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The, Division has been aware, f c r  many years, 
of many of the  d i f f i c u l t i e s  presented by domestic 
chimneys. Not only must a chimney operate s a t i s f a c t o r i l y  
a s  a gas venting device, f o r  which purpose it must produce 
< r a f t ,  bnt it must a l so  pr0vid.e protection against  the 
ign i t ion  of materials  adjacent t o ' i t .  The problems a re  
tgreatly increased because the conventional chimney i s  
constructed. a s  a ga r t  of the house, and yet  must serve 
any, f uel-burning appliance t h a t  may subsequently be 
connected t o  it. 

A small laboratory has been d-eveloped f o r  %he 
study of the thermal and f i r e  hazard aspects of chimneys. 
A first  report  on the work carr ied out over the  past 
several  years i s  now presented. It deals with the d i f f i -  
c u l t  matter o f  the t e s t  methods and c r i t e r i a  t o  be applied 
t o  chimneys t o  determine t h e i r  f i r e  safe ty ,  and presents 
the r e s u l t s  of experiments which have been carr ied out 
t o  date. This work i s  continuing. The authors a r e  
mechanical engineers; M r ,  Tamura i s  a research o f f i c e r  
with the Building Services Section and M r .  Wilson is  
Head of t h a t  Section of the Division o f  Building Research. 

Ottawa 
December 1960 

N. B. Hutcheon 
Assistant  Director 



FIm HAZARa TZSTS ON SMALL DTUSONRY CHIMNEYS 

by 

G. T. Tamura and A.G. Wilson 

The f u n c t i o n  of a chimney i s  t o  p rov ide  f o r  t h e  s a f e  
d i scha rge  t o  ou tdoor s  o f  f l u e  g a s c s  from hea t -produc ing  
a p p l i a n c e s .  To do t h i s  t h e  chimney mus% n o t  on ly  prov ide  
adequa te  d r a f t  a t  a l l  t imes ,  b u t  it must a l s o  p reven t  
ove rhea t ing  of  a d j a c e n t  c o n s t r u c t i o n  and must remain gas 
t ight  and  s t r u c t u r a l l y  sound under  t h e  extreme c o n d i t i o n s  t o  
which it may be exposed. This  has long: been r ecomAlzed  by 
b u i l d i n g  o f f i c i a l s  and Code a u t h o r i t i e s ,  and s t a n d a r d s  f o r  
c o n s t r u c t i o n  of masonry chimneys and c l e a r a n c e  r equ i r emen t s  
i n t ended  t o  ensure  s a f e t y  have g r a d u a l l y  evolved.  

S t a n d a r d i z a t i o n  of masonry chimney c o n s t r u c t i o n  h a s  
been encouraged i n  Canada by p u b l i c a t i o n  o f  t h e  Na t ioxa l  
Bu i ld ing  Code ( N B C ) .  Both t h e  1941 and 1953 i s s u e s  of  t h i s  
adv i so ry  document, fo l lovl ing t h e  approach of t h e  Na t iona l  
Board of  F i r e  Underwr i te r s  (NBFU) of t h e  Uni ted  S t a t e s ,  have 
s p e c i f i e d  i n  d e t a i l  a method of  d e s i g n i n g  and c o n s t r u c t i n g  
masonry chimneys cons ide red  s u i t a b l e  f o r  t h e  v e n t i n g  o f '  
a p p l i a n c e s  burn ing  any f u e l .  A s  do most Codes, t h e  NBC 
env i sages  l e s s  r e s t r i c t i v e  r equ i r emen t s  f o r  t h e  p r o t e c t i o n  of 
f l u e s  s e r v i n g  g a s  a p p l i a n c e s  t h a t  produce f l u e  g a s  t empera tu re s  
n o t  exceeding 550'3'. Fur ther  s t a n d a r d i z a t i o n  o f  v e n t s  f o r  g a s  
a p p l i a n c e s  h a s  r e s u l t e d  from t h e  p u b l i c a t i o n  i n  1958 by t h e  
Canadian S tandards  Assoc i a t i on  of' t h e  I n s t a l l a t i o n  Code f o r  
Gas Burning Equipment. 

The d e s c r i p t i v e  requi rements  f o r  t h e  s t a n d a r d  masonry 
chimney g e n e r a l l y  envisage  s o l i d  u n i t  masonry o r  c o n c r e t e  
c a r r i e d  t o  f o o t i n g s  and s e l f  support i .ng,  u s u a l l y  w i t h  a c l a y  
t i l e  f l u e  l i n i n g .  I n  r e c e n t  y e a r s  chimney m a t e r i a l s  and  
methods of c o n s t r u c t i o n  have been developed which cannot  a lways 
be e v a l u a t e d  i n  terms of t h e s e  d e s c r i p t i v e  requi rements .  m e r e  
a r e  ttvo g e n e r a l  groups of chimney c o n s t r u c t i o n s  i n  t h i s  ca t ego ry .  
One group  c o n s i s t s  o f  preformed masonry chimney b locks  o f  
d i f f e r e n t  m a t e r i a l s ,  forms,and t h i c k n e s s e s .  Those forming t h e  
second group a r e  f a c t o r y - b u i l t  chimneys, which i n  g e n e r a l  
a r e  l i g h t ,  i n s u l a t e d  s t r u c t u r e s ,  u s u a l l y  me ta l  covered,  i n t ended  
t o  be suppor ted  from t h e  house f raming.  

Preformed masonry chimney b l o c k s  a r e  u s u a l l y  made o f  
c o n c r e t e ,  pumice o r  expanded s l a g  a g g r e g a t e  and u s u a l l y  form 
e i t h e r  a whole, o r  h a l f ,  segment o f  a chimney. The mat ing 
h o r i z o n t a l  s u r f a c e s  of  t h e  u n i t s  may be f l a t  o r  may i n t e r l o c k  
t o  improve t h e  mortared j o i n t .  The c o n c r e t e  sur rounding  t h e  
c e n t r a l  h o l e  may be s o l i d  o r  c o n t a i n  a i r  spaces .  The assessment  
of v a r i o u s  forms of p r e c a s t  masonry b locks  i s  s i m p l i f i e d  t o  t h e  



e x t e n t  t h a t  chimneys c o n s t r u c t e d  of  t h e s e  c l o s e l y  resemble 
s t a n d a r d  masonry chimneys. So long  as  t h e  walls a r e  3 3/4 i n ,  
of s o l i d  c o n c r e t e ,  and  s e p a r a t e  c l a y  chimney l i n e r s  a r e  used,  
t h e  i n t e n t  o f  t h e  d e s c r i p t i v e  r equ i r emen t s  f o r  t h e  s t anda rd  
masonry chimney appea r  t o  be met. However, when t h e  w a l l s  
p rov ide  l e s s  t han  3 3/4 i n .  of s o l i d  c o n c r e t e ,  when l i g h t w e i g h t  
a g g r e g a t e s  a r e  used ,  o r  when u n i t s  a r e  i n t ended  f o r  use  w i thou t  
s e p a r a t e  c l a y  t i l e  l i n e r s ,  t h e  e x t e n t  t o  which t h e  a s sembl i e s  
a r e  e q u i v a l e n t  t o  t h e  s t a n d a r d  masonry chimney w i t h  r e g a r d  t o  
thermal  r e s i s t a n c e  , dimensional  s t a b i l i t y  and s t r u c t u r a l  s t r e n g t h ,  
and  g a s  t i g h t n e s s  may be i n  ques t ion .  

It i s  n o t  p o s s i b l e  t o  a s s e s s  f a c t o r y - b u i l t  chimneys 
i n  terms of t h e  d e s c r i p t i v e  r equ i r emen t s  f o r  t h e  s t a n d a r d  
masonry chimney and t h i s  h a s  l e d  t o  t h e  development of  performance 
t e s t s  and  r equ i r emen t s  by Underwr i te r s  L a b o r a t o r i e s  Inc .  These 
a r e  publ i shed  a s  "Standards  f o r  S a f e t y  o f  Cr~imneys, 7 a c t o r y  
Buil-b", UL103. This  h a s  become t h e  b a s i s  of  l i s t i n g  of  fac- tory-  
b u i l t  chimneys by Underwr i te r s  I a b o r a t o r i e s  of  Canada. I n  
a d d i t i o n  t o  gene ra l  des ign  r equ i r emen t s ,  it o u t l i n e s  t e s t s  
f o r  t h e  s t r u c t u r a l  s u f f i c i e n c y  of  t h e  assembly and  d u r a b i l i t y  
of t h e  l i n e r ,  and a f i r e  haza rd  t e s t  i n  which a chimney i n s t a l l a t i o n  
i s  s imula ted .  

I n  t h e  f i r e  haza rd  t e s t  t h e  chimney i s  enc losed  i n  a 
t y p i c a l  c o n s t r u c t i o n .  !be i n i t i a l  t e s t  c o n s i s t s  of t h r e e  
thermal  shock t e s t s  of  170O0I? f l u e  g a s  tempera ture  f o r  10  
minutes  w i t h  each t e s t  s t a r l i n g  w i t h  t h e  chimney a t  room 
tempera ture  o r  f o u r  h o u r s  a f t e r  t h e  t e s t ,  whichever occu r s  first.  
No tempera ture  r e a d i n g  on t h e  enc losu re  i s  t aken .  With t h e  
f l u e  g a s  i n p u t  a t  1000°4" t h e  chimney i s  - tes ted  u n t i l  e q u i l i b r i u m  
c o n d i t i o n  i s  reached ,  fo l lowed by a f l u e  g a s  i n p u t  of  1400°F 
f o r  one hour .  Temperat-ures of t h e  enc losu re  and  combus t ib les  
i n c o n t a c t  w i t h  t h e  chimney m u s t  n o t  exceed 160°P a t  1000°P 
f l u e  g a s  i n p u t  du r ing  t h e  p e r i o d  ending 44 h o u r s  of t e s t  and 
185OF f o r  any subsequent  p e r i o d ,  and  mus t  n o t  exceed 210°P when 
f l u e  g a s  i n p u t  i s  mainta ined  a t  1400°P f o r  one hour.  The s o o t  
burnout  t e s t  c o n s i s t s  of  f l u e  g a s  i n p u t  of  1000°F u n t i l  
e q u i l i b r i u m  t empera tu re s  a r e  a t t a i n e d  fo l lowed by 1700°F f o r  1 0  
minutes.  !be maximum tempera ture  l i m i t  on t h e  combust ible  is  
242OP dur ing  t h i s  t e s t  and a f t e r  t h e  g e n e r a t o r  is- s h u t  o f f ,  
Chimney a s s e m b l i e s  pas s ing  t h e  t e s t s  a r e  r ega rded  as  a c c e p t a b l e  
f o r  u se  w i t h  g a s ,  l i q u i d  o r  s o l i d - f u e l - f i r e d  h e a t i n g  a p p l i a n c e s  
and  domestic i n c i n e r a t o r s  i n  which f l u e  g a s  t empera tu re s  
g e n e r a l l y  do n o t  exceed 1000°F. 

T e s t s  conducted on s t a n d a r d  masonry chimneys (1) 
i n d i c a t e  t h a t  t h e s e  f a i l  t o  meet t h e  U.L. thermal  performance 
requi rements  f o r  f a c t o r y - b u i l t  chimneys. It can be assumed 
t h a t  most chimney b lock  c o n s t r u c t i o n s  would s i m i l a r l y  f a i l .  
Thi s  h a s  l e d  t o  q u e s t i o n s  abou t  t h e  adequacy of t h e  s t a n d a r d  
masonry chimney c o n s t r u c t i o n  and c l e a r a n c e  requi rements .  



To assist, i n  t h e  f u r t h e r  development of masonry 
chimney cons t ruc t i cn  requirements ,  based an performance, 
the  Division of Building Research h a s  been engaged i n  a program 
of chimney t e s t i n g .  The t e s t s  have been designed t o  obta in  
f u r t h e r  information on t h e  thermal performance of t h e  s tandard  
masonry chimney and the  temperatures  of combustibles i n  
t y p i c a l  surrounding cons t ruc t ion ,  t o  determine t h e  r e l a t i v e  
thermal r e s i s t a n c e  of va r ious  masonry chimney cons t ruc t ions  
and t h e i r  s t a b i l i t y  under thermal s t r e s s i n g ,  and t o  ob ta in  some 
information on t h e  behaviour of c l a y  t i l e  l i n e r s .  

CONSII)ARATIONS I N  SELECTING -TEST CONDITIONS 

One of t h e  major d i f f i c u l t i e s  i n  a s s e s s i n g ' t h e  
s a f e t y  a s p e c t s  of chimney constl-uctions i s  t h e  s e l e c t i o n  of 
condi%ions t h a t  r e p r e s e n t  reasonable extremes t o  which t h e  
cons t ruc t ions  a r e  l i k e l y  t o  be subjec ted .  For purposes of 
developing information it was thought d e s i r a b l e  t o  ob ta in  
performance records  wi th  extended exposure t o  f l u e  gas  
temperatures of 500, 750 and 1000°F represen t ing  t h e  range 
i n  extremes t o  be a n t i c i p a t e d  from var ious  app l i ances  under 
severe  condi t ions .  'The value of 500°F r e l a t e s  t o  the  
maximum (550°F) u s u a l l y  s p e c i f i e d  i n  s a f e t y  s tandards  f o r  
gas - f i r ed  c e n t r a l  h e a t i n g  equipment. The value of 750°P 
i s  t h e  maximum s e l e c t e d  f o r  o i l - f i r e d  c e n t r a l  h e a t i n g  equipment 
by t h e  Canadian Standards Associat ion subcommit t e e  developing 
s tandards  f o r  t h i s  equipment. A corresponding subcommittee on 
o i l - f i r e d  space h e a t e r s  h a s  s e l e c t e d  1000°F a s  t h e  maximum 
permiss ib le  f l u e  gas  temperature. This a l s o  appears  t o  be 
r e p r e s e n t a t i v e  of f l u e  gas  temperatures wi th  io rced  f i r i n g  of 
coa l  burning appl iances  where va lues  of UOO t o  1200°F a r e  
repor ted .  Peak temperatures  i n  excess of t h i s  occur wi th  both 
coa l  and wood f i r i n g  according t o  a v a i l a b l e  information.  

It w i l l  be recognized t h a t  under normal circumstances 
s u b s t a n t i a l  r educ t ions  i n  f l u e  gas  temperature from t h e  
o u t l e t  of t h e  appl iance  t o  the  i n l e t  of the  chimney occur a s  
a r e s u l t  of h e a t  l o s s  from t h e  f l u e  o r  ven t  pipe and b leeding  
of room a i r  tlzroufih d r a f t  hoods, barometr ic  d r a f t -  r e g u l a t o r s  , 
o r  p l a t e  dampers. A s  a r e s u l t  t h e  temperature of f l u e  gas  a t  
e n t r y  t o  t h e  chimney may have a  value only one h a l f  t h a t  a t  
the appl iance  o u t l e t .  It i s  d i f f i c u l t  t o  t ake  t h i s  i n t o  
account i n  s e l e c t i n g  t e s t  cond i t ions ,  s i n c e  t h e  e f f e c t  is v a r i a b l e .  
The cond i t ions  r e f e r r e d  t o  above, however, can be regarded 
a s  abnormally severe f o r  t h e  r e s p e c t i v e  appl iances .  

Highest temperatures i n  chimneys a r e  most l i k e l y  
t o  occur a s  a  r e s u l t  of chimney f i r e s .  Chimney f i r e s  a r e  
u n l i k e l y  wi th  gas - f i r ed  equipment and we l l  a d j u s t e d  o i l - f i r e d  



c e n t r a l  h e a t i n g  u n i t s .  F i r e s  do occu r  i n  chimneys v e n t i n g  some 
o i l -  and  c o a l - f i r e d  u n i t s  and a r e  q u i t e  common viith wood- 
bu rn ing  a p p l i a n c e s .  I n v e s t i g a t i o n s  i n  Norway ( 2 )  have shown 
t h a t  f l u e  t empera tu re s  du r ing  chimney f i r e s  may range  from 
1250 t o  2200°F over  p e r i o d s  from 10  minutes  t o  1 hour .  The 
h i g h e s t  mean tempera ture  recorded  du r ing  any one hou r  p e r i o d  
was 1760°P. Based on t h i s ,  and o t h e r  i n fo rma t ion ,  c o n d i t i o n s  
of 1400°F f o r  1/2 h o u r  fol-lowed by 1800°F f o r  1/2 hou r  were 
chosen t o  r e p r e s e n t  chimney f i r e  c o n d i t i o n s  f o r  t h e  t e s t s  
r e p o r t e d  h e r e i n .  

D e s c r i p t i o n  of Equipment and  Tes t  Chimneys 

The chimney s t u d i e s  were c a r r i e d  o u t  i n  a small 
l abo l -a to ry  shown i n  P igs .  1 and 2. The p o r t i o n  of t h e  
l a b o r a t o r y  i n  which t h e  chimneys were t e s t e d  was ove r  two 
st ;ori .es  h i g h  and  w a s  s e p a r a t e d  i n t o  W.ro spaces  by a  f l o o r  
l4$ f t  above ground f l o o r  l e v e l .  Th is  was i n t e n d e d  t o  pe rmi t  
t h e  s i m u l a t i o n  of sur rounding  c o n s t r u c t i o n  f o r  i n s i d e  chimneys 
s e r v i n g  14- and 2 - s t o r y  houses .  For  the  t e s t s  r e p o r t e d  h e r e i n  
b o t h  upper  and  lovier s p a c e s  were main ta ined  a- t  t h e  same c o n d i t i c n s .  

A s p e c i a l  propane f u r n a c e  w i t h  f o r c e d  a i r  supply  w a s  
used t o  g e n e r a t e  f l u e  gas .  Its f l u e  g a s  o u t p u t  cou ld  be 
c o n t r o l l e d  be tv~een  1 5  and 300 cfm ( a t  s t a n d a r d  c o n d i t i o n s )  a t  
tempera-tures from 150°F t o  2000°P. The propane was f i r e d  
t a n g e n t i a l l y  i n t o  a c e n t r a l  chamber th rough  f o u r  b u r n e r s  w i t h  
i n d i v i d u a l  c o n t r o l s .  The q u a n t i t i e s  of' propane and o f  primary 
and  secondary a i r ,  and  t h e  t empera tu re s  of  f u e l ,  a i r  and  f l u e  
g a s  were measured. Propane q u a n t i t i e s  were measured w i t h  a wet  
t e s t  g a s  meter .  A i r  volumes were measured with c a l i b r a t e d  
s h a r p  edged o r i f i c e s  l o c a t e d  i n  t h e  end of a small o r i f i c e  t a n k  
connected t o  t h e  s u c t i o n  s i d e  of  t h e  f u r n a c e  blower.  

To o b t a i n  a  uniform v e l o c i t y  d i s % ~ i b u t i o n  of 
f l u e  g a s  e n t e r i n s  t h e  chimney, a  me ta l  ese; c r a t e  s t r a i g h t n e r  
w a s  placed  i n  t h e  i n s u l a t e d  me ta l  coanec t ing  p ipe  ups-tream of 
t h e  thermocouple measuring t h e  f l u e  g a s  i n l e t  t empera ture .  

The t empera tu re s  of  t h e  chimneys and  any. a d j a c e n t  
c o n s t r u c t i o n  were measured w i t h  chrornel-alumel thermocouples  
connected t o  r e c o r d i n g  po t en t iome te r s  f o r  con t inuous  r e c o r d s  
and  a p o r t a b l e  po t en t iome te r  f o r  s p o t  r e a d i n g s .  Bare chromel- 
a lumel  thermocouples  were used  f o r  f l u e  g a s  t empera ture  
measurements and were checked w i t h  a n  a s p i r a t i n g  thennocouple  
arrangement .  

I n i t i a l  measurements were made on a f u l l  s c a l e  b r i c k  
chimney conforming t o  r equ i r emen t s  i n  t h e  1953 N.B.9., t h e  
d e t a i l s  o f  which a r e  shown i n  Fig.  3,  It was c o n s t r u c t e d  3f 
a s i n g l e  course of dry  p r e s s e d  s o l i d  c l a y  b r i c k  ( 2  1/4 by 3 3/4 
by 8) wifn  8; by 8s v i t r i f i e d  c l a y  f l u e  l i n e r  f u l l y  g rou ted .  



m e  chimney w a s  27 f t  i n  h e i g h t ,  measured frorn t h e  f l o o r ,  w i th  
t h e  th imble  3 f t  4 i n .  from t h e  f l o o r .  F loo r  c o n s t r u c t i o n s  
b u i l t  t o  I\Tational Bu i ld ing  Code minimum requi rements  were 
l o c a t e d  1 f t  9 i n .  and 1 3  f t  6 i n .  from t h e  bottom of t h e  
j o i s t s  t o  t h e  th imble  l e v e l ,  t o  s imu la t e  1st and 2nd f l o o r  
l o c a t i o n s .  For  one s e r i e s  of t e s t s  an enc losu re  w a s  f i t t e d  
around t h e  chimney between f l o o r s ,  as shown i n  Fig .  3. The 
enc losu re  was c o n s t r u c t e d  of 3/8-in. p l a s t e r  board n a i l e d  
t o  2- by 4-in.  wood s t u d s  f i x e d  t o  t h e  c o r n e r s  of t h e  chimney. 

The remainder  of t h e  t e s t  chimneys were only  6 f t  
long.  It was thought  t h a t  t h e  s h o r t  chimneys would be adequa te  
f o r  purposes  of comparative t e s t i n g  and t h a t  s i g n i f i c a n t  
s av ings  i n  t ime and expense v~ou ld  r e s u l t .  It was p o s s i b l e  t o  
c o n s t r u c t  t h e  s h o r t  spec inens  on heavy me-tal p a l l e t s  and t o  
move them i n t o  p o s i t i o n  f o r  t e s t i n g  on a  d o l l e y .  During t e s t  
t h e y  were ven ted  i n t o  a meta l  f a c t o r y  b u i l t  chimney suspended 
from ' t h e  roo f  above. A s  shocvn i n  Fig.  4 ,  t h e  s h o r t  t e s t  chimneys 
were no-t provided w i t h  c l eanou t  openings and t h e  h e i g h t  of 
t h e  th imble  opening w a s  cor respondingly  l e s s .  To d a t e ,  t e s t s  
have been conducted on t h e  follov-ling f i v e  s h o r t  t e s t  chimneys. 

1. S ing le  course  d r y  p re s sed  c l a y  b r i c k  w i  
diameter  h o l e s  i n  b r i c k  w i t h  8$ by 8$ v i t r i f i e d  c l a y  
l i n e r  f u l l y  g rou ted .  

t h  3 
f l u  

2. S ing le  course  d r y  p re s sed  c l a y  b r i c k  w i t h  f r o g  i n  
b r i c k  and 85 by 8$ v i t r i f i e d  c l a y  f l u e  l i n e r  f u l l y  g rou ted .  

3. Sing le  course  dry  p re s sed  c l a y  b r i c k  w i t h  f r o g  
i n  b r i c k  and 84 by 84- v i t r i f i e d  c l a y  f l u e  l i n e r s  mortared a t  
j o i n t s ,  b u t  w i t h  only  enough mor ta r -  betvieen 1j-i:ler and b r i c k  
t o  l o c a t e  t h e  l i n e r .  

4. Double course  d ry  p re s sed  c l a y  b r i c k  w i t h  f r o g  i n  
b r i c k  w i t h  no l i n e r .  

5. Concrete block chimney w i t h  8-:? by 8$ v i t r i f i e d  c l a y  
f l u e  l i n e r  f u l l y  g rou ted .  Wall t h i c k n e s s  of c o n c r e t e  block 
3  3/4 i n .  

A s t anda rd  mor t a r  mix of one p a r t  l ime ,  one p a r t  
cement and s i x  p a r t s  sand was used f o r  a l l  t e s t  chimneys. 
S t a n d a r d i z a t i o n  of c l a y  l i n e r s ,  however, was more d i f f i c u l t .  
A l l  c l a y  l i n e r s  were ob ta ined  from a l o c a l  s u p p l i e r .  Those 
used f o r  t h e  f u l l  s c a l e  chimney were produced by manufac ture r  
A. The r e s u l t s  f o r  s h o r t  chimneys Nos. 1 and 5 ,  which were 
t h e  first t e s t e d ,  i n d i c a t e d  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
thermal  r e s i s t a n c e  of t h e  l i n e r s .  It was subsequent ly  
e s t a b l i s h e d  t h a t  t h e  l i n e r s  of s h o r t  chimney 1 were produced 
by manufac ture r  A ,  b u t  t h o s e  of s h o r t  chimney 5  were produced 
by manufac ture r  B. 



It was c l e a r  t h a t  some s t a n d a r d i z a t i o n  of  c l a y  
l i n e r s  w a s  necessary so  that d i f f e r e n c e s  i n  observed chimney 
performance were n o t  mainly t h e  r e s u l t  of d i f f e r e n c e s  i n  t h e  
p r o p e r t i e s  of t h e  l i n e r s  used. Some explora tory  thermal 
t e s t s  on l i n e r s  produced by both manufacturers were c a r r i e d  
ou t ,  b u t  d i f f e r e n c e s  observed were n o t  g r e a t .  However, 
l i n e r s  of manufacturer A were more uniform i n  dimensions and 
appearance , -and a number of them were hand-picked from t h e  
s tock  of t h e  l o c a l  s u p p l i e r  f o r  t h e  constrwction of o t h e r  
s h o r t  chimneys. 

Conditions of Test  and Procedure 

The f u l l - s c a l e  masonry chfmney, with t h e  first  and 
secand f l o o r  cons t ruc t ions  and wi thout  an enclosure ,  w a s  
e x p s e d  t o  the  fo l lowing i n l e t  f l u e  gas  conditions.  E s s e n t i a l l y  
steady s t a t e  cond i t ions  had been e s t a b l i s h e d  a t  t h e  end of t h e  
t e s t  per iod  ind ica ted .  

I n l e t  temp., Flue gas  flow, Duration of t e s t  
Ol? cfm h r  

!Be f l u e  gas  f low r a t e s  of 100 and 50 cf'm a t  s t andard  
cond i t ions  correspond approximately t o  t h a t  produced i n  burning 
1 imper ia l  g a l l o n  of o i l  p e r  hour  wi th  4 p e r  cen t  and 8 p e r  cent C02 
r e s p e c t i v e l y .  Illhe r a t e  of 100 cfm was se lec ted  f o r  subsequent 
t e s t s  s i n c e  it seemed t o  r e p r e s e n t  a  reasonable extreme f o r  
t h e  small  chimneys involved. 

With t h e  enclosure ,  as shown i n  t h e  c ross - sec t ion  
of Fig. 3, between 1st and 2nd f l o o r  l e v e l s  t h e  f u l l  s c a l e  
chimney was exposed t o  t h e  follorving i n l e t  f l u e  gas condi t ions .  

I n l e t  temp., Flue gas flow Duration of  t e s t  
OF cfm h r  

The per iod  of 14  hours  w a s  chosen because s t eady  s t a t e  cond i t ions  
were approximated i n  this time and a l s o  t e s t s  could be 
completed i n  one extended work per iod  by t h e  same l abora to ry  
t echn ic ian .  



The shor t  masonry chiwteys were exposed t o  f l u e  gas 
i n l e t  conditions of TOO, 750 '.r).c! ?.IILJO"P a t  a f l o w  r a t e  of 
100 cfm f o r  14 hr.  Thi:; wa? fol lcwcd by  t n o  o r  more thermal 
shock t e s t s  of one-half hour 2 - t  :19QO0P and one-ha1.f hour a t  
1800°F. Chimneys 1 m d  5 mere tes%ed both with and without 
surrounding floor- rcnstruct-ion. The remainder were t e s t ed  
withou-t t he  f l o o r  construction. The e f f e c t  on chimney and 
f l o o r  construct icn surface temperatures of insu la t ion  between 
j o i s t s  and chimney and o f  metal f i res topping between the  
chimney and underside of j o i s t s  i?r;:,s determined a t  750°F and 
100 cfrn i n l e t  :Pl?lc gas conclitions t v i t h  ckiimney 5. 

O'aservations of surface temperatures o f  chimney and 
surrounding construct-ior! and temperature gradients across  the  
components of  t he  chimneys were made w i t h  a l l  chimneys a t  each 
ecndit ion of t e s t .  Temperatures under a 6- by 6 -  by  3/16-in. 
f e l t  pad glued t o  the  surface of the  shor t  t e s t  chimney No. 1 
jus t  above the first f l o o r  l eve l  were a180 measured. The pad, 
perhaps of doubtful value, was intended t o  give a comparative 
surface temperature measuremenb l e 2 s  affected by var ia t ions  i n  
outside surface ~onductance,  A t  eack t e s t  condition measure- 
ments were made of dimensional changes, both hor izonta l ly  and 
v e r t i c a l l y ,  02 the  surface of several  of the  shor t  t e s t  chimneys 
and a l l  chimneys were inspec-ted f o r  cracks i n  masonry and l i n e r s .  
A s  a f u r t h e r  index of cracking the  a i r  leakage r a t e s  of t he  shor t  
chimneys were measured following exposure t o  caeh condition a t  
pressures up t o  4 in.  water gauge. T h i s  was done by connecting 
a blower and ca l ib ra ted  var iable  area f lowrater  t o  the  chimney 
thimble and sea l ing  the  ou t l e t  o f  the  chimney w i t h  a gasketed 
cap clamped i n  posit ion.  

In  the  thermal t e s t s  on the  chimney l i n e r s  th ree  
sec t ions  were cemented one above the  other  t o  provide a t e s t  
specimen 6 f t  high. The specimen was smroimded by a wire cage, 
a s  a sa fe ty  precaution, and vented i n t o  the  f ac to ry  b u i l t  
chimney, Continuous records of ins ide  and outside surface 
temperatures and observations of cracking were made under a 
va r i e ty  of f l u e  gas i n l e t  conditions, 

TEST HESULTS 

Temperature Measurements 

Temperatures of t he  chimney components and the  s m -  
rounding combustibles were measured with chromel-alumel 
thermocouples. Thermocouples were placed on the  outside 
surface of chimney and held i n  place with saurerizen cement. 
Ilhermocouples f o r  the  l i n e r s  were embedded f lu sh  with the  
respective surfaces and held i n  place with saurerizen cement 
w i t h  the  exception of the  outer  surface of t he  l i n e r s  of  t he  
f u l l  scsl-e masonry chimney and chimneys No. 1 and 5 where 
the  therruclcouplcs were placed on the  surface and held with 
mortar. Temperatures of t he  surrounding combustibles 
were measured with thermocouples embedded f l u s h  with 



t h e  s u r f a c e  and h e l d  i n  p l ace  w i th  p l a s t i c  wood. Thermocouple 
l o c a t i o n s  were i n  most c a s e s  d u p l i c a t e d  on t h e  f o u r  s i d e s  
of t h e  chimney, b u t  on ly  t h e  maximum tempera tu re s  a r e  r eco rded  
i n  t h i s  r e p o r t .  

Temperatures d i f f e r e d  somewhat on t h e  v a r i o u s  s i d e s  
due t o  t h e  v a r i a t i o n s  i n  convec t ion  a i r  c u r r e n t s  i n  t h e  
l a b o r a t o r y  and,  a l s o ,  due t o  t h e  non-uniformity  of  t h e  f l u e  
g a s  tempera ture  d i s t r i b u t i o n  w i t h i n  t h e  f l u e .  A meta l  s h i e l d  
w i t h  a n  a s b e s t o s  backing was placed on t o p  of t h e  connec t ing  
p ipe  t o  d i v e r t  i t s  hea% away from t h e  chimney and t h e  f l o o r  
s e c t i o n .  

Since t h e  baseboard mas made w i t h  h i n g e s  a t  t h e  c o r n e r s  
and clamped around t h e  chimney and n o t  a t t a c h e d  t o  t h e  f l o o r  
boards ,  a  gap of 1/4 i n .  i n  viidth occu r red  between t h e  baseboard 
and t h e  f l o o r  boards  w i t h  t h e  v e r t i c a l  expansion of t h e  chimney 
du r ing  t h e  t e s t .  This  a i r  gap  probably a l lowed more convec t ion  
a i r  t o  f l ow up  througli t h e  f l o o r  s e c t i o n  and may have r e s u l t e d  
i n  lower  framework t empera tu re s  t h a n  w i t h  -the baseboard f i x e d  
t o  t h e  f l o o r  boards .  

F u l l - S c a l e  Clay Br i ck  Chimney. - With first and second f l o o r  
s e c t i o n s  i n  p l a c e ,  t empera ture  measurements o b t a i n e d  on t h e  
f u l l  s c a l e  masonry chimney a r e  shown i n  Figs. 5,  6 and 7. 
Iaximum t empera tu re s  were recorded  a t  t h e  first f l o o r  l e v e l ,  
and as  the  t ime tempera ture  c u r v e s  i n d i c a t e ,  e q u i l i b r i u m  
t empera tu re s  of  t h e  chirnne y and  t h e  sur rounding  f rameviork 
were reached a f t e r  22 t o  28 h o u r s  of s t e a d y  o p e r a t i o n ,  It 
w i l l  be n o t e d  t h a t  e q u i l i b r i u m  tempera tures  a r e  approached 
w i t h i n  10 t o  15OP a f t e r  1 4  hour s  of  ope ra t ion .  

A comparison was made between t h e  chimney su r f ace  and 
t h e  framework t empera tu re s  obta.ined w i t h  f l u e  g a s  flow of 50 
and 100 cfm. The r e s u l t s  a r e  p r e s e n t e d  i n  Fig.  8. A s  
expec ted ,  lower  tempera-lures occu r  a t  t h e  lower f low r a t e  f o r  
cor responding  i n l e t  f l u e  g a s  t empera tures .  This  i s  due t o  t h e  
lower  s u r f a c e  conductance and ,  a l s o ,  t o  g r e a t e r  c o o l i n g  o f  t h e  
f l u e  g a s  a t  t h e  lower h e a t  i n p u t .  

The r e s u l t s  of  t h e  t e s t s  w i t h  t h e  p l a s t e r b o a r d  
enc losu re  betvceen first  and second f l o o r  l e v e l s  a r e  g iven  i n  
Fig.  9. Higher framework t empera tu re s  were ob ta ined  a t  t h e  
second f l o o r  l e v e l .  This  i s  due t o  t h e  v e r t i c a l  t empera ture  
g r a d i e n t  i n  t h e  a i r  i n s i d e  t h e  enc losu re  as  a r e s u l t  of 
convec t ion .  The ma:cimum combust ible  t empera ture  was ob ta ined  
a t  t h e  wood f i r e s t o p  l o c a t e d  between t h e  j o i s t  and t h e  chimney 
s u r f a c e .  The maximum tempera ture  o f  t h e  s t u d s  a t t a c h e d  t o  the 
c o r n e r s  of t h e  chimney was found t o  be lower  t h a n  t h e  f l o o r  o r  
j o i s t  t empera tu re s  a t  t h e  second f l o o r  l e v e l .  



Chimney s u r f a c e  a n d  j o i s t  t empera tu re s  a t  t h e  second 
f l o o r  l e v e l  w i t h  t h e  enc losu rc  clre compared w i t h  t h o s e  a t  t h e  
f irst  f l o o r  l e v e l  o f  t h e  chimney wi thou t  t h e  e n c l o s u r e  i n  Fig .  
10 .  Tempera-tures w i t h  t h e  e ~ ~ c l o s u r e  were found t o  be s i g n i f i c a n t l y  
h i g h e r .  Temperatures of  j o i s t ,  f l o o r ,  p l a s t e r b o a r d  and 
f i r e s t o p  a t  t h e  second f l o o r  l e v e l  a r e  p l o t t e d  v e r s u s  t ime 
i n  F igs .  11, 1 2 ,  1 3  and 14.  Comparison of  t h e s e  w i t h  t ime 
tempera ture  c u r v e s  i n  F igs .  5 ,  6 and 7 f o r  t h e  chimney w i t h o u t  
an  enc losu re  i n d i c a t e s  t h a t  t h e  s l o p e s  of  t h e  c u r v e s  a t  t h e  
end of 1 4  h o u r s  a r p  g r e a t e r  f o r  t h o s e  o f  t f ie  chimney w i t h  a n  
e n c l o s u r e ,  and t h a t  t h e  t ime r e q u i r e d  t o  r e a c h  s t e a d y  s t a t e  
i s  probably  much l o n g e r .  

Shc;rt S i n g l e  Course Clay -----.- B r i c k  Chi:nnexs. - - Illhe r e s u l t s  of  
the rmal  t e s t s  a- t  t h e  end of 1 4  h o u r s  on s h o r t  chimney NO. 1 
a r e  shown i n  P ig .  1 5  and  t h e s e  a r e  compared w i t h  chimney 
s u r f a c e  and  framework t empera tu re s  f o r  t h e  f u l l  s c a l e  chimney 
i n  Fig .  16 .  These t empera tu re s  tvere found t o  be h i g h e r  f o r  
t h e  s h o r t  chimney. S i m i l a r l y ,  t h e  f l u e  g a s  t empera tu re s  
a- t  t h e  first  f l o o r  l e v e l  were found t o  be lower  a t  cor responding  
i n l e t  f l u e  g a s  t empera tu re s  f o r  t h e  f u l l  s c a l e  chimney. 
Chimney s u r f a c e  and  framework t empera tu re s  f o r  t h e  f u l l  
s c a l e  and t h e  s h o r t  chimney a r e  r e p l o t t e d  a g a i n s t  t h e  f l u e  
g a s  t empera ture  a t  t h e  f i r s t  f l o o r  l e v e l  i n  Fig .  17. 
Temperature r e l a t i o n s h i p s  f o r  bo th  chimneys a r e  similar w i t h  
on ly  s l i g h t l y  h i g h e r  t empera tu re s  f o r  t h e  s h o r t  chimney. 
The h igher  f l u e  g a s  t empera ture  d r o p  from i n l e t  t o  first  f l o o r  
l e v e l  o b t a i n e d  w i t h  t h e  f u l l - s c a l e  chilnney i s  probably  due 
t o  l eakage  a i r  from t h e  c l e a n o u t  door and  t h e  l o n g e r  f l u e  l e n g t h  
below t h e  th imble  l e v e l  which prov ided  g r e a t e r  c o o l i n g  a r e a .  

A s  shown i n  F ig .  1 5  t h e  baseboard t empera tu re  i s  
reduced 1 5  t o  20°F w i t h  cement a s b e s t o s  i n s u l a t i o n  betvieen 
t h e  baseboard and t h e  chimney sur face .  

Die thermal  performance w i t h o u t  f l o o r  s e c t i o n  of 
c l a y  b r i c k  chimney No. 1 wi"& f u l l y  g r o u t e d  l i n e r  and  c l a y  
b r i c k  chimney No. 3 w i t h  j u s t  enough mor t a r  t o  l o c a t e  t h e  l i n e r  
a r e  compared i n  Fig .  18. Sur face  t empera tu re s  were found t o  
be a lmos t  t h e  same w i t h  v a l u e s  f o r  t l ie  chimney wLth l i n e r  n o t  
g r o u t e d  approx imate ly  10°F lower .  Temperature under  t h e  
6- by 6- by 3/16-in. f e l t  pad l o c a t e d  j u s t  above t h e  first 
f l o o r  l e v e l  approximated t h e  s u r f a c e  t empera ture  o f  s h o r t  chimney 
No. 1 w i t h  f l o o r  s e c t i o n .  The c l a y  b r i c k  chimney No. 2 w i t h  
t h e  l i n e r s  f u l l y  g rou t ed  was s u b j e c t e d  t o  one thermal  t e s t  
a t  a 1000°P f l u e  g a s  i n l e t  t empera ture .  Su r f ace  t empera tu re s  
a t  t h e  end of 1 4  h o u r s  o f  t e s t  were similar  t o  t h o s e  of  t h e  
c l a y  chimneys No. 1 and  No. 3 .  Clay b r i c k s  w i t h  co red  h o l e s  
were used  f o r  t h e  c o n s t r u c t i o n  of ch in~neys  No. 1 and  c l a y  b r i c k s  
w i t h  f r o g s  f o r  t h e  chimneys No. 2 and  No. 3. 



Short  Double Course Clsy Eri.cl;  I_-V Qiircnex. - !Thermal t e s t  
r e s u l t s  on t h e  double course clay b r i c k  chimney wi thout  a 
l i n e r  (No, 4 )  a r e  given i n  Pig. 29. A t  the  end of 14 hours  
of t e s t  w i t h  1000°F i n l z t  f l u e  gas  temperature,  t h e  chimney 
su r face  temperature is  7OUF lovser than  t h a t  of t h e  s i n g l e  
course c l a y  b r i c k  chimney wi th  l i n e r .  

Short  Concrete Block Chimnsx. - Surface temperatures  of t h e  
concre te  block chimney (iK 5 )  without  a f l o o r  s e c t i o n  a r e  
shown i n  Fig. 20. Comparing this with  Pig. 18 su r face  
temperatures  of concre te  block and c l a y  b r i c k  chimneys a r e  
found t o  be similar w i t h  t h e  former g iv ing  s l i g h t l y  lower 
va lues ,  

R e s u l t s  of thermal t e s t s  c a r r i e d  out  a t  an  i n l e t  
f l u e  gas  temperature of 750°P and a f l u e  gas flow of 100 
cfm t o  determine t h e  e f f e c t  of  i n s u l a t i n g  t h e  j o i s t  and t h e  
use  of a s h e e t  metal  f i r e s t o p  a r e  a l s o  shown i n  Fig. 20. 
With mineral  wool between the  j o i s t  and chimney t h e  j o i s t  
temperature w a s  lower during the  i n i t i a l  p a r t  of t h e  t e s t  
b u t  a t  t h e  end of 14 hours  it was t h e  same a s  t h a t  of t h e  
j o i s t  without  any i n s u l a t i o n ,  If t h e  t e s t  had been oont inued 
beyonc t h e  14-hr per iod ,  t h e  temperature of t h e  j o i s t  w i t h  
i n s u l a t i o n  would probably have exceeded t h a t  of t h e  j o i s t  
without  i n s u l a t i o n .  With a s h e e t  metal  f i r e s t o p  a t  t h e  bottom 
of t h e  j o i s t ,  t h e  j o i s t  temperature a t  t h e  end of 14 h r  was 60°F 
h i g h e r  than t h a t  of t h e  s tandard  f l o o r  sec t ion .  !T!hese h igher  frame- 
work temperatures  a r e  caused by t h e  r e s t r i c t i o n  of t h e  convection 
of a i r  around t h e  frameworlc, Baseboard temperatures  were t h e  
same, e i t h e r  w i t h  t h e  j o i s t  space i n s u l a t e d  o r  w i t h  t he  meta l  
f i r e s t o p  and were 50°P h igher  than w i t h  t he  s tandard  f l o o r  s e c t i o n ,  
The h igher  baseboard temperatures a r e  a r e f l e c t i o n  of lower 
h e a t  l o s s e s  from t h e  chimney i n  t h e  v i c i n i t y  of t h e  f l o o r  
s e c t i o n  below which l e a d s  t o  h igher  chimney su r face  temperatures.  

Short  Test  Chimney Erne -Temperature Rela t ionship .  - The r a t e s  
of su r face  temperature r i s e  of t h e  s h o r t  t e s t  chimneys a r e  
compared i n  P i i s .  21 and 22. Although a t  the  end of i 4  h r  a t  
1000°P i n l e t  f l u e  gas  temperature t h e  su r face  temperature of t h e  
concrete  block chimney No. 5 is almost  the  same as t h a t  of t h e  
s i n g l e  course c l a y  b r i c k  chimneys No. 1 and No. 3 ,  t h e  curves 
i n d i c a t e  t h a t  t h e  former h a s  g r e a t e r  thermal czpac i ty  and that  
t h e  su r face  temperature of t h e  concre te  block chimney may be 
h igher  a t  s teady s t a t e  condi t ion.  The su r face  temperature of 
t h e  double course chimney No. 4 i s  l o n e r  by 75OP and it i s  
expected t h a t  the  time t o  thermal equi l ibr ium i s  much longer  
than f o r  the  o t h e r  s h o r t  t e s t  chimneys. The time temperature 
curve of t h e  c l a y  b r i c k  chimney No. 2 tended t o  f l a t t e n  a t  
4 h r  of t e s t .  This w a s  probably caused by t h e  l a t e n t  h e a t  
of evaporat ion of t h e  moisture i n  t h i s  chimney. Since no thermal 
t e s t  w a s  run  p r i o r  t o  t h e  1000°P t e s t ,  t h i s  chimney probably 
contained more moisture  than  t h e  o t h e r  chimneys, 



Surfsce  t~ rnpe ra t i :~ . ; ;~  I-ec:o:rd.eii dur ing  and af  - t e r  t h e  . . 

1 - h r  t h e m a 1  shock , t e a t s  are s?l~'i;,:n l n  !.;'if:, 22 f o r  t h e  s i n g l e  
and doubla course  c l ?y  b-cici; chimneys vvvitl~aut a f l o o r  s e c t i o n  
and t h e  conc re t e  block chimr!:,:~ wj-th a f ' l oo r  s e c t i o n .  The 
maximum s u r f a c e  -temperature:; for '  t hc  coricrete b lock  and  s i n g l e  
course  c l a y  b r i c k  chimneys, wliick o c c ~ r r e d  1$ h r  a f t e r  t h e  
end of t e s t ,  wel-e approxinc?tc ly  20D0T". 'The maximum s u r f a c e  
t e m p e r a t u r e f o r  t h e  double c o u r s e  c l e y  b r i c k  chimney, r eached  
3 s  h r  a f t e r  t h e  end of t h e  t e s t ,  was l2C"P. 

A f t e r  four'  the-mzl. shock . t e s t s ,  a lGGO°F thermal  t e s t  
was r e p e a t e d  wi tn  t h e  co~ic re . t e  block chimney. Although t h e  
chimney was CI-aclce t l  s e v e r e l y ,  t h e  surface tenlperature  
r e a d i n g s  were found t o  be u ~ a l t e r ' e d  from t h e  p rev ious  1C30°F 
thema l .  tes t , .  

Temperature Grad ien t s  IIlhrouG c'k1imne;y Sec t ions .  - Temperature 
g r a d i e n t s  'througt-i t h e  s h o r t  t e s t  c h i m ~ e y s  a t  t h e  end of  14 h r  
of t e s t  a r e  giv.c-11 i n  W b l e  I. The x ~ e s i s t a n c e s  t o  h e a t  f law of 
t h e  c o m p o n e ~ t s  of t h e  chirnney a r e  p r o p a r t i o n a l  t o  t h e  r a t i o  of 
the t empe~a tu : r e  d rops  a c r o s s  t h e  components t o  t h e  o v e r - a l l  
t empera ture  drop,  under  s-beady s t a t e  c o n d i t i o n s .  The r a t i o  of  
t h e  tempera ture  drops  a c r o s s  masonry and  l i n e r  t o  t h e  
tempera ture  d i f f e r e n c e  between f l u e  g a s  and ambient  a i r  a r e  a l s o  
g iven  i n  Table I, i n d i c a t i n g  t h e  r ,e l .a t ive  r e s i s t a n c e s  of  t h e s e  
components. It can be seen  -tinat approximate ly  h a l f  of  t h e  
o v e r - a l l  thermal  r e s i s t a n c e  :is provided by t h e  chimney walls  
and  t h e  remainder  by t h e  i n s i d e  and o u t s i d e  f i l m  r e s i s t a n c e s .  
The c l a y  b r i c k  chimney w i t h  l i n e r s  vcnl:roirted (chimney No. 3 )  
shows a s l i g h t l y  h i g h e r  r e s i s t a n c e  than  v?ith t h e  l i n e r s  g rou ted  
(chimney No. 2 ) ,  assumin,y tile resiz;tar!ce o f  i n s i d e  and o u t s i d e  

f i l m s  e s s e n t i a l l y  t h e  sainr: ri.n ho-tfi t e s t -  , a  It i s  seen  t h a t  t h e  
t h e m a l  r e s i s t a n c e  of t h e  conc re t e  5:iock chimricy KO. 5 is  h i g h e r  
t han  t h a t  of  t h e  c l a y  b r i c k  c=hi,nney ?To. 1, ai:ain assuming that 
t h e  f i l m  r e s i s t a n c e s  were essen-t ial- ly-  t h e  same i n  both  t e s t  
s e r i e s .  The l i n e r  i n  t h e  concre-be bl-oclc chi.r;l_ney, however, 
r e p r e s e n t s  a g r e a t e r  por-l;i.on o f  'iil-ie chimney w a l l  r e s i s t a n c e .  
This  may have been due a t  l e a s t  i n  p a r t  t o  th.e g r e a t e r  w a l l  
t h i c k n e s s  of t h e  l i n e r s  i n  t h e  c o r ~ c r e t e  b lock  chimney (3/4 i n .  
a s  compared t o  5/8 i n .  ) .  The t l ~ e r m a l  r e s i s t a n c e  of  t h e  
c o n c r e t e  b lock  would appea r  t o  b e  ~on~~parab1.e  t o  t h a t  of t h e  
b r i c k .  

The o v e r - a l l  w a l l  r e s i s t a n c e  of chimney No. 2 ( b r i c k  
w i t h  f r o g )  is  s l i g h t l y  g r e a t e r  t h a n  t h e t  of chimney No. 1 ( b r i c k  
w i t h  cored  h o l e s ) .  However a  s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  
r a t i o  of -the l i n e r  and masonry r e s i s t a n c e s  was ob ta ined .  !Phis 
may be due l a r g e l y  t o  t h e  d i f f e r e n t  method used i n  l o c a t i n g  
t h e  thermocouples on t h e  o u t s i d e  s u r f a c e  of t h e  l i n e r .  The 
thermocouple was .gbacarl on  th.3 s u r f a c e  and h e l d  w i t h  m o r t a r  f o r  
chimney No. 1 and I l u s h  w i t h  t h e  s u r f a c e  i n  a  groove and h e l d  
w i t h  cement f o r  chimney No. 2,  r e s u l t i n g  i n  a h i g h e r  t empera tu re  



reading f o r  the  l a t t e r .  The method of mounting the thermo- 
couple on the  outside surface of, t he  l i a e r  of  chimney No. 3 
was s imi lar  t o  t h a t  f o r  chimney No, 2, while the  method used 
f o r  chimney No. 5  was s imi lar  t o  t h a t  f o r  chimney No, 1. 

Observations of Structural  I?roperties 

Thermal Ekpansion Measurements. - During the thermal t e s t a  
v e r t i c a l  and horizontal  expansion measurements were taken on 
the  outside surface opposi%e the i n l e t  opening. A s  shown i n  
Table I1 the  u n i t  v e r t i c a l  expansion of t he  c lay  br ick chimneys, 
Nos. 1 and 4 ,  i s  twice a s  grea t  a s  t h a t  of  the  concrete block 
chimney Bo. 5 ,  mith the  concrete block 
and horizontal  expansions a r e  iden t i ca l  
expansion f o r  the  clay br ick chimney i s  

chimney the  v e r t i c a l  
whereas the horizontal  

l e s s  than t h a t  of the  
concrete block chimney. !Phis may be due t o  the  l a r g e r  number 
of horizontal  mortar joints  i n  the  br ick chimney, which 
separate and allom grea ter  v e r t i c a l  movement o f  the  masonry. 
No expansion measurements were taken on chimneys nos. 2  and 3. 

Cracks i n  Chimneys. - Chimneys were examined f o r  cracks and 
r e s u l t s  recorded a f t e r  each thermal t e s t .  The sever i ty  of 
cracking was d i f f i c u l t  t o  evaluate by visual  observation. 
Since l i n e r s  were f ixed inside the  chimney it was possible t o  
examine them only a t  i n l e t  and ex i t .  No cracking was observed 
during the 500°P thermal t e s t s  on any clay br ick chimneys. 
Hairl ine cracks were noted on the  concrete block chimney 
extending v e r t i c a l l y  througli th ree  blocks. During the  750°F 
thernal  t e s t ,  a l l  chimneys showed h a i r l i n e  cracks i n  mortar 
joints  and i n  the  masonry. These cracks were more numerous 
and wider a f t e r  the  1000°F t e s t .  Severe cracks i n  the  masonry 
of a l l  chimneys appeared during the thermal shock t e s t ,  with 
cracks ranging from ha i r l ine  t o  1/8-in. i n  width. These cracks 
tended t o  close up a s  the chimney cooled down a f t e r  the  t e s t .  

No l i n e r  cracks mere observed a f t e r  the 500°P and 
750°P thermal t e s t s .  Hairl ine cracks appeared i n  the  l i n e r s  
a f t e r  the  1000°P thermal t e s t  i n  some of the  chinnegs. Liners 
i n  a l l  chirmeys cracked durixg the thermal shock t e s t .  No 
fragment of l i n e r s  i n  any cllirnney was found t o  have f a l l e n  out. 

Besides the v isua l  observation of cracks, s t r u c t u r a l  
degradation of  chimneys was assessed by a i r  leakage measurements 
before and a f t e r  each thermal -test.  To ensure t h a t  the  i n l e t  
f i t t i n g  f o r  pressurizing the chimney and the ou t l e t  opening 
were properly sealed, the  seal ing joints  were checked with soap 
solut ion f o r  extraneous leakage. The a i r  leakages measured 
were adjusted t o  standard condition, 

23, 24, 
condi t i  

The r e s u l t s  o f  a i r  leakage t e s t s  a re  shown i n  
25 and 26. Exposure t o  the various thermal t e  

. Pigs. 
st 

.ons resu1ted.i.n reductions i n  the  a i r  leakage 



r e s i s t a l ~ c e  of t h e  d i f f e r e n t  chimneys, Af_'ter t h e  500°F and 
750°P thernial t e s t  -the i n c r e a s e  i n  a i r  leakage was found t o  be 
small .  A decided inc rease  i n  a i r  leaka{;e was noted a f t e r  the  
1000°P thermal t e s t .  A f t e r  -i;he chimney had been subjec ted  t o  
t h e  thermal shock t e s t ,  tne  r a t e  of a i r  leakage rose  
s i g n i f i c a n t l y  and continued t o  inc rease  with subseauent 
thermal shock t e s - t s .  

A comparison of a i r  leakages  f o r  t h e  s i n g l e  course  
c l a y  b r i c k  chimneys w i t h  t h e  l i n e r s  grouted (chimneys No. 1 
and 2 )  and the  l i n e r s  n o t  grouted (chimney No. 3) shorvs 
s i m i l a r  r a t e s  u p  t o  t h e  1000°F thermal t e s t .  A f t e r  t h e  
thermal sl~oclt t e s t s ,  however, t h e  chimney wi th  t h e  l i n e r  grouted 
shows l e s s  leakage i n d i c a t i n g  t h a t  t h e  mortar  behind t h e  
l i n e r  a s s i s t s  i n  t h e  prevent ion of a i r  leakage. The a i r  
leakages  of the  concre te  block chimney No. 5  measured a f t e r  
t h e  s t eady  thermal t e s t s  a r e  almost t h e  same as  those of t h e  
s i n g l e  course c l a y  b r i c k  chimney, both  wi th  l i n e r s  f u l l y  
grouted. Hmvever, h igher  a i r  leakage was measured wi th  t h e  
former a f t e r  each thermal siiock t e s t .  The a i r  leakages  measured 
a f t e r  t h e  s t eady  -thermal t e s t  and thermal shock t s a t s ,  were 
g r e a t e r  f o r  t h e  double course c l a y  b r i c k  chimney No. 4 without  
a l i n e r  than f o r  t h e  o t h e r  chimneys. It can be concluded t h a t  t h e  
l i n e r s  con t r ibu te  s i g n i f i c a n t l y  t o  t h e  r e s i s t a n c e  t o  a i r  
leakage of the  c l a y  b r i c k  chimneys. 

Flue Liner  Tes t s  

9310 s e t s  of v i t r i f i e d  c l a y  f l u e  l i n e r s  from manufacturer 
A and one s e t  from ~;anuYacturer  B were t e s t e d  wi th  t h e  l i n e r s  
f r ees tand ing .  Each s e t  cons i s t ed  of  tilree 2 - f t  l i n e r s  placed 
on t o p  of each o t h e r  (wi th  ends mor tared) .  I n s i d e  and ou t s ide  
su r face  temperatures  were recorded a t  each i n l e t  f l u e  gas  
temperature cond i t ion ,  wi th  the  f l u e  gas  f l o w  maintained a t  
100 cfm. 

With t h e  first s e t  of l i n e r s  from manufacturer A, 
c racks  occurred i n i t i a l l y  i n  the  t o p  l i n e r  a t  the  750°F 
i n l e t  temperature.  !Chis was thouglit t o  be due t~ t he  weight 
of the  f a c t o r y  b u i l t  chimney on t o p  of t h e  l i n e r .  The t o p  
l i n e r  was replaced  and viith the  weight of the f a c t o r y  b u i l t  
chimney r e l i e v e d ,  a l l  l i n e r s  cracked a t  1000°P. A l l  of t h e  
second s e t  of l i n e r s  cracked a t  the  750°7? i n l e t  temperature 
condi t ion .  

Clay l i n e r s  obtained from manufacturer B a l s o  cracked 
a t  t h e  750°P i n l e t  temperature.  With t he  f l u e  gas  temperature 
increased  from 900°P t o  1900°P i n  100°F increments a t  h a l f  
hour  i n t e r v a l s ,  t he  l a r g e s t  crack i n  t h e  f l u e  l i n e r  was 1/4 i n .  
wide and extended v e r t i c a l l y  from the  t o p  t o  t h e  bottom of t h e  
l i n e r .  



~lthough the liners cracked in a number of places 
when subjected to inlet temperatures above 750°P, the liners 
remained in one piece, with no fragments of liners falling out. 

In Table I11 surface temperatures of the liners 
obtained during the liner test are compared with those obtained 
during tests on the short chimney. Since thermal stress in the 
liner is a function of the temperature difference between the 
inside and outside surfaces, temperature drops are also included. 
Because the maximum temperature drop across the liners in the 
thermal tests on the test chimneys occurred after two hours of 
exposure, temperature readings in Table 111 are recorded for 
this time. 

The temperature drop across liner A was consistently 
greater than across liner 3 at the same inlet flue gas tempera- 
ture. This is due to the greater wall thic'mess for liner B, 
and the ratio of the thermal resistances of liner A.and liner B 
approximates the thichess ratio, The relative thermal resis- 
tance of the liners increased as the inlet flue gas temperature 
was increased, This is due to the decrease in the inside and 
outside surface film resistances with increasing chimney 
temperatures. 

Since a similar method was used in locating thermo- 
couples on free-standing liner A and the liners in chimneys 
No, 2 and No. 3, temperature drops across these liners may be 
compared. Maximum temperature differences across liners in 
chimneys No. 2 and No. 3 are 14OF and 24OP lower respectively 
than with the liner free standiilgatlOOOOP inlet flue gas 
temperature. In the free-standing test on liner A cracking 
occurred with a temperature drop across the wall of 9g°F. 
!This temperature drop is exceeded in chimneys No, 2 and No. 3 
at an inlet flue gas temperature of 1000°F. Furthermore, the 
mean temperature of the liners in the chimneys is higher at 
this inlet flue gas temperature than the mean temperature of 
the free-standing liner at 750°F inlet temperature. Cracking 
of the liners in these chimneys can be expected, therefore, 
at the 1000°F flue gas inlet temperature. Cracking of the 
liner in chimney No. 2 might be reduced due to the restraint 
on the outer surface of the liner provided by the surrounding 
mortar and masonry. 

S W R Y  AND DISCUSSION 

In thermal tests on the full scale chimney in which 
typical surrounding construction was simulated, maximum 
temperatures of framework and other combustibles were higher 
at the second floor level than at the first floor level. 
The maximum temperature of combustible construction occurred 
at the firestop in contact with the chimney. Floor temperatures 
were almost as high. Temperatures of combustibles attached at 
the corners of the chimney, as in the case of studs for the 
enclosure, were found to be lower than the floor or joist 



temperatures and it would appear t h a t  t h i s  p rac t ice  does not  
mater ia l ly  increase f i r e  hazard. 

For purposes of comparative t e s t i n g ,  shor t  t e s t  
chimneys were found t o  be adequate, Relative thermal 
res i s tances ,  cracks and expansions of masonry chimneys were 
evaluated with the  shor t  t e s t  chimneys. A c lay  br ick  shor t  
chimney was t e s t ed  with a f l o o r  sec t ion  t o  compare i t s  thermal 
performance with t h a t  of t h e  f u l l  scale  chimney. A t  equal 
f l u e  gas temperature a t  the  f irs t  f l o o r  l e v e l ,  chimney surface 
and framework temperatures were found t o  be about t h e  same f o r  
both chimneys. 

The use of 1/8-in. asbestos in su la t ion  between the  
baseboard and chimney surface reduced the  baseboard temperature 
15 t o  20°F. Insula t ion placed between the  j o i s t s  and chimney 
resu l ted  i n  higher f l o o r  and baseboard temperatures. Pirestops 
placed a t  the  bottom of t h e  j o i s t s  had the  same e f f e c t  and a l s o  
ma tmia l ly  increased framework temperatures. 

Thermal performance of the  c lay br ick  chimneys with 
%he l i n e r s  grouted was compared with the  l i n e r s  not  grouted. 
The l a t t e r  gave s l i g h t l y  lower surface temperatures. It i s  
believed t h a t  the  effect iveness  of t he  in su la t ing  a i r  with 
the  l i n e r s  not  grouted i s  reduced due t o  gas leakage through 
cracks and mortar j o i ~ t s  of t h e  l i n e r s .  

Chimney surface temperatures f o r  t he  concrete block 
chimney a t  t h e  end of 14-hr t e s t s  gave s l i g h t l y  lower tempera- 
t u r e s  than those of t he  c lay  br ick  chirney. Hov~ever, t he  r a t e  
of temperature r i s e  of the  Indo chimneys showed higher thermal 
capacity f o r  the  concrete block chimney and the  surface 
temperatures f o r  t h i s  chimney may possibly be higher a t  
s teady s t a t e  condition. The over-a l l  res i s tance  t o  heat  flow 
of the  concrete block chimney determined a t  1 4  h r  vtas higher 
than t h a t  of t he  c l ay  br ick  chimney, Liners of g rea t e r  wal l  
thickness were used f o r  t he  concrete block chimney and the  
res i s tance  t o  heat  flow of the  concrete block was found t o  be 
equivalent t o  t h a t  of t he  s ing le  course c lay br ick  based on 
r e s u l t s  a t  1 4  hours, However, the  concrete block may give 
l e s s  thermal res i s tance  than t h a t  of the  c lay  b r i ck  a t  s teady 
s t a t e  condition, 

The double course c lay  br ick  chimney without a l i n e r  
gave much lower surface temperatures a t  the  end of a 1 4  hour 
t e s t ,  due t o  i t s  higher res i s tance  t o  heat  flow and i t s  thermal 
capacity. 

With the  c lay br ick  chimney thermal expansion 
measurements indicated t h a t  the  ve r t ioa l  expansion i s  much 
g rea t e r  than the  hor izontal  expansi an ,  whereas with the  
concrete block chimney expansions i n  both d i rec t ions  a re  
about the  same. This may be due t o  more numerous hor izonta l  
mortar jo in l s  of t h e  c lay  br ick  chimney with the  separat ion 
a t  these  mor-i;zr jo in t s  adding t o  the  v e r t i c a l  expansicln 



measurements. The u n i t  hor izon ta l  expansion of t h e  c l ay  b r i ck  
chimney i s  almost hal f  tha-L- of the  concrete block chimney, 
whereas t he  u n i t  v e r t i c a l  expansion of t h e  former i s  twice 
t h a t  of t he  l a t t e r .  

Measurement of t he  a i r  leakages of chimneys a f t e r  
t he  thermal t e s t  gives some ind ica t ion  of t h e  r e l a t l v e  amount 
of  cracking of t h e  chimneys. Hai r l ine  cracks appeared i n  t he  
masonry during the  500'3 thermal t e s t  f o r  t he  concrete block 
chimney and during 750'3 t h e m a l  t e s t  f o r  the  c l ay  b r i ck  
chimneys, Af te r  t he  1000°P t l~ermal  t e s t ,  l i n e r  cracks were 
observed a t  t he  i n l e t  opening of some t e s t  chimneys. A i r  
leakage measurements gave a slight increase  i n  t he  r a t e  of 
a i r  leakage a f t e r  t h e  500'3' and 750°P thermal t e s t s  and a 
decided increase  a f t e r  t he  1000°P t h e m a l  t e s t .  Af ter  t h e  
t he rna l  shock t e s t ,  the  cracks i n  t h e  masonry and l i n e r s  were 
extensive and the  r a t e  of a i r  leakage rose  s ign i f i can t ly .  

A i r  leakages of t h e  c l ay  b r i ck  chimneys measured a f t e r  
the  thermal shock t e s t s  were much higher  with the  l i n e r s  not  
grouted than  w i t h  t he  l i n e r s  grouted. A i r  leakages measured 
a f t e r  t he  thermal t e s t s  mere about t he  same f o r  both cases.  
On t h i s  bas i s  it i s  believed t h a t  the  rnol-tar behind t h e  l i n e r s  
a s s i s t s  i n  reducing the  a i r  leakage of chirrieys subjected t o  
severe thermal shock. However, from these  t e s t s  t h e  e f f e c t  of 
t he  mortar on the  cracking o f  t he  l i n e r  i s  not knovm. The 
repor t  on chimney t e s t s  by the  National Bureau of Standards (1) 
recommends no grouting of l i n e r s  f o r  chimney construct ion.  
This recommendation i s  based. on the  observation of c o ~ ~ t i n u o u s  
cracks through the  l i n e r s  and masonz-y of chiraeys with the  
l i n e r s  f u l l y  grouted. Because o f  the  narrow space between 
t h e  l i n e r  and the  chimney, t o  f u l l y  grout the  l i n e r  i - b  was 
necessary t o  tamp the  mortar in-to the  space with a s t e e l  rod. 
I n  p rac t i ce ,  t he  l i n e r s  are probably only p a r t i a l l y  grouted, 

The concrete block chimney gave higher  a i r  leakages 
a f t e r  t he  thermal shock t e s t s  compared t o  t he  c l ay  b r i ck  
chirmey with the  l i n e r s  grouted. A i r  leakages o f  t he  double 
course c l ay  b r i ck  chimney w i t h  no l i n e r  were higher  f o r  both 
steady the rna l  and thermal shock t e s t s  than those of a l l  o ther  
chimneys. Besides providing add i t i ona l  thermal re.sistance , 
the  l i n e r s  a s s i s t  s i g n i f i c a n t l y  i n  providing gas ti&-bness, 

A i r  leakage measurements were made with t he  shor t  
chimneys pressurized up t o  4 i n .  water gauge. The chimney 
d r a f t  i s  usua l ly  l e s s  than 0.10 i n ,  water gauge and the  r a t e  
of a i r  leakage a t  t h i s  pressure d i f f e r e n t i a l  was found t o  be 
about 1 cfm a f t e r  the  steady t h e m a l  t e s t s  and about 3 cfm 
a f t e r  t he  first  t h e r a a l  shock t e s t .  It i s  believed t h e  r a t e s  
of a i r  leakage under a c t u a l  d r a f t  condit ions w i l l  not s e r ious ly  
a f f e c t  the  chimney performance. 

The cracking of l i n e r s  due t o  thermal s t e s s  is 
dependent on t h e  temperature d i f fe rence  across  t he  l i n e r .  



The comparison of t h e  temperature d i f ferences  ac ross  t he  l i n e r  
during chimney and free-standing f l u e  l i n . e r  t e s t s  gives some 
ind ica t ion  of t h e  i n l e t  f l u e  gas teniperata~re a t  which t h e  l i n e r s  
i n  t h e  chimney w i l l  c rack .  The c lay  f l u e  l i n e r  i n  a chimney 
may crack with steady f l u e  gas input  a t  from 750°F t o  1000°F, 

The temperatures measured under the  f e l t  pad a t tached 
t o  t h e  surface of the  c lay  b r i ck  chimney approximated t h e  surface 
temperature of t he  chimney with f l o o r  sect ion.  This l eads  t o  
t h e  p o s s i b i l i t y  t h a t  temperatures of combustibles i n  contact  
with t h e  chimney may be approximated by measuring temperatures 
und.er t h e  f e l t  pad, thus  simplifying t h e  t e s t  setup. 

F la t t en ing  of t he  time temperature curve observed 
with c lay  b r i ck  chimney No. 2 during t h e  i n i t i a l  p a r t  of t h e  
t e s t  z t  i n l e t  f l u e  gas temperature of 1000°P ind i ca t e s  t h a t  
moisture i n  the  chimney mater ia ls  may s i g n i f i c a n t l y  a f f e c t  
chimney temperatures. During condit ions of t r a n s i e n t  hea t  
flow temperatures a r e  l i k e l y  t o  be lovier with moisture present  
than with dry mater ia ls .  Under quasi-equilibrium condit ions 
outside surface temperatures w i l l  probably be higher  with 
moisture present ,  although drying out of t he  mate r ia l s  i s  
l i lcely t o  be complete a f t e r  one o r  two fourteen-hour t e s t s ,  
The e f f e c t  of moisture on the  de t e r io ra t i on  of chimney 
mate r ia l s  a t  elevated tenperatures  may be s i g n i f i c a n t  and 
should be considered i n  fu tu re  s tudies .  

According t o  a repor t  of Underwriter's LaboraL0ri.e~ 
Inc. ( 3 ) ,  t he  i g n i t i o n  temperature of various types of woods 
f o r  t e s t s  of shor t  dura t ion under laboratory  condit ions i s  
about 400°P. The i g n i t i o n  temperature of wood i s  much lower 
i f  exposed t o  moderately low temperature f o r  a long period of 
time. Prom case h i s t o r i e s ,  these  i g n i t i o n  temperatures were 
found t o  vary from 212 t o  248OP. I n  isola-bed cases ,  wood 
ign i ted  a t  a temperature of 134OF. Allo1?~ing f o r  a margin of 
s a f e ty ,  the  general ly  accepted l i m i t  f o r  comb~zstibles i s  
160°F based on t h e  i g n i t i o n  temperature f o r  long-term exposure. 

This l im i t i ng  temperature was reached on t h e  f u l l  
s ca l e  chimney, with an  enclosure, in  1 4  h r  of t e s t i n g  a t  400°F 
i n l e t  f l ue  gas temperature. A t  100O0I? i n l e t  f l u e  gas 
temperature maximum temperature on t h e  framework a t  14 hours 
was 350°F. It i s  apparent t h a t  masonrr chimneys, subjected 
t o  f l u e  gas a t  the  maximum temperatures t h a t  can be expected 
a t  the  o u t l e t  of heat ing appliances,  cannot pass a t e s t  which 
s p e c i f i e s  a l i m i t  of 160°P f o r  adja2ent  const ruct ion under 
thermal equilibrium conditions. If t he  temperature l i m i t  of 
160°F i s  used, it may be more r e a l i s t i c  t o  ad jus t  t he  t e s t  
i n l e t  temperature t o  account f o r  t h e  cooling of t h e  f l u e  gas 
t h a t  normally occurs between appliance o u t l e t  and chimney 
i n l e t .  I n  p rac t i ce ,  the  f l u e  gas temperature i s  reduced 
before en te r ing  t h e  chimney, due t o  h e a t  l o s s  from t h e  smoke- 
pipe and the  in t roduct ion of room a i r  through dampers o r  hoods 



used for draft control. According to reference ( 4 )  the 
reduction in temperature due to the diluent air is approxi- 
mately 40 per cent with oil-fired appliances, 20 per cent 
with coal-fired appliances and 40 per cent with gas appliances. 
The reduction in flue gas temperature due to cooling in the 
flue pipe will depend on the length of passage, This is 
likely to be substantial in space heater installations where 
the heater is often located a considerable distance from the 
chimney, 

In automatically fired appliances and in hand-fired 
solid-fuel appliances, periods of maximum flue temperature 
are unlikely to persist continuously for several hours. This 
is also true of domestic incinerators, Under these conditions 
the thermal capacity of the chimney will affect maximum 
temperatures of the outside chimney surface and adjacent 
construction, The effect of cyclical operation of automatically- 
fired appliances on the chimney outside surface tempera- 
ture was investigated with the aid of an analog computer 
simulating 1/8 section of a square chimney. With a typical 
firing cycle of 10 minutes on, 5 minutes off time, the re- 
duction of chimney surface temperature obtained as compared 
to the steady flue gas input is given in Fig. 27, 

It can be concluded that the masonry chimneys 
subjected to prolonged exposure under the extreme flue gas 
temperatures possible from heating appliances will produce 
temperatures on surrounding combustible material which are 
higher than the presently accepted limits, Also under these 
conditions structural damage of the masonry chimneys can be 
expected. It is evident that the masonry chimneys cannot 
meet the test requirements presently set out for factory 
built chimneys, Due to the number of factors involved it 
is difficult to arrive at a realistic test condition for 
masonry chimneys, So long as the lined clay brick chimney 
is regarded as standard, it is necessary to evaluate other 
types of masonry chimneys by comparison with it, 

Further tests on chimneys constructed of precast 
masonry units are being continued in the chimney laboratory 
using procedures similar to those described. These tests 
are intended to provide more information on the effect of 
variations in wall thickness, materials and moisture content 
on thermal and structural performance. 
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TABLE I 

Tempera tures  Through t h e  S h o r t  T e s t  Chimneys - 
(Tempera ture  r e a d i n g s  a t  1 4  h o u r s  .of t e s t )  

D e s c r i p t i o n  o f  Chimneys : 

1. Single  c o u r s e  c l a y  b r i c k  w i t h  c o r e d  h o l e s ,  l i n e r s  g r o u t e d  
2. S i n g l e  c o u r s e  c l a y  b r i c k  w i t h  f r o g s ,  l i n e r s  g r o u t e d  
3. S i n g l e  c o u r s e  c l a y  b r i c k  w i t h  f r o g s ,  l i n e r s  n o t  g r o u t e d  
4.  Double c o u r s e  b l a y  b r i c k  w i t h  frog, no l i n e r s  
5. Concre te  b l o c k  chimney w i t h  l i n e r s  g r o u t e d  

1 

Outs ide  s u r f a c e  
o f  masonry, O F  

- 
1 7 3  
224 
271 

275 

1 6 6  
213 
?70 

1 2 7  
162  
201 

1 6 0  
211 

Chimney 
No . 

1 

2 

3  

L i n e r  S u r f a c e  

256 1000 

F lue  Gas Temp. 

i n s i d e  
O F  

364 
557 
762 

779 

375 
573 
829 

352 
523 
744 

368 
564 

I 

R e s i s t a n c e  R a t i o  

903 

a t  i n l e t ,  
O F  

500 
750 

1000 

1000 

500 

o u t s i d e  
O F  

314 
476 
643 

698 

350 
522 
748 

297 
456 

766 

l i n e r  

. I 3 3  

.171 

. I39  

,098 

,069 
.086 
. a91  

a t  1st 
f l o o r  l e v e l  

OF 

456 
698 
938 

916 

443 
673 
970 

450 
664 
902 

457 
67 6 

620 

masonry 

.374 

.4G8 

.A34 

,505 

,490 
.521 
.538 

.609 

I 7 50 

.178 

4  

5  

.442 1 
1 

1000 

500 
750 

1000 

500 
750 

1 .619 

.I88 
,181 

.6 60 

. % T j  

.41@ 



Ilhermal Expansion Measurements 

(Expansion i n  i n .  /f t ) 

Description of Chimneys : 

1. Single course c lay  br ick  with cored holes ,  l i n e r s  grouted 

4. Double course clay br ick  with f rog,  l i n e r s  grouted 

5. Concrete block chimney with l i n e r s  grouted 

Chimney 
No. 

1 

4 

5 

I n l e t  
Temp. , 
OF 

500 
7 50 

1000 

500 
750 

1000 

500 
750 

1000 

A t  6 hr .  A t  10 hr .  A t  1 4  hr .  

Vert. 

-014 
-023 
.038 

.013 
-026 
-047 

-006 
-012 
.019 

Vert. 

.015 

.024 

.040 

.014 

.028 

.049 

.007 

.013 

.021 

Vert. 

.015 

.024 

.040 

.014 

.029 
-050 

-007 
.013 

Horiz. 

.005 

.007 

.010 

.004 
-004 
-002 

.007 
-013 
.021 

Horiz. 

.906 

.008 

.012 

.005 

.005 

.004 

.008 
,014 
,023 

Horiz. 

.006 
-008 
-012 

-005 
.006 
.005 

.008 

.014 



Liner Temperature Measurements 

Liner temperatures in chimneys taken a t  2 hours 
Temperature drops a t  14  hours shown in brackets 
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Figure 2 View of chimney laboratory with the 
propane furnace i n  the foreground, the 
ful l -scale  brick chimney a t  centre and 
the short  t e s t  chimney a t  the right.  
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DURATION OF TEST IN HOURS 

FIGURE 5 

SURFACE TEMPERATURE OF FULL - SCALE CLAY - BRICK 

MASONRY CHIMNEY VS TIME 

(AT FIRST FLOOR LEVEL FLUE GAS FLOW - 100 CFM) 



DURATION O F  T E S T  IN HOLIRS 

FIGURE 6 

BASEBOARD TEMPERATURE OF FULL - SCALE CLAY - BRICK 

MASONRY CHIMNEY VS TIME 

( A T  FIRST FLOOR L E V E L  F L U E  GAS FLOW - 100 C F M )  

DURATION O F  T E S T  IN HOURS 

FIGURE 7 

JOIST TEMPERATURE OF FULL - SCALE CLAY - BRICK 

MASONRY CHIMNEY VS TIME 
(AT FIRST FLOOR L E V E L  F L U E  GAS FLOW - 100 C F M )  
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DURATION OF TEST IN HOURS 

FIGURE 13 
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FIGURE 18 

SURFACE TEMPERATURES OF CLAY - BRICK CHIMNEYS 

WKW LINERS GROUTED (CHIMNEY NO. I )  AND WITH 

INLET FLUE GAS TEMP OF 
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FIGURE 19 

SURFACE 'rEMPERATURES OF DOUBLE COURSE CLAY 

-BRICK CHIMNEY NO. 4 
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FIGURE 20 

SURFACE AND FRAMEWORK TEMPERATURES OF 

CONCRETE BLOCK CHIMNEY NO. 5 
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FIGURE 21 

SURFACE TEMPERATURE VS TIME FOR 

SHORT TEST CHIMNEYS 

( A T  1000 OF 100 CFM I N L E T  CONDITION 

WITHOUT FLOOR SECT ION 1 
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FIGURE 22 

THERMAL SHOCK TEST 9 N  SHORT 

TEST CHIMNEYS - SURFACE TEMPERATURE 

(TEST - 'I2 HOUR AT 1400 O F ,  'I2 HOUR AT 1800 O F )  



FIGURE 23 

AIR LEAKAGE T E S T  

SINGLE COURSE CLAY - BRICK CHIMNEY NO. I 

LEAKAGE FLOW - CFM 

FIGURE 24 

AIR LEAKAGE T E S T  

SINGLE COURSE CLAY - BRICK CHIMNEY NO. 3 

(LINERS NOT GROUTED) 
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FIGURE 25 

AIR LEAKAGE T E S T  

CONCRETE BLOCK CHIMNEY NO. 5 
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FIGURE 26 

AIR LEAKAGE TEST 

DOUBLE COURSE CLAY - BRICK CHIMNEY NO. 4 



CYCLIC INPUT 

(10 MIN. ON, 5 MIN. OFF) 

FLUE GAS TEMP OF 

FIGURE 27 

COMPARISON OF OUTSIDE SURFACE TEMPERATURE 

WITH CYCLIC AND STEADY FLUE GAS INPUT 

(SINGLE COURSE CLAY - BRICK CHIMNEY) 


