (36.55)
W2 1.071 0.419 0.551 0.825 0.325 3.191

N3
S3
E3 0.959 1.06 0.393 0.54 0.633 0.69 0.871 0.87 0.750 0.68 3.606 3.83 0.62
W3 1.167 0.688 0.739 0.860 0.607 4.061

N4 2.542 0.744 1.197 2.618 1.257 8.358
S4 2.405 0.907 1.556 1.976 0.661 7.505
E4 1.550 2.09 0.770 0.73 0.891 1.08 1.120 1.67 0.347 0.59 4.678 6.16 1.00
W4 1.754 (27.72) 0.735 (14.82) 0.949 (26.26) 1.535 (37.55) 0.433 (59.25) 5.406 (27.16)
El 1.442 0.604 0.754 0.890 0.447 4.137
W1 2.829 0.631 1.152 1.875 0.370 6.857

N5 1.108 0.342 0.545 0.804 0.448 3.247
S5 1.583 0.222 0.327 0.604 0.472 3.208
E5 a b c
W5 2.667 1.42 0.642 0.31 0.745 0.43 1.075 0.69 0.480 0.36 5.609 3.20 0.52
E6 0.991 (54.08) 0.141 (63.57) 0.241 (49.16) 0.405 (38.12) 0.230 (42.84) 2.008 (46.53)
W6 0.727 0.212 0.290 0.538 0.155 1.922

N6 0.596 0.93 0.264 0.22 0.328 0.28 0.435 0.83 0.193 0.20 1.816 2.46 0.40
S6 1.267 0.169 0.235 1.229 0.203 3.103

TABLE 6.5 - DRYING RATES FOR THE VERTICAL STUDS IN EACH TEST 
PANEL (PERCENTAGE PER DAY)

See Figures 6.2 and 6.3 and Appendix 3 

[COV] i.e. the coefficient of variation in per cent

a - without W5 this value is .23 
b - without W5 this value is .35 
c - without W5 this value is .42
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average values tend to be representative of neither test. If there are more than two tests, it 
is possible to identify those tests that, for some reason, are markedly different from the 
other, W5 is an example.

To better demonstrate the nature of these results, a series of histograms has also been 
prepared. In Figures 6.4 - 6.9 the various drying rates for each set of wall panels with the 
same sheathing may be compared. In Figures 6.10, 6.11 and 6.12, panels may be 
compared in terms of the drying rate between P and Ew, subject to variation in sheathing 
type and orientation respectively.

With reference to Table 6.5 and Figures 6.4 to 6.9 the following comments regarding the 
various drying rates can be made:

i. Statistically one would expect the drying rate with the greatest variability 
to be I -19%, since the initial moisture content values (and the measured 
peak values) vary greatly. These moisture content values can be above 
or below fibre saturation, and wetting can and does occur. It follows 
that this drying rate is likely to be very inconsistent. Some of these 
observations also apply to P - 19% values. For these reasons, neither 
of these drying rates should be used to assess the influence of even 
primary variables. However, these two drying rates are of some 
practical importance because they indicate how long it would take the 
framing lumber to reach the code-specified value of 19%.

ii. The drying rate P - Ew is an intermediate value between the values for 
the P - T and T - Ew rates. If the peak moisture content is less than or 
equal to the transition moisture content, then the drying rates for T - Ew 
and P - Ew would be the same. Since the transition value is usually 
greater than 19%, it follows that T - Ew or P Ew values would be the 
preferred values to compute drying periods or other conditions for 
drying lumber in residential construction. It should be borne in mind 
that the drying rates P to T and T to Ew represent the ‘true’ drying states 
and all other drying rates are approximations and averages.
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From Table 6.6 it would appear that the following average drying rates could be used for 
the different wall systems:

Sheathing Type Drying Rate —Per Cent Per 
Day

T-Ew P - Ew

Gypsum lath board 0.17 (<.24) ;b 0.32 (<.41) b

Fibreboard 0.36 0.54

Waferboard a 0.54 0.69

Glass-fibre board 0.73 1.08

Extruded polystyrene 0.31 (>.23) b 0.43 (>.35) b

Polyisocyanurate 0.22 0.28

Table 6.6 Stud Drying Rates For Residential Wall 
Systems in S-W Ontario

a - these drying rates are based on values from the east and west facing panels only as those 
on the north and south are deemed unrepresentative due to the presence of balsam fir.

b - bracketed values represent extreme values.

These are gross values and apply irrespective of orientation, stud size and cladding but are 
based on the weather conditions that existed over that time period in South-western 
Ontario. The lower rate, from T to Ew, would be used when the peak moisture content 
was less than fibre-saturation.

Sheathing Type

From Table 6.5 and the Figures 6.10 to 6.12, the influence of the different sheathing 
systems and cladding on wood drying can be assessed. Irrespective of which drying rate is 
considered - and, in Table 6.5, the summed average of all drying rates is also considered - 
there is no doubt that there are at least two, perhaps four, categories. Since all the wall 
systems seemed to have performed satisfactorily insofar as wood drying is concerned with 
the exception of panel S1 (due* to the fact that gypsum lath board was used instead of 
exterior grade gypsum sheathing), categorization cannot be based on drying performance. 
Since all the wall systems seem to have permitted the wood to dry fast enough, none of 
these systems (with the possible exceptions of SI and S4 - see Chapter 5) can be termed 
slow. Nor does it make any sense to rank any wall system simply on the basis of wood 
drying alone.
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In order to better visualize the influence of sheathing type on wood-drying rate, consider 
the three histograms, Figures 6.10 to 6.12. Figure 6.10 is for the P to T drying rate, and it 
will be noticed that, apart from the glass-fibre board, it is difficult to categorize or order the 
other five systems. Variability of results and the number of tests are such that there would 
be only two categories, i.e., glass-fibre board and others.

One reason for this phenomenon is that where P is above fibre saturation, there is so much 
free moisture that when conditions are right, drying down to fibre saturation is apparently 
rapid - apparently rapid because the moisture content transducers are reading only a local 
value, i.e., at a quarter point in the stud. This measured moisture content is not 
necessarily an indicator of surface conditions or of the overall status of wood moisture. It 
is probable that when the whole stud is below fibre saturation, these moisture content 
measurements are then a better or more accurate measure of the overall status of wood 
moisture.

Every panel does have a T - Ew drying rate, and this below fibre saturation drying rate is 
much slower than P - T. Because it is slower, the influence of, say, cladding or sheathing 
has more time to influence the drying rate. If one looks at both Table 6.5 and Figures 6.11 
and 6.12, the differences between wall systems are more noticeable. Based on the P - Ew 
rate, there are possibly three distinct categories of wood drying rates. Based on T - Ew, 
which is a'more accurate measure of this phase of drying, four categories might be 
identified.

If a category has to be identified and labelled, consider the following suggestions:

Category F - Fastest e.g- Glass-fibre board

Category W - Relatively fast e.g. Fibreboard and Waferboard (the wood-based 
products)

Category X - Less fast e.g. Extruded Polystyrene

Category C - Least fast e.g. Trilaminate Polyisocyanurate and Gypsum 
Lath Board (covered or coated products)

Table 6.6 provides quantitative support for this categorization. Note that the difference 
between the gypsum lath board and the trilaminate polyisocyanurate sheathing is not 
enough to separate them. If only the east and west panels (E2 and W2 and E3 and W3) are 
compared, it will be noticed that the drying rates for the fibreboard and waferboard panels 
are much closer than the gross averages given in Table 6.6.
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Orientation

An indication of the influence of orientation on drying rates is evident in the histograms in 
Figures 6.10, 6.11 and 6.12. An additional histogram. Figure 6.13 with axes of the 
T - Ew drying rate and orientation, should also be referred to.

Orientation involves two major variables, the sun and the wind. The wind, however, can 
give rise to a positive or negative pressure which is conducive to infiltration and exfiltration 
respectively.

Orientation is the sole variable in only one set of panels, i.e., the glass fibre board set N4, 
S4, E4 and W4. Figure 6.10 for drying between T and Ew indicates that the winter sun 
(solar radiation) has a favourable impact, as the south face has the highest drying rate. 
Positive wind pressure would also seem to facilitate drying because N4 has a relatively fast 
drying rate. However, a check on all other N-S pairings indicates that the north panel dries 
faster than the south panel, i.e., infiltration and venting due to the prevailing wind 
apparently exceed the combined effects of the sun- and wind-induced exfiltration on the 
south face.

The results do not provide any clear-cut indication as to the comparative effect of facing 
east or west. Both east and west faces are exposed to solar radiation. Knowing that under 
prevailing wind conditions, the west is under positive pressure and the east face to negative 
pressure or suction, it might be expected that the west face would dry a bit more slowly 
than the east face. This would appear to be the case for E4 and W4 (and E2 and W2) but 
not for El and W1 (nor E6 and W6, nor E3 and W3). However, it is worth noting from 
Figure 6.13 that, if the glass fibre board panels are not included, then the east and west 
panels generally perform better than the north and south sets of panels. Panels on the west 
seem to dry a bit faster than similar panels on the east, but there is not much difference 
between them.

Stud Size

The "loss" of panels N3 and S3 severely limits the basis for any definitive statement on the 
effect of stud size (and thereby the volume of the stud cavity) on the wood drying rate. 
Because stud size cannot be isolated as a variable, there is no clear-cut evidence as to the 
effect of stud size alone. However, the temperature and relative humidity in the stud space 
are affected, and this is discussed later.

Cladding

The influence of the cladding, grey vinyl siding or clay face brick, on drying rate is best 
observed in Figure 6.11 in terms of the T - Ew drying rate.
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Cladding is the sole variable only for the test panels E4 and W4 (vinyl) and El and W1 
(brick). For these panels with insulating sheathing on the east and west faces, it would 
appear that the two vinyl clad panels both dry a bit faster than the brick clad panels. This is 
largely due to the effect of solar radiation on the contact attached cladding.

There is no doubt that the choice of cladding does affect temperature and relative humidity 
values and presumably must affect overall performance as well. This is discussed in 
greater detail later.

6.3 Moisture Within the Stud Space

6.3.1 Preamble

While in-service moisture loads (due to exfiltration or infiltration considerations during 
normal operation) and construction moisture loads (e.g., wood moisture) are very 
different, in both instances any portion of the building enclosure (wall or roof) uses 
whatever means it can to simultaneously store, transfer and discharge moisture. In 
attempting to cope with high initial levels of moisture due to wet wood, a wall utilizes the 
capabilities shown in Figure 6.1.

With a built-in initial moisture load there are clearly three possible phases of response:

i. a redistribution phase during which all the components within the wall 
attempt to adapt to the simation. During this time the storage or 
warehousing capabilities of the wall components are very important as 
their (e.g., the stud space and sheathing) capacity to absorb or otherwise 
accommodate moisture is utilized. This phase would correspond to the 
period from closure (i.e., before I) to P in the drying figures.

ii. Once an initial equilibrium condition has been reached a steady rate of 
drying will occur. If the wood moisture content is greater than fibre 
saturation then, depending upon the capabilities of the wall, this drying 
can be relatively fast as it largely involves the so-called free moisture in 
the wood. This phase would correspond with the drying rate 
P - T.

iii. Below T drying occurs at a slower but still consistent rate until an 
equilibrium level is reached, i.e., T - Ew.

Again, with reference to Figure 6.1, one could represent the amount of wood moisture 
involved in each phase of the drying process as follows:

AW = AC + AF + AS + AX
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where over the same time period:
AW represents the mass of water removed from the drying wood.
AC represents the mass of water transferred to the stud space (cavity).
AF represents the mass of condensate on, or at, the interior face of the 

sheathing.
AS represents the mass of water stored, or accommodated, within the sheathing 

including any condensate at the face of the sheathing wrap (if any).
AX represents the mass of water discharged from the sheathing or sheathing 

wrap (if any) and presumably drained or otherwise dissipated.

Clearly drying is a dynamic and relatively complex process. Moreover this project, while 
ambitious in terms of scale and variables, was not directed at measurement and 
quantification of all the above properties. From the data that has been recorded it is 
possible to quantify:

• AW at least during phases P to T and T to Ew. By quantifying the 
drying rate, in per cent moisture content per day, it is relatively simple to 
determine the amounts of moisture involved for a specific situation.

• AC but only for the later, stable levels of drying since monitoring only 
started sometime after the wood drying process actually began.

• AS but only the nature of moisture storage within the wood-based 
sheathings.

In a dynamically stable situation, i.e., where the drying rate is constant and AC, AF and AS 
are not varying, it follows that AW = AX and there is continuity of flow. Provided both 
interior and exterior environmental conditions remained constant, this is probably what 
could occur during the phase T to Ew.

The stud space serves to store moisture and to transfer moisture, hopefully without 
generating a problem. The potential for water vapour storage is dependent upon the air 
volume in the cavity and the mean temperature and the relative humidity within the stud 
space. Since both the moisture load and the volume in this project are dependent upon the 
framing lumber, it follows that volume is not an issue here as both are similarly dependent 
upon stud size.

With the data that has been recorded two important issues can be addressed in quantitative 
terms, namely the storage role of the stud space in relation to the actual moisture load due to 
wood drying, and the effect on the stud space of the various sheathing options.

104



6.3.2 Storage Capacity

Drying rates were discussed previously (see Tables 6.4 and 6.5). For the purposes of 
simple illustration, consider a drying rate of 1.0 per cent moisture content per day. For a 
typical 2x4 wall this represents a wood moisture loss per stud space of about 40 grams per 
day; 63 grams per day for a 2x6 wall system.

The volume of a typical stud space is about 0.08 m3 and 0.12 m3 for a 2x4 and 2x6 wall 
respectively. For a temperature of 10°C and a R.H. value of 50%, the density of air in this 
stud space is 1.24 kg/m3- It follows that the mass of air in the stud space would have been 
about 0.1 kg and 0.15 kg for a 2x4 and 2x6 wall respectively. Reference to a 
psychrometric chart will show that at 10°C the total amount of water vapour that can be 
accommodated (at 100% RH) within a stud space is about 0.8 grams and 1.2 grams 
respectively. Clearly the storage capability of the air in the stud space relative to the 
magnitude of the loading due to wet wood is small. The stud space serves, therefore, 
primarily as a waiting room or a low-capacity reservoir for moisture and, as in any waiting 
room, the RH and the temperatures, especially of the containment surfaces, are important.

6.3.3 Stud Space Variables

To obtain some idea of conditions within the stud spaces, consider the properties listed in 
Table 6.7, which is a summary of information developed in Chapter 4. These data are a 
simplification of a highly dynamic situation and represent the averaged condition over the 
6-week period between day 22 and 64 of monitoring. Much of the T - Ew drying took 
place during this period of time. The following points should be noted:

i. The use of an insulating sheathing ensures higher temperatures within 
the stud space. The difference is of the order of 2 to 4°C. However, 
what is more significant is that, with a non-insulating sheathing, the 
temperature of the sheathing is low enough to readily promote 
condensation.

Given the amount of water given up by the wood drying, this 
condensate could be a problem. Provided this condensate remains as 
frost, it may not be an immediate problem. For instance, it is possible 
that the main reason panel SI performs so differently from N1 is that, 
being on the south side, the condensate on sunny days becomes liquid, 
thus wetting the insulation, sheathing paper and, perhaps, the lower 
plate. RH levels, mean temperature and moisture content levels in SI 
are higher and more variable than in N1 and there was visible evidence 
of moisture accumulation in the stud space when SI was opened.

It is quite possible, given the prevailing weather conditions, that if any 
condensate did form in panels such as N1 it managed, at a later date, in 
steadily warming weather, to be reabsorbed, transferred and then
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VINYL OR MEAN TEMP. TEMP. TEMP.
PANEL BRICK WOOD RELATIVE CENTRE OF STUD SPACE SHEATHING COMMENTS

NO. CLADDING SIZE HUMIDm! VERT. STUD
(%) (Q (C) (C)

N1 V 2x6 47.6 8.3 9.74 1.36 gypsum lath
SI V 2x6 -54.2 10.15 3.5 gypsum lath

N2 V 2x6 45.9 8.13 1.57
S2 V 2x6 54.4 8.13 10.24 5.65
E2 B 2x4 55 11.01 8.35
W2 B 2x4 54.7 10.91 6.27

N3 V 2x6 49.8 7.18 8.44 -0.2 balsam fir
S3 V 2x6 53.8 8.14 2.34 balsam fir
E3 B 2x4 50.4 11.49 5.91
W3 B 2x4 47.1 10.70 6.6

N4 V 2x4 39.9 10.17 11.06
S4 V 2x4 46.5 12.85
E4 V 2x4 43 12.22 12.83
W4 V 2x4 45.2 12.21
El B 2x4 46.7 13.18
W1 B 2x4 46.1 13.01

N5 V 2x4 60.6 10.23
S3 V 2x4 60.7 13.00 13.60
E5 B 2x4 69.9 14.01 rain penetration
W5 B 2x4 54 14.38 14.10
E6 B 2x4 63.7 14.91
W6 B 2x4 61.4 13.37

N6 V 2x4 57.5 12.05 15.46
S6 V 2x4 60.8 12.95

TABLE 6.7 - STUD SPACE CHARACTERISTICS - MEAN DAILY VALUES 
OVER 6 WEEK PERIOD (DAY 22 TO DAY 64)
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discharged. Note that panels N2 and S2 also have rather different 
drying patterns in that, prior to T, panel S2 is coping with much greater 
amounts of water (see Table 6.5).

Reference should be made to section 4.7 in Chapter 4 where RH 
considerations are discussed in some detail. It was clearly evident that, 
with temperatures of about 12 to 15°C and RH values of the order of 
about 60%, the sets of panels number 5 (EXPS) and 6 (trilaminate 
polyisocyanurate) were storing nearly twice as much water as vapour 
than all other panels, including those with glass-fibre sheathing. The 
reason for this is that, with slower rates of drying, these panels may 
need to store moisture in the stud space. Provided there is no 
condensation, there is no problem, and in these panels with insulating 
sheathing all temperatures seem to be satisfactory.

ii. With regard to coping with construction moisture, the use of brick 
cladding provides a more favourable environment than a vinyl, or, for 
that matter, any light-weight, contact-attached cladding. Light-weight 
contact cladding,when coupled with a non-insulating sheathing (e.g., 
panels Nl, SI, N2, S2, N3 and S3), will obtain little benefit from the 
moderating effect of the storage of passive solar energy, wind and rain 
screening, discontinuity of contact, etc. On the other hand the range of 
temperatures through which the sheathing will cycle is much greater, 
particularly on the north and south faces.

iii. Orientation has an important bearing on the stud space. The north face 
generally has the lowest temperature levels and the lowest RH levels.
Other things being equal, a north-facing wall will have little if any solar 
radiation and, for a N60W prevailing wind, will have to accommodate 
in winter an infiltrating, cold, steady wind. The difference in 
temperatures and RH within the stud space are evident in Table 6.7.
With mean sheathing temperatures of near or less than 0°C and RH 
levels in excess 50%, it is inevitable that some condensation occurs 
within the stud space, principally on the inside face of the sheathing.
With insulating sheathing, this situation within the stud space is much 
less likely to occur.

6.4 Moisture Beyond the Stud Space

Moisture from the framing lumber, having passed into the stud space, must then be 
transferred to the inside face of the sheathing, into and/or through the sheathing and onto 
and then beyond the wrap or building paper. There are five issues to discuss, namely 
condensation at the inside face (AF), the storage, diffusion and air leakage capabilities of 
the sheathing, and what happens at the sheathing and wrap (or building paper) interface.

(
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i. Conditions at the inside surface of the sheathing have already been 
discussed in some detail. It is evident that in some panels condensate 
occurred. However, in only one panel, SI, was this a significant 
problem.

ii. Some sheathings have little or no ability to store moisture, e.g., 
extruded polystyrene and trilaminate polyisocyanurate are both nearly 
water and vapour impermeable.

However, the non-insulating wood sheathings readily absorb, store and 
discharge moisture. It should be appreciated that the volume of a 2x4 
wood stud contributing moisture to a single stud space (0.01 m^) is 
slightly less than the volume of the 7/16” thick sheathing and, 
depending on water and vapour permeability, it is quite possible for this 
sheathing to store much of the moisture given up by the framing lumber. 
Precisely how much moisture is stored will depend upon the material, 
the thermal conditions, the initial moisture content, etc. Although it is 
obvious, it also needs to be emphasised that the wood-based sheathings, 
being relatively thin and having maximum surface area, are well 
configured to absorb, store and discharge moisture.

With absorbent paper, the gypsum lath product experienced problems. 
Exterior gypsum sheathing, on the other hand, is covered by a water 
repellant, water impermeable paper finish that is stated to be relatively 
permeable for water vapour flow. Without additional information or 
testing, it is difficult to assess its actual storage and vapour diffusion 
capabilities.

The glass-fibre board would appear to have the ability to store both 
water and water vapour. It is known that water is adsorbed (0.2% by 
volume when exposed to 49°C (120°F) and 95% RH). This is stored 
on the surface or, if conditions are right, would be converted to vapour. 
The glass-fibre board could almost be considered to be an extension of 
the stud space with fibreglass batt insulation, increasing the volume for 
water vapour storage.

iii. The role of diffusion as a means to move water vapour varies for each 
of the sheathings. For built-in moisture, the vapour pressure differential 
between the stud space and the outside and the associated downstream 
vapour resistance are important (see Tables 6.1 and 6.2). Because the 
stud space relative humidities are high, the vapour pressure differential 
in cold weather is significant and diffusion is an important vehicle for 
moisture movement. As previously mentioned, the trilaminate 
polyisocyanurate is essentially vapour impermeable. At the other 
extreme, glass-fibre board is relatively permeable and has little, if any, 
resistance to water flow. RH measurements in the stud spaces for all
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the associated panels (N4, S4, E4, W4, El and Wl) are low, 
suggesting excellent venting of wood moisture on the part of the glass- 
fibre board sheathing. The water vapour diffusion characteristics of the 
other sheathings are given in Table 6.1 and are seen to be between the 
two extremes of polyisocyanurate and glass-fibre board.

iv. Another property related to the transmission of moisture through the 
sheathing is the potential for air movement or leakage. Given that the 
panels with extruded polystyrene and trilaminate polyisocyanurate 
successfully permit drying of the framing lumber and, since neither is 
conducive to vapour diffusion nor storage, it follows that die main 
discharge mechanism must be air movement. However, each panel is 
well-sealed to the inside and some are relatively well sealed to the 
outside (by means of sheathing and building paper). There cannot be air 
flow from or to the interior. Therefore, any air movement may involve 
contained air, (e.g., convection upstream of the building paper) or 
replacement air (e.g., due to wind effects) or both.

It was evident that the extruded polystyrene (EXPS) permits faster 
drying rates than the trilaminate polyisocyanurate (Tri. Poly). The 
reasons for this are as follows (refer to Table 6.2):
• The EXPS has twice the length of joint since the panels are 

610mm (2’) wide instead of 1220mm (4’).
• The joint is a shiplap joint, and, if laterally tight, the joints could 

theoretically remain sealed when joint movement occurs. 
However, the joints do move and it is unlikely that adjacent 
panels are laterally tight. EXPS has a coefficient of thermal 
expansion and contraction that is an order of magnitude greater 
than that for most of the other sheathing materials. These panels 
were built at 20°C and in January and February the sheathing 
operates at about 0°C. Contraction is of course volumetric, and 
the" following rough calculation demonstrates the extent of the 
additional leakage area that could develop:
vertical in-plane equivalent crack width = 63 x 10‘6 x 20°C x 600mm

i.e., 0.75mm
out-of-plane equivalent crack width = 63 x 10'6 x 20°C x 38mm x 0.5

i.e., 0.025mm
and the equivalent leakage area per = (0.025 x 4880mm) / 3m2

i.e., 40mm2/m2 = 0.4 cm2 /m2
With reference to the measured air leakage areas in Table 6.2, it 
will be noticed that the NLA (normalized leakage area) for the 
panels N5 and S5 is 2.75cm2/m2> while that for N6 and S6 is 
1.55cm2/m2. Thus, for the same construction condition it is 
evident that the NLA for the panels with EXPS sheathing is
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significantly greater than that for butt jointed, non-taped, 
laminated polyisocyanurate panels.
Behind a brick veneer wall the NLA for the EXPS sheathing is 
even greater than behind the vinyl siding. This is probably due 
to the much greater constraint offered by the vinyl and its 
attachment . Furthermore, these NLA values are based on 
pressurization testing in November. Depressurization and warm 
weather testing would probably yield different numbers.

v. Unfortunately, we have not monitored, nor have we had a chance to 
observe, the interface between the sheathing and its wrap (building 
paper or otherwise). Thus, we do not know what the consequences 
were of diffusion or air leakage into this space.

Prior discussion has demonstrated a few very important issues. Firstly, moisture control, 
insofar as the sheathing is concerned, is contingent upon the simultaneous contribution of 
at least three properties namely:

a) absorption, adsorption and the potential for storage

b) vapour resistance or permeability and the potential for diffusion

c) equivalent leakage area and the potential for air movement

Other related considerations are the magnitude of the various pressure differentials and the 
moisture loads involved. Secondly, it follows that no single property suffices as a measure 
of moisture control potential. Thirdly, the extent of this potential is time dependent in that
a) and c), and possibly b), vary. For example, if EXPS sheathing is used, then to control 
moisture during in-service exfiltration, the maximum air leakage area will be available when 
the vapour drive is the greatest, i.e., when the weather is coldest. The air leakage 
properties of a wall are also likely to change with time, e.g., as the wood dries There is 
really not much point in trying to use air leakage readings or any other single property 
measured under non£representative conditions, to categorize likely performance under other 
conditions.
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7 COMMENTARY

7.1 Project Goals

At the outset, the Advisory Committee developed a series of goals for this project The test 
results are discussed in relation to each specific goal in the sections that follow. In this 
discussion, the performance of the following panels has to be qualified or discounted:

E5: Test results are invalid because of wetting due to the ingress of
exterior water.

N3, S3: The results for this pair are largely discounted because of the
difficulties experienced in measuring the moisture content of balsam 
fir. The moisture content values for the studs and, possibly, the 
bottom plate are not representative of the values obtained in the other 
panels.

Nl, SI: These test results have to be qualified because the use of interior
gypsum lath board as exterior sheathing is neither good nor 
recommended practice. Both sides of the gypsum lath is covered 
with a water absorbent paper and is intended for interior plaster 
applications. The results, however, are of value, though they do not 
reflect on the performance of exterior grade gypsum sheathing.

7.2 Moisture-related Performance (Goal 1)

The primary objective of this project was to assess the performance of various wall systems 
with regard to the use of wet framing lumber in South-western Ontario. To do so, the 
general requirements used for this assessment have to be identified. The relevant 
performance requirements are as follows:

1. Microbiological considerations—specifically, fungal consequences such
as:
a) sapstain that causes discoloration
b) moulds that contribute to health concerns
c) decay organisms that affect structural integrity
d) period of time spent above 25% moisture content. Conditions 

that promote mould growth are a function of temperature, 
relative humidity and numerous other factors. To use 25% 
moisture content is only a crude measure of whether conditions 
are favourable for fungal growth.
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2. Measurable drying of the framing lumber down to 19% and 
subsequently down to an equilibrium moisture content. This 
requirement is to ensure that wood drying can and does occur. This 
applies to all the framing lumber involved.

3. Avoidance of water problems. Over and above fungal hazards, there is 
the general requirement that no visible or deleterious water leakage 
should occur, and that thermal, structural or other properties of the wall 
system should not be adversely affected by water or humidity or icing.

4. Related considerations such as paint peeling and nail popping.

The performance of each test panel was systematically assessed with regard to requirements
1,2 and 3 above. If reference is made to Table 7.1 and the Forintek report (Appendix 5), it 
is possible to draw the following conclusions:

i. Panel SI, with the gypsum lath board and vinyl cladding, did not 
perform satisfactorily; mould and considerable water were present 
nearly one year after starting the project. Continuous periods of 
saturation obviously occurred. This is the only test panel that clearly 
exhibited inadequate drying performance of the vertical stud. However, 
when the siding and building paper were removed (and immediately 
replaced) from N1 and SI after 17 months, there were numerous signs 
of mould and corrosion of fasteners, indicating lengthy periods of 
saturation of the exterior paper coating. The gypsum industry is 
demonstrably correct when it says that the lath product should not be 
used as exterior sheathing.

ii. Thermal conditions strongly suggest that in panels N2, S2, N3 and S3, 
some condensation had occurred. There was some slight evidence of 
frozen condensate in some of these panels (typically batt insulation 
adhering to the sheathing) as well as in N5, S6 and E6. There was no 
evidence that this condensate had in any way caused or was likely to 
cause a problem.

iii. There is some correspondence between fungal growth and other 
observations, but it is very difficult to make any definitive statement 
regarding the quantitative significance of the microbiological testing. 
Microbiological testing identified only one panel (S4) where a wood 
decay fungus was isolated. The Forintek report indicates that there may 
well be similar fungi in other panels but, does not quantify the situation 
or provide any clear-cut statement as to the significance of the fungal 
hazard.

iv. Disregarding panels Nl, SI, N3, S3 and E5, it may be concluded that 
all test panels performed adequately. Although all panels were tested
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PANEL
NO.

MAX.
SAPSTAIN

RATING
0=ZERO

5=TOTAL
a

MOULD
(AIR

QUALITY
ETC.)

b

WOOD
DECAY
ORGAN

ISMS
c

PEAK
MOISTURE
CONTENT
VALUES

DAYS
ABOVE

25%;
STUDS
ONLY

d

SLOW DRYING
OR REWRITING

e

INSPECTION -
VISIBLE EVIDENCE

OF: 1 SUMMARY
COMMENTSTUDS

ONLY
BOTTOM

PLATE
MOULD,
MILDEW

ETC.

CONDEN
SATE

N1 1 32 18 • gypsum lath
SI 1 •? 35 215 • • • gypsum lath

N2 1 • .? 23 7 - • •

S2 2 ? 36 19 • •

E2 3 25 14
W2 4 30 26

N3 1 44 116 .? • Balsam fir
S3 2 • 36 73 ? Balsam fir
E3 3 • 34 17
W3 3 .? 28 11

N4 3 42 20
S4 3 • 39 17 •

E4 3 28 17 •

W4 4 • 29 40
El 4 • 30 45
W1 .4 36 29

N5 4 .? 29 15 • •

S5 3 • 29 25 • •

E5 3 36 120 • • • Rain penetration
W5 3 • 27 11
E6 2 28 18 •

W6 4 27 31 •

N6 3 23 0 •

S6 3 • 22 0 • .

TABLE 7.1 - PERFORMANCE ASSESSMENT TABLE

a. Sapstaining: discolouration and indicator of potential for fungal growth (see Appendix 5).
b. Hazardous mould (Paecilomyces Variotii for air quality). Air Sampling (phase 2) provided no evidence of a problem

(see Appendix 5).
c. Oidiodendron sp., Gliocladium Viride, Basidiomycete (see Appendix 5); 'isolated, ?possibly
d. Period above 25% is conducive to mould growth.
e. See sections 6.2.4 and 6.2.5, and Appendix 3A.
f. See section 5.3.
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with relatively high built-in moisture loads at the worst time of the year 
and under extreme winter conditions, each panel dried down to an 
equilibrium level well within the monitoring period. There is no reason 
to suppose that subsequent response, i.e., dealing only with the control 
of in-service moisture loading, should not be satisfactory as long as the 
appropriate upstream air and vapour control are provided.

With regard to Goal One, Section 2.1, it can be concluded that in this project, which was 
conducted for South-western Ontario conditions, satisfactory drying of the initially wet 
lumber did occur. However, some wall systems performed better than others. In 
disposing of wood moisture there is little—if any—cycling of moisture content except that, 
upon closure, the initial redistribution of moisture can give rise to an apparent wetting at 
some locations in the framing lumber. Some evidence of below-fibre-saturation rewetting 
was evident on the bottom plates, but subsequent drying satisfactorily dealt with this 
second cycle.

7.3 Development of Field Data (Goal 2)

One challenge in this project was the effective handling, storage and analysis of the wealth 
of data collected. It is available on disk and, once funding is obtained, it can be used to 
assess the WALLDRY program. Apart from lack of measurements of solar radiation, there 
are more than enough field data to permit computer simulation of the various panels.

7.4 Cladding (Goal 3)

The only panels that permit direct comparison, because the only variable is the cladding, are 
the pairs E4 and W4 (vinyl) and El and W1 (brick). These were panels with insulating 
glass-fibre board sheathing. Results for wood drying indicate that in the two vinyl-clad 
panels the vertical stud dried faster than in the two brick clad panels. Everything else being 
equal, it would appear that on the east and west faces, vinyl cladding would cause the studs 
to dry at a slightly faster rate than brick cladding. However, in general, the framing lumber 
in panels with glass-fibre board sheathing dried fastest, and in all four of the above panels 
the drying rate is more than adequate. It is the effect of the cladding on thermal and RH 
conditions within the wall that may be of more consequence.

The choice of cladding does have a bearing on the performance of a wall system. 
Although both the vinyl cladding and the brick veneer constitute the vented screen portion 
of the enclosure, their effects are somewhat different. The vinyl cladding, or any 
lightweight, contact-adhered cladding, will do the following:

i. Cause the wall (downstream from the vapour retarder) to be more air 
tight. This increased airtightness occurs on account of the constraint to 
the sheathing wrap and to the sheathing provided by the method of 
attachment. The increased airtightness may not be advantageous with
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regard to discharge of moisture from within the wall and may be a 
contributor to a potential moisture related problem.

ii. When vinyl cladding is used in conjunction with a non-insulating 
sheathing, the temperature levels at the inside face of the sheathing can 
be low enough in winter to promote condensation. This could be a 
problem if the construction moisture load is high. However, it should 
be realized that, in many walls, condensation can and does occur 
without generating a problem. If the drying phase over the period of a 
year is adequate and the period of continuous saturation is not long 
enough to cause a fungal hazard, then there is not likely to be any 
problem.

Conversely, a lightweight cladding combined with non-insulating 
sheathing cycles in step with the external thermal conditions. Heat gain 
from solar radiation will have the effect of increasing the temperature 
levels, which can melt frozen condensate. The vinyl siding must be 
installed in accordance with manufacturers’ guidelines in order to 
provide proper drainage and ventilation.

A brick veneer does have a number of advantages insofar as wood moisture drying is 
concerned. For example:

i. The brick has thermal inertia and can absorb solar radiation. Because 
the brick is not in direct contact with the sheathing, the. thermal 
environment behind the brick is moderated significantly, i.e., extremes 
are reduced and some thermal lag might occur. With vinyl, the transfer 
of radiative heat is instantaneous and can cause condensate that has 
accumulated as ice or frost, to melt.

ii. The brick is a better screen against wind chill. Theoretically, in a 
vented/screen system, pressure equalizes across the screen and air 
pressures are the same across either a vinyl or a brick screen. However, 
the brick cavity is much larger than that for the siding because the latter 
is directly applied to the sheathing while the brick is not in close contact 
with the face of the sheathing.

7.5 Stud Size

If the moisture load is provided solely by the framing lumber, then the moisture load and 
stud space volume are both proportional to stud size. Stud size, however, does make a 
difference, as stud space storage is of only secondary importance in the drying process. 
The more wood, the more water there will be.

All the 2x6 stud walls employed a non-insulating sheathing and vinyl siding, but note that 
in this project these studs were at 400mm (16”) rather than 610mm (24”) spacing. Thus,
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for the same moisture content and 400mm (16”) spacing, the stud moisture load will have 
been 50% greater than with a 610mm (24”) stud spacing. None of the 2x6 systems mirror 
the larger spacing, so there is little experimental evidence as to the relevance of stud size in 
this project According to the microbiological report, there was much less sapstaining on 
the 2x6 lumber compared to the 2x4 material, but this may have had more to do with the 
delivered condition of the wood than anything else.

A larger stud accommodates more batt insulation, but this does not significantly affect the 
temperature at the sheathing interface. Because 2x6 studs are not usually found in 
conjunction with insulating sheathing, this is perhaps the main relative disadvantage of the 
larger stud insofar as the control of construction moisture is concerned. This moisture is 
more likely to condense on the sheathing surface, wetting the sheathing and perhaps the 
insulation. There are, of course, many other arguments for and against using 2x6 studs or 
2x4 studs, but they are not pertinent to this study.

7.6 Orientation (Goal 4)

Orientation-dependent considerations largely pertain to the independent effects as well as 
the combined effects of wind, solar radiation and rain. Rain (i.e., incidence, amount and 
nature) was not a consideration here, but solar radiation and wind were of importance.

In South-western Ontario the prevailing wind direction is N60W; thus the north and west 
faces are the windward faces. Wind gives rise to exfiltration on the two leeward faces. 
With building paper as wrap to the sheathing, one would expect the leeward sides to have 
larger air leakage areas than those on the windward sides, because the suction would pull 
the materials away from the wall. However, it was found that the panels on the windward 
sides have larger air leakage areas than those on the leeward. This is likely due to the fact 
that the wind pressures on these faces are much greater, which causes the sheathing 
materials to deform more (perhaps bowing between the studs) and enlarges the joints in the 
sheathing. This effect is much more noticeable with a brick veneer than with a vinyl siding 
because the vinyl is in contact with the wrap.

On balance, drying rates are faster on the west than the east, but the difference is slight and 
not entirely consistent. Similarly, south facing panels seem to dry faster than those on the 
north for a glass-fibre board sheathing, but the opposite seems to hold for other sheathing 
materials.

Since orientation involves an unpredictable combination of at least two factors, wind and 
sun (both of which have both primary and secondary effects on each face) and since only 
one set of panels had orientation as a variable, it is difficult to reach any categorical 
conclusion. It is, however, important to note that the choice of cladding has a significant 
influence on the relevance of orientation. For instance, vinyl cladding transfers the full, 
immediate effect of solar radiation (if any) and wind.

116



An analysis of variance approach (ANOVA) was used to determine whether orientation was 
a major factor in determining the drying rates of the wood. It can be shown that statistically 
there was no consistant significant difference between the drying rates on the east and west 
faces, nor between the north and south faces. On the basis of the four identical vinyl-clad, 
glass-fibre board sheathed panels (one on each face of the building), there appears to be no 
significant difference between the drying rates, although more data are needed to be 
conclusive.

1.1 Sheathing Material

Based solely on their suitability for use.in wall systems where there are likely to be high 
construction moisture loads, it may be concluded that:

i. An insulating sheathing is to be preferred to a non-insulating sheathing 
because, for construction during cold weather, the temperature levels at 
the various interfaces and within the stud space are likely to be higher 
than for a non-insulating sheathing. In a South-western Ontario winter, 
this temperature difference can be critical because the inside face of the 
sheathing can stay below 0°C and moisture can accumulate as frozen 
condensate. This does not necessarily lead to a moisture related 
problem.

ii. The glass-fibre board sheathing does permit the fastest drying to occur. 
However, the other insulating sheathing materials served the same 
purpose quite satisfactorily.

iii. Both the wood-based sheathings, fibreboard and waferboard, provide 
satisfactory conditions for moisture drying. They both have the 
advantage of being, in the short term, absorbers, accumulators and 
dispersers of moisture. This ability to store moisture can be of great 
advantage in dealing with moisture movement, provided, of course, 
there is also drying of the sheathing.

iv. The use of a non-insulating sheathing and a light-weight, contact 
attached cladding, such as vinyl or aluminum siding, does create a 
situation that, for winter construction, has the following characteristics.
These wall systems will have to contend with relatively low interfacial 
temperatures in winter, the rapid transfer of radiative effects, and the 
influence of wind chill. These are all factors that might detract from the 
use of a non-insulating sheathing together with a lightweight cladding. 
However, it should be emphasized that in this study, those systems with 
wood-based, non-insulating sheathing and vinyl siding did not exhibit 
any moisture problems.
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v. The use of gypsum lath board as an exterior wall sheathing is not 
advocated by the industry, nor do we recommend it. In fact, the 
gypsum industry advocates the use of an exterior grade gypsum board 
with water-repellent paper coatings. Our experience conducting this 
project suggests that even an exterior grade gypsum board has some 
characteristics that are less favourable when it comes to disposing of 
built-in moisture in winter, especially when used in conjunction with a 
lightweight, impermeable, contact-type cladding. Exterior gypsum 
sheathing has little thermal capacity and condensate or frost may 
accumulate because of this water-repellent coating. While there may be 
some potential for moisture storage, a high moisture content in the 
gypsum is not desireable.

These remarks about sheathing material should not be taken out of context; they are 
predicated on a South-western Ontario climate, relatively high wood moisture loads, winter 
construction and various other experimental conditions. A large initial load was imposed in 
winter and about 12 months of service have been monitored. Longer-term, in-service 
moisture loads and their effects on material performance, especially hygroscopic materials, 
have not been considered.

7.8 Time to Closure (Goal 5)

Some time must elapse between the installation of a piece of framing lumber and closure of 
the wall. The day of installation is probably the day when the piece of wood is taken off 
the pile of lumber. Closure occurs on the day when the drywall goes on, and it usually 
occurs after the roof has been covered. This time period varies. It is.important because 
beneficial drying, especially when the moisture content is above fibre saturation, will 
occur.

If the NBCC were followed so that at the time of installation all lumber had a moisture 
content of 19% or less, it is highly unlikely that there would be any problems due to wood 
moisture in South-western Ontario. Nineteen per cent is well below fibre saturation.

Bearing in mind that monitoring of the test panels was initiated sometime after closure 
(between 3 and 7 days), it follows that this project does not, nor could it, really address 
this issue. Instead, an indirect attempt to do so was made by testing two pairs of wall 
panels (E5, W5, E6 and W6) that were identical in all respects, except that the sheathed 
framing for the one pair (E6 and W6) was subjected to two 5-day periods of exposure. 
During the first period, the frames were placed upright in the open; in the second period the 
frames were covered against precipitation (i.e., roofed over), but were otherwise fully 
exposed to the elements. Over this 10-day period the weather was extremely cold, and the 
frames and internal moisture were probably frozen.

Comparing the installed performance of the two sets of panels was not made any easier 
when the E5 panel suffered rain penetration. The relevant moisture contents at the various
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stages are listed in Table 7.2. Notice that during pre-conditioning (i.e., the period prior to 
monitoring) there was some wetting and some drying. Between being exposed and being 
brought in again, the range in moisture content was not particularly significant. In fact, 
given the weather, this was probably the worst possible time to assess the physical effects 
of construction-related wood drying. However, being brought in from the cold, then 
instrumented and closed in at about 22°C, and then installed in the test hut caused the 
moisture content to decrease substantially. Based on their initial, monitored moisture 
contents, it would appear that the desired test conditions had been realized since the two 
pre-conditioned panels (E6 and W6) had lower wood moisture contents than a similar test 
panel (W5).

Comparing the performance of identical panels with different initial moisture levels, it is 
evident that, with regard to drying, all the panels performed satisfactorily. Both E6 and 
W6 dried relatively quickly, i.e., the studs and both plates. W5, which had the higher 
moisture levels, also performed well; only the top plate, for some unknown reason, dried 
slowly. On the other hand, the vertical stud in W5 dried very quickly. All drying periods 
and drying rates for the vertical stud in W5 are much quicker than for the stud in any of the 
other panels with extruded polystyrene sheathing. These three panels with EXPS 
sheathing had no problem handling the moisture loads that were built-in. Drying during 
construction would be of benefit but, for the level of initial moisture content dealt with in 
this project, there is no evidence to suggest that this type of wall system could not handle 
the loads involved.

7.9 Solutions (Goal 6)

Bearing in mind that the wood is not the only source of built-in moisture, there is a very 
simple solution to the avoidance of problems caused by the use of wet framing lumber and 
that is to avoid using wet lumber. Unfortunately, the elimination of cause requires 
political, economic and procedural changes, that take time to be instituted. Practical 
solutions have to address the response, as well as the load portion of the problem. Four 
recommendations that address the load portion of the problem only are:

• Use kiln-dried, surface-dry lumber and avoid wetting it.

• If, during construction, the wood being used is obviously wet or 
obviously subject to fungal growth or both, then either reject it or at the 
very least delay closure until substantial drying (below fibre saturation) 
has occurred. This requires common sense and judgement on the part 
of the framer and builder. One solution, but not always a feasible 
solution, is to reject the framing lumber. •

• Use wall systems that are less likely to develop a construction-moisture- 
related problem. This requires the choice of an appropriate sheathing,
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MOISTURE CONTENT VALUES (%)

OUT
(DEC. 4/89)

IN
(DEC. 14/89)

ATI 
(DAY 3)

ATI 
(DAY 1)

E6 W6 E6 W6 E6 W6 E5 W5

TOP PLATE 33.9 33.2 36.1 43.1 26.7 22.9 28.1 39.3

VERTICAL STUD 32.8 43.3 35.3 34.5 24.9 22.8 36.1 25.1

BOTTOM PLATE 35 43 36.1 33.7 19.7 17.5 23.8 33.1

TABLE 7.2 - MOISTURE CONTENT VALUES FOR PRECONDITIONED 
FRAMING LUMBER IN E5, E6, W5 AND W6
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sheathing wrap, and cladding system. The limited number of wall 
systems tested in this project provide some clues as to how to reduce the 
risk of a problem. However, it should be borne in mind that the control 
of construction moisture is only one of many performance 
considerations in the choice of a suitable wall system.

Follow proper construction practices and take measures to prevent 
external moisture from entering the wall cavity during and after the 
drying period.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

Enclosure elements have to be able to control, accommodate, and withstand moisture from 
three sources, namely:

a) exterior sources - rain, snow, mn-off, etc.

b) interior sources - water vapour, cleaning, etc.

c) built-in sources - wood moisture, etc.

One essential requirement in any design strategy is to reduce, minimize or avoid the 
moisture load. In fact, the various codes and standards and good practice attempt to ensure 
that the nature and magnitude of the moisture loading is, to some degree, addressed. Two 
additional tasks are to design and then build the element in such a manner that the different 
moisture loads from all three sources can be controlled.

This research, development and demonstration project was largely directed at the control of 
built-in moisture loads, i.e., c) above. Although the different moisture loads can all occur 
simultaneously and the mechanics of control for each will be very similar, the moisture load 
due to built-in moisture is very different from a) and b) above. These differences are as 
follows:

Timing: the moisture load is built in and must be dealt with before and 
immediately after the completion of construction.

Duration: the moisture load occurs only once and should be dissipated 
without damage as quickly as possible.

Scale: the amount of moisture can be considerable. For an equilibrium 
moisture content of 10%, the moisture content by weight less 10% is 
indicative of precisely how much moisture needs to be controlled.

Location: the framing lumber and hence the perimeter of each stud 
space will usually be the source of most, if not all, of the built-in 
moisture in residential wall constraction.

Probability of incidence: if the 19% limit specified in the NBCC was 
complied with, the incidence of built-in moisture problems would be 
relatively small because the amount of water to be controlled would be 
small. In reality, the probability of wood moisture contents in excess of 
19% at the time of closure appears to be relatively high. It follows that
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the wall must be designed and built in such a way that it is able to cope 
with or control the anticipated built-in moisture load.

The designer and the builder need to know how this built-in moisture load is controlled and 
what wall systems are best suited to dissipating the moisture and avoiding any related 
problem. This project has confirmed two general conclusions:

(i) Drying of framing lumber is only one aspect of a larger issue, i.e., the 
ability of the overall wall system to control the built-in moisture load.
The drying rate is indicative of the speed of dissipation, but how and 
where moisture is moved and stored are also important—perhaps 
critical—^features of wall performance.

(ii) Control of built-in moisture loads is dependent upon the combination of 
the following characteristics of the wall:
• the wood moisture load (the installed moisture content and 

volume of wood per stud space).
• the stud space, specifically its storage and vapour transfer 

capabilities.
• the sheathing—stud space interface and the potential for 

condensation and accumulation (as water or frost/ice).
• the sheathing, specifically the storage, water vapour 

diffusion and air movement characteristics of the sheathing.
• the “wrap” layer (if any) and its properties with regard to air 

movement, water vapour diffusion, and water 
movement (permeability and surface drainage).

• the vent-screen system and its contribution with regard to 
pressure equalization, venting drying, and gravity 
drainage.

There are thus some 14 properties that collectively contribute to the ability of any wall to 
control built-in moisture. Therefore, in interpreting the results from this project, it is 
important that its context be understood and that any conclusion not be used out of context.

For wood frame construction during winter construction in South-western Ontario, when 
there are high initial moisture contents, it is concluded that:

(i) With most wall systems, but specifically with the 10 systems tested, the 
studs and probably the top and bottom plates can be expected to dry 
down to the 19% level in three months or less and down to an 
equilibrium level of 9 to 12% in five months or less. Usually the 
bottom plate takes the longest time to dry.

(ii) There are two well defined, nearly linear, wood drying rates. Above 
fibre saturation the free moisture is lost quickly and the drying rate is
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relatively fast, whereas below fibre saturation the wood drying rate is 
significantly slower. For each wall system tested, numerical values for 
pertinent drying rates in units of per cent moisture content per day are 
suggested.

(hi) All those wall systems that complied with the suppliers’ requirements 
and were well constructed, performed satisfactorily in that the framing 
lumber dried down to an equilibrium level within a reasonable period of 
time without giving rise to visible moisture-related damage or 
impairment. No significant mould or fungal growth was identified.

(iv) It was confirmed that gypsum lath board should not be used as an 
exterior sheathing. The gypsum industry advocates the use of exterior 
grade gypsum board that is manufactured specifically for this purpose.

(v) Given that wall performance is system dependent, that the wood drying 
rate is only one measure of performance and that in all systems the 
framing lumber dried satisfactorily, it is somewhat redundant to rank 
sheathing material. Nevertheless, the main component variable in this 
test program was the sheathing and, insofar as wood drying is 
concerned, it is evident that:
• Drying was fastest with glass-fibre sheathing.
• Drying was relatively fast with fibreboard and waferboard 

sheathings.
• Drying was less fast with extruded polystyrene sheathing.
• Drying was least fast with the polyisocyanurate sheathing.

(vi) In assessing the overall performance of each wall system, it would 
appear that a wall system incorporating an insulating sheathing and a 
masonry veneer cladding has some advantages over the use of a non
insulating sheathing and a light-weight, contact-attached cladding, such 
as vinyl, aluminum or even a wood-based siding. Based on the results 
of this project, there is no evidence to indicate that either of these types 
of wall systems should not perform satisfactorily in South-western 
Ontario.

8.2 Recommendations

Recommendations arising from this R, D and D project may be categorized as being either 
building-practice oriented or concerned with experimentation or the modeling of enclosure 
performance.
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8.2.1 Building Practice

(i) This project has demonstrated how important it is to think of a wall as a 
system whose performance is a function of the interdependent action of 
its component parts. To qualify a wall or, for that matter, any part of 
the building enclosure by a single component, e.g., the sheathing, is 
inadequate and misleading. This project has also served to confirm the 
importance of boundary conditions—not only the interior and exterior 
environments but also the perimeter conditions, e.g., the bottom plate, 
the top of the insulating sheathing, etc.

Any simple recommendation in support of the above would be 
redundant. An effective way to promote this message might be to 
attempt to ensure that trade literature, technical information from 
associations, research projects and even code clauses acknowledge that 
the physical components, as well as most of the loadings, can and do act 
simultaneously and collectively. It is recommended that such an effort 
be made.

(ii) In South-western Ontario the climate in winter is such that the 
temperature level at the stud space-sheathing interface can be low 
enough for long enough to cause condensation and also to permit the 
accumulation of condensate. For this reason, a sheathing with thermal 
insulating properties is advantageous. On the basis of this project, we 
have no reason to recommend one type of insulating sheathing in 
preference to another. On the other hand, it is recommended that the 
designer/builder have some idea of how the different sheathings 
contribute to the dissipation of built-in wood moisture in a particular 
wall system.

(iii) It has to be acknowledged that the code provision, limiting initial wood 
moisture content to 19%, is routinely violated. It is therefore 
recommended that when a non-insulating sheathing is being used in 
conjunction with a light-weight, contact-installed cladding, such as vinyl 
siding, relatively more attention needs to be paid to the condition of the 
framing lumber to be used. For example, if 2x6 framing lumber is used 
at 400mm (16”) centres, then it is relatively more important that the 19% 
criterion be met. Conversely, one could recommend that relatively more 
effort be made to enforce the NBCC in those situations where there is 
potential for a high built-in moisture load.

(iv) Our experience with the sheathing for panels N1 and SI has been 
salutory. We ordered the correct material (exterior gypsum sheathing) 
but the wrong product (gypsum lath) was delivered and installed, and a 
sample sheet was displayed for well over a year. A more uniform 
coding, or identification, system for gypsum board products would be
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of value. The Advisory Committee recommended that the gypsum 
industry should attempt to develop a uniform and more visible 
coding/identification system.

Since the objective of the experiment was to simulate good building practice, we would like 
to pass on some lessons learned:

• The parging layer covering the sub-grade exterior insulation should, at 
the top of the foundation wall be sloped to drain water (rain, snow melt, 
etc.) outwards.

• For reasons of safety and security, the masonry contractor was obliged 
to turn off the propane heaters overnight; brick mortar freezes in cold 
weather if there is no heat for 14 to 15 hours.

• Horizontal vinyl siding, even if only 1200mm (4.0’) wide, can buckle 
in warm weather if nailed too tight

• Even if a product is correctly ordered, a different product can be 
delivered and even installed.

8.2.2 Modelling Recommendations

(i) In doing experimental work with framing lumber (typically structural 
grade SPF) and wood products, the researcher has to address the 
following realities:
• The measurement of moisture content in wood is rarely exact

and probably not a science. 9
• The combination of wood varieties (in this project jack pine, 

spruce and balsam fir), types of cut (heartwood, sapwood, large 
trees, etc.) and condition upon receipt (surface wetness, 
sapstaining, mould growth) add a number of secondary, non- 
controllable variables.

• The measurement of moisture content in hygroscopic products 
such as waferboard and fibreboard (and also in other sheathing 
materials such as gypsum or glass-fibre board) is difficult.

It is recommended that, in future projects where the performance of the 
framing lumber is not a primary consideration, a much better grade of 
wood (preferably kiln-dried, fine and straight grained) be used in order 
to ensure precision and uniformity.

(ii) Testing full-scale enclosure elements under real conditions has 
considerable merit. One important advantage is that the time scale is 
better modelled, particularly the wetting, drying and transport processes 
for moisture. The time scale is also important with regard to air leakage
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and the attainment of equilibrium conditions. However, it is also 
necessary to track the moisture, and in future work it is recommended 
that additional instrumentation (pressure, temperature and relative 
humidity) be introduced.

(hi) In research there is a need to obtain as much as possible for as low a 
cost as possible. In full-scale building research, one has also to account 
for the vagaries of construction and the variability of materials. It is 
strongly recommended that primary variables be clearly isolated and that 
some replication or confirmatory testing be included in a testing 
program.

(iv) The threshold levels for good performance of wall elements are not well 
defined, and there is much to be gained from also testing wall systems 
that are known not to work. These two issues are related, and it is 
recommended that some effort be directed at defining and quantifying 
good performance.

(v) , More research and testing is needed in order to establish the influence of
both orientation and cladding. More than one identical panel per face (or 
orientation) is needed in order to have statistically significant results 
with respect to the effects of orientation on the drying process. 
Similarly, several panels of identical construction, except for the 
cladding material, are , needed on any given face in order to obtain 
statistically significant results with respect to the effects of different 
cladding materials.

(vi) The demonstration aspect of this research, development and 
demonstration project (R, D and D) must not be overlooked. This 
project has produced significant spin-off benefits, not the least of which 
have been the training of civil engineering students, visits and 
involvement of the local building community, and the active 
participation of various suppliers, manufacturers and associations. It is 
recommended that, where pertinent, this aspect of a project be factored 
into its planning and funding.
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DIARY

Sept. 5, 1989 -site layout began

Sept 7 - 8,1989 -foundation poured

Sept 26, 1989 -framing started

Sept 28, 1989 -concrete work completed

Sept 29, 1989 -windows installed

Oct 11, 1989 -roof started

Oct 24, 1989 -application of metal lath on foundation wall began

Oct 30,1989 -framing lumber for wall panels put in soak water

Nov. 20, 1989 -installation of heating/cooling system began

Dec. 4, 1989 -framing lumber removed from flume (soak water); frames 
assembled and put in fog room

-W6 and E6 had sheathing installed and were put outside

Dec. 5, 1989 -Nl, N2, N3, SI, S2 and S3 panels instrumented, completed and 
taken out to test hut

0
Dec. 6, 1989 -Nl, N2, N3, SI, S2 and S3 panels installed in test hut

-N4, N5, N6, S4, S5 and S6 panels instrumented, completed, taken 
out to test hut and installed

Dec. 7, 1989 -El, E2, E3, Wl, W2 and W3 panels instrumented, completed, 
taken out to test hut and installed

Dec. 8, 1989 -E4, E5, W4 and W5 panels instrumented, completed, taken out to 
test hut and installed

Dec. 12, 1989 -complete monitoring began except for panels E6 and W6 
-brick layers began work

Dec. 14, 1989 -E6 and W6 instrumented, finished and installed

Dec. 18, 1989 -brick layers finished



Dec. 22, 1989

June 25, 1990 

July 23, 24, 1990 

November, 1990 

Nov. 21, 1990 

Nov. 23, 1990 

May, 1991

June 19, 1991

-investigated moisture problem (removed brick) of panel E5

-air sampling of all test panels

-air leakage tests conducted on all test panels

-microbiological testing (sampling) of test panels

-visual observations of test panels (opened)

-removed vinyl siding and building paper (and immediately 
replaced) on panels N1 and S1

-opened panels Nl, SI, N2, S2, N3, S3, E4, W4, E5, W5, E6 and 
W6 prior to replacement

-vapour barrier of test panels sealed to interior



DATE-DAY CONVERSION TABLE

DATP T1A Y nATP nav nATP nav OATF nav nan? nav

December 12 1 February 18 69 April 27 137 July 4 205 September 10 273
December 13 2 February 19 70 April 28 138 July 5 206 September 11 274
December 14 3 February 20 71 April 29 139 July 6 207 September 12 275
December IS 4 February 21 72 April 30 140 July? 208 September 13 276
December 16 5 February 22 73 May 1 141 July 8 209 September 14 277
December 17 6 February 23 74 May 2 142 July 9 210 September 15 278
December 18 7 February 24 75 May 3 143 July 10 211 September 16 279
December 19 8 February 25 76 May 4 144 July 11 212 September 17 280
December 20 9 February 26 77 MayS 145 July 12 213 September 18 281
December 21 10 February 27 78 May 6 146 July 13 214 September 19 282
December 22 11 February 28 79 May? 147 July 14 215 September 20 283
December 23 12 March 1 80 MayS 148 July 15 216 September 21 284
December 24 13 March 2 81 May 9 149 July 16 217 September 22 285
December 2S 14 March 3 82 May 10 ISO July 17 218 September 23 286
December 26 IS March 4 83 May 11 151 July 18 219 September 24 287
December 27 16 March 5 84 May 12 152 July 19 220 September 25 288
December 28 17 March 6 85 May 13 153 July 20 221 September 26 289
December 29 18 March 7 86 May 14 154 July 21 222 September 27 290
December 30 19 March 8 87 May 15 155 July 22 223 September 28 291
December 31 20 March 9 88 May 16 156 July 23 224 September 29 292
January 1 21 March 10 89 May 17 157 July24 225 September 30 293
January 2 22 March 11 90 May 18 158 July 25 226 October 1 294
January 3 23 March 12 91 May 19 159 July 26 227 October 2 295
January 4 24 March 13 92 May 20 160 July 27 228 Octobers 296
January S 25 March 14 93 May 21 161 July 28 229 October 4 297
January 6 26 March 15 94 May 22 162 July 29 230 Octobers 298
January 7 27 March 16 95 May 23 163 July 30 231 October6 299
January 8 28 March 17 96 May 24 164 July 31 232 October? 300
January 9 29 March 18 97 May 25 165 August 1 233 October 8 301
January 10 30 March 19 98 May 26 166 August 2 234 October 9 302
January 11 31 March 20 99 May 27 167 August 3 235 October 10 303
January 12 32 March 21 100 May 28 168 August 4 236 October 11 304
January 13 33 March 22 101 May 29 169 AugustS 237 October 12 305
January 14 34 March 23 102 May 30 170 August 6 238 October 13 306
January IS 35 March 24 103 May 31 171 August 7 239 October 14 307
January 16 36 March 25 104 June 1 172 August 8 240 October 15 308
January 17 37 March 26 105 June 2 173 August 9 241 October 16 309
January 18 38 March 27 106 June 3 174 August 10 242 October 17 310
January 19 39 March 28 107 June 4 175 August 11 243 October 18 311
January 20 40 March 29 108 June 5 176 August 12 244 October 19 312
January 21 41 March 30 109 June 6 177 August 13 245 October 20 313
January 22 42 March 31 110 June? 178 August 14 246 October 21 314
January 23 43 April 1 111 June 8 179 August 15 247 October 22 315
January 24 44 April 2 112 June 9 180 August 16 248 October 23 316
January 2S 45 April3 113 June 10 181 August 17 249 October 24 317
January 26 46 April 4 114 June 11 182 August 18 250 October 25 318
January 27 47 AprilS 115 June 12 183 August 19 251 October 26 319
January 28 48 April 6 116 June 13 184 August 20 252 October 27 320
January 29 49 April? 117 June 14 185 August 21 253 October 28 321
January 30 SO April 8 118 June 15 186 August 22 254 October 29 322
January 31 51 April 9 119 June 16 187 August 23 255 October 30 323
February 1 52 April 10 120 June 17 188 August 24 256 October 31 324
February 2 53 April 11 121 June 18 189 August 25 257 November 1 325
February 3 54 April 12 122 June 19 190 August 26 258 November 2 326
February 4 55 April 13 123 June 20 191 August 27 259 November 3 327
February 5 56 April 14 124 June 21 192 August 28 260 November 4' 328
February 6 57 April 15 125 June 22 193 August 29 261 November 5 329
February 7 58 April 16 126 June 23 194 August 30 262 November 6 330
February 8 59 April 17 127 June 24 195 August 31 263 November? 331
February 9 60 April 18 128 June 25 196 September 1 264 November 8 332
Febmary 10 61 April 19 129 June 26 197 September 2 265 November 9 333
February 11 62 April 20 130 June 27 198 September: 266 November 10 334
February 12 63 April 21 131 June 28 199 September 4 267 November 11 335
February 13 64 April 22 132 June 29 200 September i , 268 November 12 336
February 14 65 April 23 133 June 30 201 September t 269 November 13 337
February 15 66 April 24 134 July 1 202 September 7 270 November 14 338
Febmary 16 67 April 25 135 July 2 203 September £ 271 November 15 339
February 17 68 April 26 136 July 3 204 Septembers 272 November 16 340

1.3
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APPENDIX 2
Details of Moisture Content Measurement 

Technique Using the Electric-Resistance Method



Details of Moisture Content Measurement Technique Using
the Electrical-Resistance Method

The following is a description of the method used in this study for measurement of the 
moisture content of wood. An explanation of the measurement technique is given, 
followed by the conversion of the measured voltage into a moisture content. These 
values must then be corrected for both temperature and species. The method of 
correcting for these is also described.

It is known that if a voltage is applied between two pins (Delmhorst 496C insulated 
contact pins) the drop in voltage can be measured, translated into a resistance, and 
subsequently translated into a moisture content. The circuit for this procedure can be 
shown schematically (from Sciemetric Notes, Oct. 24,1989, N. Sheaff):

+ volt 
ouput to 

- A/D 
channel

where Rw is the resistance of the wood; Rp is the protection resistor (in case pins are 
shorted); the triangle is the protection diode which "clamps" the voltage to a 5.1V 
maximum if pins are shorted; Rs is the sensing resistor, E is the supply voltage; the data 
acquisition equipment represents the location where the panels are connected to the 
monitoring equipment.

The above diagram can be simplified to:

E0
+
V

> 2.1



so that in terms of Ohm's Law we can say that:

E - IRtot

E = I(RW + Rp + Rs) 

I = E/(RW + Rp + Rg) (1)

and

V = IRS

I = V/Rs (2)

For the same current (I), equate equations (1) and (2):

V_ Rs 
E Rw+Rp+Rs (3)

where E is the known constant voltage input and Rs and Rp are known resistors. 
Therefore, in terms of the resistance of the wood:

In our case, Rp = 100180 O, Rs = 100250 O and E 13.324 V.

In order to translate the resistance of wood into a moisture content, a Delmhorst Meter 
was used. The Delmhorst Meter (model RC-1D) involves, in simple terms, the probe 
and the meter. The probe hooks up to the meter and consists of two pins. When the 
pins penetrate wood, a voltage is passed through them and a moisture content is read 
directly from the meter. Since water is a conductor, the principle is: the more moisture, 
the lower the resistance.

In order to find the relationship between resistance and moisture content, a series of 
resistors was used. The exact resistance across the resistors was measured. The 
resistors were then placed across the pins of the Delmhorst meter and the associated 
moisture content read. The results from this calibration were plotted (moisture content 
(%) versus the log (base 10) of the resistance (k£2)). Now, given a resistance, Rw, a 
moisture content can be established, and later corrected. A fifth-order polynomial 
equation was found to fit the curve when log(Rw)is less than 4. When log(Rw) is 
greater than or equal to 4 a linear approximation was established.

(4)



For log(Rw) <4

M = 622.34 - 896.79(log(Rw)) + 535.02(log(Rw)2 - 156.95(log(Rw))3 +
22.441(log(Rw)4 - 1.2503(log(Rw))5 (5)

Forlog(Rw)>4

M = 30.75403 - 3.68473(log(Rw)) (6)

7.7.1 Species and Temperature Correction

In order to calculate the corrected moisture contents, the following equations were used 
[5]:

Me = (S - 0.00811) M + (.57 - .043 t) (7)
if M is below fibre saturation

Me = (3 - 0.028 t) M - 25 
if M is above fibre saturation

where M is the uncorrected moisture content (eq. (5) or eq. (6)), t is the measured 
temperature at that location and S is the appropriate species correction factor, where 
S=1.515 for Jack Pine [5], S=1.45 for Spruce [2] and S=1.261 for Balsam Fir [5]. It 
should be noted that, on the advise of Dr. Don Onysko at Forintek Canada Corp., the 
above equation for M above fibre saturation was altered slightly from the one given 
originally [5]. o

Me = (3 - 0.028 t) M - 24.63 (8)
if M is above fibre saturation

The change allows for the fact that the majority of the wood studs are Jack Pine, and 
the equation used in the paper [5] accommodates the fact that it is difficult to identify 
whether the wood is spruce, pine or fir (S-P-F). The resulting difference in moisture 
content between the equation used and that given for SPF is only 0.37% moisture 
content.

The geometric breakpoint (which is the intersection of two linear lines and is not the 
fibresaturation point, as shown in Figure 7.6) is found by equating the above two 
equations, where

(-25.2 + 0.043 t) 
B-(S - 3 + .0199 t) (9)

Equation 9 is used if M is less than B, and equation 10 is used if M is greater than B.



Variation in the Supply Voltage, E

The value of the supply voltage is not perfectly constant As this value (E) is not stored 
on disc, it was determined that E=13.324 V is correct ‘most of the time’. Even so, the 
small fluctuations that do occur in this value (between approximately 13 V and 13.5 V) 
are not critical in the calculation of wood moisture, as shown below:

If, for example, the measured output voltage is V = .04 volts, and E = 13.324 volts, 
S = 1.515, at 20°C, calculate Rw:

Rw = 100.25^ QQ^ j - 100.18 - 100.25 = 33192.845 k£2 

log (Rw) = 4.521

M = 30.75403 - 3.68473 (log (Rw)) = 14.095

Now find the breakpoint (B) where t = 20°C:

B (-25.2 + ,043 t) ,q 
(S - 3 + .0199

since M < B

Mc = (1.515 - .0081 (20))(14.095) + (.57 - .043 (20)) = 18.78 %

(4)

(6)

(9)

(7)

If the measured output voltage is V = .04 volts, and E = 13.5 volts (a variation of 
0.176 V or 1.3%), S = 1.515, at 20°C, calculate Rw:

Rw = 100.25^^J - 100.18 - 100.25 = 33633.945 kQ (4)

log (Rw) = 4.5268

M = 30.75403 - 3.68473 (log (Rw)) = 14.074 (6)

B = 22.39 @ t = 20°C (as before) 

since M < B

Mc = (1.515 - .0081 (20))(14.074) + (.57 - .043 (20)) = 18.75 % (7)



If the measured output voltage is V = .04 volts, and E = 13.0 volts (a variation of 
0.324 V or 2.4%), S = 1.515, at 20°C, calculate Rw:

If, E = 13.0 volts and V = .04 volts, calculate Rw:

Rw = 100.25^!^j - 100.18 - 100.25 = 32380.82 kQ. (4)

log(Rw) = 4.5103

M= 30.75403 - 3.68473(log(Rw)) = 14.135 (6)

sinceM<B @ t = 20°C

Mc = (1.515 - .0081 (20))(14.135) + (.57 - .043 (20) = 18.83 % (7)

The difference in moisture contents, as calculated above, are relatively small when 
considering that each moisture content per hour is an average of ten readings, and these 
hourly averages are further averaged over one day.



APPENDIX 3
Test Results

Appendix 3a — Graphs of Moisture Content versus Time, for all 24 
Panels

Appendix 3b — Tables of Drying Rates (North, South, East and 
West)

Appendix 3c — Graphs of Temperature verus Time, for all 24 
Panels

Appendix 3d — Graphs of Relative Humidity verus Time, for all 24 
Panels



APPENDIX 3a
Graphs of Moisture Content versus Time 

(for all 24 Panels)
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Tables of Drying Rates 

(North, South, East, West)



TABLE 3B1 - DRYING DATA FOR THE NORTH FACE

LOCATION
Initial
MCI

Peak (s 
MCP

able)
Day
Nn

I
MCT
ra,!

Tansilk
Day
No

n
Period

Ec
MCEW

(%)

uilibrii
Day
No.

m W 
Period

Equilil
MCES

(%)

riutn S 
Day 
No.

DR
PtoT

f%Mav

DR
T to Ew

DR
Pto Ew 
7%/davl

DR 
Pto 19 
ra/davl

DR
I to 19

f%/dav1

Drying
Period

P-19%

Drying
Period

T -19%
Nl-top 25.24 26 5 19 21 16 11.5 49 28 9.5 217 0.438 0.268 0.330 0.438 0.312 16 20
N1-center 31.78 34 13 22.5 20 7 13 62 42 11 216 1.643 0.226 0.429 0.600 0.345 25 37
N1-bottom 35.11 37 12 22 22 10 13 62 40 11 216 1.500 0.225 0.480 0.818 0.488 22 33
Stud avg. 21 11 13 58 37 11 1.193 0.240 0.413 0.619 0.382 21 30
Nl-upper 37.29 35.5 11 22 20 9 13 117 97 <11.5 245 1.500 0.093 0.212 0.330 0.305 50 60
N1-lower 32.27 35 11 22 22 11 11 231 209 11 231 1.182 0.053 0.109 02.39 0177. 67 77
OVERALL AVG 22 11 13 104 11

N2-top 21.53 - - 22 8 - 12.4 29 21 11.5 215 - 0.452 0.452 0.500 0.195 6 13
N2-center 25:41 25.5 6 16 21 15 12.5 37 16 12.5 37 0.633 0.219 0.419 0.591 0.401 11 16
N2-bottom 27.. 29 23 12 16.5 21 9 12.5 43 22 11 240 0.722 0.182 0.339 0.667 0.194 6 17
STUD AVG. 18 12 13 36 20 12 0.678 0.284 0.403 0.586 0.263 8 15
N2-upper 22.14 22 1 16 10 9 11.5 28 18 10 230 0.667 0.250 0.389 1.000 1.047 3 3
N2-lower 37.05 39 11 20 20 9 13 79 59 14 241 2.111 0.119 0.382 1.111 0.645 18 28
OVERALL AVG 18 11 12 27 12

NJ-lop 4Z64 17 126 - ~ " 106
N3-center. 42.43 18 125 — 23 189 119
N3-bottom 45.43 15.5 125 — 17 176 106

17 125 20 183
N3-upper 22.22 22.5 11 18 24 13 12.5 60 36 12.5 60 0.346 0.153 0.204 0.318 0.153 11 21
N3-lower 24.08 28 16 21.5 26 10 16.5 131 105 16.5 250 0.650 0.048 0.100 0.123 0.058 73 88

16 71 17

N4-lop 39.1 45.5 11 26 2l 10 11 38 17 11 38 1.950 0.882 1.278 4.417 1.256 6 16
N4-center 41.01 42.5 6 23.5 11 5 11 33 22 11 33 3.800 0.568 1.167 2.136 1.376 11 16
N4-bottom 38.36 38.5 3 23.5 11 8 11 27 16 11 27 1.875 0.781 1.146 1.300 1.139 15 17
STUD AVG. 24 8 11 33 18 11 2.542 0.744 1.197 2.618 1.257 11 16
N4-upper 37.28 37 6 22 13 7 11 28 15 11 28 2.143 0.733 1.182 0.783 0.653 23 28
N4-lower 26.47 31 13 22 16 3 13 50 34 13 50 3.000 0.265 0.486 0.750 0.267 16 28
OVERALL AVG 23 7 11 21 11

Ni-lop 32.64 32.5 11 21 20 9 13.5 48 28 13.5 48 1.278 0.268 0.514 1.227 0.650 11 21
N5-center 28.78 28.5 12 21 20 8 13.5 38 18 14 146 0.938 0 417 ..0.577, 0.950 0.466 10 21
N5-botiom 26.8 „ 27 1 __ 13.5 77 76 17 145 0.178 0.178 0.235 0.229 34 34
STUD AVG. 23 9 14 54 41 15 1 108 0 342 0 545 0.804 0.448 18 7.5
N5-upper 27.33 28 2 21.5 7 5 15.5 25 18 12 135 1.300 0.333 0.543 0.750 0.641 12 13
N5-lower 23.63 — — 24 2 .. 18.5 221 219 18.5 221 — 0.025 0.025 mmm §o:ci22» 208 209
OVERALL AVG 23 7 14 72 15

Nb-top 22.27 22.5 12 18 19 / 13 36 1/ 13 3b U.64J 0.294 0.396 0.583 0.192 6 1/
N6-center 23.52 23.5 12 18 22 10 12.5 41 19 14.5 222 0.550 0.289 0.379 0.563 0.238 8 19
N6-bollom 21.81 — — 22 1 13 44 43 13 44 — 0.209 0.209 0.158 0.148 19 19
STUD AVG. 19 9 13 40 26 14 0 596 0.264 0328 0.435 0.193 11 18
N6-uppcr 22.53 22.5 3 16.5 13 10 13 37 24 11.5 214 0.600 0.146 am. 0.583 0.441 6 8
N6-lower 23.58 — — 23.5 1 — 19 90 89 17.5 210 — :s0:05l» sttOSI* 0051 ittosll 89 89
OVERALL AVG 20 9 14 38 14

COMMENTS

VERTICAL STUD 
BALSAM FIR



TABLE 3B2 - DRYING DATA FOR THE SOUTH FACE

LOCATION
Initial

MQ
<%\

Peak (si 
MCP

able)
Day
No.

Tr;
MCT

(%'S

nsition
Day
No.

Period
Equ

MCEW
(%'S

libriuir
Day
No

W , 
Period

Equilil
MCES

(%'S

rium S 
Day 
No.

DR
PloT

(%Mm

DR
T to Ew 
(%Mav'S

DR
Pto Ew 
f%/davl

DR
Pto 19

(%Mav'l

DR
I to 19

/%/Havl

Dtying 
Period 
P-19%

Drying
Period

T -19%
SI-top 3a62 32 46 19.5 70 24 "IS" 129 59 <15 >259 0.521 0.076 0.205 0.448 0.238 29 74
SI-center 34.61 31 191 21 218 27 17 255 37 17 255 0.370 0.108 0.219 0.255 0.066 47 . 237
SI-bottom 34.34 40.5 152 17.5 217 65 15 7.44 27 15 244 0.354 0.093 0.277 0 341 0.072 63 7.14
STUDAVG. 19 39 16 209 41 16 0.415 0.092 0.234 0.348 0.125 46 175
Sl-upper 23.45 24 1 18 23 22 12.5 87 64- 13 252 0.273 0.086 0.134 0.250 0.223 20 20
SI-lower 33.95 34 I 22 37 36 14 5 245 7.08 14.5 245 0.333 0.036 0.080 0.132 0.131 114 114
OVERALL AVG 20 35 15 79 15

i>2-top 3*).’/ 40 1 18.5 21 20 13 47 26 -11.5 2l7 1.0/5 0.212 0.587 1.050 1.035 20 20
S2-cenler 36.15 38.5 16 22 20 4 13 47 27 10 217 4.125 0.333 0.823 1.625 0.635 12 27
S2-bottom 29.11 29 13 18 20 7 115 47 7.7 9 208 1.571 0.241 0.515 1.7.50 0.506 8 20
STUD AVG. 20 10 13 47 27 10 2.257 0.262 0.641 1.308 0.725 13 22
S2-upper 21.85 22 13 15 51 38 13 84 33 12 230 0.184 0.061 0.127 0.231 0.114 13 25
S2-lower 22.95 __ __ 26 13 — 21 22 9 11.5 210 — 0.556 0.5.56 0.063 0.032 111 123
OVERALL AVG 20 17 14 24 11

S3-lop 2S.‘)5 27.5 14 15.5 32 18 11 60 28 11.5 217 0.667 0.161 0.359 0.708 0.278 12 25
S3-center 40.7 40.7 1 27 30 29 19 64 34 12 249 0.472 0.235 0.344 0.344 0.344 63 63
SS-bottom 42.88 40.7 49 20 82 33 10 247 165 10 247 0.627 0.061 0.155 0.556 0.274 39 87
STUD AVG. 21 27 13 124 76 11 0.589 0.152 0.286 0.536 0.299 38 58
S3-upper 20.26 .. .. 20 1 — 12 36 35 13.5 137 — 0.229 0.229 0.111 0.140 9 9
S3-lower 23.53 — — 24 1 — 12.5 112 111 11 217 — 0.104 0.104 0.111 0.101 45 45
OVERALL AVG 91 7.7 13 75 17

S'l-lop 43.75 46.5 14 19.5 21 1 13 30 9 10 <135 3.85/ 0.722 2.094 3.056 1.125 9 22
S4-cenler . 28.26 35 12 23 20 8 13 30 10 10 <135 1.500 1.000 1.222 1.455 0.421 11 22
S4-bottom 29.46 36 13 23 20 7 13 30 10 10 <135 1.857 1.000 1.353 1.417 0.436 12 24
STUD AVG. 22 7 13 30 10 10 2.405 0.907 1.556 1.976 0.661 11 23
S4-upper 22.92 — — 23 14 - 13 43 29 11 <135 - 0.345 0.345 0.444 0.178 9 22
S4-lowcr 36.09 39 10 22 17 7 12.5 40 23 14 237 2.429 0.413 0.883 1.667 0.814 12 21
OVERALL AVG 77. 7 13 16 14

S5-lop 23.93 - - 24 2 13 37 35 10.5 200 - 0.314 0.314 0.417 0.379 12 13
S5-ccntcr 30.58 31.5 3 23 9 6 13.5 50 41 11 213 1.417 0.232 0.383 0.781 0.643 16 18
S5-boltom 35.93 32.5 22 22 28 6 15.5 82 54 13 175 1.750 0.120 0.283 0.614 0.394 22 43
STUD AVG. 7.3 fi 14 56 43 17. 1.583 0 77.7. 0 37.7 0 604 0477. 17 75
S5-uppcr 29.5 30 1 20 7 6 13 37 30 11.5 220 1.667 0.233 0.472 1.222 1.167 9 9
S5-lowcr 22.56 .. .. 22.5 2 — 15 150 148 15 150 — 0.051 0.051 0.052 0.052 67 68
OVERALL AVG 22 6 14 62 12

S6-lop 22.44 ' ‘ 22 17 16.5 20 3 12 54 34 "IT - 1.833 0.132 0.2/0 3.O0U 0.202 1 1/
S6-ccnter 24.19 22.5 18 19 23 5 13.5 67 44 15.5 147 0.700 0.125 0.184 0.500 0.216 7 24
S6-boilom 22.03 __ __ 22 1 13 37 36 13 __ — 0.250 0.250 0.188 0.189 16 16
STUD AVG. 19 4 13 53 38 14 1 767 0169 0 735 1 7.7.9 . 0 703 8 19
S6-uppcr 34.21 34 1 17.5 23 22 13 92 69 12.5 173 0.750 0.065 0.231 0.833 0.845 18 18
S6-lower 22.89 __ __ 23 2 — 18 62 60 16.5 212 — 0.083 0.083 0.125 0.118 32 33
OVERALL AVG 20 10 14 49 14

COMMENTS

VERTICAL STUD 
BALSAM FIR



TABLE 3B3 - DRYING DATA FOR THE EAST FACE

LOCATION
Initial
MCI

Peak (. 
MCP

table)
Day
No

T
MCT
rao

-ansitio
Day
No.

1
Perioc

Eqi
MCEW

(%)

ilibriui
Day
No

nW
Pcrioc

Equilil
MCES

<%'!

rium S 
Day 
No.

DR
PtoT

DR
T to Ew

DR
P to Ew 
r%/t1avl

DR
Pto 19

f%/davl

DR
I to 19

('%/rlav'l

Drying 
Period 

P- 194?,

Drying 
Period 

T- 19%

COMMENTS

El-lop
El-center
El-bottom
STUD AVG. 
El-upper
El-lower 
OVERALL AVG

2LI

38.84
30.8

35
26.5

24
42

29
22.5
7.7.5

3
30
47

6
5

T3
12
13

24
47
69

21
17
7.2

11
13
11

<135
167

<135
2.083
0.800

0.762
0.618
0.432

0.762
1.000
0.500

0.714
1.455
0.500

0.544
0.584
0.215

14 
11
15

16
34
55

25 6 13 47 20 12 1.442 0.604 0.754 0.890 0.447 13 35
23.65 - - 24

24
1
1

- 13
13

20
48

19
47

11
11

<135
<135

- 0.579
0.234

0.579
0.234

0.556
0.217

0.517
0203

9
23

9
23

24 6 13 25 11

E2-lop
E2-center
E2-bottom
STUD AVG. 
E2-uppcr 
E2-lower 
OVERALL AVG

23.84
26.92
22.78

29 10
24

18.5
23

4
20

1
10

13
12
13

21
43
20

17
23
19

11
10.5

10

<135
216

<135
1.050

0.647
0.283
0.526

0.647
0.515
0.526

0.556
0.909
0.444

0.403
0.396
0420

9
11
9

12
20

9
22 10 13 28 20 11 1.050 0.485 0.563 0.636 0.406 10 14

26.79
29.62

27
35.5

1
12

19
22

19
23

18
11

13
13.5

50
90

31
67

12
12

218
227

0.444
1.227

0.194
0.127

0.286
0.282

0.444
0.532

0.433
0.253

18
____31_

18
42

RAIN PENETRATION

MONITORING STARTED 
ON DAY 3

21 13 13 31 11
'

E3-top
E3-center
E3-bottom
STUD AVG. 
E3-upper 
E3-lower 
OVERALL AVG

35.1
41.88
26.62

35
41.5

24

1
1

12

22.5 
20

17.5

13
22
20

12
21

8

13
13
13

36
37 
35

23
15
15

12
12

10.5

217
220
219

1.042
1.024
0.813

0.413
0.467
0.300

0.629
0.792
0.478

0.842
0.938
0833

0.847
0.953
0.448

19
24

6

nr
24
17

20 14 13 36 18 12 0.9.59 0.393 0.633 0.871 0.750 16 20
22.56
23.89 24 14

22
20

1
20 6

13
13

14
62

13
42

11
10

223
210 0.667

0.692
0.167

0.692
0.229

0.500
0.313

0.593
0.169

6
16

6
29

90 17 13 ?7 11

E4-top
E4-ccnter
E4-botlom
STUD AVG. 
E4-uppcr 
E4-lowcr 
OVERALL AVG

23.87
31.27
23.31

26.5
34.5

15
15

20.5 
24

22.5

21
20
11

6
5

10
10
10

35
37
28

14
17
17

10
10
10

35
37
28

1.000
2.100

0.750
0.824
0.735

0.825
1.114
0.735

0.938
1.722
0.700

0.221
0.533
0.287

8
9
5

22
23
15

23 6 10 33 16 10 1.550 0.770 0.891 1.120 0.347 7 20
35.69
35.07

35.5
36

1
86

22
23.5

12
111

11
25

13
13.5

40
162

28
51

12
13.5

162
162

1.227
0.500

0.321
0.196

0.577
0.296

0.660
0.395

0.668
0126

25
43

25
128

23 17 11 75 11

E5-top
E5-center
E5-botlom
STUDAVG.
E5-upper
E5-lower

42.46
31.42
34.45

2/9
206
206
230

28.08
23.84

11
231

E6-top
E6-ccnler
E6-bottom
STUD AVG. 
E6-upper 
E6-lower 
OVERALL AVG

26.61
26.07
22.14

32.5
29

11
5

20.5 
20

24.5

25
13
4

14
8

15.5
17.5
13.5

127
46
41

1U2
33
37

16.5
16.5

12

174
218
218

0.85/
1.125

0.049
0.076
0.297

0.147
0.280.
0.297

’ 0.329 
0.625 
0.262

0.155
0.393
0.143

mmm

16
21

5S5S:49:5:
18
22

22 11 16 71 57 15 0 991 0 141 0 241 0 405 0 230 19 20
26.68
19.73

30
24.5

7
6

20
18.5

12
18

5
12

13.5
17.5

69
40

57
22

13.5
12

69
218

2.000
0.500

0.114
0.045

0.266
0.206

UOO
0.367

10
15

14
18

~~ 21 10 16 ' 50 14



TABLE 3B4 - DRYING DATA FOR THE WEST FACE

LOCATION
Initial

MCI
(’%')

Peak (s 
MCP

able)
Day
No.

T
MCT

ansilio
Day
No

1
Period

Ec
MCEW

OBO

uilibrii
Day
No

mW
Period

Equilit
MCES

rium S 
Day 
Nn

DR
PtoT

1%/Hav

DR
T to Ew 
1%/Havl

DR
PtoEW
f'Bi/davl

DR 
Pto 19
OBi/davl

DR
I to 19
OBi/davl

Drying 
Period 

P- 19<B

Drying
Period

T-19<B,
Wl-lop 2979 $1 15 22 . 20 5 l() 40 20 1L5 203 3.000 0.600 1.080 2.000 0.474 9 23
W1-center 25.83 30 11 20 20 9 10 40 20 11 233 1.111 0.500 0.690 1.000 0.325 11 21
Wl-bottom 29 47 40 27 27 4 31 4 13 43 17 10 <r134 4.375 0.792 1 688 2.67.5 0311 8 34
STUD AVG. 22 6 11 17 11 2.829 0.631 1.152 1.875 0.370 9 26
W1-upper 29.86 37.5 9 22 20 11 13 52 32 12 <135 1.409 0.281 0.570 0.740 0.329 25 33
W1-lower 21.16 __ — 21 10 __ 11 36 7.6 11 36 .. 0.385 0.385 0.400 0.154 5 14
OVERALL AVG 22 7 11 22 11

W 2-lop 34.U3 38 14 20 31 17 ll 64 33 11 64 1.059 0.273 0.540 0.950 0.455 20 33
W2-center 25.67 29 13 22.5 19 6 13 48 29 9.5 <60 1.083 0.328 0.457 0.625 0.238 16 28
W2-bottom 24.35 __ 23.5 15 __ 13 31 16 95 <135 __ 0.656 0.656 0.900 0.282 5 19
STUD AVG. 22 12 12 48 26 10 1.071 0.419 0.551 0.825 0.325 14 27
W2-upper 20.15 __ __ 19 2 __ 10.5 103 101 9.5 218 — MOS*;. lttD84l 0.000 mam 1 2
W2-lower 33.94 40 2 24 9 7 12 70 61 12 70 2.286 0.197 0.412 0.656 0.453 32 33
OVERALL AVG 22 10 12 48 10

W 3-lop 28.2 — ~ 28.5 1 - 10 23 22 10 23 - 0.841 0.841 U.854 0.836 11 11
W3-center 30.92 30 7 23 13 6 13 31 18 10 162 I.I67 0.556 0.708 0.917 0.662 12 18
W3-boUom 24.78 .. 27 9 .. 13 30 21 9.5 162 — 0.667 0.667 0.800 0.321 10 18
STUD AVG. 26 6 12 20 10 1.167 0.688 0.739 0.860 0.607 11 16
W3-upper 37.08 38 17 24 37 20 13 74 37 10 167 0.700 0.297 0.439 0.543 0.355 35 51
W3-lower 24.67 29 8 19.5 20 12 10.5 74 54 10.5 74 0.792 0.167 0.280 0.500 0.210 20 27
OVERALL AVG 24 13 12 30 10

W4-top . 15.47 - - 18.5 18 — 10.5 33 15 10.5 33 - 0.533 0.533 Mmm mm® mmm
W4-ccnler 27.5 29 15 22.5 24 9 10.5 40 16 10.5 39 0.722 0.750 0.740 0.769 0.315 13 27
W4-bottom 42.74 42 34 22.5 41 7 10.5 54 13 10.5 54 2.786 0.923 1.575 2.300 0.552 10 43
STUD AVG. 21 8 11 42 15 11 1.754 0.735 0.949 1.535 0.433 12 35
W4-upper 36.58 36 17 23.5 22 5 10.5 62 40 10.5 62 2.500 . 0.325 0.567 0.944 0.517 18 34
W4-lower 25.74 27 5 20 20 15 10.5 89 69 10.5 89 0.467 0.138 0.196 0.276 0.204 29 33
OVERALL AVG 7.1 9 11 31 11

W 5-lop 24.15 21 10 23 11 1 13 21 16 10 <135 4.000 0.625 0.824 1.333 0.343 6 15
W5-ccnter 24.54 27 10 23 13 3 13 27 14 9.5 <135 1.333 0.714 0.824 1.143 0.346 7 16
W5-bottom 26.5 .. .. 26.5 1 __ 13 24 23 10 <135 __ 0.587 0.587 0.750 0.750 10 10
STUD AVG. 24 2 13 26 18 10 2.667 0.642 0;745 1.075 0.480 8 14
W5-upper 39.27 43.5 33 22 55 22 12 164 109 12 164 0.977 0.092 0.240 0.544 0.263 45 77
W5-lower 33.09 34 15 22.5 30 15 13.5 80 50 10.5 <135 0.767 0.180 0.315 0.417 0.282 36 50
OVERALL AVG 70 10 13 47. 10

W 6-lop 18.83 - - 22.5 5 - 13 21 22 10 163 - 0.432 0.432 0.583 6 8
W6-cenler 26.42 30 26 22 34 8 13 116 82 11 160 1.000 0.110 0.189 0.550 0.173 20 43
W6-bottom 23.1 32 6 17.5 38 ■ 32 13.5 80 42 10 214 0.453 0.095 0.250 0.481 0.137 27 30
STUD AVG. 71 70 13 74 49 10 0 77.7 0.7.12. 0 7.90 0 538 0 155 18 7.7
W6-upper 22.94 26 3 19.5 6 3 13 85 79 10.5 218 2.167 0.082 0.159 0.467 15 15
W6-lowcr 17.45 — -- . 21 12 — 13 115 103 10 210 — 0.078 0.078 0.059 mam 34 43
OVERALL AVG 21 14 13 66 10

COMMENTS

MONITORING STARTED 
ON DAY 3



APPENDIX 3c
Graphs of Temperature versus Time 

(for all 24 Panels)



PANEL N1-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL SI -STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL N2-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL S2-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL S5-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL E5-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL W5-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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PANEL E6-STUD TEMPERATURES, DAILY
DEC. 12/89 TO NOV. 16/90
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APPENDIX 3d
Graphs of Relative Humidity versus Time 

(for all 24 Panels)
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APPENDIX 4

Air Leakage



AIR LEAKAGE

Equipment
• ' CAN-BEST Apparatus, Model 283A200 (air flow device) 

reversible vacuum pump 
.25in H2O pressure transducer
manifold, tubing, connectors, tape, sealant and hole saws

The Can-Best apparatus is used primarily for measurement of the air leakage of 
windows and similar enclosures. In conducting the panel tests, the Can-Best 
Apparatus (air flow device) was used to determine the air flow necessary to maintain a 
pressure within the center section of each wall panel. The middle section of the panels 
was pressurized with the blower fan of the unit; pressure was monitored through 
another hole in the wall and stabilized at the required pressure by altering the speed of 
the fan. Air flow is measured by three meters connected in parallel, so that the air flow 
is summed over all three. One of the meters has units of Standard Cubic Feet per Hour 
(SCFH) and the other two both have units of Standard Cubic Feet per Minute (SCFM). 
For low pressures, where the air flow necessary to maintain that pressure is low, two 
of the meters can be turned off and the one with units of Standard Cubic Feet per Hour 
(SCFH) can be left open.

A vacuum motor was used to pressurize the outer two sections of the wall panels in 
order to equalize the pressure in all three sections. This was done to reduce the amount 
of lateral air leakage from the middle section into the outer two, falsely raising the air 
leakage value for the panel. The air flow into the outer sections, needed to maintain a 
given pressure, was not measured.

A 1/4 inch H2O pressure transducer was used in order to measure the pressure in the 
outer two sections of the wall panels. The transducer is a model 264, Setra pressure 
transducer. The pressure in these outer two sections of the wall panels was to be the 
same as the pressure of the middle section. The calibrated relationship between voltage 
and pressure is found below.

12.5 Pa = 3.06 V 
20 Pa = 3.37 V
30 Pa = 3.78 V
40 Pa = 4.18 V
50 Pa = 4.59 V

In order to pressurize both outer cavities with the same vacuum, a manifold was 
designed and built specifically for this project. It is a plexiglass unit with a hole at one 
end where the air flow from the vacuum pump enters. At the other end are two barbs to 
which tubing is connected. This tubing lead to holes in each panel and is the medium



through which air flowed, and through which the outer two sections of the panel were 
pressurized. On one side of the manifold is another opening to which the pressure 
transducer is connected. On the opposite side, as well as on top, there are holes with 
variable covers to regulate the flow, and therefore the pressure, into the outer sections 
of the wall panels. .

Using a hole saw, holes were drilled through the interior gypsum and the polyethylene 
vapour barrier. The vapour barrier was sealed to the back of the gypsum using 
acoustical sealant. The tubing used to pressurize the panel and to measure this pressure 
was passed through these holes. Since all the tubing was not the same size various size 
holes were made: 2-1/4" hole for the tubing from the Can-Best machine to conduct air 
flow into the panel; 1-7/8" hole for the pressure measuring device of the Can-Best 
apparatus; 1" hole for the tubing conducting air into the outer two sections from the 
manifold.

Plexiglass connectors were made to fit all the tubing that led into the wall panel. One 
connector joined the tube from the blower fan of the Can-Best unit to the wall; another 
connector incorporated the tubing of the Can-Best pressure gauge; two identical 
connectors incorporated barbs to fit the hoses connected to the manifold. These 
connectors are flat plates which were then sealed to the wall panel in question using 
double sided tape to prevent air leaks. This tape was repaced for every panel.

Procedure

Several pressures were maintained within each wall panel and the respective air flow 
measured so that a curve could be established. Based on this curve the air leakage area 
was calculated. The test method and the air leakage area calculations were based on the 
Canadian General Standards Board's "Determination of the Airtightness of Building 
Envelopes by the Fan Depressurization Method", Standard CAN/CGSB-149.1-M86.

Two procedures were used. In one procedure only the center section of the wall panel 
was pressurized, and the air flow measured. The second procedure, involved 
pressurizing the outer two sections of the panel (using the reversible vacuum and the 
manifold set-up), as well as pressurizing the center section with jthe air flow device. 
Only the air flow through the air flow device was measured since it was determined that 
only air flow out of the center section was a valid measure for comparison purposes. 
On many panels, both procedures were used.

Using the first procedure, pressures of 12.5 Pa, 20 Pa, 30 Pa, 40 Pa, and 50 Pa were 
maintained with the air flow device pressurizing the center cavity only. A 
corresponding air flow rate was read from the meters. It was thought that lateral air 
leakage might occur with this method, whereby air leaks from the center section to the 
outer two sections of the panel. This would not be representative of normal conditions



in a wall since, in most conditions, the pressure within a wall is uniform along its 
length. In order to determine the significance of this air. movement from the center1 
section to the outer two sections, the second procedure was developed.

The second procedure incorporated the first in that the center section was pressurized 
and the air flow measured, but the outer two sections were also pressurized. The same 
pressure was maintained in all three cavities.. In this case then, the only air leakage 
being measured was that from the centre section passing through the sheathing or out 
the top and bottom of the sheathing.. There should have been no lateral air leakage into 
the outer two sections.

Many panels were tested using both procedures. It was found that there was no 
consistant difference between the results of the two procedures. As a result, the last 
nine panels were tested using the first procedure only. The results of all these tests are 
subject to numerous possible errors. These should be kept in mind when reviewing the 
results. Some of these errors are listed below.

Errors

The vapour barrier of all the panels was completely sealed to the interior with acoustical 
sealant. This should have prevented air from leaking from within the panel to the 
interior of the building during these tests. However, imperfections in this seal are 
possible.

Since the wall panels were transported and installed after construction and were not 
built-in-place, the construction might not be as tight as found under normal conditions.

The pressure reading on the Can-Best gauge is only accurate to +/-1.25 Pa.

The air flow meter measuring standard cubic feet per hour (SCFH) is only accurate to 
+/- 25 SCFH. The other two meters are accurate to +/- .1 standard cubic feet per 
minute (SCFM).

Tests were conducted on essentially calm days. However, there might be some error 
due to wind gusts.

Some air leakage might have occured around the drilled holes due to improperly sealed 
connector plates. This was considered during the tests and attempts were made to 
reduce or eliminate it.



Comparative Values

In comparing the Ontario results to those in Alberta and the Maritimes, it was noted that 
the air leakage areas determined for the Ontario wall panels were greater than those in 
either of the other two studies. This can be seen in the table below.

Edmonton Fredericton Halifax St. John’s Waterloo

avg. ELA 
values (cm2)

2.2* 1.3 1.6 1.3 5

range of ELA 
values (cm2)

0.37 to 4.80 0.25 to 5.85 0.26 to 6.81 0.34 to 5.40 1.1 to 11.1

temp, at panel
construction
(°C)

indoors indoors indoors indoors indoors

temp, at panel 
testing (°C)

10 -8 -4 -5 1

Some possible reasons are:

1) Construction techniques (how tight the sheathing was place 
originally) differ from region to region, e.g., the gaps left between 
the wood-based sheathings.

2) The sheathing material will expand and contract and, depending on 
the time of year of the test, and the materials involved, this will 
affect the leakage value.

3) The use of brick ties or other fastening devices can contribute to air 
leakage. The helical ties used on the 5 pairs of panels on the east 
and west faces in the Ontario study have spiral threads that may 
increase the air leakage area.

* without including the vented panels. The average ELA of the vented panels is 41.25 cm^



4) Only 1/4 of the Ontario panels had an exterior air barrier while 1/2 
of the panels in the Atlantic Canada study and 1/3 of those in the 
Alberta study had the exterior air barrier.

5) Wind exposure conditions and time after installation differ between 
studies.
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1.0 INTRODUCTION

As part of a project to assess the drying characteristics of 
different wall constructions, Forintek has been contracted to 
assess the associated fungal hazards. The fungi under 
investigation comprise three groups: wood decaying fungi causing 
strength losses in wood that may render the structures unsafe; 
moulds producing spores or volatile metabolites that may cause 
health concerns; and finally, sapstain fungi which discolour wood, 
but are not otherwise considered hazardous. Fungi are able to grow 
in wood above moisture contents of 25% and, consequently, any 
changes in wall construction that affect the drying time will also 
affect the extent of fungal growth.

This final report focuses upon the results of the second 
microbiological analysis of the test hut in Waterloo, Ontario. The 
results, which indicate the fungal species present one year after 
the construction of the test hut, are compared with the fungal 
species present at the time of the first microbiological analysis. 
The results give a relative indication of fungal growth in the 
different test panels and some idea of the diversity of fungi 
present.

2.0 MATERIALS AND METHODS

Work on Site

First Sampling: Waterloo Site

The first sampling was done on site at the University of Waterloo, 
concurrently with the moisture determination of the studs and the 
construction of the wall panel frames.

The studs had been soaked in a water tank for several weeks prior 
to use. Samples of the soak water were taken for subsequent 
analysis.

The studs were inspected for evidence of fungal growth as the panel 
frames were constructed or, in some cases, in the fog chamber after 
construction. Grey to black patches of sapstain and pockets of 
softened, evidently decayed wood, were evidence of fungal growth. 
An estimate of the extent of sapstain was made using a subjective 
0 to 5 rating scale, with 0 indicating no sapstain and 5 indicating 
complete coverage with sapstain.

Two kinds of samples were removed from the studs for isolation 
work. Wood shavings were removed using a small plane and stored 
in sterile polystyrene test tubes. Sterile swabs were passed along 
a length of wood to collect superficial spores, and stored in 
sterile polystyrene tubes for transport back to the laboratory.
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The fog room, where the panel frames were equilibrated, was also 
examined for evidence of fungal growth. Suspected fungal growth 
was removed from the walls using scotch tape, and placed on dry 
microscope slides for transport to the laboratory.

Two types of wood panelling (waferboard and fibreboard) were also 
sampled. Sterile swabs were passed along the upper and lower 
surface of one sample of each type, and stored in sterile 
polystyrene tubes for transport.

Laboratory Work

Isolations were made from the collected material two days after 
sampling. Two percent malt extract agar (2% MA) supplemented with 
100 /zg/mL tetracycline was used as a basal medium for all 
isolations. In an attempt to isolate wood decaying fungi, 2% MA 
was supplemented with 2 /zg/mL Benomyl. This compound inhibits the 
growth of many fungi, but is less inhibitory to wood decaying 
fungi.

The wood samples were examined directly for evidence of fungal 
growth using a stereo dissecting microscope at 32X and SOX 
magnification. Isolations were made by streaking the sample swabs 
across 6 cm petri dishes containing 2% MA or 2% MA with benomyl. 
In addition, small slivers were removed from the wood samples, and 
placed on the agar media. Incubations were carried out at 27*C, 
75% RH, in the dark. Plates were examined periodically for signs 
of growth. Identifications were made directly from the isolation 
plates when possible. Selected fungi were transferred onto 2% MA 
with no additives for subsequent identification.

The isolation of fungi from the water samples collected from the 
soak tank was carried out by streaking a swab dipped in these 
samples on agar plates containing 2% MA.

Some fungal groups require specialized techniques for 
identification. Penicillium species were identified using the 
manual and methods of Pitt (1988), Aspergillus species using Klich 
and Pitt (1988), and Fusarium using Nelson et al. (1983).

Samples removed from the fog room wall using Scotch Tape were 
examined microscopically for fungal growth. The tape was placed 
onto a microscope slide on a drop of lactophenol cotton blue. A 
second drop of lactophenol cotton blue was put on top of the tape 
and the tape covered with a glass cover slip. The resulting slides 
were examined using a compound microscope.
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Final Sampling: Waterloo Site

The final sampling was carried out on November 23, 1990,
approximately one year after the construction of the test hut. The 
purpose of this sampling was to re-evaluate the wall panel frames 
for visual signs of sapstain or fungal decay and to report the 
fungal species present in the wall panel frames at this time. This 
information will be the major focus of this report. The methods 
employed were as used in the first sampling and isolation at this 
site.

Identifications were confirmed at the Biosystematics Research 
Centre, Agriculture Canada, Ottawa, by Dr. Keith Seifert.

3.0 RESULTS

Isolations from Panel Studs

The results of the isolations from both samplings are shown in 
Tables la-d. These results indicate that a combined total of at 
least forty species were isolated—seventeen of these unique to the 
second sampling. These fungal species bridged all three fungal 
groups alluded to in the Introduction; that is, mould, sapstain, 
and decay organisms. Tables la-d reflect these categories and the 
relative distribution of fungal species in both samplings. Moulds 
were isolated with the greatest frequency, followed by sapstain 
fungi, and finally by decay organisms (basidiomycetes), which were 
isolated from only one wall panel.

Panel Ratings

Overall panel ratings are also given in Tables la-d. This data is 
an indicator of the amount of sapstain present on the panel studs 
at the time of, and one year after the assembly of the test hut. 
The presence of moulds and decay fungi, which can also contribute 
to the panel rating if conspicuously present, were also noted, but 
they did not significantly contribute to the appearance of the 
panel studs. Fifteen of the twenty-four panels showed an increased 
amount of sapstain growth after one year, compared to nine whose 
panel ratings did not change* In general, all of the panels made 
of 2 X 4's included studs that were conspicuously colonized by 
sapstain fungi. Much less sapstain was evident on the panels 
composed of 2 X 6's (SI, S2, S3, Nl, N2, and N3) .

Decay

Possible signs of decay, including brown stains and strands of 
fungal cells, seen at the first sampling on panels SI, S2, and N2, 
were visible at the second sampling on S2, S4, N5 and W3. In
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contrast to the first sampling when no decay fungi were isolated 
from the panel studs, one isolate was made from panel S4. We were, 
however, unable to isolate any others.

Isolations from Panelling

The isolations from the fibreboard and waferboard panelling, taken 
as the test hut was being assembled, are shown in Table 2. Four 
species were isolated from the panelling: one mould and two 
sapstain species from waferboard, and two sapstain species from 
fibreboard. Of interest was the fact that none of these fungi were 
isolated from the panel studs at the time of the first sampling, 
but three of the four were isolated at the time of the second 
sampling. A second sampling was not undertaken.

Soak Water
As shown in Table 2, two mould species were isolated from the soak 
water: Tr.ichoderma harzianum and Penicillium expansum. Trichoderma 
harzianum was isolated frequently from studs in both samplings, 
while Penicillium expansum was more commonly isolated from the 
first sampling (see Tables la-d). Microscopic examination of the 
water showed that it was also heavily contaminated with bacteria, 
and included other microorganisms including rotifers (microscopic 
animals) and flat worms.

Fog Room

The high humidity in the fog room resulted in abundant microbial 
growth on the walls and on the components of the vapour producing 
apparatus. Most of this growth was algae. Small numbers of fungal 
spores were seen, but these were not identifiable.

4.0 DISCUSSION

As stated in the first Interim Report, the experimental panel studs 
were heavily infected with fungi at the time of assembly. Results 
from final analysis of the Waterloo test site indicated that the 
fungi grew quite well in the test hut environment. However, except 
for the most common species, few of the species isolated initially 
were found after one year. This changing of fungal populations 
over time, or fungal succession, is common in wood and is of no 
particular significance to this study; it does indicate, however, 
that the moisture content of the panel studs was sufficient to 
facilitate the growth of new fungal species between the two sample 
periods.
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Sources of Infection of Panels

The initial major source of fungi in the test panels was most 
certainly the wood from which the test panels were made. Many 
sapstain fungi (eg Ophiostoma spp) and certain moulds (eg 
Trichoderma spp) are normal inhabitants of green lumber; it is no 
great surprise, therefore, to find many of these fungal species 
present in the test panels. The presence of an unsoaked panel 
frame at this point would have made a valuable addition to the 
study. It could have revealed which fungal species grew under 
"normal" moisture conditions in the test hut, and thus served as 
a useful basis of comparison of fungal species present initially 
and after one year.

Several other points of origin could have served as sources of 
infection for the panel studs; the experimental protocol was 
designed so that these sources could be investigated. These 
sources were the water in which the panels were soaked, the 
panelling products, and the fog room. Based on the results of 
isolations, these first two sources (Table 2), contributed to the 
fungi present in the studs, but were not the major sources of 
infection of new fungal species to the panel studs. As alluded to 
in the Results section, 5 species isolated from these investigated 
sources were isolated in the test panel studs one year later, 
compared to a total of 17 new species (compare the species listed 
in Table 2 with the increased number of new species isolated in the 
FI column in Tables la-d) . The 12 remaining species must have come 
from other sources such as the air.

Fungal Growth

Notes on the biology of the fungal species isolated are included 
in the appendix.

Sapstain

To monitor the changes in fungal infection in the panel frames that 
occurred over a one year period, two methods of observation were 
employed. The first of these was a visual assessment. This type 
of assessment focused mainly upon the dark coloured sapstain 
organisms whose presence in wood turns the wood dark (or stains the 
wood) . Borrowing a 0 to 5 rating scale used by the lumber industry 
to assess sapstain on lumber, the panel frames in the test hut were 
rated. Nine of the panels, Nl-4, S5, E2,4,6, and W1 showed no 
increase in sapstain ratings; an indication that the conditions for 
the growth of sapstain fungi were less favourable in these panel 
studs. Fifteen of the panels showed an increase in sapstain 
rating, indicating that conditions for the growth of sapstain fungi 
were favourable in these panel studs. One should also note the 
increased number of sapstain species in the second sampling (Tables
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la-d). The increased ratings may be the result of environmental 
and "on site" factors. For example, panels on the west side of the 
test hut showed the greatest increase in sapstain rating (Table Id) 
followed by the southern (Table lb) , eastern (Table 1c) , and 
northern (Table la) panels, other factors such as moisture content 
and construction materials used to assemble each of the test panels 
should be correlated with the sapstain data to identify relevant 
trends. The fact that sapstain fungi can grow in the test hut 
environment is significant because it indicates that this 
environment not only has the capability to support the growth of 
sapstain fungi, but also the growth of potentially harmful or 
destructive fungi. Sapstain fungi themselves pose no significant 
threat to air quality and are not known to cause any pathogenic 
effects to humans.

Decay

The second procedure used to monitor changes in fungal colonization 
of the panels was the isolation procedure described earlier in the 
report. Isolations allowed us to identify the three types of 
organisms of concern in this study: the moulds, sapstain, and decay 
fungi. This isolation procedure and a visual examination were 
useful to survey for possible decay fungi. In contrast to initial 
isolations from panel studs in which no decay fungi were detected, 
the second isolation procedure identified a wood-decaying fungus 
from the S4 stud (see Table lb). Possible traces of decay fungi 
were also noted on the surfaces of several panel studs (Tables 
la,b,d), but actual wood decay, indicated by soft pockets in the 
lumber, was not seen. The significance of the isolation of one 
decay organism is unknown, although it certainly indicates that 
decay is possible in the S4 test panel under the moisture 
conditions present. Because there were no initial isolates of 
decay fungi, and because of the lack of visual signs of wood 
degradation and other relevant facts, such as the source, time, and 
potential distribution patterns of infection of the decay fungus, 
it is impossible to speculate on the implications—past or future- 
-of the presence of the decay fungus on the structural integrity 
of the panel studs. The significance of two of the species listed 
as moulds, Oidiodendron sp. and Gliocladium viride, which have also 
been implicated as wood degraders in several studies (Appendix, 
Mangenot, 1952, and Nilsson, 1973), are unknown for the same 
reasons. Monitoring the presence of these fungi for a few more 
years could yield far more useful information with respect to their 
effects on the structural integrity of the test panels.

Moulds

The isolation procedure is also a particularly good way to survey 
for the presence of moulds, the majority of which grow and thrive 
in wood, hidden from view. Moulds can also be seen growing on wood
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surfaces, but there were very few examples of this at the Waterloo 
test site. Tables la-d indicate that there was an increase in the 
total number of mould species isolated and the number of isolates 
over the initial survey. Of the fungi isolated, the incidence of 
Paecilomyces variotii may be a cause for concern. This fungus is 
known to produce toxins, form large numbers of spores and to be 
common in dust in Canadian homes (Health & Welfare, 1986) . It 
might be considered an indicator species of mould related air 
quality problems.

The significance of the presence of other mould species is 
uncertain at best. Because the purpose of this analysis was to 
identify which species were present in the panels and not to 
consider total numbers of isolates, it is difficult to speculate 
on their potential effect on air quality. The high number of 
different mould species may be a cause for concern, especially the 
species that produce dry spores such as Aspergillus, Penicillium, 
Paecilomyces, Alternaria, Cladosporium and Oidiodendron (Tables la- 
d) . This data should be compared with quantitative results from 
the air sampling to determine if the species isolated could be 
correlated with those detected in the air (Kozak et al 1985) .

Any assessment of risk concerning the presence of moulds on panel 
studs would require a major research effort to examine the level 
of occupational exposure as well as the health effects of these 
fungi such as infactivity, hypersensitivity, and toxicity, both 
acute and long term (Burge et al 1985) . This type of 
investigation, although beyond the purpose and scope of this study, 
would make a valuable contribution to the field of assessment of 
indoor air quality. The issue of risk assessment of fungi is also 
an emerging area of occupational health and safety.
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Table la

North Panel Number 
1 2 3 4 5 6

IN FI IN FI IN FI IN FI IN FI IN FI

Indicates the initial (IK) and final (FI) sapstain rating and
species isolated (I) or observed (O) from the North panel studs.

Sapstain ratings are based on a 0 to 5 scale*.

Sapstain Rating 1111 11 33 34 23
on North Panels

Sapstain Fungi

Acremonium hutyri 
Alternaria alternata 
Chalara sp. 
dadosporium sp.
Dipodascus aggregatus -
Fusarium solani -
Hormonema dematioides -
Ophiostoma sp.
0. piceae 
0. pilliferum
Phoma sp. -
Rhinocladiella atrovirens - 
Sporothrix sp.

Decay Fungi

Basidioxnycete -

Mould Species

Aspergillus sp.
A. niger 
A. ustus
Gliocladium roseum 
G. virens 
G. viride 
Monicillium tenue 
Mortierella sp. 
Oidiodendron sp. 
Paecilomyces variotii 
Penicillium sp.
P. expansum 
P. funiculosum 
P. cf implicatum 
P. lividum 
P. paxilli 
P. pinophilum 
P. purpurogenum

I I I

I
I
I

I

I

I

I

I

I

I



p. spinulosum -
P. variabile - I
p. waksmanii - I
Rhizopus stolinofer - -
Sporobolomyces roseus -
Trichoderms sp. I I
T. harzianum I -
Zygomycetes I I

- - - I - I - I - -

I

II I I II II II
I - I - I - - - - -
-I - - II - I - I

★Saostain Ratines

0 = No sapstain
1 = Traces of sapstain (approximately < 5% coverage)
2 = Small patches, limited distribution (approximately < 10%

coverage)
3 = Moderate staining (approximately 10-40% coverage)
4 = Heavy staining (approximately 40-75% coverage)
5 = Intense staining to complete•coverage (approximately > 75%

coverage)

Results from the first sampling in December, 1989 
Results from the second sampling in November, 1990

IN = 
FI =

Possible decay fungus; could not be isolated



Table lb

South Panel Number 
1 2 3 4 5 6

IN FI IN FI IN FI IN FI IN FI IN FI

Sapstain Rating 1 1 12 12 23 33 13
on South Panels

Sapstain Fungi

Acremoniwn butyri 
Alternaria alternata 
Chalara sp.
Cladosporium sp.
Dipodascus aggregatus 
Fusarium solani 
Hormonema dematioides 
Ophiostoma sp.
0. piceae 
O. pilliferum 
Phoma sp.
Rhinocladiella atrovirens 
Sporothrix sp.

Decay Fundi

Basidiomycete ?- ?? -- -I

Indicates tbe initial (IN) and final (FI) sapstain rating and
species isolated (I) or observed (0) from the South panel studs.

Sapstain ratings are based on a 0 to 5 scale*.

Mould Species

Aspergillus sp.
A. niger 
A. ustus
Gliocladium roseum 
G. virens 
G. viride 
Monicillium tenue 
Mortierella sp. 
Oidiodendron sp. 
Paecilomyces variotii 
Penicillium sp.
P. expansum 
P. funiculosum 
P. cf implicatum 
P. lividum 
P. paxilli 
P. pinophilum 
P. purpurogenum 
P. spinulosum



P. variabile 
P. waksmanii 
Rhizopus stolinofer 
Sporobolomyces roseus 
Trichoderms sp.
T. harzianum 
Zygomycetes

- - - I - I
- - - I - I
- - I - - -

II II II 
I - I - - -
- - - I II

- I
- I

-I - - - III II
I - I -
I - ' - - - I

♦Saostain Ratings

0 = No sapstain
1 = Traces of sapstain (approximately < 5% coverage)
2 = Small patches, limited distribution (approximately < 10%

coverage)
3 = Moderate staining (approximately 10-40% coverage)
4 = Heavy staining (approximately 40-75% coverage)
5 = Intense staining to complete coverage (approximately > 75%

coverage)

IN = Results from the first sampling in December, 1989 
FI = Results from the second sampling in November, 1990

? = Possible decay fungus; could not be isolated

H H



Table le

Indicates the initial (IM) and final (71) sapstain rating and 
species isolated (I) or observed (0) from the East panel studs.
Sapstain ratings are based on a

1
IN FI

Sapstain Rating 3 4
on East Panels

Sapstain Funai

0 to 5 scale*.

East Panel Number 
2 3 4 5 6

IN FI IN FI IN FI IN FI IN FI

33 23 33 23 22

Acremonium butyri - - 
Alternaria alternata - - 
Chalara sp. I - 
Cladosporium sp. - - 
Dipodascns aggregatus - - 
Fusarium solani - - 
Hormonema dematioides - I 
Ophiostoma sp. 0 0 
O. piceae - - 
0. pilliferum - - 
Phoma sp. - I 
Phinocladiella atrovirens - - 
Sporothrix sp. - -

I I

I

0 -

I

I

o o

I

I

I

0 0

I

Decay Fungi

Basidiomycete 
Mould Fungi

Aspergillus sp.
A. niger 
A. ustus
Gliocladium roseum 
G. virens 
G. viride 
Monicillium tenue 
Mortierella sp. 
Oidiodendron sp. 
Paecilomyces variotii 
Penicillium sp.
P. expansum 
P. funiculosum 
P. cf implicatum 
P. lividum 
P. paxilli 
P. pinophilum 
P. purpurogenum 
P. spinulosum 
P. variabile

I
I

I I

I

I

I

- I

X - - - - - - - • I - I -

I

I - 
- I -I - I - I 

- - - I - -



IP. vraksmanii 
Rhizopus stolinofer 
Sporobolomyces roseus 
Trichoderms sp.
T. harzianum 
Zygomycetes

- I - I

-I - - - - - - - - - -
II II II II II II
- - I - I - I - - - - -
- - I - II I - - I - I

*Sapstain Ratings

0 = No sapstain
1 = Traces of sapstain (approximately < 5% coverage)
2 = Small patches, limited distribution (approximately < 10%

coverage)
3 = Moderate staining (approximately 10-40% coverage)
4 = Heavy staining (approximately 40-75% coverage)
5 = Intense staining to complete coverage (approximately >75%

coverage)

IN = Results from the first sampling in December, 1989 
FI = Results from the second sampling in November, 1990



Table Id

West Panel Number
1 2 3 4 5 6

IN FI IN FI IN FI IN FI IN FI IN FI

Sapstain Rating 44 24 23 34 23 14
on West Panels

Sapstain Fungi

Acremonium butyri - - - - - - - - - - -
Alternaria. alternata - - - - - - - - - - - -
Chalara sp. - - I - I - - I - - -
Clados porium sp. - - - - - I . - - - --
Dipodascus aggregatus - - - - - - - - - - - -
Fusarium solani - - -- --- - - - -
Hormonema dematioides - - - - .-I - - - I - -
Ophiostoma sp. 00 00 00 00 00 00
O. piceae - - - - - - - - - - -
O. pillifemm - - - - - - - - - - - -
Phoma sp. - - - - - I - - - - - -
Rhinocladiella atrovirens - - - -I - I - -
Sporothrix sp. - - I - I - - - - -

Decay Fungi

Basidiomycete - - - - - ? - - - - - -

Mould Fungi

Indicates the initial (IN) and final (FI) sapstain rating and
species isolated (I) or observed (0) from the West panel studs.

Sapstain ratings are based on a 0 to 5 scale*.

Aspergillus sp. - - - - - I - I - I - I
A. niger -I - - - I - I - I - I
A. ustus ~ - - - - - - -
Gliocladium roseum - - - - - - - - - - - -
G. virens - - - - - - - - - - -
G. viride - - - - - - - - -
Monicillium tenue - - - - - - - - - - - -
Mortierella sp. - - - - - - - - - - - -
Oidiodendron sp. - - - - - I - I - I - -
Paecilomyces variotii - - - - - - - - - - - -
Penicillium sp. I - - - I - - - - - - -
P. expansum - - - - - - - - - II
P. funiculosum - - - - - - - - -
P. cf implicatum ____________
P. lividum - I - - - - - - - - -
P. paxilli __________ - I
P. pinophilum - - - - - - I - - - - -
P. purpurogenum ____________
P. spinulosum -I - I - - - I - - - -



P. variabile 
P. waksmanii 
Ehizopus stolinofer 
Sporobolomyces roseus 
Trichoderms sp.
T. harzianum 
Zygomycetes

I - I I

II II II II II II- - l - i - I - I - - -
II II I - - - I - II

*Sapstain Ratings

0 = No sapstain
1 = Traces of sapstain (approximately < 5% coverage)
2 = Small patches, limited distribution (approximately < 10%

coverage)
3 = Moderate staining (approximately 10-40% coverage)
4 = Heavy staining (approximately 40-75% coverage)
5 = Intense staining to complete coverage (approximately >75%

coverage)

IN = Results from the first sampling in December, 1989 
FI = Results from the second sampling in November, 1990

Possible decay fungus; could not be isolated



Table 2

Fungi isolated from the panelling and soak tank, prior to the 
construction of the test vails

Waferboard Panelling

Aureobasidium pullulans var. melanogenum 
Hormonema dematioides 
Penicillium spinulosum

Fibreboard Panelling

Cladosporium sp. 
Hormonema dematioides

Soak Tank

Penicillium expansum 
Trichoderma harzianum



APPENDIX

This appendix includes notes on the fungi isolated from the 
Waterloo test hut, and listed in Tables 1 and 2. These notes are 
not intended as an extensive review, but rather as points of 
reference for readers unfamiliar with the fungi. Complete reviews 
for several species can be found in Domsch et al. (1980).

Acremonium butyri (van BeymaJ W. Gams
TAXONOMIC GROUP: Deuteromycetes (moulds) .
OCCURRENCE: Frequently isolated from soil and wood 
DISTRIBUTION: Cosmopolitan
MODE OF SPORULATION: Wet spores distributed by water and 
insects
HUMAN OR ANIMAL PATHOGENICITY: Unknown 
MYCOTOXINS: Unknown.

Alternaria alternata (Fr.) Keissler
TAXONOMIC GROUP: Deuteromycetes (moulds).
OCCURRENCE: Plurivorous, including soil, air, plant debris, 
food (Domsch et al.). Common in house dust (HWC 1986). 
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents.
HUMAN OR ANIMAL PATHOGENICITY: A. alternata has been reported 
as a pathogen of humans and animals (de Hoog 1985), but see 
notes below.
PLANT PATHOGENICITY: Causes fruit rots and various other plant 
disease symptoms in a variety of plants (Domsch et al. 1980). 
MYCOTOXINS: Alternariols, alterotoxins, tenuazonic acid
(Frisvad 1988). See also HWC 1986, p. 27.
OTHER NOTES: Alternatia alternata is a name applied to a 
complex of species, or subspecies, that vary widely in their 
physiological and pathogenic abilities. The majority of 
isolates are saprobic, and may be unable to cause infections 
of plants or animals. Both species recorded here are common 
in air. A. alternata is used as an antigen source to test 
people for mould allergies.

Aspergillus spp.
TAXONOMIC GROUP: Deuteromycetes (moulds).
OCCURRENCE: In soil in warmer climates, in compost,decaying 
plant matter, and stored grain.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents.
HUMAN OR ANIMAL PATHOGENICITY: Relatively common from ear
infections. Rarely isolated from lung tissue; involvement in 
aspergillosis is uncertain (Domsch et al. 1980).
PLANT PATHOGENICITY: Causes decay of cotton bolls, '’smut" of 
white fig, and is a potential facultative parasite of 
potatoes.



MYCOTOXINS: Malfonnins, napthoquinones, nigragillin.
OTHER NOTES: Aspergillus niger is a very common fungus in 
indoor environments, particularly in bathrooms.

Aspergillus niger van Tieghm
TAXONOMIC GROUP: Deuteromycetes (moulds).
OCCURRENCE: Plurivorous, in soil, on vegetation, and in the 
air.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents.
HUMAN OR ANIMAL PATHOGENICITY: Relatively common from ear 
infections. Rarely isolated from lung tissue; involvement in 
aspergillosis is uncertain (Domsch et al. 1980).
PLANT PATHOGENICITY: Causes decay of cotton bolls, "smut" of 
white fig, and is a potential facultative parasite of 
potatoes.
MYCOTOXINS: Malformins, napthoquinones, nigragillin.
OTHER NOTES: One of the most common genuses of fungi recovered 
in Aspergillus niger is a very common fungus in indoor 
environments, particularly in bathrooms.

Aspergillus ustus (Bainier) Thom & Church
TAXONOMIC GROUP: Deuteromycetes (moulds)
OCCURRENCE: Soil 
DISTRIBUTION: Cosmopolitan
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents
HUMAN OR ANIMAL PATHOGENICITY: No .
PLANT PATHOGENICITY: NO
MYCOTOXINS: Austamid, audtidiol, austins, austocystins, kojic 
acid, 'sterimatocystin, xanthocillin X (Frisvad, 1988) . Other 
metabolites have been reported (Domsch et al., 1980).

Aureobasidium pullulans (de Bary) Arnaud var. melanogenum 
Herminides-Nijhoff
TAXONOMIC GROUP: Deuteromycetes (black yeasts, sapstain). 
OCCURRENCE: Plurivorous, in soil.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, slimy spores. Growth often 
yeast-like.
HUMAN OR ANIMAL PATHOGENICITY: Often isolated from human
tissues as a contaminant: rarely, if ever, pathogenic (de Hoog 
1985) .
PLANT PATHOGENICITY: No. Sometimes isolated as an endophyte 
(Domsch et al. 1980).
OTHER NOTES: Aureobasidium pullulans, a "black yeast", is a 
very common fungus in. indoor environments, particularly in 
bathrooms. It will grow on practically anything provided there 
is sufficient moisture, but it is not considered to be a 
dangerous fungus.

Chalara sp.
TAXONOMIC GROUP: Deuteromycetes (sapstain).



OTHER NOTES: Chalara sp. are often the asexual forms of
Ceratocystis spp. (See Ophiostoma sp. below). Therefore, 
these isolates may represent asexual growth of some of the 
Ophiostoma/Ceratocystis spp. observed on the studs.

Gliocladium roseum Bainier
TAXONOMIC GROUP: Deuteromycetes.
OCCURRENCE: Soil, plant debris, wood.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant slimy spores, probably dispersed 
by water and/or insects.
HUMAN OR ANIMAL PATHOGENICITY: No.
PLANT PATHOGENICITY: Possible for some forms.
OTHER NOTES: Gliocladium roseum is a species aggregate. The 
form isolated here is isolated relatively frequently from 
wood. The species is considered an aggressive parasite of 
other fungi.

Gliocladium virens Miller, Giddens & Foster 
TAXONOMIC GROUP: Deuteromycetes (moulds)
OCCURRENCE: Common soil fungus; isolated from wood 
DISTRIBUTION:. Cosmopolitan
MODE OF SPORULATION: Abundant slimy spores distributed by 
water or insects
HUMAN OR ANIMAL PATHOGENICITY: Unknown 
PLANT PATHOGENICITY: Unknown
OTHER NOTES: Produces the antifungal antibiotics gliotoxin and 
viridin.

Gliocladium viride Matr.
TAXONOMIC GROUP: Deuteromycetes (moulds)
OCCURRENCE: Forest soils, water, pine poles, timber 
DISTRIBUTION: Cosmopolitan
MODE OF SPORULATION: Abundant slimy spores distributed by 
water or insects
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: Isolated cases
OTHER NOTES: Inhibits growth of wood-degrading fungi, degrades 
cellulose, and corrodes wood of birch and pine.

Hormonema dematioides
TAXONOMIC GROUP: Deuteromycetes (sapstain fungus)
OCCURRENCE: Common in soil; wooden poles 
DISTRIBUTION: Cosmopolitan
MODE OF SPORULATION: Wet spores, distributed by animals,
humans.
HUMAN OR ANIMAL PATHOGENICITY: Unknown 
PLANT PATHOGENICITY: Unknown
NOTES: Classified in the black yeast category of sapstain
organisms.

Monocillium tenue W. Gams
TAXONOMIC GROUP: Deuteromycetes
OCCURRENCE: A parasite or saprobe on other fungi.



DISTRIBUTION: North temperate. Not previously recorded from 
Canada.
MODE OF SPORULATION: Slimy spores 
HUMAN OR ANIMAL PATHOGENICITY: Unknown 
PLANT PATHOGENICITY: Unknown

Mortierella sp.
TAXONOMIC GROUP: Zygomycetes
OCCURRENCE: Common in soil and decaying debris
DISTRIBUTION: Cosmopolitan
MODE OF SPORULATION: Slimy spores
HUMAN OR ANIMAL PATHOGENICITY: One species causes a disease 
in cattle.
PLANT PATHOGENICITY: No 

Oidiodendron sp.
TAXONOMIC GROUP: Deuteromycetes (moulds)
OCCURRENCE: Cosmopolitan
DISTRIBUTION: Common on decaying wood and bark, forest soils 
MODE OF SPORULATION: Dry spores; airborne, dispersed by wing 
HUMAN OR ANIMAL PATHOGENICITY: Unknown 
PLANT PATHOGENICITY: Unknown
OTHER NOTES: A common discolourer of wood, it has been
implicated in the cause of soft rot-type II, and has caused 
weight loss in European aspen.

Ophlostbma spp. /Ceratocystis spp.
TAXONOMIC GROUP: Ascomycetes (sapstain)
OCCURRENCE: Sapwood, sometimes in living trees.
DISTRIBUTION: Cosmopolitan, common in temperate climate 
MODE OF SPORULATION: Slimy spores, mostly dispersed by
insects.
HUMAN OR ANIMAL PATHOGENICITY: One human disease is attributed 
to an asexual form of an Ophiostoma sp. , known as Sporothrix 
schenkii. This species was not found in this study.
PLANT PATHOGENICITY: Some species cause root diseases of
conifers.Unknown 
MYCOTOXINS: No
OTHER NOTES: These two genera are difficult to distinguish 
based only on the sexual fruiting bodies. Fruiting bodies 
that could belong to either genera were seen on almost all of 
the studs examined. The isolates of Chalara sp. reported were 
probably the asexual stage of a Ceratocystis species.

Ophiostoma piceae (Munch) Sydow & Sydow
OCCURRENCE: Very common on sapwood of conifers.
DISTRIBUTION: North and south temperate 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No 
MYCOTOXINS: No
OTHER NOTES: The most common sapstaining fungus in Canada.

Ophiostoma pilliferum (Fr.) Sydow & Sydow
OCCURRENCE: Sapwood, particularly of pines.



DISTRIBUTION: North and south temperate, subtropical 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No
OTHER NOTES: A common sapstainer, causing a dark black stain.

Paecilomyces variotii Bainier
TAXONOMIC GROUP: Deuteromycetes (moulds)
OCCURRENCE: Plurivorous. In soil and on plant material. 
DISTRIBUTION: Cosmopolitan. Obvious concentration in warmer 
climates.
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents.
HUMAN OR ANIMAL PATHOGENICITY: Occasionally isolated from man 
in cases of endocarditis and infection of the lachrymal sacs 
in pneumonia patients. May colonize necrotic tissue.
OTHER NOTES: A common agent of biodeterioration.

Penicillium spp.
TAXONOMIC GROUP: Deuteromycetes (moulds).
OCCURRENCE: Abundant in soil, air, plant debris. Common in 
house dust (HWC 1986).
DISTRIBUTION: Ubiquitous.
MODE OF SPORULATION: Abundant, dry spores, dispersed by air. 
HUMAN OR ANIMAL PATHOGENICITY: No, but probably involved with 
allergies.
PLANT PATHOGENICITY: No.
MYCOTOXINS: Many, see individual species below.
OTHER NOTES: For specific identification of Penicillium spp., 
it was necessary to purify the cultures and cultivate them 
using a particular experimental regime. Not all the 
Penicillium colonies on the isolation plates could be r e - 
isolated.

Penicillium expansum Link
OCCURRENCE: Fruit, plant debris, soil, air, food (Domsch et 
al., 1980).
DISTRIBUTION: Cosmopolitan 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: Fruits
MYCOTOXINS: Patulin, citrinin, roquefortin C (Frisvad, 1988) 

Penicillium funiculosum Thom
OCCURRENCE: Decaying vegetation? moderately common soil fungus 
DISTRIBUTION: Cosmopolitan 
MYCOTOXINS: Fecalonic acid D (traces)

Penicillium cf implicatum Biourge
OCCURRENCE: Soil, plant debris, food.
DISTRIBUTION: Cosmopolitan 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No
MYCOTOXINS: Citrinin, sclerotiorin (Domsch et al., 1980)



OTHER NOTES: This identification is tentative. The isolate
studied did not grow at 37*Cf which is unusual for this 
species.

Penicillium lividum Nestling 
OCCURRENCE: Soil 
DISTRIBUTION: North temperate 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No
MYCOTOXINS: Citrinin (Domsch et al.f 1980)

Penicillium paxilli Bain.
OCCURRENCE: Sparsely distributed soil fungus 
DISTRIBUTION: Cosmopolitan
MYCOTOXINS: Paxillin, dehydropaxillin, 11-o-acetylpaxillin

Penicillium pinophilum Hedgecock
OCCURRENCE: Soil, plant debris, wood.
DISTRIBUTION: Cosmopolitan 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No

Penicillium purpurogenum Stoll
OCCURRENCE: Soil, plant litter 
DISTRIBUTION: Cosmopolitan 
HUMAN OR ANIMAL PATHOGENICITY: No 
PLANT PATHOGENICITY: No
MYCOTOXINS: Purpurogenone, rubratoxins (Frisvad, 1988)
OTHER NOTES: "Common in moist habitats" (Pitt, 1988)

Penicillium spinulosum Thom
OCCURRENCE: Soil, plant debris, dung, food.
DISTRIBUTION: Cosmopolitan.
MYCOTOXINS: Spinulosin, fumigatin (Domsch et al. 1980).
OTHER NOTES: In our experience, the most frequently isolated 
Penicillium sp. on wood in Canada.

Penicillium variabile Sopp
OCCURRENCE: Soil, decaying plant debris, air.
DISTRIBUTION: Cosmopolitan.
MYCOTOXINS: Rugulosin.

Penicillium waksmanii Zaleski
OCCURRENCE: Relatively uncommon soil fungus 
DISTRIBUTION: Cosmopolitan 
MYCOTOXINS: No known mycotoxins

Phoma sp.
TAXONOMIC GROUP: Coelomycetes.
OCCURRENCE: Plurivorous. Soil and plant matter.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, slimy spores dispersed by rain 
or insects.
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Rhinocladiella atrovirens Nannfeldt
TAXONOMIC GROUP: Deuteromycetes (moulds, sapstain). 
OCCURRENCE: Wood.
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, dry spores dispersed by air 
currents.
HUMAN OR ANIMAL PATHOGENICITY: Not known to cause infection.
OTHER NOTES: A very common fungus on lumber in western
Canada.

Rhizopus stolonifer (Ehrenb.) Vuill.
TAXONOMIC GROUP: Zygomycetes 
OCCURRENCE: Soil, food, plant debris 
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Abundant, dry spores dispersed by wind. 
HUMAN OR ANIMAL PATHOGENICITY: No
PLANT PATHOGENICITY: No
OTHER NOTES: A very common fungus on lumber in western
Canada.

Sporobolomyces roseus Kluyver & van Neil 
TAXONOMIC GROUP: Yeasts.
OCCURRENCE: Aerial contaminants, decaying plant material. 
DISTRIBUTION: Cosmopolitan.
MODE OF SPORULATION: Yeast-like growth, spores shot off
violently.
OTHER NOTES: A widely distributed, benign organism. 

Sporothrix sp. 1
HUMAN OR ANIMAL PATHOGENICITY: Pathogenic species of
Sporothrix are.known: however, the species isolated in this 
study is not one of these known pathogenic species.
PLANT PATHOGENICITY: Possible. However, the species isolated 
is likely to be a saprobic sapstaining fungus.
OTHER NOTES: This species is presently undescribed, but is a 
common inhabitant of lumber in western Canada.

Trichoderma sp.
TAXONOMIC GROUP: Deuteromycetes (mould).
OCCURRENCE: Wood, soil, food.
DISTRIBUTION: Ubiquitous.
HUMAN OR ANIMAL PATHOGENICITY: No.
PLANT PATHOGENICITY: No.
MYCOTOXINS: Many toxic metabolites known.
OTHER NOTES: Identification of Trichoderma species isolated 
during this study is continuing.

Trichoderma harzianum Rifai
OCCURRENCE: Soil, wood, plant debris. Common in house dust 
(HWC 1986).
DISTRIBUTION: Cosmopolitan.
HUMAN OR ANIMAL PATHOGENICITY: No.
PLANT PATHOGENICITY: No.
MYCOTOXINS: Gliotoxin, trichodermin, tirichoverrins (HWC 1986) .



OTHER NOTES: Known to be an aggressive parasite of other 
fungi. Used as a biological control agent.

Acknowledgement: We are grateful to Lynne Sigler for providing 
some of the information on pathogenicity of individual fungi 
presented in Appendix 1.
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