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THE THERMAL AND A I R  LEAKAGE PERFORMANCE OF RESIDENTIAL WALLS 

by W.C. ~ r o w n '  and N.V. Schwartz 

ABSTRACT 

A s  pa r t  of i t s  cont inu ing  program of research  on performance of t h e  

bu i ld ing  envelope and i n  coopera t ion  with t h e  SPI/NRC Fellowship Program, t h e  

I n s t i t u t e  f o r  Research i n  Construct ion r e c e n t l y  undertook p r o j e c t s  t o  eva lua t e  

t h e  thermal performance and a i r  leakage performance of wood frame r e s i d e n t i a l  

wal l s .  

Evaluat ion of thermal performance included measurement of t he  thermal 

r e s i s t a n c e  of 2.4 x 2.4 m t e s t  specimens a t  t h r e e  mean temperatures .  Thermal 

r e s i s t a n c e  of the  specimens was measured us ing  t h e  I n s t i t u t e ' s  guarded hot  box 

apparatus .  Four specimens with sprayed-in-place polyurethane i n s u l a t i o n  were 

included i n  t he  p ro j ec t .  

Evaluat ion of a i r  leakage performance included measurement of t he  a i r  

leakage r a t e  through 2.4 x 2.4 m t e s t  specimens a t  p ressure  d i f f e r e n c e s  

corresponding t o  those normally exe r t ed  on the  bu i ld ing  envelope,  and 

assessment of t he  s t r u c t u r a l  performance of t he  a i r  b a r r i e r  system a t  p r e s su re  

d i f f e r e n c e s  corresponding t o  gus t  wind loading. A i r  leakage performance was 

eva lua ted  us ing  t h e  I n s t i t u t e ' s  a i r  leakage apparatus .  One specimen wi th  

sprayed-in-place polyurethane i n s u l a t i o n  was included i n  t h e  a i r  leakage 

p ro j ec t .  

This  paper desc r ibes  t h e  test procedures used i n  t h e  t e s t  s e r i e s  and 

r epo r t s  on t he  i n i t i a l  r e s u l t s  of t h e  t e s t  program. 

f ' W.C. Brown is an Associate  Research Of f i ce r  with t h e  I n s t i t u t e  f o r  Research 
i n  Construct ion,  Nat ional  Research Council. 

N.V. Schwartz is  SPI/NRC Research Fellow a t  t h e  I n s t i t u t e  f o r  Research i n  
Construct ion,  Nat ional  Research Council. 



INTRODUCTION 

The I n s t i t u t e  f o r  Research i n  Construct ion (IRC) is  engaged i n  research  

on performance of the  bu i ld ing  envelope with regard t o  c l i m a t i c  f a c t o r s  such 

a s  hea t ,  moisture  and a i r .  Research p r o j e c t  o b j e c t i v e s  range from 

determinat ion of fundamental p r i n c i p l e s  of bu i ld ing  sc i ence  t o  eva lua t ion  of 

in-use performance of bu i ld ing  envelope systems. Funding f o r  t h e  ma jo r i t y  of 

t h e  p r o j e c t s  is from p u b l i c  sou rces ,  a l though an i n c r e a s i n g  number of p r o j e c t s  

a r e  being funded by indus t ry .  

The Soc ie ty  of t he  P l a s t i c s  Indus t ry  (SPI) has funded a  Fellowship 

p o s i t i o n  a t  IRC. The research  undertaken by t h e  SPI/NRC Fellow aims t o  

e s t a b l i s h  procedures f o r  a s se s s ing  t h e  value-in-use of r e s i d e n t i a l  thermal 

i n s u l a t i o n  ma te r i a l s  and systems. These would i nc lude  m a t e r i a l s  such a s  

polyurethane,  po lys tyrene  and g l a s s  f i b r e  i n s u l a t i o n s .  

I n  support of both t h e  I R C  r e sea rch  program and t h e  SPI/NRC Fellowship 

program, I R C  undertook p r o j e c t s  t o  eva lua t e  t h e  thermal performance and a i r  

leakage performance of r e s i d e n t i a l  wal l s .  The o b j e c t i v e s  were: 

a)  t o  produce measured va lues  of performance; 

b)  t o  a s se s s  t he  accuracy of a v a i l a b l e  p red i c t i on  models. 

The major i ty  of t he  specimens i n  t h e  thermal performance p r o j e c t  were 

i n s u l a t e d  with g l a s s  f i b r e  i n s u l a t i o n  i n  t h e  s t u d  space. The e f f e c t  of 

i n s u l a t i n g  shea th ing ,  s t u d  depth and s t u d  spacing were examined i n  t h e  

p ro j ec t .  Four wood frame specimens conta in ing  sprayed-in-place polyurethane 

i n s u l a t i o n  were included i n  t h e  test program. This paper r e p o r t s  on t h e  

r e s u l t s  from t h e  polyurethane specimens and, f o r  comparison, fou r  g l a s s  f i b r e  

i n s u l a t e d  specimens. 

The ma jo r i t y  of t he  specimens i n  t h e  a i r  leakage performance p r o j e c t  

used wood s tud  framing as  t h e  main s t r u c t u r a l  element. One wood frame 

specimen conta in ing  sprayed-in-place polyurethane i n s u l a t i o n  on f i be rboa rd  

shea th ing  was included i n  t h e  t e s t  program. Test  r e s u l t s  from t h i s  specimen 

a r e  reported i n  t h i s  paper. Since t h e r e  i s  no s tandard  test procedure t o  

eva lua t e  t he  a i r  leakage performance of w a l l s ,  a  procedure developed by I R C  

was used f o r  t h i s  purpose. 



THERMAL PERFORMANCE 

I n  an eva lua t ion  of thermal performance, t h e  primary concern is 

assessment of hea t  t r a n s f e r  due t o  temperature g rad i en t .  This inc ludes  h e a t  

t r a n s f e r  by conduction, r a d i a t i o n  and convect ive a i r  flow. It does not 

inc lude  hea t  t r a n s f e r  due t o  vapour movement, which i s  dr iven  by vapour 

pressure  g r a d i e n t ,  o r  a i r  leakage,  which is d r iven  by a i r  p r e s su re  g rad i en t .  

Thermal r e s i s t a n c e  is t h e  s tandard  measure of t h e  e f f e c t i v e n e s s  of a system a t  

c o n t r o l l i n g  hea t  t r a n s f e r  due t o  temperature g rad i en t .  

A secondary concern i n  an eva lua t ion  of thermal  performance i s  

assessment of sur face  temperature performance. This is  important because of 

i t s  e f f e c t  on condensation. I n  gene ra l ,  wood frame w a l l s  do not  p r e sen t  

problems with su r f ace  temperature i f  t h e  s tud  space is  f i l l e d  wi th  i n s u l a t i o n  

and the  vapour and a i r  t i g h t n e s s  c o n t r o l  planes a r e  a t  t h e  i n t e r i o r  su r f ace .  

Thermal Test  Procedure 

The thermal performance tests were performed i n  t h e  F u l l  Scale  Thermal 

Tes t  F a c i l i t y  of IRC.  This f a c i l i t y  conforms, i n  gene ra l ,  t o  t h a t  

s tandard ized  by ASTM C236 - Standard Tes t  Method f o r  Steady-State Thermal 

Performance of Bui lding Assemblies by Means of a Guarded Hot Box (ASTM 1986a). 

It c o n s i s t s  of a cold chamber ( t e s t  temperatures between 0°C and -40°C), a 

metering box ( t e s t  temperatures  between 15OC and 25OC), and a chamber t h a t  

s e rves  as  the  thermal guard f o r  t h e  meter ing box. The meter ing box, with a 

2.4 x 2.4 m t e s t  a r e a ,  measures t h e  hea t  flow through a 2.4 x 2.4 m t e s t  

specimen. Thermocouples a r e  used t o  measure average warm and cold s u r f a c e  

temperatures .  Specimen thermal r e s i s t a n c e  is ca l cu l a t ed  from t h e  measured 

temperature d i f f e r e n c e  and hea t  flow. 

Because thermal r e s i s t a n c e  of i n s u l a t i n g  ma te r i a l s  v a r i e s  with mean 

temperature ,  specimen thermal r e s i s t a n c e  was measured a t  t h r e e  mean 

temperatures.  These measurements were perfokmed wi th  a meterf-ng box 

temperature of approximately 2I0C and cold chamber temperatures  of 

approximately -7OC, -21°C and -35OC. A mean temperature of 0°C was chosen as  

t he  b a s i s  f o r  comparing thermal r e s i s t a n c e  f o r  d i f f e r e n t  specimens. This  

value was determined from a l e a s t  squares  l i n e a r  f i t  t o  t h e  t h r e e  measured 

values  of thermal r e s i s t a n c e .  



Thermal P red i c t i on  Models 

Two s i m p l i f i e d  hea t  t r a n s f e r  models a r e  g e n e r a l l y  used t o  p r e d i c t  t h e  

thermal r e s i s t a n c e  of wood frame walls. The f i r s t  is r e f e r r e d  t o  a s  t h e  

" p a r a l l e l "  model, while t h e  second is r e f e r r e d  t o  a s  t he  " se r i e s -pa ra l l e l "  

model (ASHRAE 1985). The "pa ra l l e l "  model assumes t h a t  t h e r e  is no l a t e r a l  

hea t  flow between paths  and t h e  average thermal r e s i s t a n c e  of t h e  assembly i s  

the  a r e a  weighted average of t h e  thermal r e s i s t a n c e  of t h e  i n d i v i d u a l  paths .  

The " se r i e s -pa ra l l e l "  model assumes t h a t  t h e r e  is  p e r f e c t  l a t e r a l  hea t  flow 

between paths  and t h e  average thermal r e s i s t a n c e  of t h e  assembly is t h e  sum of 

t h e  thermal r e s i s t a n c e s  of t h e  i n d i v i d u a l  l aye r s .  Thermal r e s i s t a n c e  of 

l a y e r s  wi th  mu l t i p l e  paths  is c a l c u l a t e d  u s i n g  t h e  "pa ra l l e l "  model. ASHRAE 

notes  t h a t  t he  a c t u a l  thermal r e s i s t a n c e  of an assembly w i l l  f a l l  between t h e  

va lues  ca l cu l a t ed  by t h e  two models. 

Thermal Test  Specimens 

The thermal performance t e s t  specimens were wood frame wa l l  s e c t i o n s  

cons t ruc ted  of 38 mm x 89 mm p ine  s t u d s  loca ted  on 406 mm cen t e r s .  Half width 

s t u d s ,  19 mm t h i c k ,  were i n s t a l l e d  a t  t h e  s i d e s  of t h e  specimens, which were 

cons t ruc ted  with a double t op  p l a t e  and s i n g l e  bottom p l a t e .  An i n s i d e  f i n i s h  

of pa in ted  12 mm gypsum board was i n s t a l l e d  on t h e  specimens. This was s ea l ed  

a t  a l l  j o i n t s  t o  prevent a i r  leakage through t h e  specimens. Each of t h e  

thermal  t e s t  specimens had a d i f f e r e n t  combination of s tud  space i n s u l a t i o n ,  

e x t e r i o r  shea th ing  and e x t e r i o r  c ladding.  These d e t a i l s  a r e  l i s t e d  i n  

Table 1. 

The g l a s s  f i b r e  i n s u l a t e d  specimens ( 1  t o  3 )  used t h e  same 

s t u d / i n s u l a t i o n  system; t h a t  is ,  specimens 2a,  2b and 3  were cons t ruc ted  by 

modifying t h e  e x t e r i o r  of specimen 1. The polyurethane i n s u l a t e d  specimens 

( 4  t o  7 )  were cons t ruc ted  on f o u r  s e p a r a t e  s t u d  frames. Specimens 4 and 5 

were foamed by one ope ra to r ,  while specimens 6 and 7 were foamed by a second 

opera tor .  The same chemicals were used f o r  t h e  s tandard  dens i ty  foams i n  

specimens 4 ,  5 and 6 ,  while d i f f e r e n t  chemicals were used f o r  t h e  low d e n s i t y  

foam of specimen 7. The same equipment was used t o  foam a l l  f o u r  specimens. 

Both ope ra to r s  were i n s t ruc t ed*  t o  foam t o  a depth of 75 mm. However, i n  a l l  

cases  t h e  foam exceeded the  depth of t h e  s tuds  a t  po in t s  and some trimming was 

requi red .  Af te r  trimming excess  foam back t o  t h e  f ace  of t h e  s t u d s ,  t h e  



average th ickness  of foam i n  t h e  specimens va r i ed  from a low of 71.4 mm 

(specimen 4)  t o  a high of 85.5 mm (specimen 7) .  

To determine the  accuracy of t h e  models used t o  p r e d i c t  wa l l  thermal  

r e s i s t a n c e ,  thermal r e s i s t a n c e  of samples of a l l  i n s u l a t i o n  used i n  t h e  

specimens was measured by I R C .  These measurements were performed us ing  an  

ASTM C518 heat  flow meter appara tus  (ASTM 1986b) a t  a mean temperatdre  of 

24OC. Table 2 l ists t h e  thermal r e s i s t a n c e  measured f o r  a l l  i n s u l a t i o n  used 

i n  t h e  f u l l  s c a l e  specimens. 

Tes t  samples of t h e  g l a s s  f i b r e  i n s u l a t i o n  and i n s u l a t i n g  shea th ings  

were s e l e c t e d  from t h e  m a t e r i a l  used i n  t h e  f u l l  s c a l e  specimens. For t h e  

polyurethane i n s u l a t i o n ,  t e s t  samples were sprayed a t  t h e  same time a s  t h e  

f u l l  s c a l e  specimens. Measured thermal conduct iv i ty  f o r  Type A and Type B 

polyurethane was the  same (0.017 W/(m*K)) and s l i g h t l y  lower than t h a t  

measured f o r  Type C polyurethane (0.018 W/(m*K)). Thermal r e s i s t a n c e  f o r  t h e  

polyurethane,  which va r i ed  from a low of 4.20 m2*K/w t o  a high of 4.75 m2*K/w,  

was ca l cu l a t ed  from t h e  measured thermal conduct iv i ty  and measured average 

th ickness .  Measurements were made on unaged foam, 21 t o  28 days o ld .  

Thermal Test  Resul t s  

Thermal r e s i s t a n c e  va lues  measured f o r  t h e  g l a s s  f i b r e  i n s u l a t e d  

specimens a r e  shown i n  Figure 1. 

The measured thermal r e s i s t a n c e  f o r  specimens 2a and 2b was t he  same, 

i n d f c a t i n g  t h a t ,  from t h e  viewpoint of t he se  thermal  tests,  t h e r e  is no 

d i f f e r e n c e  between v iny l  and aluminum s id ing .  The d i f f e r e n c e  between t h e  

r e s u l t s  from these  specimens and t h a t  from specimen 1 i n d i c a t e  t h a t  a thermal 

r e s i s t a n c e  of 0.13 rn2*K/w was added by both s id ings .  This compares favourably 

with t he  value of 0.11 m2*K/w quoted f o r  hollow-back aluminum s i d i n g  i n  t h e  

ASHRAE Handbook of Fundamentals (ASHRAE 1985). 

The d i f f e r ence  between t h e  thermal r e s i s t a n c e  measured f o r  specimen 3 

and t h a t  measured f o r  specimen 2b i n d i c a t e s  t h a t  a net  thermal r e s i s t a n c e  of 

1.06 r n 2 * ~ / w  was added by t h e  Type I V  polystyrene i n s u l a t i n g  shea th ing .  

Assuming t h e  plywood shea th ing  on specimen 2b has a thermal r e s i s t a n c e  of 

0.11 rn2*K/w (ASHRAE 1985),  a t o t a l  thermal r e s i s t a n c e  of 1.17 m2*K/w can be 

a t t r i b u t e d  t o  t h e  shea th ing  on specimen 3. 

Thermal r e s i s t a n c e  va lues  measured f o r  t h e  polyurethane i n s u l a t e d  

specimens a r e  shown i n  Figure 2. 



It was intended t h a t  specimens 4 t o  7 have s i m i l a r  q u a n t i t i e s  of 

polyurethane i n  t h e  s tud  space i n  order  t o  make a d i r e c t  comparison of 

measured thermal r e s i s t a n c e s  values .  However, because of t h e  v a r i a t i o n  i n  

i n s u l a t i o n  thermal r e s i s t a n c e ,  a d i r e c t  comparison was not poss ib le .  Accurate 

p r e d i c t i o n  models must t h e r e f o r e  be used t o  provide a b a s i s  of comparison. 

To make an accu ra t e  comparison between measured and c a l c u l a t e d  thermal 

r e s i s t a n c e ,  both va lues  must be determined a t  a common mean temperature .  

Since specimen thermal r e s i s t a n c e  cannot be measured a t  24OC mean temperature  

and ma te r i a l  thermal r e s i s t a n c e  has  not been measured a t  O°C mean temperature ,  

a compromise s o l u t i o n  was t o  e x t r a p o l a t e  t h e  l i n e a r  f i t  of specimen thermal  

r e s i s t a n c e  t o  24OC mean temperature .  It is recognized t h a t  t h i s  is an 

incomplete s o l u t i o n ,  s i n c e  t he  thermal r e s i s t a n c e  of polyurethane does not 

vary  l i n e a r l y  wi th  mean temperature.  However, i t  does provide a f i r s t  

approximation of t h e  accuracy of t he  thermal r e s i s t a n c e  p r e d i c t i o n  models. 

The comparison of measured and c a l c u l a t e d  thermal r e s i s t a n c e  is shown i n  

Figure 3. Thermal r e s i s t a n c e  ca l cu l a t ed  by t h e  " p a r a l l e l "  and 

" se r i e s -pa ra l l e l "  models f o r  each specimen a r e  shown and l abe l ed  with t h e  

number of the  specimen. The s o l i d  l i n e  i n  Figure 3 is the  l i n e  of p e r f e c t  

agreement between measured and ca l cu l a t ed  va lues ;  t h e  dashed l i n e s  enc lose  a n  

envelope represen t ing  ca l cu l a t ed  va lues  w i th in  10% of measured values.  

While both models p r e d i c t  approximately t h e  same va lue  f o r  specimens of 

low thermal r e s i s t a n c e ,  t h e  d i f f e r e n c e  between t h e  p r e d i c t i o n s  tends t o  

i nc rease  as  t h e  specimen thermal r e s i s t a n c e  i nc reases .  I n  most cases  t h e  

p red i c t ed  values  bracke t  t h e  measured va lue  and, except f o r  specimen 5, a l l  

p r ed i c t i ons  a r e  w i th in  10% of t h a t  determined from t h e  measurements. For t h e  

range of thermal r e s i s t a n c e  considered,  t h e  s imples t  approach t o  a more 

a c c u r a t e  p r e d i c t i o n  is t o  t ake  an average of t he  two va lues  p red i c t ed  by t h e  

models. This conclusion w i l l  be checked f u r t h e r  wi th  t h e  a d d i t i o n  of measured 

r e s u l t s  from o the r  r e s i d e n t i a l  wal l  cons t ruc t ions .  It is a l s o  planned t o  

compare r e s u l t s  a t  O°C mean temperature us ing  i n s u l a t i o n  thermal  r e s i s t a n c e  

measured a t  t h a t  po in t .  

A I R  LEAKAGE PERFORMANCE 

Uncontrolled a i r  leakage through r e s i d e n t i a l  wa l l s  can lead  t o  a number 

of problems. These i nc lude  problems with i n t e r s t i t i a l  condensation and h igher  

than  necessary energy cos t .  I n  an eva lua t ion  of a i r  leakage performance, t h e  



primary concern is assessment of a i r  flow under pressure  g rad i en t .  Standards 

f o r  bu i ld ing  components (e.g. windows, doors)  spec i fy  t h a t  t h e  a i r  f low r a t e  

a t  75 Pa be used as  t he  measure of t he  e f f e c t i v e n e s s  of t he  component a t  

c o n t r o l l i n g  a i r  leakage. However, i t  is not pos s ib l e  a t  p resen t  t o  s e t  such a  

t e s t  condi t ion  f o r  wal l s .  I n s t e a d ,  t h e  f low vs pressure  d i f f e r e n c e  

r e l a t i o n s h i p  can be determined f o r  p r e s su re  d i f f e r e n c e s  up t o  100 Pa. 

A secondary concern i n  an eva lua t ion  of a i r  leakage performance is 

assessment of s t r u c t u r a l  performance of t he  a i r  b a r r i e r  system. For a  system 

t o  be e f f e c t i v e  a t  c o n t r o l l i n g  a i r  leakage,  i t  must be capable of r e s i s t i n g  

t h e  p re s su re  d i f f e r e n c e s  exer ted  on it.  These inc lude  pressure  d i f f e r e n c e s  

generated by s t a c k  e f f e c t  and wind and, f o r  some bu i ld ings ,  by mechanical 

v e n t i l a t i o n  systems. 

When consider ing thermal performance, t h e  e n t i r e  wa l l  cons t ruc t ion  

con t r ibu t e s  t o  t h e  thermal performance of t h e  wal l .  However, a i r  leakage 

performance is  b e s t  provided by a  plane of a i r  t i gh tnes s .  This  may be 

a t t a i n e d  with a  s i n g l e  a i r  t i g h t ,  s t rong  ma te r i a l .  More commonly an a i r  t i g h t  

ma te r i a l  must be supported by a  s t r u c t u r a l  mater ia l .  The m a t e r i a l s  i n  t h e  

plane of a i r  t i g h t n e s s  may be those  which make up t h e  f a b r i c  of the  bu i ld ing  

(e.g. g l a s s ,  metal  pans) ,  o r  they may be m a t e r i a l s  added s p e c i f i c a l l y  t o  

improve a i r  t i g h t n e s s .  I n  a l l  c a se s ,  i t  is important t h a t  t h e  va r ious  

m a t e r i a l s  i n  t h e  "plane of a i r  t i gh tnes s "  be jo ined  with s t r o n g ,  leak-free 

j  o i n t s  . 
A t e s t  procedure t o  measure a i r  f low under pressure  g rad i en t  is  

s tandard ized  a s  ASTM E283 - Standard Test  Method f o r  Rate of A i r  Leakage 

Through Ex te r io r  Windows, Cur ta in  Walls and Doors (ASTM 1 9 8 6 ~ ) .  A t e s t  

procedure t o  measure s t r u c t u r a l  performance under pressure  g rad i en t  i s  

s tandard ized  a s  ASTM E330 - Standard Tes t  Method f o r  S t r u c t u r a l  Performance of 

E x t e r i o r  Windows, Cur ta in  Walls,  and Doors by Uniform S t a t i c  A i r  P r e s su re  

Di f fe rence  (ASTM 1986d). Nei ther  of t he se  procedures is  d i r e c t l y  a p p l i c a b l e  

t o  t e s t i n g  the  a i r  leakage of opaque wal l s .  However, t h e  appara tus  s p e c i f i e d  

i n  them can be used on f u l l  s i z e  wa l l  specimens. 

A i r  Leakage Test  Procedure 

The a i r  leakage performance t e s t  was performed i n  t h e  A i r  Leakage Tes t  

F a c i l i t y  of IRC. This f a c i l i t y  conforms, i n  gene ra l ,  t o  those descr ibed  i n  

ASTM E283 and ASTM E330. It c o n s i s t s  of an a i r  t i g h t  test chamber t o  which a  



t e s t  specimen 2.4 x 2.4 m is clamped with an a i r  t i g h t  connection. P o s i t i v e  

and negat ive pressure  d i f f e r e n c e s  a r e  app l i ed  ac ros s  t he  specimen by 

p re s su r i z ing  o r  evacuat ing the  space between the  back of t h e  specimen and t h e  

chamber. A i r  f low through the  specimen is measured with laminar  flow meters ,  

while  pressure  d i f f e r ence  ac ros s  t h e  specimen i s  measured with e l e c t r o n i c  

pressure  sensors .  

The t e s t  procedure cons is ted  of two pa r t s .  I n  t h e  a i r  leakage p a r t ,  t h e  

a i r  f low vs pressure  d i f f e r e n c e  curve was determined f o r  p ressure  d i f f e r e n c e s  

up t o  100 Pa. I n  t h e  s t r u c t u r a l  performance p a r t ,  p r e s su re  d i f f e r e n c e s  of 

250, 500 and 1000 Pa, s imu la t i ng  sus t a ined  wind loading,  were app l i ed  f o r  one 

hour and pressure  d i f f e r e n c e s  of 1500, 2000 and 2500 Pa, s imu la t i ng  gus t  wind 

loading,  were app l i ed  f o r  t e n  seconds. Af te r  each of t h e  s t r u c t u r a l  

performance t e s t  cond i t i ons ,  t h e  specimen was v i s u a l l y  checked f o r  s t r u c t u r a l  

damage and the  a i r  f low a t  75 Pa was measured and compared t o  t h a t  measured 

dur ing  t h e  a i r  leakage t e s t .  A l l  p r e s su re  condi t ions  were appl ied  i n  both a  

p o s i t i v e  and negat ive d i r e c t i o n .  

A i r  Leakage Test  Specimen 

The a i r  leakage performance t e s t  specimen was a  wood frame wal l  s e c t i o n  

cons t ruc ted  of 38 mm x 89 mm pine  s t u d s  loca ted  on 406 mm cen t e r s .  The 

specimen was cons t ruc ted  wi th  a  double t op  p l a t e  and s i n g l e  bottom p l a t e .  

Fibreboard shea th ing ,  11 mm t h i c k ,  w a s  i n s t a l l e d  on one s i d e  of t h e  wood frame 

and approximately 75 mm of s tandard  dens i ty  sprayed-in-place polyurethane foam 

i n s u l a t i o n  (Type B) was i n s t a l l e d  i n  t h e  s t u d  space. No i n s i d e  f i n i s h  o r  

e x t e r i o r  s i d i n g  was i n s t a l l e d  on t h e  specimen. 

A i r  Leakage Test  Resu l t s  

The a i r  leakage performance tests were conducted 28 days a f t e r  foaming 

t h e  specimen. The a i r  f low vs pressure  d i f f e r e n c e  curve measured f o r  t h e  

specimen is shown i n  Figure 4. Included on t h e  f i g u r e  a r e  t h e  flow r a t e s  

measured f o r  t h e  specimen a t  t h e  sus t a ined  wind load s t r u c t u r a l  performance 

t e s t .  

The flow r a t e  determined f o r  t h e  specimen a t  75 Pa p re s su re  d i f f e r e n c e  

(0.02 t / ( s*m2)  is cons iderab ly  l e s s  than t h a t  measured f o r  f i b r eboa rd  a lone  

(1.6 ~ / ( s * m ~ )  (Bomberg and Kumaran, 1985). The specimen showed no v i s i b l e  

damage during t h e  nega t ive  p re s su re  s t r u c t u r a l  performance tests and no change 



t o  the  flow r a t e  a t  75 Pa. A t  500 Pa p o s i t i v e  p re s su re ,  t h e  f i b r eboa rd  showed 

s i g n s  of being pushed off  t he  n a i l s  holding i t  t o  t h e  s tuds .  However, t h e  

re - tes t  of t h e  flow r a t e  a t  75 Pa showed no change. No f u r t h e r  v i s i b l e  damage 

appeared during t h e  remainder of t h e  p o s i t i v e  pressure  s t r u c t u r a l  performance 

t e s t  and t h e r e  was no change t o  t h e  f low r a t e  a t  75 Pa. 

CONCLUSIONS 

A number of p re l iminary  conclusions can be drawn from t h e  work t o  date .  

I n  gene ra l ,  both t h e  " p a r a l l e l "  and l ' se r ies -para l le l "  models of hea t  t r a n s f e r  

can be used t o  p red i c t  thermal r e s i s t a n c e  of r e s i d e n t i a l  w a l l s  t o  w i t h i n  10% 

of measured values .  A more a c c u r a t e  p r e d i c t i o n  is ob ta ined  from an average of 

t h e  va lues  pred ic ted  by t h e  two models. While an e x i s t i n g  s t anda rd  t e s t  

procedure can be used t o  a s se s s  thermal  performance, t h e r e  is need f o r  a  

s tandard  t e s t  procedure t o  a s s e s s  a i r  leakage performance. Such a  procedure,  

c u r r e n t l y  under development a t  I R C ,  has  been used t o  show t h a t  unaged 

polyurethane foam can improve t h e  a i r  leakage performance of a  wood frame 

specimen sheathed with f ib reboard .  

Work on both t he  thermal performance p ro j ec t  and the  a i r  leakage 

performance p ro j ec t  is cont inuing.  For t h e  thermal  performance p r o j e c t ,  i t  i s  

planned t o  measure t h e  performance of s e v e r a l  more r e s i d e n t i a l  wa l l  

cons t ruc t ions .  These inc lude  specimens cons t ruc ted  wi th  38 x 140 mm s t u d s  and 

specimens r ep re sen t ing  designs t y p i c a l  of those  used i n  t h e  R2000 program. 

A l l  of t he  measured r e s u l t s  w i l l  be used t o  f u r t h e r  a s se s s  t h e  accuracy of t h e  

p red i c t i on  models. 

For t h e  a i r  leakage performance p r o j e c t ,  it is  planned t o  cont inue t o  

assess  t he  s u i t a b i l i t y  of t he  a i r  b a r r i e r  test  procedure by apply ing  i t  t o  a  

number of r e s i d e n t i a l  a i r  b a r r i e r  systems. The t e s t  procedure w i l l  a l s o  be 

adapted t o  inc lude  t h e  t e s t i n g  of a i r  b a r r i e r  system j o i n t s .  
i 

To a s se s s  t h e  e f f e c t  of f i e l d  condi t ions  on t h e  performance of 

polyurethane specimens, t h r e e  of t h e  thermal specimens ( 4 ,  6 and 7) and t h e  .- 
a i r  leakage specimen w i l l  be i n s t a l l e d  i n  an e x t e r i o r  wa l l  a t  IRC. The 

specimens w i l l  be l e f t  i n  p lace  over t h e  win te r  and r e t e s t e d  i n  t h e  s p r i n g  t o  

determine i f  t h e i r  performance has changed. 
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TABLE 1 

Thermal Performance Project 
Details of Test Specimens 

Specimen 
No. 

-- 

Stud Space Exterior 
Insulation Sheathing 

-- 

Exterior 
Siding 

glass fibre 

11 

plywood 

It 

none 

hollow back 
vinyl 

Type IV 
polystyrene 

hollow back 
aluminum 

std. density 
PUF (Type A) 

std. density 
PUF (Type B) 

low density 
PUF (Type C )  

plywood 

Type IV 
polystyrene 

Type 1 
polystyrene 

Type IV 
polystyrene 

hollow back 
vinyl 

--- 

Note: The following characteristics were common to all specimens: 
a) 38 mm x 89 mm pine studs at 406 mm on center 
b) 19 mm pine studs (half studs) on sides 
c) double top plate and single bottom plate, all pine 
d) 12 mm gypsum board interior finish, sealed to prevent air leakage 



TABLE 2 

Thermal Performance Project 
Measured Insulation Thermal Resistance 

Material Thickness Density R-value Specimen 
nun kg/m m 2 * ~ / ~  NO. 

stud insulation 

glass fibre 
batts 

std. density 71.4 
PUF (Type A) 73.6 

std. density 75.8 
PUF (Type B )  

low density 85.5 
PUF (Type C )  

sheathing 

Type IV 37 
polystyrene 

Type = 37 
polystyrene 

Note: R-value of PUF (polyurethane foam) calculated from measured average 
thickness of PUF in the specimen and thermal conductivity measured at 
24OC mean temperature. 



M E A N  T E M P E R A T U R E ,  " C  

Figure 1 Measured thermal resistance of glass fibre insulated specimens. 
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M E A N  T E M P E R A T U R E ,  " C  

,Figure 2 Measured thermal resistance of polyurethane insulated specimens. 
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Figure 3 Comparison of "measured" and calculated thermal resistance. 
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Figure 4 Measured air leakage of polyurethane/fibreboard specimen. 
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