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On a realist un programme de 27 essais de transmission de la chaleur sur 14 configurations 
diffkrentes de parois en t61e d'acier. Le but recherchk ktait de quantifier les transferts de 
chaleur par les profilks en Z et d'kvaluer les effets de l'kcoulement d'air de convection sur 
le flux de chaleur qui traverse les parois metalliques. Les essais ont kt6 effectuks sur des 
parois de 2,44 m x 2,44 m (8 pi x 8 pi) dans une enceinte chauffke protkgke. 

Les rksultats ont rkvklk que le flux de chaleur B travers les profiles pouvait reprksenter un 
pourcentage important (35 %) du flux de chaleur total traversant la paroi. Environ la moiti6 
de la rksistance h ce flux de chaleur provenait des profilks et l'autre moitik de la rksistance 
effective entre les profilks et les surfaces des parois. Le flux de chaleur des profilks n'a pas 
kt6 rkduit de f a ~ o n  importante par l'enlkvement de la moitie des vis de fixation du 
revetement extkrieur, mais il a pu 2tre raui t  grice B l'amklioration thermique des profilks. 

Les rksultats ont aussi dkmontrk que le courant de convection pouvait transporter autant de 
chaleur h travers une paroi d'acier qu'il pouvait en passer par conduction h travers l'isolant. 
On peut emgcher presque con~plktement ce transfert de chaleur en ajoutant un pare-air B la 
paroi d'acier. 



HEAT-TRANSMISSION TESTS 

ON SHEET STEEL WALLS 

W.C. Brown 
ASHRAE Member 

ABSTRACT 

A program of 27 thermal  t r a n s m i s s i o n  t e s t s  was conducted on 1 4  d i f f e r e n t  c o n f i g u r a t i o n s  of 
s h e e t  s t e e l  wal l .  The purpose of t h e  t e s t  program was t o  q u a n t i f y  t h e  h e a t  t r a n s f e r  through 

t h e  s h e e t  s t e e l  w a l l  Z-gir ts  and t o  e v a l u a t e  t h e  e f f e c t s  of convec t ive  a i r f l o w  on t h e  h e a t  

f low through s h e e t  s t e e l  wa l l s .  The t e s t  w a l l s  were 2.44 m x 2.44 m ( 8  f t  x 8  f t )  and t h e  

t e s t s  were conducted i n  a  guarded ho t  box test appara tus .  

The test r e s u l t s  showed t h a t  t h e  h e a t  f low through t h e  Z-g i r t s  cou ld  be a  s i g n i f i c a n t  
pe rcen tage  (35%) of t h e  t o t a l  h e a t  f low through t h e  s h e e t  s t e e l  wa l l .  Approximately h a l f  of 

t h e  r e s i s t a n c e  t o  t h i s  h e a t  f low was c o n t r i b u t e d  by t h e  Z-girt  whi le  t h e  o t h e r  h a l f  was 

c o n t r i b u t e d  by t h e  e f f e c t i v e  r e s i s t a n c e  between t h e  Z-gir t  and t h e  w a l l  f a c e s .  The Z-girt  

h e a t  f low was n o t  s i g n i f i c a n t l y  reduced by removing h a l f  of t h e  screws ho ld ing  t h e  e x t e r i o r  

c ladd ing  t o  t h e  Z-gir t  but  could be reduced i f  t h e  Z-gir t  was the rmal ly  designed.  

The t e s t  r e s u l t s  a l s o  i n d i c a t e d  t h a t  convec t ive  a i r f l o w  could t r a n s p o r t  a s  much h e a t  
through a  s h e e t  s t e e l  w a l l  a s  was t r a n s p o r t e d  by conduct ion through t h e  i n s u l a t i o n .  This  

mechanism of h e a t  t r a n s p o r t  cou ld  be c o n t r o l l e d  by t h e  a d d i t i o n  of a n  a i r  b a r r i e r  t o  t h e  s h e e t  

s t e e l  wa l l .  

INTRODUCTION 

Sheet s t e e l  w a l l s  a r e  used e x t e n s i v e l y  i n  t h e  c o n s t r u c t i o n  of i n d u s t r i a l  b u i l d i n g s .  They a r e  

t y p i c a l l y  c o n s t r u c t e d  from a  s h e e t  s t e e l  V-rib i n n e r  l i n e r ,  a  l a y e r  of i n s u l a t i o n ,  and a  

cor ruga ted  s h e e t  s t e e l  e x t e r i o r  c ladd ing .  F igure  1 shows d e t a i l s  of a  t y p i c a l  s h e e t  s t e e l  
w a l l  a s  used i n  t h i s  s tudy.  Normally t h e  i n n e r  l i n e r  i s  f a s t e n e d  d i r e c t l y  t o  t h e  s t e e l  frame 

of t h e  bu i ld ing ;  t h e  e x t e r i o r  c l a d d i n g  is a t t a c h e d  t o  t h e  i n n e r  l i n e r  and t h e  s t r u c t u r a l  s t e e l  

of t h e  b u i l d i n g  through co ld  formed s h e e t  s t e e l  e lements  c a l l e d  Z-gir ts .  The Z-g i r t s  a r e  

designed t o  be s t r o n g  enough t o  suppor t  t h e  e x t e r i o r  c l a d d i n g  but  s m a l l  enough t o  minimize t h e  

h e a t  t r a n s f e r  through them. The i n s u l a t i o n ,  t y p i c a l l y  b a t t  type  g l a s s  f i b e r  i n s u l a t i o n ,  is  
sandwiched between t h e  i n n e r  l i n e r  and t h e  e x t e r i o r  c ladd ing .  

The Canadian Sheet S t e e l  Bui lding I n s t i t u t e  (CSSBI) asked t h e  Div i s ion  of Bui ld ing  

Research (now t h e  I n s t i t u t e  f o r  Research i n  C o n s t r u c t i o n )  of t h e  N a t i o n a l  Research Counci l  of 

Canada t o  e v a l u a t e  t h e  h e a t  t r a n s f e r  through i n s u l a t e d  s h e e t  s t e e l  w a l l s .  The o b j e c t i v e s  of 
t h e  s t u d y  were: 

1. t o  measure t h e  h e a t  t r a n s f e r  through w a l l s  w i t h  a  number of d i f f e r e n t  Z-g i r t s  

i n s t a l l e d ;  
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2. t o  e v a l u a t e  t h e  e f f e c t s  of convec t ive  a i r f l o w  w i t h i n  t h e  w a l l  on t h e  h e a t  t r a n s f e r  
through t h e  w a l l ;  

3. t o  e v a l u a t e  t h e  p o t e n t i a l  f o r  r educ ing  t h e  h e a t  t r a n s f e r  through s h e e t  s t e e l  w a l l s  by 

reduc ing  t h e  h e a t  t r a n s f e r  through t h e  Z-gir ts .  

THEORY 

Heat is t r a n s f e r r e d  through s h e e t  s t e e l  w a l l s  by conduc t ion  through t h e  i n s u l a t i o n  and 
conduct ion through t h e  Z-girt .  It can a l s o  be t r a n s f e r r e d  by convec t ive  a i r f l o w  around 
t h e  i n s u l a t i o n  i f  measures a r e  n o t  t a k e n  t o  c o n t r o l  t h i s  mechanism of h e a t  t r a n s f e r .  The 
t o t a l  h e a t  t r a n s f e r  through a  s h e e t  s t e e l  w a l l  under s t e a d y  s t a t e  c o n d i t i o n s ,  Qt ,  can be 
expressed by 

where - 
Qi = h e a t  t r a n s f e r  by conduct ion through t h e  i n s u l a t i o n ;  
Q, = h e a t  t r a n s f e r  by conduct ion through t h e  Z-gir t ;  

Qc = h e a t  t r a n s f e r  by convec t ive  a i r f l o w .  

Heat T r a n s f e r  Through I n s u l a t i o n  

Assuming one-dimensional h e a t  f low,  t h e  h e a t  t r a n s f e r  by conduct ion through t h e  
i n s u l a t i o n  under s t e a d y - s t a t e  c o n d i t l o n s ,  Qi, can  be expressed  a s  

where 

TI = average  h o t  w a l l  s u r f a c e  t empera tu re ;  

T2 = average c o l d  w a l l  s u r f a c e  temperature;  
Ai = a r e a  of t h e  i n s u l a t i o n ;  
Ri = r e s i s t a n c e  of t h e  i n s u l a t i o n .  

Heat T r a n s f e r  Through Z-gir t  

The h e a t  t r a n s f e r  by conduc t ion  through t h e  Z-gir t  under s teady-  s tate c o n d i t i o n s ,  Q,, 
can  be expressed  as 

where 

A, = c r o s s - s e c t i o n a l  a r e a  of Z-gir t ;  
R, = e f f e c t i v e  r e s i s t a n c e  of t h e  Z-gir t  and s h e e t  s t e e l  s u r f a c e s .  

A s  w i t h  t h e  h e a t  t r a n s f e r  through t h e  i n s u l a t i o n ,  i t  is  assumed t h a t  t h e  t empera tu re  
d i f f e r e n c e  d r i v i n g  t h e  h e a t  t r a n s f e r  through t h e  Z-gir t  is t h e  average  su r face - to - sur face  

temperature  d i f f e r e n c e ,  T1-T . However, i t  is a l s o  assumed t h a t  t h e  h e a t  t r a n s f e r  a r e a  i s  
e q u i v a l e n t  t o  t h e  c r o s s - s e c t f o n a l  a r e a  of t h e  Z-g i r t ,  A .  F u r t h e r ,  i t  is assumed t h a t  t h e  

r e s i s t a n c e  t o  2 - g i r t  h e a t  f low can  be reduced t o  a  s i n g l e  v a l u e ,  RZ. The l a s t  p o i n t  assumes 

t h a t  t h e  r e s i s t a n c e  t o  h e a t  t r a n s f e r  of t h e  i n n e r  l i n e r  and e x t e r i o r  c l a d d i n g ,  t h e  c o n t a c t  
r e s i s t a n c e s  between t h e  i n n e r  l i n e r ,  e x t e r i o r  c l a d d i n g ,  and Z-g i r t ,  and t h e  r e s i s t a n c e  of t h e  
Z-girt  i t s e l f  can  be combined i n t o  a  s i n g l e  va lue .  

The r a t i o  o f  A, t o  RZ can  t h e o r e t i c a l l y  be determined from t h e  f o l l o w i n g  e x p r e s s i o n  



where 

r l  = a  combina t ion  of r e s i s t a n c e  of i n n e r  l i n e r  t o  2 - - g i r t  l iea t  f low and c o n t a c t  

r e s i s t a n c e  between i n n e r  l i n e r  and Z-g i r t  ; 
A1 = e f f e c t i v e  h e a t  t r a n s f e r  a r e a  of i n n e r  l i n e r ;  

r, = r e s i s t a n c e  of Z -g i r t ;  

A, = c r o s s - s e c t i o n a l  a r e a  of Z -g i r t ;  
r 2  = a combina t ion  of r e s i s t a n c e  of e x t e r i o r  c l a d d i n g  t o  Z-g i r t  h e a t  Elow and c o n t a c t  

r e s i s t a n c e  between Z-g i r t  and e x t e r i o r  c l a d d i n g ;  

A2 = e f f e c t i v e  h e a t  t r a n s f e r  a r e a  of e x t e r i o r  c l a d d i n g .  

A l l  of t h e  a r e a s  c o n t a i n e d  i n  Equa t ion  4 can  b e  assumed t o  b e  p r o d u c t s  of t h e  w i d t h  of 
t h e  Z-gi r t  h e a t  t r a n s f e r  a r e a  ( l e n g t h  of Z -g i r t )* ,  w,, times t h e  h e i g h t  of t h e  a p p r o p r i a t e  
h e a t  t r a n s f e r  a r e a ,  h. S i n c e  w, i s  common t o  a l l  a r e a s ,  i t  can  be f a c t o r e d  o u t  of 
Equa t ion  4 and t h e  e q u a t i o n  becomes 

where 

h l  = e f f e c t i v e  h e i g h t  of i n n e r  l i n e r  h e a t  t r a n s f e r  a r e a ;  
h, = h e i g h t  of 2 - g i r t  h e a t  t r a n s f e r  a r e a  ( t h i c k n e s s  of % - g i r t ) ;  

h2 = e f f e c t i v e  h e i g h t  of e x t e r i o r - c l a d d i n g  h e a t  t r a n s f e r  a r e a .  

The r e s i s t a n c e  of t h e  Z - g i r t ,  r,, can be de t e rmined  a n a l y t i c a l l y  from t h e  t h e r m a l  

c o n d u c t i v i t y  of  t h e  Z - g i r t ,  k,, and from i t s  geometry.  The h e i g h t  of t h e  Z-g i r t  h e a t  

t r a n s f e r  a r e a ,  hZ ,  i s  t h e  t h i c k n e s s  (gauge)  of t h e  Z-g i r t  and c a n  be  measured. However, 

g i v e n  t h e  th ree -d imens iona l  h e a t  f l o w  p a t h  between t h e  Z-g i r t  and t h e  i n n e r  l i n e r  and e x t e r i o r  

c l a d d i n g  and t h e  u n c e r t a i n t y  i n  d e t e r m i n i n g  c o n t a c t  r e s i s t a n c e ,  v a l u e s  of r l / h l  and r 2 / h 2  a r e  

d i f f i c u l t  t o  d e t e r m i n e  a n a l y t i c a l l y .  They can ,  however,  b e  de t e rmined  by expe r imen t  and f rom 

t h e  f o l l o w i n g  e x p r e s s i o n s  

T -T is  t h e  t e m p e r a t u r e  dLEEerence between t h e  a v e r a g e  i n n e r  l i n e r  t e m p e r a t u r e ,  TI, and 
Z 1  

tlte h o t  edge o f  t h e  2 - g i r t ,  Tzl  and T, - T1 i s  t h e  t e m p e r a t u r e  d i f f e r e n c e  between t h e  c o l d  
2 

edge  o f  t h e  Z - g i r t ,  T Z 2  and t h e  a v e r a g e  e x t e r i o r  c l a d d i n g  t e m p e r a t u r e ,  T2. C), i s  t h e  h e a t  

f l ow th rough  t h e  2 -g i r t  and w, is t h e  width  of t h e  Z-g i r t  h e a t  t r a n s f e r  a r e a .  Values f o r  

r l / h l a n d  s 2 / h p  f o r  a g i v e n  i n n e r  l i n e r  and e x t e r i o r  c l a d d i n g  c a n  be de t e rmined  f rom measured 

v a l u e s  of t e m p e r a t u r e  d i f f e r e n c e  and h e a t  f low. 

Convect ive  Ai r f low 

P r e v i o u s  work ( S c h u y l e r  and Solvason 1983) h a s  shown t h a t  c o n v e c t i v e  a i r f l o w  c a n  t r a n s f e r  
a s  much h e a t  t h rough  a  s h e e t  s t e e l  w a l l  a s  t h a t  t r a n s f e r r e d  by conduc t ion  th rough  t h e  

i n s u l a t i o n .  Convec t ive  a i r f l o w  i s  d e f i n e d  a s  a i r  movement w i t h i n  a  w a l l  t h a t  is d r i v e n  by a  

t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  t h e  w a l l  r a t h e r  t h a n  by a n  e x t e r n a l  p r e s s u r e  d i f f e r e n c e .  It 
w i l l  e x i s t  t o  some e x t e n t  i n  any v e r t i c a l  e n c l o s u r e  t h a t  i s  f i l l e d  w i t h  a  po rous  medium and 
h a s  a  t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  it. Buoyancy f o r c e s  g e n e r a t e d  by t h e  t e m p e r a t u r e  

d i f f e r e n c e  c a u s e  t h e  a i r  t o  c i r c u l a t e  up t h e  h o t  s u r f a c e  o f  t h e  w a l l  c a v i t y  and down t h e  c o l d  
s u r f a c e  of t h e  w a l l  c a v i t y .  The c i r c u l a t i o n  p a t h  is comple ted  th rough  t h e  po rous  medium a t  
t h e  t o p  and bot tom of t h e  w a l l  c a v i t y .  

* In  t h e  d i s c u s s i o n  t h a t  f o l l o w s ,  a l l  d imensions  a r e  l a b e l e d  a c c o r d i n g  t o  t h e  r e l a t i o n s h i p  t o  
t h e  h e a t  f low p a t h  and n o t  t o  t h e  p h y s i c a l  d imens ions  of t h e  component t h a t  forms t h a t  pa th .  
Thus,  t h e  wid th  of t h e  h e a t  t r a n s f e r  a r e a  i s  t h e  h o r i z o n t a l  d imension a c r o s s  t h e  f a c e  of t h e  

I sample. T h i s  i s  p h y s i c a l l y  e q u i v a l e n t  t o  t h e  l e n g t h  of t h e  Z-gi r t .  See F i g u r e  1 f o r  t h e  
I a x i s  l a b e l s  a s  u sed  i n  t h e  d i s c u s s i o n .  
I 



Convect ive  a i r f l o w  can have a  minor e f f e c t  on t h e  h e a t  f low through a  w a l l  t h a t  i s  
complete ly  f i l l e d  w i t h  i n s u l a t i o n  because  t h e  i n s u l a t i o n  w i l l  r e s t r i c t  t h e  a i r f l o w .  However, 
a s h e e t  s t e e l  w a l l  has unobs t ruc ted  columns of a i r  on both s i d e s  of t h e  i n s u l a t i o n  because t h e  

V-ribs on t h e  i n n e r  l i n e r  and t h e  c o r r u g a t i o n s  on t h e  e x t e r i o r  c l a d d i n g  do  not  permit  t h e  

i n s u l a t i o n  t o  conform e x a c t l y  t o  t h e  w a l l  s u r f a c e s  ( F i g u r e  2).  A s  a  r e s u l t  of t h e s e  a i r  
columns, a  s h e e t  s t e e l  w a l l  can have s i g n i f i c a n t l y  l e s s  r e s i s t a n c e  t o  c o n v e c t i v e  a i r f l o w  than  

a  w a l l  t h a t  i s  complete ly  f i l l e d  wi th  i n s u l a t i o n .  

A complete  a i r  b a r r i e r ,  l o c a t e d  w i t h i n  t h e  w a l l  i n  such  a  way a s  t o  d i s c o n n e c t  t h e  

columns of a i r  on t h e  ho t  and c o l d  s u r f a c e s  of t h e  w a l l  c a v i t y ,  has been shown t o  reduce t h e  

h e a t  f low by c o n v e c t i v e  a i r f l o w ,  Qc, t o  a  n e g l i g i b l e  v a l u e  (Schuy le r  and Solvason 1983). 

F u r t h e r  examples of t h e  e f f e c t s  of convec t ive  a i r  f low and t h e  e f f e c t i v e n e s s  of a i r  b a r r i e r s  
a r e  r e p o r t e d  i n  t h i s  paper.  

EXPERIMENTAL APPARATUS 

The thermal  t r a n s m i s s i o n  tests were performed i n  t h e  Environmental  Tes t  F a c i l i t y  of t h e  
D i v i s i o n  of Bu i ld ing  Research,  N a t i o n a l  Research Counci l  of Canada ( F i g u r e  3).  T h i s  f a c i l i t y  

conforms t o  ASTM Standard C236 (ASTM 1984) and c o n s i s t s  of a  c o l d  s i d e  chamber ( t e s t  
t empera tu res  a s  low a s  -40°C), a  guarded ho t  box ( t e s t  t empera tu res  between 15OC and 25OC), 
and a  room s i d e  chamber t h a t  performs a s  t h e  the rmal  guard f o r  t h e  h o t  box. The h o t  box, w i t h  

a  2.44 m s q u a r e  t e s t  a r e a  (5.946 m2), i s  used t o  measure t h e  h e a t  f low through a  2.44 m s q u a r e  

t e s t  wa l l .  The w a l l  t o  be t e s t e d  i s  mounted i n  a  w e l l - i n s u l a t e d  t e s t  frame. The t e s t  f rame 

i s  mounted t o  t h e  open s i d e  of t h e  co ld  s i d e  chamber and t h e  h o t  box is mounted on t h e  room 

s i d e  s u r f a c e  of t h e  test wal l .  The room s i d e  chamber i s  t hen  mounted t o  t h e  c o l d  s i d e  

chamber, su r round ing  t h e  ho t  box. 

For c o n t r o l  purposes ,  t h e  t empera tu res  of t h e  c o l d  s i d e  chamber and t h e  h o t  box a r e  

sensed w i t h  RTDs. The c o l d  s i d e  chamber t empera tu re  i s  c o n t r o l l e d ,  th rough  e l e c t r i c  r e h e a t ,  

by an  i n d u s t r i a l  three-mode c o n t r o l l e r .  Cool ing i n  t h e  c o l d  s i d e  chamber i s  provided by 

r e f r i g e r a n t  from a  c e n t r a l  r e f r i g e r a t i o n  p l a n t .  The ho t  box t empera tu re  i s  a l s o  c o n t r o l l e d ,  

through a  DC power supply  and convec t ion  h e a t e r ,  by a n  i n d u s t r i a l  three-mode c o n t r o l l e r .  No 

c o o l i n g ,  o t h e r  t h a n  t h e  h e a t  l o s s  through t h e  t e s t  w a l l ,  i s  provided i n  t h e  h o t  box. 

The room s i d e  chamber a c t s  a s  a  thermal  guard f o r  t h e  h o t  box by havinl; i t s  t empera tu re  

c o n t r o l l e d  t o  ma in ta in  z e r o  t empera tu re  d i f f e r e n c e  a c r o s s  t h e  w a l l s  of t h e  hot box. The 

t empera tu re  d i f f e r e n c e  a c r o s s  t h e  ho t  box w a l l s  i s  sensed  by a n  equa l -a rea  64- junct ion 
thermopi le .  The room s i d e  chamber t empera tu re  i s  c o n t r o l l e d ,  th rough  e l e c t r i c  r e h e a t ,  by an  
i n d u s t r i a l  three-mode n u l l  v o l t a g e  c o n t r o l l e r .  Cool ing i n  t h e  room s i d e  chamber is provided 

by p rocess  c h i l l e d  water .  

The DC power s u p p l i e d  t o  t h e  h o t  box convec t ion  h e a t e r  i s  measured by a  p r e c i s i o n  c u r r e n t  

shun t  and v o l t a g e  d i v i d e r .  T e s t  t empera tu res  a r e  sensed  w i t h  30-gauge copper-constantan 

thermocouples.  A l l  power and t empera tu re  r e a d i n g s  a r e  t a k e n  w i t h  a  computer-based d a t a  

a c q u i s i t i o n  system. It i s  e s t i m a t e d  t h a t  h e a t  f low i s  measured by t h e  ho t  box w i t h  an 

accuracy of 3% and t h a t  t e m p e r a t u r e s  a r e  measured w i t h  an  accuracy  of f 0 . l o c .  

TEST SPECIMEN 

The t e s t  specimens used i n  t h e  s t u d y  (F igure  1) were 2.44 m s q u a r e  s h e e t  s t e e l  w a l l s  

c o n s t r u c t e d  w i t h  f o u r  s e c t i o n s  of 0.7 mm s t e e l  V-rib i n n e r  l i n e r  and t h r e e  s e c t i o n s  of 0.7 mm 

cor ruga ted  e x t e r i o r  c l add ing .  The t e s t  w a l l s  were c o n s t r u c t e d  by mounting t h e  i n n e r  l i n e r  and 

e x t e r i o r  c l a d d i n g  t o  a  wood f rame,  which was c o n s t r u c t e d  from 19-mn~ t h i c k  p ine  lumber. The 

dep th  of t h e  wood frame corresponded t o  t h e  t h i c k n e s s  of t h e  w a l l  (two w a l l  t h i c k n e s s e s  were 

t e s t e d ) .  The t e s t  w a l l s  were i n s u l a t e d  w i t h  16.6 kg/m3 glass-f  i b e r  f r i c t i o n - f i t  b a t t  
i n s u l a t i o n ,  which had a  r e f e r e n c e  t h i c k n e s s  approximately  e q u a l  t o  t h e  t h i c k n e s s  of t h e  w a l l .  

The v e r t i c a l  j o i n t s  of t h e  i n n e r  l i n e r  and t h e  p e r i m e t e r  of t h e  i n n e r  l i n e r  were caulked and 

t aped  t o  t h e  p i n e  frame t o  p reven t  a i r  l eakage  through t h e  t e s t  specimen. 



Three 2.39 m l o n g  by 6.4 mm t h i c k  ang le - i ron  p i e c e s  (51 mm x 51 mm) were a t t a c h e d  t o  t h e  
ho t  box s i d e  of t h e  i n n e r  l i n e r  a t  t h e  114, 112, and 314 h e i g h t  p o i n t s  t o  s i m u l a t e  a t tachment  
t o  a s t r u c t r ~ r a l  Erame. The ang le - i ron  p i e c e s  were a t t ac l l ed  t o  t h e  i n n e r  l i n e r  r~s i r lg  
5.5 mm x 19 mm Type A hex-head s e l f - t a p p i n g  sc rews ,  which were c e n t e r e d  between t h e  V-ribs of 

t h e  l i n e r  ( approx imate ly  152 mm a p a r t ) .  

For t h o s e  t e s t  w a l l s  t h a t  c o n t a i n e d  Z - g i r t s ,  t h e  Z - g i r t s  were a t t a c h e d  t o  t h e  i n n e r  l i n e r  

w i t h  t h e  same screws and a t  t h e  same l o c a t i o n  a s  t h e  ang le - i ron  p i e c e s .  The e x t e r i o r  c l add ing  

was a t t a c h e d  t o  t h e  Z-g i r t s  u s i n g  6.3 mm x 19 mm Type AB hex-head s e l f - t a p p i n g  screws l o c a t e d  
i n  each v a l l e y  of t h e  c l a d d i n g  (approx imate ly  133 mm a p a r t ) .  T e s t s  were conducted w i t h  one 

and t h r e e  rows of Z-gir ts .  Those w i t h  one row had t h e  row l o c a t e d  a t  t h e  mid-height p o i n t .  

TEST RESULTS 

A program of 27 the rmal  t r a n s m i s s i o n  t e s t s  were run on 14 d i f f e r e n t  c o n f i g u r a t i o n s  of s h e e t  
s t e e l  wa l l .  D e t a i l s  of t h e  t e s t  w a l l s  a r e  l i s t e d  i n  Table  1. The o r d e r  oE l i s t i n g  shown i n  

Table  1  is f o r  r e p o r t i n g  purposes  o n l y ;  i n  g e n e r a l ,  t h e  t e s t i n g  o r d e r  was des igned  t o  minimize 
t h e  number of changes between t e s t s  and is  not  t h e  o r d e r  shown i n  Tab le  1. A l l  w a l l s  were 

t e s t e d  a t  nominal ly  21°C h o t  s i d e  a i r  t empera tu re  and -35OC c o l d  s i d e  a i r  temperature .  A l l  

w a l l s ,  excep t  Wall 13,  were a l s o  t e s t e d  a t  nominal ly  -7OC c o l d  s i d e  a i r  temperature .  T e s t s  

w i t h  -T°C c o l d  s i d e  a i r  t empera tu re  a r e  l a b e l e d  w i t h  a n  'A' i n  t h e  t a b l e s  l i s t i n g  t h e  test ' 

r e s u l t s .  

I 

I 
V a r i a b l e s  i n  t h e  t e s t  program i n c l u d e d  w a l l  t h i c k n e s s  (159 mm and 260 mm), t o t a l  l e n g t h  

of Z-girt  (2.232 m and 6.696 m), t h i c k n e s s  of Z-gir t  (1.6 mm and 2.7 mm), and Z-gir t  des ign.  

Most w a l l s  c o n t a i n e d  a  complete a i r  b a r r i e r  t o  c o n t r o l  c o n v e c t i v e  a i r f l o w .  The e f f e c t i v e n e s s  

of a i r  b a r r i e r s  was checked by t e s t i n g  two w a l l s  w i t h o u t  a i r  b a r r i e r s .  

R e s i s t a n c e  of I n s u l a t i o n  (Ri) 

The r e s i s t a n c e  of t h e  base  w a l l s  used i n  t h e  t e s ' t  s e r i e s ,  i . e . ,  w a l l s  w i t h  c l a d d i n g ,  
i n s u l a t i o n ,  and p i n e  frame bu t  wi thou t  Z - g i r t s ,  was determined i n  T e s t s  1  t o  3. The 159 mm 
t h i c k  w a l l  i n  Tes t  1  c o n t a i n e d  one l a y e r  of 152 mm r e f e r e n c e  t h i c k n e s s  (172 mm r e l a x e d  

t h i c k n e s s )  i n s u l a t i o n ,  w h i l e  t h e  260 mm w a l l  i n  T e s t s  2  and 3  c o n t a i n e d  two l a y e r s  of 127 mm 

r e f e r e n c e  t h i c k n e s s  (140 mm r e l a x e d  t h i c k n e s s )  i n s u l a t i o n .  The wood s u p p o r t  f rame was e i t h e r  

159 mm o r  260 mm t h i c k  depending on t h e  w a l l  being t e s t e d .  

The w a l l s  i n  t h e s e  t h r e e  tests c o n t a i n e d  a  2.44 m s q u a r e  s h e e t  of k r a f t  paper  t o  a c t  a s  
an  a i r  b a r r i e r .  T h i s  paper s h e e t  was taped t o  t h e  edge of t h e  p ine  frame on t h e  c o l d  s i d e .  

In  a d d i t i o n ,  t h e  260 mm w a l l  of Tes t  3  c o n t a i n e d  a  second s h e e t  of k r a f t  paper  t h a t  was 

l o c a t e d  between t h e  two l a y e r s  of i n s u l a t i o n .  It was a l s o  t aped  t o  t h e  p ine  frame. 

The r e s i s t a n c e  oE t h e  base  w a l l ,  h e r e a f t e r  r e f e r r e d  t o  a s  t h e  r e s i s t a n c e  of t h e  
i n s u l a t i o n ,  was c a l c u l a t e d  from t h e  t e s t  r e s u l t s  and t h e  f o l l o w i n g  e x p r e s s i o n  f o r  Ri d e r i v e d  

from Equat ion 2  

I n  t h i s  e x p r e s s i o n ,  Ai e q u a l s  t h e  t e s t  a r e a  of t h e  h o t  box (5.946 m2), T1 and T2 a r e  t h e  
average h o t  and c o l d  s u r f a c e  t empera tu res  measured f o r  t h e  t e s t ,  and Qi e q u a l s  t h e  t o t a l  h e a t  

f low measured f o r  t h e  t e s t  (=  Qt) .  

% r e s u l t s  of T e s t s  1  t o  3  a r e  g i v e n  i n  Table 2. The a d d i t i o n  of t h e  second a i r  b a r r i e r  
t o  t h e  260 mm w a l l  (Tes t  3) d i d  n o t  s i g n i f i c a n t l y  change t h e  measured r e s i s t a n c e  (<4%) .  

There fo re ,  i t  can  be concluded t h a t  one a i r  b a r r i e r  i s  s u f f i c e n t  t o  c o n t r o l  c o n v e c t i v e  a i r f l o w  
i n  s h e e t  s t e e l  w a l l s .  The v a l u e s  measured f o r  base  w a l l  r e s i s t a n c e  were used t o  de te rmine  Qi 
i n  subsequent  t e s t s .  An average  of t h e  v a l u e s  measured i n  T e s t s  2 and 3  was used a s  t h e  

r e s i s t a n c e  f o r  t h e  260 mm w a l l s .  



Convective Ai r f low 

The e f f e c t  of convec t ive  a i r f l o w  on t h e  r e s i s t a n c e  of s h e e t  s t e e l  w a l l s  was measured i n  
T e s t s  4  and 5. T e s t s  4  and 5  measured t h e  h e a t  f low through t e s t  w a l l s  wi thou t  a i r  b a r r i e r s  
and wi thou t  2 - g i r t s .  The w a l l  i n  Test  4  was 159 mm t h i c k ,  whereas t h e  w a l l  i n  Test  5  was 

260 mm t h i c k .  The i n s u l a t i o n  b a t t s  from T e s t s  1  and 2 were used i n  t h e s e  t e s t s .  

Table  3  compares t h e  r e s i s t a n c e  measured f o r  t h e s e  w a l l s  wi thou t  a i r  b a r r i e r s  w i t h  t h e  
r e s i s t a n c e  measured f o r  s i m i l a r  w a l l s  w i t h  f u l l  a i r  b a r r i e r s  ( T e s t s  1  t o  3) .  The r e s i s t a n c e  

of t h e  w a l l s  wi thou t  a i r  b a r r i e r s  i s  l e s s  t h a n  h a l f  t h e  r e s i s t a n c e  of t h e  w a l l s  w i t h  a i r  
b a r r i e r s  a t  a  55 K t empera tu re  d i f f e r e n c e .  A comparison of t h e  r e s i s t a n c e s  measured a t  a  27 K 

t empera tu re  d i f f e r e n c e  shows t h a t  t h e  d i f f e r e n c e  i s  l e s s  b u t  s t i l l  q u i t e  s i g n i f i c a n t  (25% f o r  
t h e  159 mm w a l l  and 41% f o r  t h e  260 mm w a l l ) .  

' h e  t r e n d  of lower r e s i s t a n c e  w i t h  i n c r e a s i n g  t empera tu re  d i f f e r e n c e  i n d i c a t e s  t h a t  

convec t ive  a i r f l o w  is o c c u r r i n g  i n  t h e  w a l l s  wi thou t  a i r  b a r r i e r s .  It i s  apparen t  from t h e s e  

t e s t  r e s u l t s  t h a t ,  i n  t h o s e  w a l l s  w i t h  u n o b s t r u c t e d  and connected v e r t i c a l  a i r  passages  on t h e  
warm and c o l d  s i d e s  of a  w a l l ,  convec t ive  a i r f l o w  can e x i s t  and t h i s  convec t ive  a i r f l o w  can 
t r a n s f e r  a  s i g n i f i c a n t  q u a n t i t y  of h e a t  through t h e  w a l l .  The a d d i t i o n  of a  s imple  a i r  

b a r r i e r  t o  s e p a r a t e  t h e  columns of a i r  is s u f f i c e n t  t o  e l i m i n a t e  convec t ive  a i r f l o w .  

E l imina t ion  of one o r  t h e  o t h e r  a i r  columns shou ld  a l s o  e l i m i n a t e  c o n v e c t i v e  a i r f l o w .  One way 
t o  accomplish  t h i s  would be t o  use  a  f l a t ,  r a t h e r  than  a  V-rib, i n n e r  l i n e r ,  which would a l l o w  

t h e  i n s u l a t i o n  t o  conform e x a c t l y  t o  t h e  s u r f a c e  of t h e  i n n e r  l i n e r .  

2-Girt  Thermal Conduc t iv i ty  (k,) 

The the rmal  c o n d u c t i v i t y  of s o l i d  Z-g i r t s  was determined from T e s t s  6  t o  8. The w a l l s  . in  
t h e s e  t e s t s  c o n t a i n e d  one row of t h r e e  s o l i d  2 - g i r t s  w i t h  a t o t a l  l e n g t h  of 2.232 m. The 

t h i c k n e s s  of t h e  w a l l s  i n  T e s t s  6  and 7 was 159 mm, and t h e  t h i c k n e s s  of t h e  w a l l  i n  Tes t  8  

was 260 mm. The t h i c k n e s s  of Z-g i r t s  i n  T e s t s  6  and 8  was 1.6 mm and t h e  t h i c k n e s s  of Z-g i r t  

i n  Test  7 was 2.7 mm. 

A l l  Z-g i r t s  were a t t a c h e d  a t  t h e  mid-height p o i n t  a s  d e s c r i b e d  i n  t h e  s e c t i o n ,  "Test  

Specimen". The i n s u l a t i o n  b a t t s  from Tes t  1  were used i n  T e s t s  6  and 7, and t h e  b a t t s  from 

Test  2 were used i n  Tes t  8. An a i r  b a r r i e r ,  s i m i l a r  t o  t h a t  i n  Tes t  1, was i n s t a l l e d  i n  t h e  
w a l l s  f o r  T e s t s  6  and 7 ,  and two a i r  b a r r i e r s ,  s i m i l a r  t o  t h o s e  i n  Tes t  3, were i n s t a l l e d  i n  

t h e  w a l l  f o r  Tes t  8. 

The the rmal  c o n d u c t i v i t y  of t h e  2 - g i r t s  can be determined f rom t h e  f o l l o w i n g  e x p r e s s i o n  

f o r  k Z  : 

The h e a t  f low th rough  t h e  2 - g i r t s ,  Q,, w a s  de te rmined  from t h e  d i f f e r e n c e  between t h e  t o t a l  
h e a t  f l o w  measured through t h e  test: w a l l ,  , and t h e  h e a t  f low through t h e  i n s u l a t i o n ,  Qi. 

Q4 was determined f ram Equat ion 2, v i c h  R, j e t e r m i n e d  from T e s t s  L t o  3. The a r e a  of t h e  

zkgir t  heat t r a n s f e r  pa th ,  AZ, was t h e  prGduct of wZ and h  , t h e  width  and h e i g h t  of t h e  h e a t  

t r a n s f e r  a r e a  of t h e  2 - g i r t s  ( p h y s i c a l l y  t h e  l e n g t h  and t h f c k n e s s  of t h e  2 - g i r t ) .  Twelve 

p a i r s  of thermocouples were t a p e d  a t  v a r i o u s  p o i n t s  a l o n g  t h e  wid th  of t h e  Z-g i r t s  (F igure  4 )  
t o  measure t h e  t empera tu re  d i f f e r e n c e  (Ta-Tb) a c r o s s  a measured dep th  of Z-girt  (xZ) .  The 

d i s t a n c e  between t h e  p a i r e d  thermocouples was 102+1 mm i n  T e s t s  6  and 7 and 17821 mm i n  

Tes t  8. 

The average  v a l u e  determined f o r  t h e  thermal  c o n d u c t i v i t y  of t h e  Z-g i r t s  i n  T e s t s  6  t o  8  

was 68 W/(m*K) (Tab le  4) .  T h i s  v a l u e  d i f f e r s  by 50% from t h e  ASHRAE (1985) t a b u l a t e d  v a l u e  

f o r  'mi ld '  s t e e l  - 45.3 W/(m-K). The carbon c o n t e n t  of t h e  Z-g i r t s  used i n  t h e s e  t e s t s  was 
determined t o  be 0.07%**, and t h e  thermal  c o n d u c t i v i t y  of s t e e l  a t  t h i s  carbon c o n t e n t  is 

r epor ted  t o  be between 60 and 65 W/(m-K) ( S m i t h e l l s  1975) ,  a  v a l u e  very  c l o s e  t o  t h a t  measured 

f o r  t h e  Z-g i r t s  i n  t h e s e  t e s t s .  The Z-g i r t s  were ga lvan ized  wi th  a  t o t a l  t h i c k n e s s  of z i n c  of 
0.05 mm. I f  t h e  h e a t  f low through t h e  z i n c ,  w i t h  a  the rmal  c o n d u c t i v i t y  of 110 W/(m*K), is  
taken i n t o  accoun t ,  t h e  the rmal  c o n d r ~ c t i v i t y  of t h e  s t e e l  w i l l  be about  3X l e s s  than t h a t  

measured f o r  t h e  Z-gir t .  

**Private  correspondence,  A. Zakrzewski t o  a u t h o r .  



Res i s tance  Between Z-g i r t  and Sur face  of Wall 

The r e s i s t a n c e  between a  Z-gir t  and t l ~ e  f a c e s  of a  w a l l  cannot  he e a s i l y  determined 

a n a l y t i c a l l y .  However, t h e  r a t i o  of t h i s  r e s i s t a n c e  t o  t h e  h e i g h t  of h e a t  t r a n s f e r  a r e a  can 

be determined by exper iment  f o r  t h e  connec t ion  between t h e  i n n e r  l i n e r  and Z-g i r t ,  r l / h l ,  and 

between t h e  Z-girt  and e x t e r i o r  c ladd ing ,  r 2 / h 2 .  Data from T e s t s  6  t o  8 were used t o  

determine v a l u e s  of r l / h l  and r 2 / h 2 .  The w a l l s  i n  t h e s e  t e s t s  con ta ined  one row of Z-gir ts  

and were d e s c r i b e d  i n  t h e  p rev ious  s e c t i o n ,  " Z - G i r t  Thermal Conduct ivi ty" .  

Exper imental ly  determined v a l u e s  of t empera tu re  d i f f e r e n c e  and h e a t  f l u x  were used t o  

c a l c u l a t e  r l / h l  and r 2 / h 2  u s i n g  Equat ions  6a and 6b, which a r e  repea ted  h e r e  f o r  convenience 

The width  of t h e  Z-girt  h e a t  f low pa th ,  w,, was determined by measurement. The t empera tu res  

of t h e  h o t  and c o l d  s u r f a c e s  of t h e  t e s t  w a l l ,  T1 and T2, and of t h e  h o t  and co ld  edge of t h e  

Z-g i r t ,  TZ1 and TZ , were determined by measurement wi th  tllermocouples. T and TZ a r e  tlre 
2 " 1 

tempera tu res  o c c u r r i n g  a t  t h e  i n s i d e  of t h e  bends i n  t h e  Z-gir t  ( s e e  F igures  5 and 8 ) .  The 

h e a t  f low through t h e  Z-gir t ,  Q,, was determined a s  noted above ( i n  t h e  s e c t i o n  " Z - G i r t  

Thermal Conduc t iv i ty" ) .  

Table 5 l i s t s  t h e  v a l u e s  of r l / h l  and r 2 / h 2  determined from T e s t s  6  t o  8 f o r  s o l i d  

Z-gir ts  and t h e  i n n e r  l i n e r  and e x t e r i o r  c l a d d i n g  used i n  t h e s e  t e s t s .  Table  5 A  a l s o  l i s t s  
measured and c a l c u l a t e d  v a l u e s  of r Z / h Z  f o r  t h e  t h r e e  Z-g i r t s  t e s t e d .  The measured va lues  of 

r,/h, compare f a v o r a b l y  w i t h  t h e  c a l c u l a t e d  v a l u e s ,  i n d i c a t i n g  t h a t  t h e  t empera tu res  and h e a t  
f l u x e s  measured i n  t h e  t e s t s  a r e  c o r r e c t .  The r e s i s t a n c e  of t h e  Z - g i r t ,  r,, was c a l c u l a t e d  

from t h e  dimensions of t h e  2 - g i r t  h e a t  f low p a t h  and t h e  measured Z-girt  thermal  c o n d u c t i v i t y ,  

k,. 
F igures  5 and 6 show t h e  dimensions of t h e  Z-g i r t s  used i n  T e s t s  6 t o  8 and t h e  

c a l c u l a t i o n  of Z-gir t  r e s i s t a n c e .  

The v a l u e s  of r l / h l  t a b u l a t e d  i n  Table 5A i n d i c a t e  t h a t  t h e  r e s i s t a n c e  between t h e  Z-gir t  

and i n n e r  l i n e r  i s  about  60% of t h a t  between t h e  Z-girt  and e x t e r i o r  c ladd ing .  The v a l u e s  

a l s o  i n d i c a t e  t h a t  t h e  t o t a l  e f f e c t i v e  r e s i s t a n c e  between t h e  Z-gir t  and t h e  f a c e s  of t h e  w a l l  

is  of t h e  same o r d e r  of magnitude a s  t h e  r e s i s t a n c e  of t h e  Z-gir t .  The e x a c t  r a t i o  w i l l  

depend on t h e  r e s i s t a n c e  of t h e  Z-girt .  However, t h e s e  v a l u e s  do i n d i c a t e  t h a t  e f f o r t s  
d i r e c t e d  a t  reducing Z-girt  h e a t  f low should be d i r e c t e d  a t  t h e  r e s i s t a n c e  between t h e  Z-gir t  

and t h e  w a l l  f a c e s  a s  w e l l  as a t  t h e  r e s i s t a n c e  of t h e  Z-girt  a lone .  

T e s t s  9 t o  11 were used t o  check t h e  accuracy  of p r e d i c t i o n  of Z-gir t  h e a t  f low,  which 
could be ob ta ined  wi th  t h e  exper imenta l ly  determined v a l u e s  of r l / h l  and r 2 / h 2  and c a l c u l a t e d  
va lues  of r,/h,. These t e s t s  were s i m i l a r  t o  T e s t s  6  t o  8 but d t E f e r e d  t n  t h a t  each t e s t  w a l l  

had t h r e e  rows of Z-g i r t s  r a t h e r  than one row. The measured va lues  of r l / h l  and r 2 / h 2 ,  a long  

wi th  t h e  c a l c u l a t e d  v a l u e s  of r Z / h Z ,  were used t o  c a l c u l a t e  t h e  Z-gir t  h e a t  flow. 

Table 6  compares measured and c a l c u l a t e d  v a l u e s  of Z-girt  h e a t  f low. Heat f lows  

c a l c u l a t e d  from t h e  exper imenta l ly  determined v a l u e s  of r l / h l  and r / h 2  a r e  w i t h i n  10% of 

measured Z-gir t  h e a t  f low. The average  v a l u e s  of r l / h l  and r 2 / h 2  th2at were determined from 
t h e s e  t e s t s  can t h e r e f o r e  be used t o  c a l c u l a t e  t h e  h e a t  f low through s o l i d  Z-gir ts  wi th  an 

e r r o r  of no more t h a n  10%. 

V a r i a t i o n s  i n  Z-Girt Thermal Design 

T e s t s  6 t o  8 (Table 5 )  show t h a t  t h e  h e a t  f low through t h e  Z-g i r t ,  Q Z ,  is a l a r g e  
~ 

percen tage  of t h e  h e a t  f low throc~gh a  s h e e t  s t e e l  w a l l .  T y p i c a l l y ,  Z-g i r t s  a r e  i n s t a l l e d  

every  2.4 m i n  a  b u i l d i n g  ( a s  i n  T e s t s  6 t o  8) and t h e s e  t e s t s  show t h a t  t h e  h e a t  f low through 
t h e  Z-gir ts  can  be a s  much a s  35% of t h e  h e a t  f low through t h e  w a l l .  

T e s t s  1 2  and 13 were run  t o  determine whether c o n t a c t  r e s i s t a n c e  would be i n c r e a s e d  (and 
hea t  f low through t h e  Z-girt  dec reased)  i f  t h e  number of screws f a s t e n i n g  t h e  e x t e r i o r  

c ladd ing  t o  t h e  Z-g i r t s  were reduced. These t e s t s  were r e s p e c t i v e l y  e q u i v a l e n t  t o  T e s t s  9 and 
11 i n  t h a t  t h e  same w a l l  t h i c k n e s s ,  Z-g i r t s ,  i n s u l a t i o n ,  and a i r  b a r r i e r s  were used. However, 

they  d i f f e r  from T e s t s  9 and 11 i n  t h a t  h a l f  t h e  screws f a s t e n i n g  t h e  e x t e r i o r  c l a d d i n g  t o  t h e  
Z-girt  were removed. 



Table  7A compares t h e  h e a t  f lows measured f o r  T e s t s  12 and 1 3  w i t h  t h e  h e a t  f lows 
mensr~red f o r  T e s t s  9 and 11. The removal of h a l f  t h e  screws f  ro~n  t h e  e x t e r i o r  claddlul:  
produced on ly  a  marg ina l  r e d u c t i o n  i n  t h e  h e a t  f low through t h e  Z-gir t .  It can be assumed, 

t h e r e f o r e ,  t h a t  t h e  removal of t h e  screws had l i t t l e  e f f e c t  on t h e  c o n t a c t  r e s i s t a n c e .  This  

i s  not a n  unexpected f i n d i n g  s i n c e  t h e  s t r e n g t h  of t h e  Z-girt  and t h e  e x t e r i o r  c l a d d i n g  i s  

s u f f i c e n t  t o  m a i n t a i n  good the rmal  c o n t a c t  even w i t h  a  screw a t  o n l y  e v e r y  second c o n t a c t  

p o i n t .  It can be concluded t h a t  t h e  h e a t  f low through t h e  2 - g i r t  w i l l  no t  be s i g n i f i c a n t l y  

reduced by reduc ing  t h e  number of f a s t e n e r s  by 50%. F u r t h e r  r e d u c t i o n s  i n  t h e  number of 
screws w i l l  e v e n t u a l l y  produce an  e f f e c t  on t h e  Z-gir t  h e a t  f low,  bu t  t h i s  w i l l  a l s o  obv ious ly  

a f f e c t  t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  w a l l .  

Tes t  14 was r u n  t o  measure t h e  h e a t  f low th rough  a  t h e r m a l l y  improved Z-girt .  This  test 

was e q u i v a l e n t  t o  T e s t  9 i n  t h a t  t h e  same w a l l  t h i c k n e s s ,  i n s u l a t i o n ,  and a i r  b a r r i e r s  were 
used. However, t h e  t h r e e  rows of s o l i d  Z-g i r t s  i n  Tes t  9 were r e p l a c e d  by t h r e e  rows of 
thermal  Z-g i r t s  i n  T e s t  14. The the rmal  performance of t h e  Z-g i r t s  was improved by removing 

meta l  from t h e  Z-g i r t ,  t h u s  i n c r e a s i n g  t h e  l e n g t h  of t h e  h e a t  f low p a t h  and reduc ing  t h e  h e a t  
f low a r e a .  The p r o f i l e  of t h e  the rmal  Z - g i r t s  is shown i n  F i g u r e  7. 

Table  7B compares t h e  normal ized Z-gir t  h e a t  f low measured i n  Test  14 w i t h  t h e  normal ized 

h e a t  f low measured i n  Tes t  9. The h e a t  f low through t h e  the rmal  Z-gir t  is 61% l e s s  t h a n  t h e  
h e a t  f low through t h e  s o l i d  2 -g i r t .  The cor respond ing  r e d u c t i o n  i n  h e a t  f low through a  s h e e t  
s t e e l  w a l l  w i l l  depend on t h e  w a l l  d e s i g n ,  hu t  f o r  a  w a l l  w i t h  Z-g i r t s  on 2.4 m c e n t e r s  i t  

w i l l  be on t h e  o r d e r  of 20%. 

CONCLUSION 

Thermal t r a n s m i s s i o n  t e s t s  were run  on a  number of d i f f e r e n t  c o n f i g u r a t i o n s  of s h e e t  s t e e l  

wa l l s .  I n  g e n e r a l ,  t h e  t e s t s  showed t h a t  t h e  the rmal  performance of s h e e t  s t e e l  w a l l s  can be 

s e r i o u s l y  a f f e c t e d  by t h e  h e a t  t r a n s f e r r e d  by c o n v e c t i v e  a i r f l o w  and by t h e  h e a t  t r a n s f e r r e d  
through t h e  2 - g i r t s .  The f o l l o w i n g  s p e c i f i c  c o n c l u s i o n s  can be drawn from t h e  r e s u l t s  of t h e  

t e s t s :  

1. Heat t r a n s f e r  by c o n v e c t i v e  a i r f l o w  can  reduce t h e  e f f e c t i v e  r e s i s t a n c e  of a  s h e e t  

steel w a l l  w i t h  f i b r o u s  i n s u l a t i o n  by a s  much a s  50%. It can be v i r t u a l l y  e l i m i n a t e d  

by a  complete  a i r  b a r r i e r  p r o p e r l y  l o c a t e d  i n  t h e  wa l l .  

2. For t h e  s h e e t  s t e e l  w a l l s  t e s t e d  i n  t h i s  s t u d y ,  t h e  h e a t  f low through t h e  Z-g i r t s  was 
a s  much a s  35% of t h e  t o t a l  h e a t  f low through t h e  t e s t  wa l l s .  It is be l i eved  t h a t  

t h i s  f i g u r e  i s  r e p r e s e n t a t i v e  of s h e e t  s t e e l  w a l l s  i n  g e n e r a l .  

3. The the rmal  c o n d u c t i v i t y  of s t e e l  Z-g i r t s  measured 33% h i g h e r  (68 W/(m*K) vs 
45.3 W/(m*K)) t h a n  t h e  ASHRAE book v a l u e  f o r  mild s t e e l .  Z-girt  h e a t  f low c a l c u l a t e d  

u s i n g  t h e  "book va lue"  would be i n  e r r o r  by 33%. 

4. A parameter  t h a t  is  u s e f u l  a s  a  measure of t h e  e f f e c t i v e  r e s i s t a n c e  between 2 - g r i t s  

and t h e  f a c e s  of a  s h e e t  steel w a l l  can be determined from the rmal  t r a n s m i s s i o n  
t e s t s .  This  parameter  i n d i c a t e d  t h a t  t h e  e f f e c t i v e  r e s i s t a n c e  between t h e  Z-girt  and 

f a c e s  of t h e  w a l l  w a s  of t h e  same o r d e r  of magnitude a s  t h a t  of t h e  Z-girt .  It 

p r e d i c t e d  t h e  h e a t  t r a n s f e r  through t h e  Z - g i r t s  used  i n  t h i s  s t u d y  w i t h  a n  accuracy  
of 10%. 

5. Removing h a l f  of t h e  f a s t e n e r s  h o l d i n g  t h e  e x t e r i o r  c l a d d i n g  t o  t h e  Z - g i r t  d i d  n o t  
s i g n i f i c a n t l y  reduce t h e  h e a t  f low through t h e  Z-gir t .  However, t h e  h e a t  t r a n s f e r  

through t h e  Z-gir t  can be s i g n i f i c a n t l y  reduced (61%) by improving t h e  thermal  d e s i g n  
of t h e  Z-gir t .  
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TABLE 1  

D e t a i l s  of T e s t  Wall  C o n f i g u r a t i o n s  

Z-Gir t s  

Wall  Wall  Air 

No. Th ickness  B a r r i e r s  TY pe  He igh t  Width 
mm m m  m 

1  159 YES no Z - g i r t s  i n s t a l l e d  
2  260 YES no Z - g i r t s  i n s t a l l e d  
3  260 YES n o  Z - g i r t s  i n s t a l l e d  

4  159 NO no Z - g i r t s  i n s t a l l e d  

5  260 NO no Z - g i r t s  i n s t a l l e d  
6  159 YES l * S  1.6 2.232 
7  159 YES 1  * S  2.7 2.232 

8  260 YES l * S  1.6 2.232 

9  159 YES 3 * S  1.6 6.696 

10 159 YES 3 * S  2.7 6.696 

11  260 YES 3 * S  1.6 6.696 

12 159 YES 3  * S '  1.6 6.696 

1 3  260 YES 3  * S'  1.6 6.696 

14 159 YES 3  * T 1.6 6.783 

NOTE: The l e g e n d  f o r  'Z-Girts  - Type' i s  a s  f o l l o w s :  

1  * S  - one row of s o l i d  Z - g i r t s  
3  * S  - t h r e e  rows of s o l i d  Z - g i r t s  
3 * S '  - t h r e e  rows of s o l i d  Z - g l r t s  mounted t o  t h e  e x t e r i o r  

c l a d d i n g  w i t h  h a l f  t h e  r e g u l a r  number of s c r ews  

3 * T - t h r e e  rows of t h e r m a l  Z - g i r t s  



TABLE 2 

H e s l s t a ~ l c e  of I k ~ s e  Walls  (Ki) Used i n  Sheet  S t e e l  Wall 'Tests 

Tes t  Th ickness  1 2  Qi(=Qt)  Ri 

(mm) ( " c )  ( " c )  (w) (m2* K/W) 

3 260 19.9 - 3 4 . 8  51.4 6 . 3 3  

7 A 20.8 -7.0 26.5 b. 24  

NOTE: T e s t s  1 and 2 had one a i r  b a r r i e r ,  w h i l e  T e s t  3  liad two 

a i r  b a r r i e r s .  

TAHLk: 3  

Measured R e s i s t a n c e  of Sheet  S t e e l  Wal ls  w i t h  and w i t h o u t  Air B a r r i e r s  

Wall  w i t h o u t  a i r  b a r r i e r  Wall w i t h  a i r  b a r r i e r  

Wall  

Th ickness  Tes t  T1 T2 Qt Rw Tes t  % 

(mm) ("C) ("C) (W) (m2.~/w)  (m2 .~ /w)  

TABLE 4  

Measured Thermal C o n d u c t i v i t y  oE S o l i d  2 - g i r t s  
pp - -  - 

T e s t  T1 T2 Qt Qi Qz z Ta-Tb kz 

("C) ("C) (W) (W) (W) (mm) (mm) (K) (W/(m0K)) 

Average kZ = 68.0 

NOTE: 2 - g i r t s  i n  t h e s e  t e s t s  were 2.232  m l o n g ,  i .e.  w, = 2.232  m. 



TABLE 5 

Measured Values  of Con tac t  R e s i s t a n c e  f o r  Var ious  Z-Gir t s  

Meas. Calc .  

Tl  T z l  Tz2 
T2 Qt Qi Qz r l I h l  r 2 / h 2  r z l h z  r z / h z  

("C) (OC) (OC) (OC) (W) (W) (W) (KIWI (KIWI (KIWI (KIWI 

Average r,,/hn 0.81 1 .34  

Ri(159 mm) = 4.20 4.12 ; h z ( 6  6 8 )  = 0.0016 ; r Z ( 1 5 9  mrn) = 0.0025 
Ri(260 m) = 6.22 6.30 ; h Z ( 7 )  = 0.0027 ; r z ( 2 6 0  mm) = 0.0040 

TABLE 6  

C a l c u l a t e d  Z-Girt Heat Flow f o r  Three-Row 2-Gir t  T e s t s  

T e s t  T1 2  Qt Qi Qz Q Z 1  9,- QZ1 % d i f f .  

- - - - 

NOTE: Qz, = measured 2 - g i r t  h e a t  f low 

Qz = c a l c u l a t e d  Z-g i r t  h e a t  f l ow  

TABLE 7 

Measured Heat Flow 
- - - 

T e s t  T1- 
2 Qt Qi Qz w z  Qz/wZ/AT T e s t  QZ V, I w Z /  AT 

("C) (OC) (W) (W) (W) (m) (W/(rn*K)) (W) (W/(m*K)) 

A. Through 2 -Gi r t s  With Screws Removed 

8 .  Through Thermal Z-Gir t s  

NOTE: T e s t  13 run  a t  one t e m p e r a t u r e  d i f f e r e n c e  on ly .  

<&,I 
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T h i s  paper  i s  being d i s t r i b u t e d  i n  r e p r i n t  

form by t h e  I n s t i t u t e  f o r  Research i n  

Cons t ruc t ion .  A l i s t  of b u i l d i n g  p r a c t i c e  

and r e s e a r c h  p u b l i c a t i o n s  a v a i l a b l e  from 

t h e  I n s t i t u t e  may be o b t a i n e d  by w r i t i n g  t o  

t h e  P u b l i c a t i o n s  S e c t i o n ,  I n s t i t u t e  f o r  

Research i n  C o n s t r u c t i o n ,  N a t i o n a l  Research 

C o u n c i l  of  C a n a d a ,  O t t a w a ,  O n t a r i o ,  

KlA 0R6. 

Ce document e s t  d i s t r i b u 6  sous  forme de  

t i r6 -2 -par t  p a r  1 ' I n s t i t u t  de recherche  e n  
c o n s t r u c t i o n .  On p e u t  o b t e n i r  une l i s t e  

d e s  p u b l i c a t i o n s  de l l I n s t i t u t  p o r t a n t  s u r  

l e s  t echn iques  ou l e s  r echerches  e n  matiere 
de  b3timent e n  Gcr ivan t  3 l a  S e c t i o n  d e s  

p u b l i c a t i o n s ,  I n s t i t u t  de  recherche  en 

c o n s t r u c t i o n ,  C o n s e i l  n a t i o n a l  d e  

r e c h e r c h e s  du Canada, Ottawa ( O n t a r i o ) ,  

KIA OR6. 


