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The performance of  r e s i d e n t i a l  chimneys i s  
of cont inuing  i n t e r e s t  t o  t h e  Building Serv ices  
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PXECA ST C3NCliETE I3LC)CK CFIIMNEY IJlI  ITS* ------ --------- 
Development of Rules  f o r  Approval -- 

Research Car r i ed  ou t  a t  C.  S .  T T B B  Experimental  S t a t  ion 

A f t e r  t e s t s  were c a r r i e d  o u t  on f l u e s  and chimneys 
a t  t h e  Champs- sur-Marne Exper imental  S t a t i o n ,  c e r t a i n  
p r i n c i p l e s  were e s t ~ b l i s h e d  f o r  improving t h e  mmufac- 
t u r e  of l i g h t w e i g h t  c o n c r e t e  f l u e  u n i t s .  

A t  t he  same t ime ,  s imple  a p p a r a t u s  was developed 
f o r  c a r r y i n g  ou t  r a p i d  h e a t - r e s i s t a n c e  t e s t s  on f l u e  
u n i t s .  

The a r t i c l e  i n c l u d e s  a description of t h e  r e s e a r c h  
2nd t h e  conc lus ions  which can b e  drawn from i t ,  and 
d e a l s  w i th  t h e  pe rmeab i l i t y  t o  a i r ,  expansion and h e a t  
r e s i s t a n c e  of f l u e  and chimney u n i t s ,  an? t he  way i n  
which t h e  s im? l i f  i e d  he? t r e s i s t a n c e  t e s t i n g  a p p a r a t u s  
i s  used .  

T h i s  a r t i c l e  s l s o  i n c l u d e s  d e t 2 i l s  of  some of  t h e  
f i r s t  r e s u l t s  o f  t e s t s  v!hich were c a r r i e d  o u t  a t  t h e  
C .  S . T . 3 .  Experimental  S t a t i o u  i n  o r d e r  t o  establish 
the  e f f e c t  of t h e  vc l r ious  parameters  involved In t h e  
msnuTacture of c o n c r e t e  on i t s  behaviour  when sub jec-  
t e d  t o  h e s t .  

I n t r o d u c t i o n  ---- 

Not so  long  aTo chlmneys f o r  v e n t i n 5  coinbustj-on g a s e s ,  s e n e r a l l y  

made of c l a y  and i n  most cas5s  i n c o r p o r ~ t e d  i n  t h e  masonry of walls, 

hsd l a r g e  c r o s s - s e c t l o n s  per ini t t  i ng  effective c o o l i n g  oof t h e  fumes, 

which conserved t h e  f l u e  whi le  a t  t h e  sarne t ime  l i m i t i n g  t h e  d a n ~ e r s  

due t o  t h e  acc~irnl.alstion of s o o t .  

On t h e  o t h e r  'n,3.ndJ such f l u e s  provided only mediorcre  d r a f t ,  

a l though  i t  was 3 e n e r a l l y  s u f f i c i e n t  t o  ensu re  t h e  f u n c t i o n i n g  of 

r e l a t i v e l y  simi?le eauipment w i t h  la r ise  f l u e  g a s  o u t p u t s .  

* T e s t s  c a r r i s d  ou t  by El .  Delahaye,  ens i r jee r  i-n c11ar;e of  t h e  
'I Chimneys Sectiorl" of  t he  Champs-sur-Xarne Exper imental  S t a t i o n .  



Gradual ly  however, because of p rog res s  made In t h e  des ign  of 

h e a t i n g  equipment,  i t  was neces sa ry  t o  reduce t h e  f l u e  cross-sec-  

t i o n  i n  o r d e r  t o  ensu re  t h e  minimurn r e q u i r e d  draught .  T h i s  tendency,  

which was s t r eng thened  by space-saving c o n s i d e r a t i o n s ,  e s p e c i a l l y  

i n  connect ion wi th  tsll spa r tmsn t  b u i l d i n g s ,  h a s  been s t i l l  f u r t h e r  

s t  imuls ted  by t h e  development of  cont inuous bu rn ing ,  high-sf  f i c i e n c y  

h e a t i n g  equipment and t h e  i n c r e a s i n g  use  of l i q u i d  and gaseous f u e l s .  

On t h e  c o n s t r u c t i v e  p lane  t h i s  developnent h a s  l e d  t o  t h e  i n t r o -  

duc t ion  and spread of t h e  use  of l i g h t  chimney e l emen t s ,  i . s .  chim- 

ney b l o c k s .  

A t  f  i r s t  t h e s e  chimney b l o c k s  werc made a lmost  e x c l u s i v e l y  of 

c l a y ,  t h e  c l a s s i c  i n a t e r i a l  f o r  f l u e s ;  however, because of t h e  l a s t  

world w a r  and t h e  m a t e r i a l  shor ta ,ges  which f o l I o b ~ 9 d ,  we have wi tnes -  

sed a p a r a l l e l  development i n  t h e  manufacture of such u n i t s  from 

c o n c r e t e .  Today, a l t h o u z h  a tendency appea r s  t o  be  s r i s i n s  towards 

t h e  adopt ion  of systems employing u n i t s  of l a r g e r  dimensions ,  o r  

even t o t a l l y  d i f f e r e n t  m a t e r i a l s  and t e c h n i q u e s ,  t h e s e  chimney 

b l o c k s ,  whether of c l a y  o r  c o n c r e t e ,  s t i l l  , c o n s t i t u t s  t h e  g r e a t  

ma jo r i t y  of completed c o n s t r i ~ c t i o n s .  

On t h e  o f f i c i a l  p lane  t h i s  same development h a s  l e d  t o  t h e  

i s suance  of a s e r i e s  o f  t e x t s  d e f i n i n g  the  c o n d i t i o n s  of des ign  

and. c o n s t r u c t i o n  of chimneys, o f  v!hich we have kep t  o u r  r e a d e r s  

r e g u l a r l y  informed. 

Recen t ly ,  a l l  t h e s e  t e x t s  have been assembled. i n  t h e  form of 

a r e s o l u t i o n  f o r  a p p l i c a t i a n  of A r t i c l e  22 of Decree 55-1394 of 

22 October  1955 l s y i n q  dotvn t h e  g e n e r a l  r u l e s  f o r  t h e  c o n s t r u c t i o n  

of dwe l l i nqs ;  t h i s  r e s o l u t i m ,  e n t i t l e d  "Permanent h e a t i n g  and 

f l u e  i n s t a l l r z t i o n s "  , supplemented by a c i r c u l a r  establishing t h e  

p a r t i c u l a r  s p e c i f  i c ~ t i o n s  a p p l i c a b l e  t o  " F l u e s  designed t o  handle  

sever21  furnaces"  , w a s  publ i shed  under  t h e  j o i n t  s i y n a t u r e  of t h e  

M i n i s t r i e s  of Cons t ruc t lon  and P u b l i c  l-Ier3lth i n  t h e  J o u r n a l  o f f i c i e l  

o f  14  November 1955. 

These l a t t e r  docunents ,  ~rlhich l ? y  'iown t h e  c o n d i t i 3 n s  f o r  t h e  

c o n s t r u c t i o n  of ch inv~eys  and a l s o  e x p r e s s  c e r t a i n  requlrernents  

r e l a t i v e  t o  t h e  ng tu re  of t h e  m a t e r i a l s  e n t e r i n g  i n t o  t h e i r  cons t ruc-  



t i a n ,  o r  t h e i r  prep:lr.ltion f o r  u s e ,  were I s s u e d  1 ~ 1 t h  s view t o  e n -  

s u r i n , ~  t h e  i n d i s p e n s a b l e  igua7.r7sntees o f  s a f e t y  t o  t h e  p u r c h a s e r s .  

However, they  do n o t  constitute a very  e f f e c t i v e  o b s t a c l e  t o  

p o s s i b l e  d e f e c t s  of q u s l i t y  and c o n s t r u c t i o n ,  and i t  i s  u n d e n i a b l e  

t h a t  a t  t h e  p r e s e n t  t i m e  t h e  chicnney i s  one itern of a s t r u c t u r e  of  

which one canno t  b e  v e r y  c e r t a i n  o f  t h e  b e h a v i o u r .  On2 o f  t h e  

r e a s o n s  f o r  t r o u b l e ,  which i n c i d e n t a l l y  does n o t  s p a r e  t h e  ' t r s d i -  

t i o n a l "  m a t e r i a l s ,  may p c r h a n s  a r i s e  from t h e  f a c t  t h a t  most of 

t h e  chimneys a r e  n e v e r  u s e d ,  which m8.y have  promoted a c e r t a i n  

c a r e l e s s n e s s  i n  t h e  a 2 p l l c a t i o n  of  t h e  r u l e s  of  good c o n s t r u c t i o n .  

However, it i s  c e r t a i n l y  n o t  t h e  o n l y  one .  

A c t u s l l y ,  chimneys which a r e  s t r u c t u r a l  u n i t s  t o  which t h e  

known r u l e s  o f  s t r e n g t h  a p p l y ,  a r e  a l s o  s u b j e c t  lm u s e  t o  c e r t a i n  

c o n d i t i o n s  a s s o c i a t e d  w i t h  t h e i r  s p e c l a l  f u n c t i o n ,  c c m d i t i o n s  which 

a r e  o f t e n  n e g l e c t e d  and  which i n  any  c a s e  have  b u t  r a r e l y  b e e n  t h e  

s u b j e c t  o f  s e r i o u s  s t u d y .  

The r e s u l t i n g  d i s o r d e r s ,  d e f e c t s  o f  d r a u g h t s  o r  t i g h t n e s s ,  

d e , s r a d a t i o n  a.ue t o  t h e  a p p e a r a n c e  o f  s t a i n s  o r  c r a c k s ,  s r e  f o r  t h e  

most p a r t  t h e  r e s u l t  of  such n e g l i g e n c e  o r  i g n o r a n c e .  

The r u l e s ,  based .  on t h e  laws g o v e r n i n g  d r a u g h t  and  on t h e  ex- 

p e r i e n c e  of  s p e c i a l i s t s ,  g e n e r a l l y  e n a b l e  u s  t o  d e t e r m i n e  t h e  c a u s e s  

o f  t h e  f i r s t  o f  t h e s e  d i s o r d e r s  and t o  remedy thern: improper  con- 

s t r u c t i o n ,  d e f e c t i v e  s e a t i n g  o r  i n s u l a t i o n  o f  t h e  chimney, improper 

c o n n e c t i o n  o r  o p e r a t i o n  of t h e  h e a t i n i s  equipment  i t s e l f ,  e  t c .  

The mechanism of d e g m d a t i o n  due t o  s t a i n i n g  i s  a l s o  compsra- 

t i v e l y  well lcnown, a n d  w l l i l e  i t  i s  e x ~ e n s i v e  t o  r e p a i r  t h e s e  d i s -  

o r d e r s ,  i t  i s  n e v e r t h e l e s s  p o s s i b l e  t o  f o r e s e e  them a.nd t h u s  f o r  

t h e  most p a r t  t o  a v o i d  them by choosinr:  a f u e l  s u i t e d  t o  t h e  charac-  

t e r i s t i c s  o f  t h e  chimney o r  o f  t h e  ; n a . t e r i a l  o f  which it i s  b u i l t .  

L e a k s ,  e x c e p t  where t h e y  r e s u l t  from d e t e r i o r a t i o n  of  t h e  chim- 

ney  a f t e r  l o n g  s e r v i c e ,  a r e  t h e  r e s u l t  o f  p o o r  workmanship, o r  of  

poor  o r  i n a d e q u a t e l y  p r e p a r e d  m ? . t e r i a l s  and inay b e  a v o i d e d  by sc ru -  

p u l o u s  o b s e r v a t i o n  of a l l  t h e  r u l e s  of good c o n s t r u c t i o n .  

Crac'icing, which i s  a n  i n d i c s t i o n  o f  p r o g r e s s i v e  ? e t e r i o r a . t i o n  

o f  t h e  f l u e ,  i s  d o u b t l e s s  mom s e r i o u s  and may eadnnger  t h e  h e a l t h  



of t h e  i n h a b i t a n t s .  The problems posed by c r a c k i n g  a r e  a l s o  much 

more complex. 

I t  i s  ltnolan t h a t  c r s c k i n z  r e s u l t s  f o r  t h e  most p a r t  from tem- 

p e r a t u r e  s t r e s s e s  d e v e l o p i n g  i n  t h e  chimney,  s t resses which may v a r y  

~ r e a t l y  a c c o r d i n g  t o  t h e  p r o p e r t i e s  o f  t h e  m a t e r i a l s  employed and 

t h e  manner i n  which t h e y  have  b e e n  p r o c e s s e d ,  o r  depending on t h e  

o p e r a t i n g  c o n d i t i o n s  o f  t h e  f l u e .  

Now, w h i l e  t h e  p h y s i c a l  p r o ? e r t i e s  o f  b u i l d i n g  m ? l t e r i a l s  a r e  

w e l l  known a t  room t e m p e r a t u r e ,  t h e y  a r e  auch l e s s  w e l l  knovn a t  

t h e  t e m p e r a t u r e s  prevail in^ i n  chimneys u n d e r  o p e r a t i n g  c o n d i t i o n s .  

A t  a l a t e r  d a t e  i t  i s  i n  any c a s e  a l w a y s  d i f f i c u l t  t o  d e t e r -  

mine t h e  e x a c t  q u a l i t y  of t h e  u n i t s  employed i n  a g i v e n  c o n s t r u c t i o n  

o r  t h e  methods t h 2 t  have  been u s e d  i n  a s s e m b l i n g  them, s o  t h a t  t h e  

e x e r i e n c e  t o  b e  g a i n e d  under  t h e s e  c o n d i t i o n s  from e x i s t i n g  s t r u c -  

t u r e s  i s  r a t h e r  l i m i t e d .  

However, t h e  C .  5 . T  .a. , charged  w i t h  d e f i n i n g  t h e  minimum a c c e p t -  

a b l e  s t a n d a r d  of q u a l i t y  f o r  n o n - t r a d i t i o n a l  chimnsy u n i t s ,  h a s  

drawn up  r u l e s  f o r  a p p r o v a l  on  t h e  b a s i s  o f  a f u n c t i o n a l  t h e r m a l  

t e s t ,  t h e  t e x t  of which was made a v a i l a b l e  t o  o u r  r e a d e r s  i n  a pre-  

c e d i n g  pamphlet . 
S i n c e  t h a t  time we have  had t h e  o p p o r t u n i t y  of  examining a num- 

ber o f  examples on t h e  b a s i s  of t h e s e  r u l e s  and t h i s  h a s  r e s u l t e d  

i n  c e r t a i n  m o d i f i c a t i o n s  of d e t a i l .  

A t  t h e  same t i m e ,  i n  t h e  l i s h t  of  h i n t s  d e r i v e d  from t h e s e  s t u -  

d i e s  we have  pursued investigations w i t h  a view t o  e l i n i n a t i n g  a.s 

f z r  as  p o s s i b l e  t h o s e  c a u s e s  o f  d e t e r i o r a t i o n  which can  b e  a t t r i b u t e d  

t o  t h e  p o o r  q u a l i t y  of t h e  ch imney-bu i ld ing  m a t e r i a l  s .  

The q u a l i t y  of t h e  s t r u c t u r a l  e l e m e n t s  o f  c o u r s e  c o n s t i t u t e s  

o n l y  one  a s p e c t  o f  t h e  problems invo lved  i n  chimneys and  cou ld  n o t ,  

by i t s e l f ,  s o l v e  a l l  of them. 
The work u n d e r t a k e n  i n  t h i s  c o n n e c t i o n  i s  n o t  y e t  f i n i s h e d .  

We t h o u g h t  it would be  u s e f u l ,  however ,  t o  inform o u r  r e a d e r s  of t h e  

p r e l i m i n a r y  r e s u l t s  w i t h o u t  f u r t h e r  d e l a y .  



Develolment  o f  t h e  R u l e s  f o r  Appro- 

R e f  t e r a t i o n  o f  t h e  a ~ p r o v a l c - L J o n s  

I n  C ~ h i e r  No. 238 we p u b l i s h e d  t h e  I n t e r i m  Kules  on t h e  a u t h o r -  

i t y  of t h e  con~miss ion  r e s p o n s i b l e  f o r  t h e  a p p r o v a l  o f  n o n - t r a d i t i o n a l  

chimney u n i t s .  

I n  t h e  absence  o f  p r e c i s e  d a t a  on t h e  b e h a v i o u r  o f  m a t e r i a l s  

u n d e r  t h e  o p e r a t i n g  c o n d i t i o n s  of  chimneys ,  t h e s e  r u l e s  had been 

based  on t e s t s  of an a r b i t r a r y  n a t u r e  and more p a r t i c u l a r l y  i n  t h e  

B i g h t  of a s t u d y  of c o n c r e t e  b l o c k s ,  which r e p r e s e n t e d  n o n - t r a d i t i o n -  

a1 u n i t s  I n  c u r r e n t  u s e .  

The t h e r m a l  c o n d u c t i v i t y  o f  t h e s e  u n i t s  c o u l d  b e  c o n s i d e r e d  

known i n  s u f f i c i e n t l y  c l o s e  a p p r o x i m a t i o n  s o  t h a t  n o  s p e c i a l  t e s t  

would be needed t o  messure t h i s .  F u r t h e r m o r e ,  a l t h o u g h  l i t t l e  i s  

known c o n c e r n i n g  t h e  c o n d i t i o n s  o f  r e s i s t a n c e  o f  c o n c r e t e  t o  t h e  

c h e m i c a l  a g e n t s  i n  f l u e  g a s ,  e x p e r i e n c e  would a p p e a r  t o  show t h a t  

She c o n c r e t s s  c u r r e n t l y  b e i n g  u s e d  i n  t h e  manufac tu re  o f  chimney 

b l o c k s  were s u f f i c i e n t l y  s t a b l e  from t h i s  of view s o  t h s t  

s e r i o u s  d e t e r i o r a t i o n  need b e  f e a r e d  o n l y  i n  v e r y  e x c e p t i o n a l  c a s e s .  

The t e s t s  f i n a l l y  r e t a i n e d  i n  t h e  r u l e s  f o r  approv-;ll t o  d e t e r -  

mine t h e  s u i t a b i l i t y  f o r  employment o f  t h e  u n i t s  i n  q u e s t i o n  were 

t h u s  l i m i t e d  t o  a t e s t  o f  t h e r m a l  s t r e n g t h  a n d  a t e s t  o f  a i r  per-  

meab il i t y  . 
F u r t h e r m o r e ,  i n  o r d e r  t o  t a k e  i n t o  a c c o u n t  t h e  f a c t  t h a t  the 

e x a c t  p s r t  p l a y e d  i n  t h e  b e h a v i o u r  o f  t h e  u n i t  by v a r i o u s  f a c t o r s  

i n v o l v e d  i n  t h e i r  manufac tu re  wzs unknown, t h e s e  same r u l e s  p o i n t e d  

o u t  t h a t  e a c h t y p e  of u n i t  and  each  p a r t i c u l a r  method of manufac tu re  

would have  t o  be  the s u b j e c t  o f  s e p a r a t e  examina t ion  a s  f a r  as  ap- 

p r o v a l  was concerned.  

A c e r t a i n  a r b i t r a r i n e s s  d o u b t l e s s  p r e v a i l e d  i n  c h o o s i n g  t h e  

above c r i t e r i a  of  judgment.  D o u b t l e s s  t h e  f a c t  t h a t  a p r o d u c t  sat- 

i s f i e d  them d i d  n o t  mean t h s t  i t  was t h e  b e s t  z v a i l a b l e  n o r  t h a t  

t h e  u s e r  would n e c e s s a r i l y  b e  p r o t e c t e d  from a11 f a i l u r e .  

However, it c o u l d  b e  a c c e p t e d  t h a t  such a s  t h e y  were  t h e y  con- 

~ t i t u t e d  a f i r s t  e f f e c t i v e  s e l e c t i o n  t o  t h e  e x t e n t  t h a t  t h e  s smples  



t e s t e d  c o u l d  be d e c l a r e d  t o  r e f l e c t  a c c u r a . t e l y  t h e  q u ~ l i t y  of mqnu- 

f a c t u r e  In q u e s t i o n ,  and t h a t  t h i s  q u a l i t y  would b e  g u a r m t e e d  o v e r  

a c e r t a i n  l e n g t h  o f  t i m e .  

Lessons  d m  froiil t h e  ap:~l ica i ; ion  Of t h ?  r u l e s  f o r  approva.1 ---- .- .---- ---- -- 
S i n c e  t h e  t i m e  t h a t  t h e s e  r u l e s  v e r e  f i r s t  a d o p t e d ,  d u r i n g  t h e  

y e a r  1958 ,  a c o n s i d e r a b l e  number o f  p r o d u c t s  heve  been b r o u g h t  t o  

o u r  a t t e n t i o n .  The f i r s t  t e s t s  q u i c k l y  showed t h a t  t h e s e  p r o d u c t s  

were of widely  d i f f e r i n g  q u a l i t y  and t h a t  some o f  them by no means 

showed t h e  boaogene i ty  n e c e s s a r y  f o r  any t e s t  t o  be of  r e a l  p r a c t i -  

c a l  v a l u e ,  

Because  of t h e  methods of  e x e c u t i o n  a d o p t e d  f o r  t h e  t h e r m a l  

t e s t ,  methods which i n v o l v e d  cons ide r -ab le  d e l a y s  f o r  p r o c e s s i n g  o r  

d r y i n g ,  and i n  view of  t h e  u n f o r t u n q t e l y  l i m i t e d  c a p a c i t y  o f  t h e  

t e s t i n g  equ ipment ,  t h e  chj -mney- tes t ing  l a b o r a t o r y  of  o u r  experirnen- 

t a l  s t a t i o n  soon found i t s e l f  f l o o d e d  w i t h  p r o d u c t s  msny of which 

were n o t  worth t e s t i n g  b e c a u s e  of' t h e i r  p o o r l y - d e f i n e d  c h a r a c t e r .  

I t  t h u s  seemed e s s e n t i a l  t o  complement t h e  r u l e s  f o r  a p p r o v a l  

i n  f o r c e  by s p e c i f i c a t i o n s  which c o u l d  t a k e  t h e  p l a c e  of  a p r e s e l e c -  

t i o n  and e n a b l e  u s  t o  e l i m i n a t e  from t h e  s t a r t  p r o d u c t s  which were 

o b v i o u s l y  inadequa, te  from t h e  p o i n t  o f  view of  homogeneity.  

P r e l i m i n a r y  i d e n t i f i c s t i o n  t e s t s  --- 
With t h i s  i n  mind ms .nurac tu re r s  w i s h i n g  t o  have t h e i r  p r o d u c t s  

s u b j e c t e d  t o  t h e  l o n g  and c o s t l y  the rmal  t e s t  were  a s k e d  t o  a p p l y  

be fo rehand  c e r t s i n  s imple  t e s t s  which c o u l d  b e  execu ted  I n  any con- 

v e n t i o n a l  m q t e r i a l s  t e s t i n g  l a b o r a t o r y  s o  as t o  f u r n i s h  proof  t h a t  

t h e s e  p r o d u c t s  were a l r e a d y  o f  s u f f i c i e n t l y  d e f i n i t e  and c o n s t s n t  

c h a r a c t e r .  

The t e s t s  r e r lu i red  a r e  co~r lp ress ive  s t r e n ~ t h  t e s t s  and t h e  d e t e r -  
m l n a t i o n  of  t h e  a p p s r e n t  d e n s i t y  of t h e  c o n c r e t e .  The s c a t t e r  of 

t h e  r e s u l t s  fro111 t h e s e  t e s t s ,  c a r r i e d  o u t  on 2 t  l e a s t  seven whole 

chimney b l o c k s  s e l e c t e d  a r ? i t r a r i l y  f rosn  c u r r e n t  p r o d u c t i o n ,  p e r m i t s  

a n  e s t i m n t e  t o  b e  made of t h e  constcrncy o f  t h e  c o n c r e t e  used i n  t h e  

p r o d u c t s  and t o  d e f i n e  i t s  ziverage c h a r a c t e r i s t i c s .  



I d e n t i c z l  t e s t s  a r e  a g a i n  c ~ r r l e d  o u t  a t  t h e  e x p e r i m e n t a l  

s t a t i o n ,  t h i s  tirne on chimney b l o c k s  s e l e c t e d  from t h o s e  o b t z i n e d  

a t  t h e  f a c t o r y  u n d e r  our1 s u p e r v i s i o n  f o r  t h e  : ~ p p r o v a l  t e s t s  them- 

s e l v e s .  From t h e  r e s u l t s  of t h e s e  w e  were a b l e  t o  c o n f i r m  by com- 

p 2 r i s o n  t h e  homogeneity d a t a  frcin t h e  p r e 1 i : n i n e . r ~  t e s t s  and t o  ver.1- 

f y  t h e  cons tancy  i n  tirne of  t h e  p r o d u c t s  i n  q u e s t i o n .  

These  measures  p e r m i t  t h e  d e s i r e d  p r e s e l e c t i o n  b u t  a r e  s t i l l  

o f  no  u s e  as far  as p r o d u c t s  n o t  c0ml .n~  u p  t o  s t a n d a r d  a r e  c o n c e r n e d ,  

s i n c e  they  do n o t  p r o v i d e  t h e  m a n u f a c t u r e r  wi th  any means o f  t r a c k -  

i n g  down t h e  r e a s o n s  f o r  t h e  inad.e?uacy n o r  w i t h  t h e  d a t s .  h e  n e e d s  

i n  o r d e r  t o  rern2d.y t h e  s i t u a t i o n .  

The c a u s e s  o f  t h e  t r , ~ u b l e  may v a r y  g r e a t l y .  T h i s  i s  b e c a u s e  

t h e  manufacture  of c o n c r e t e  p r o d u c t s  i s  t h e  r e s u l t  of a s e r i e s  of 

o p e r a t i o n s  on ~ ~ r o d u c t  s whose q u a 1  l t y  i t s e l f  c a n n o t  b e  a b s o l u t e l y  

c o n s t a n t .  

Many f a c t o r s  nlay i n t e r v e n e ,  u n l e s s  one t a k e s  c a r e ,  t o  u p s e t  a 

q u a l i t y  which i s  assumed t o  b e  a s s u r e d  by a d o p t i n g  a n  a p p a r e n t l y  

c o n s t a n t  working r o u t l n e ,  f o r  example ,  v a r i a t i o n  i n  t h e  r a w  m a t e r i a l ,  

a c c i d e n t a l  d e p a r t u r e s  from e x a c t  p r o g o r t i o n s ,  t h e  e f f e c t  o f  v e r y  

v a r i a b l e  c l i m a t i c  c o n d i t i o n s ,  e t c .  Even c n r e f u l  s u p e r v i s i o n  and. 

l o n z  e x p e r i e n c e  are n o t  a lways  s u f f i c i e n t  t o  r e v e a l  such  I r r e g u l a r i -  

t i e s  soon enough s o  t h a t  t h e  r e q u i r e d  c o r r e c t i o n s  can b e  a p p l i e d  

t o  t h e  p r o d u c t i o n  i n  t i m e  t o  b e  e f f e c t i v e .  

The on ly  way i n  which t h i s  g o a l  can b e  o b t a i n e d  i s  by c o n s t a n t  

c o n t r o l  t e s t i n g  s o  a s  t o  a s s u r e  a t  a l l  times t h e  normal  obse rvance  

o f  t h e  r u l e s  l a i d  dolvrn a t  t h e  b e s i n n i n g .  

M a n u f a c t u r i n ~  checks  

The r u l e s  f o r  ap ; , rova l ,  f rom t h e  t i m e  t h a t  they  were p u t  i n t o  

f o r c e ,  drew t h e  a t t e n t i o n  o f  m a n u f a c t u r e r s  t o  t h e  v a l u e  o f  such 

c h e c k s ,  e s t a b l i s h i n g  them i n  p r i n c i p l e ,  b u t  l e a v i n g  t o  t h e  i n d i v i d u a l  

a c h o i c e  i n  d e f i n i n g  t h s i r  p r e c i s e  n a t u r e .  

However, t h e  e x p e r i e n c e  g a i n e d  from t h e  f i r s t  s t u d i e s  made u n d e r  

t h e s e  r u l e s  h s s  shown t h a t  t h e  e f f e c t i v e l y  e x e c u t e d  checks  which 

a p p l i e d  s u b s t a n t i a l l y  t o  t h e  f i n i s h e d  p r o d u c t  ( p e r m e a b i l i t y ) ,  were 



s t i l l  i n a d e q u a t e  - 
We have t h u s  been induced t o  d e f  l n e  p r e c i s e l y  a c e r t a i n  number 

of supplementary  checks  and t o  make t h e  m a n u f a c t u r e r s  r e s p o n s i b l e  

f o r  c a r r y i n g  them o u t  i f  they  wish  t o  o b t a i n  a p p r o v a l  f o r  t h e i r  pro- 

d u c t  s .  
I n  a l l ,  t h e  c h e c k i n g  o f  a g i v e n  p r o d u c t i o n  must s a t i s f y  . the 

f o l l o w i n g  c o n 2 i t i o n s :  

The t e s t s  i n v o l v e d  must b e  s i m p l e  and few i n  number, w h i l e  a t  

t h e  same t i m e  c o v e r i n g  a l l  p o s s i b l e  s o u r c e s  of  e r r o r  h a v i n g  r e g a r d  

t o  t h e  method of manufacture  b e i n g  employed. The r e s u l t s  mus t ,  more- 

o v e r ,  b e  c a p a b l e  of  p e r m i t t i n g  improvements i n  t h e  c o n d i t i o n s  o f  

t h i s  m a n u f a c t u r i n g  method i n  t h s  s e n s e  o f  a s r e a t e r  Rssura.nce and 

s t i l l  b e t t e r  q u a . l i t y .  

O n  t h e  o t h e r  h a n d ,  t o  be e f f e c t i v e  t h e  check shou ld  b e  f r e q u e n t  

w i t h o u t  p l a c i n g  t o o  g r e a t  a burden on t h e  pe r son  who i s  r e s p o n s i b l e  

f o r  I t .  It  must t h e r e f o r e  b e  s i m p l e  a n ?  q u i c k ,  - e s p e c i a l l y  a .s  any 

d e l a y  i n  check ing  means a l s o  a d e l a y  i n  a p p l y i n g  any c o r r e c t i o n s  

t h a t  may b e  r e o u i r e d  and w i l l  t h u s  a f f e c t  $he  d e s i r e d  r e ~ u l a r i t y .  

F i n a l l y ,  t o  b e  s i g n i f i c a n t  t h e  r e s u l t s  o f  t h e  check must ~ i v e  

a good d e f i n i t i o n  of t h e  :nean q u a l i t y  o f  t h e  p roduc t  n t  t h e  e x a c t  

i n s t a n t  o f  check ing .  I n  o r d e r  t o  b e  c e r t a i n  t h a t  t h i s  condition i s  

f u l f i l l e d ,  t h e r e f o r e ,  t h e  c h o i c e  o f  samples  t a k e n  from t h e  p r o d u c t i o n  

l i n e  and. t h e  c o n d i t i o n s  of  e x e c u t i o n  of  t h e  t e s t s  a s  such  must them- 

s e l v e s  b e  s u b j e c t  t o  p r e c i s e  and w e l l - d e f i n e d  p r e c a u t i o n s  from t h e  

o u t  s e t .  

I n  t h e  c 2 a e  o f  chimney bloclcs t h e  c h e c k s  r l . n a l l y  s e t t l ed  upon 

r e l a t e  t o  t h e  fo l lo !*~ ing  t h r e e  :nzin sta:;es i n  t h e  ;)roc!uction c h a i n :  

(1) t h e  r a w  m l t e r i a l  s ( a ; z r e g a . t e s )  ; ( 2 )  t h e  :nanu ? a c t u r i n g  p r o c e s s  

i t s e l f  ( p r e p a r a t i o n  an?. c a s t i n g  of  t h e  concrete) ; ( 3 )  t h e  f i n i s h e d  

p r o s u c t s .  
These  shou ld  b e  s u r f  i c i e n t  t o  r e v e a l  t h e  s o u r c e  9r c a u s e  of any 

a c c i d e n t a l  j . r r e ~ u l q r i t y  and t o  2e ter ln ine  l~lho i s  r e q u o n s i b l e  f o r  i t .  

The f requency  o f  t h e  checks  gepends  on t h e  n u n b e r  and n a t u r e  

of t h e  f a c t o r s  i n ~ o l ~ ~ e d  i n  t h e  v a r i o u s  s t - y e s  o f  rnqnufncture.  



Raw 1 n a t e r i 9 1  c h e c s  

Where t h e  ravr m ~ t e r i a l s  a r e  concerned  e v e r y  supp ly  s i t u a t i o n  

r e p r e s e n t s  a p - ~ r t i c u l a r  c a s e .  The s11;32,este? f r e q u e n c y  of  check ing  

i s  d a i l y ,  b u t  i n  p r a c t i c e  l o n g e r  i n t e r v a l s  c3n b e  a d o p t e d  a f t e r  t e s t s  

n o t  l o n g  a f t e r  s t a r t i n g  up  have e n a b l e d  t h e  m,qnufacturer  t o  e s t i m a t e  

t h e  u n i f o r m i t y  of s h i p ~ n e n t s  from h i s  s u p p l i e r .  

T h i s  check i s  l i r n i t e d  t o  a s i e v e  a n a l y s i s  and rneasurernent o f  

t h e  a p p a r e n t  d e n s i t y  o f  t h e  c o n s t i t u e n t s .  

Manufac tu r ing  checks  

The check ing  of  t h e  manufac tu re  a s  such (mix ing  o f  t h e  c o n c r e t e  

and. c a s t i n g )  i s  t h e  most i m p o r t a n t ,  because  t h i s  i s  t h e  check which 

w i l l  g i v e  r i s e  t o  t h e  a p p l i c a t i o n  of t h e  a.11-importa.nt c o r r e c t i o n s  

and i t  must t h e r e f o r e  b e  t h e  most f r e q u e n t .  A d a i l y  check i s  manda- 

t o r y .  

A f u r t h e r  j u s t i f i c a t i o n  of t h i s  f r s q u e n c y  i s  t h e  f a c t  t h a t  t h i s  

i s  t h e  p o i n t  where t h e  human f a c t o r  i s  most f u l l y  i n v o l v e d .  

The p r o c e s s i n g  check i s  t h e  s i m p l e s t  one  p o s s i b l e ,  mere ly  weigh- 

i n g .  T h i s  weighing o f  t h e  p r o d u c t s  a t  a p a r t i c u l a r  moment i n  t h e i r  

manufac tu re  where t h e  s t r e n g t h  a n d  u l t i r n s t e  q u a l i t y  a r e  a l r - a d y  i n  

f a c t  i n h e r e n t  i n  t h e  s t i l l  g r e e n  c o n c r e t e ,  p r o v i d e  a n  imrnerliate in-  

d i c a t i m  of  t h e  u n i f o r m i t y  of m s n u f a c t u r s .  

I t  i s  supplemented Sy a s l e v e  a n a l y s i s  2nd v e r i f i c a t i o n  o f  t h e  

p r o p o r t i o n i n g  of w a t e r  o f  m i x t u r e .  T h i s  check i s  n e c e s s a r y  i f  one  

w i s h e s  .to p i n  down t h e  c a u s e  o f  any i r r e g u l a r i t y  r e v e a l e d  by we igh ing ,  

o r  t o  d e t e r m i n e  whe the r  t h e  c o r r e c t i o n s  a p p l i e d  on t h e  'crrzsis of data 

f u r n i s h e d  by 2 r e v i o u s  checks  have  been  prol2erly conceiver1 and c a r r i e d  

o u t .  

Check of he  f i n i s h e d  p r o d u c t  

The t e s t  on t h e  f i n i s l i e d  p r o d u c t  ready ? o r  shipment  a d d s  a 

f i n a l  s a n c t l o n ,  ss i t  were ,  t o  t h e  r e s u l t  o f  t h e  o t h e r  cl?ecks. 

It i s  l o ~ i c a l  f o r  t h i s  t s s t  t o  b e  based  on t h e  v a l u e s  t h a t  b e s t  

c h a r a c t e r i z e  t h e  s u i t a b i l i t y  f o r  u s e  o f  t h e  manufactured  u n i t s ,  tak-  

i n g  i n t o  a c c o u n t  t h e  s p e c i f i c  p u r p o s e s  f o r  which it i s  i n t e n d e d .  



In t h c  p r e s e n t  c a s e ,  however , t h e s e  c h a r a c t e r i s t i c  v a l u e s ,  

namely p e r m e s b i l l t y  and e s p e c i a l l y  t h e r m a l  s t r e o ~ t h ,  - r e  n o t  o f  a 

c l a s s i c a l  o r d e r .  A check of thern h a s  s imply  been recorninended, b u t  

n o t  demanded, s i n c e  a s  y e t  no one h a s  been a b l e  t o  d e s i z n  a s i m p l e  

s t : lndC~ r d  ine.tsurinc~ a p p n r 2 t u s .  

O b v i o u s l y ,  311 t h e  checks  d e s c r i b e d  a b o v e ,  which constitute a 

c e r t a i n  burden  on whomever i s  r e s p o t ~ s i b l s  f o r  them, ?ire o f  no v s l u e  

u n l e s s  t h e  i n c ? i c a t i o n s  g i v s n  by them a r e  s t u d i e d  and e x p l o i t e d  sub- 

s e q u e n t l y  wi th  a view t o  improving t h e  q u a l i t y  2nd t h e  y i e l d  o f  t h e  

p l a n t .  The sirnple f a c t  o f  h a v i n g  a p p l i e d  them, w i t h o u t  s e e k i n g  t o  

drsw .tny i n f o r m s t i o n  frorn them 1 s  a s h e e r  w a s t e  o f  t ime  and money 

b o t h  f o r  t h e  m a n u f a c t u r e r  and f o r  t h e  pe r son  charged w i t h  c a r r y i n g  

them o u t .  

C o n c l u s i o n s  - 
We may hope t h a t  t h e  r u l e s  f o r  a p p r o v s l  , supplemented by a l l  

the above c o n d . i t i o n s ,  preliminary tes ts  and m a n u f a c t u r i n g  c h e c k s ,  

are a neans  o f  s e l e c t i n g  p r o d u c t s  h a v i n g  t h e  S e s i r e d  q u a l i t i e s  of  

d e f i n i t i o n  a t  c o n s t a n c y .  

F u r t h e r m o r e ,  t h e  a p p r o v a l  t e s t s  t h e m s e l v s s  c o n s t i t u t e  a second 

t e s t  of  s e l e c t i o n ,  t h i s  t i m e  i n  r e l a t i o n  t o  t h e  s u i t a b i l i t y  o f  t h e  

p a r t i c u l ~ z r  material examiged f o r  u s e .  

Hovdzver, t h i s  p rocedure  s t i l l  h a s  t h e  d i s a d v a n t a s e  t h a t  i t s  

a p p l i c s t i o n  a l o n e  e n a 3 l e s  u s  t o  d e f i n e  a minimum q u a l i t y  s t a n d a r d ,  

b u t  d o e s  n o t  y e t  produce  t h e  d a t a  r e q u i r e $  i n  o r d e r  t o  r a , i s e  t h i s  

s t a n d a r d .  

T h i s  i s  due aa . in ly  t o  t h e  n a t u r e  o f  the  t h e r m a l  t es t  i n v o l v e d  

i n  t h e  z e n e r a l  a - $ p r e c i s t i o n .  T h i s  t e s t ,  i n d e e d ,  i s  d i f f i c u l t  t o  

e x p l o i t  i n  any p r a c t i c a l  manner. 

P r i r n % r i l y ,  t h e  methods o f  e x e c u t i o n  and  t h e  c r i t e r i a  o f  Judg- 
nen t  a p p l i e d  ( t e s t  chimneys p o v i d e f i  w i t h  a c o a t i n g ,  and e x a m i n a t i o n  

o f  c r a c k s  at  t h e  end o f  t h e  t e s t )  mske i t  i n  p r a c t i c e  a.n " a l l  o r  

n o t h i n g t 1  t e s t  a d m i t t i n g  o f  no g r a 3 s t i o n s .  

Moreover,  sorne o f  t h e  p a r a m e t e r s  i n v o l v e d ,  such a s  t h e  c o n d i t i o n s  

o f  a s sembly  of  t h e  chimney be ing  t e s t e d ,  are d i f f i a l t  t o  d e f i n e  



r i g o r o u s l y .  Then a ,yqin ,  t h e  s tlzte of t h e  chimney at, t h e  end o f  

the t e s t ,  1.e. s.t t h e  t i m g  o f  judgment,  i s  t h e  r e s u l t  of the  e f f e c t  

of many f a c t o r s  ( c o m p o s i t i o n  of c o n c r e t e ,  shape  o f  b l o c k ,  e t c . )  

be tween which t h e  t e s t  i s  u n a b l e  t o  d i s c r i m i ~ 1 a t e  and t h e  r e s p e c t i v e  

c o n t r i b u t i o n s  of which c a n n o t  a f t e r w a r d s  b e  d e f i n e d .  

Another  d i f f i c u l t y  e n c o u n t e r e d  i n  e x p l o i t i n r ~  t h e  r e s u l t s  of  

t h e  t e s t s  rnsde -?or  a p p r o v a l  p u r p o s e s  d e r i v e s  from t h e  f a c t  t h a t  t h e  

i d e n t l f i c : i t i o n  ta:: ap i s l i ed  t o  t h e  t e s t e d  p r o d u c t s  i s  b.ssed o n l y  on 

d a t a  furnished by t h e  inanufac tu re r .  These  d . a t a  d e f i n e  t h e  mean 

c h a r a c t e r i s t i c s  of t h e  t e s t e d  p r o d u c t s  c l o s e l y  enough b u t  t h e y  do 

n o t  a l w a y s  ,give t h e  inforrns t  ion  r e q u i r e d  w i th  r e s p e c t  t o  t h e i r  " h i s -  

t o r y "  u p  t o  t h e  t l m e  o f  c a s t i n g ,  and d o u b t l e s s  t h i s  h i s t o r y  i s  n e v e r  

s t r i c t l y  t h e  same from one  p r o d u c t  t o  a n o t h e r .  

F i n a l l y ,  i n  view o f  i t s  c o m p l e x i t y ,  o r  b e c a u s e  of t h e  inadequacy 

o f  kno~*!ledge of t h e  p r o d u c t s  which a r e  s u b j e c t e d  t o  i t ,  t h e  t e s t  

p e r m i t s  o f  o n l y  two r . e s u l t s ,  a c c e p t s n c e  o r  r e j e c t i o n .  I n  t h e  e v e n t  

of f a i l u r e ,  i n  p a r t i c u l a r  it d o e s  n o t  e n a b l e  u s  t o  in fo rm the  manu- 

f a c t u r e r  o f  t h e  r e a s o n s  f o r  t h e  f a i l u r e ,  s s  h e  may l e s i t i m s t e l y  ex- 

p e c t ,  n o r  of  ways f o r  overcoming t h e  d i f f i c u l t y .  

T h e r e f o r e  w h i l e  c o n t i n u i n g  t o  s t u d y  t h e  p r o d u c t s  p r e s e n t e d  f o r  

a p p r o v a l  a c c o r d i n g  t o  t h e  above r u l e s ,  w e  a re  a l s o  see l t ing  means by 

which we ! . 11111  b e  a b l e  t o  remedy t h i s  d e f i c i e n c y .  

With t h i s  i n  mind we have  u n d e r t a k e n  t o  conduct  r e s e a r c h  on 

p r o d u c t s  made i n  o u r  own , ? l a n t s  w i t h  t h e  f o l l o w i n g  two main p u r p o s e s :  

The development o f  a the rmal  t e s t  which w i l l  b e  r a p i d ,  r e p r o -  

d u c i b l e  a n d  a t  the same t i m e  i n f o r m a t i v e ,  and ~ r h i c h  w i l l  p e r m i t  ef-  

f e c t i v e  c l a s s i f i c ~ t i o n  of t h e  p r o d u c t s  w i t h  r e s p e c t  t o  q u a l i t y  and 

1.1111 be s i m p l e  enolagh t o  b e  i n s t s l l e l l  by e v e r y  m 2 n u f a c t u r e r  i n  h i s  

p l s n t  as  a m9ans of c h e c k i n g ,  and o f  f i n a l  q u a l i t y  v e r i f i c a t i o n ;  

A b a s i c  r e s e a r c h  programme wi th  a view t o  determining t h e  be-  

h a v i o u r  o f  c o n c r e t e s  i n  r e l a t i o n  t o  t h e  c o n d . i t i o n s  p r e v , a i l i n g  i n  

f l u e s ,  e s p e c i a l l y  frocn t h e  s t !? .nOoint  o f  t e m p e r a t u r e ,  and t o  d i s c o v e r  

t h e  e f f e c t  on t h i s  b e h a v i o u r  o f  t h e  v a r i o u s  p s r a m e t e r s  i n v o l v e d  i n  

t h e  make-uy> o f  t h e  c o n c r e t e ,  i . e .  t y p e  and  p r o p o r t i o n  o f  b i n d e r ,  ag- 

g r e g 2 t e  and w a t e r ,  p r o n o r t i o n i n g  of m i x t u r e ,  p r e s s u r e  c o n d i t i o n s ,  e t c .  



Although i t  i s  s t i l l  t o o  e ? r l y  t o  be :b le  t o  dralvr d s f i n i t i v e  

c o n c l u s i o n s  fro11 t h e s e  s tu t l l i e s ,  o r  more i m p o r t a n t ,  t o  g i v e  e x a c t  

proportioning of  i n s r e d i e n t s ,  i t  seemed t o  u s  t h a t  t h e  p r e l i m i n a r y  

l .n forn is t ion  ~hlould b e  o f  i n t e r e s t  t o  o u r  r e a d e r s  find w e  a r e  t h e r e -  

f o r e  ~ u b l i s h i n ~  it ~ b ! i t t ?  t h i s  i n  v iew.  

R e s e a r c h  C a r r i e d  o u t  at t h e  Exp? r i rnen ta l  S t q t i o n  

The f u n c t i o n a l  t e s t ,  p r o v i d e d  a good c h o i c e  of  t h e  c o n d i t i o n s  

d e t e r a i n i n , ;  t h e  " f u n c t i o n "  i s  mzde, i s  t h e  form of  t e s t  which  h 2 s  

t h e  b e s t  ch ,mce  i n  t h e  l o n g  r u n  o f  r e p r o d u c i n g  the  a c t u a l  b e h a v i o u r .  

T h e  s i m n l i f i e d  t e s t ,  o n  t h e  o t h e r  h a n d ,  by d e f i n i t i o n  2bstracts 

c e r t a i n  p a r a m e t q r s  t h a t  p l a y  a d e f i n i t e  y i l r t ,  t h e  e x t e n t  o f  which 

must b e  d e t e r n l n e d .  

I n  t h e  p r e s e n t  case, t h e  d e s i r e d  s i m p l e  and  r a p i d  t e s t  c o u l d  

s c a r c e l y  i n v o l v e  s n y t h i n g  b u t  a t e s t  on a s i n g l e  u n i t ,  b l o c k  o r  

speci ,men.  3 e P o r e  the  p r o c e d u r e s  c o u l d  even  be c o n s i d e r e d  it was 

n e c e s s a r y  t o  s e e  w h e t h c r  i t  was i n d e e d  p o s s i b l e  t o  c o n s i d e r  t h e  

t e s t  as  o t h e r  t h a n  a r b i t r a r y .  

The a i m  o f  s u c h  a t es t  i s  t h e  s e l e c t i o n  o f  material t h a t  can  

be u s e d  t o  b u i l d  chlrnneys t h a t  l h ~ i l l  meet t h e  c o n d i t i o n s  o f  permeabi -  

l i t y ,  s t r e n g t h  w i t h  r e s p e c t  t o  h e a t ,  c o r r o s i o n  resistance a n d  thermql 

i n  s u l a t  i o n .  

I t  i s  p r o b a b l e  t h a t  the l a s t  two c h a r a c t e r i s t i c s  are  s p e c i f i c s  

o f  t h e  ma te r i a .1  a n d  are a f f e c t e d  b u t  l i t t l e  by t h e  c o n d i t i o n s  o f  as- 

sembly .  T h i s  i s  by n o  means t h e  mse ,  however ,  f o r  t h e  f i r s t  two 

c h a r a c t e r i s t i c s .  

The [nost  f r q u e n t  form o f  d e t e r i o r a t i o n  o f  ch imneys  c o n s i s t s  

i n  c r a c k l n g  e i t h e r  o f  t h e  e l e m e n t s  ther i i se lves  o r  o f  the  j o i n t s  be-  

tween  them. I t  seem5d n e c e s s a r y ,  b e f o r e  b e g i n n i n g  deve lopmsn t  of a 

s i m p l i f i e d  t ~ s t  which  would t a k e  i n t o  3 ,ccount  the  conditions o f  as- 

sembly ,  t o  c  a r r y  o u t  p r e l i m i n a r y  t ,estr wh ich  would thro!.~ l i g h t  on 

the  m a g n i t u d e  o r  mechanisms o f  t h e s e  d e t c r i o r a t i n g  i n f l u e n c e s ,  i n  

p a r t i c u l a r  : 

T h e  mechanism u n d e r l y i n ~  t h e  a p p z s r n n c e  o f  h o r i z o n t a l  c r a c l t s  

i n  t h e  j o i n t s  a n ?  t h e  i m p o r t ~ ~ n c e  t o  be a t t n - b e d  t o  thern, e s 2 e c i a l l y  



from t h e  s t x n d p o l n t  of p e r m e n b i l l t y ;  

A s tudy  of t h e  e f f e c t s  of  t;he asseinblinrg c o n 3 i t i o n s ,  e s p e c i a l l y  

t h e  rnsnner oT i n c o r p o r a t i n c  t h e  chimneys i.=l t h e  b u i l d i n g ,  on t h e  

s tabil  i.ty of t h e  e l e m e n t s  thcrnse lves .  

F i n n l l y ,  In  vie;.; o f  t h e  d i v e r s i t y  o f  i n f o r m s t i o n  wh!.sh w e  had 

c o l l e c t e d  011 t h e  c h a r a c t e r i s t i c s  o f  Cline g a s ,  e s - 7 e c i a l l y  from t h e  

p o i n t  of view of  t h e i r  temper :z ture ,  we t h o u g h t  i t  b~.~oi~lf i  b e  u s e f u l  

t o  c a r r y  o u t  some p r e l i m i n a r y  t c s t s  on t h e  f u n c t i o n i n g  o f  c'iiirnneys 

u n d e r  a c t u a l  c o n d i t i o n s  i n  o r d e r  t o  v e r i f y  t h e  s i g n i f i c a n c e  o f  t h e  

p r o c e d u r e s  h i t h e r t o  a d o 2 t s d  i n  t e s t s  o f  t h e r m a l  s t r e n g t h .  

P r e l i m i n a r y  t c s t g  

T e s t s  o f  a c t u a l  operation 

F o r  t h e  purposes  of  t h e s e  t e s t s  we nt t -empted t o  se t  combina. t ions 

of furn: lces  and chimneys blhlch would as f a . r  as  p o s s i b l e  r s p r e s e n t  

t h e  c h a r a c t e r 1  s t i  c s  of a n  avera.:?e domes t i c  h e a t  I n g  i n s t a . l l s t  ion .  

The t e s t s  were c a r r i e d  o u t  I n  t h e  experirne:ntal  b u i l d i n ) ;  o f  t h e  

s t a t i o n  on a f l u e  of  pozzol:lna. c o n c r e t e  b l o c k  ~ 1 1 t h  5 cm (1 .96  I n . )  

s o l l d  walls  a n d  a 2 cm ( .785 In.) p l a s t e r  c o a t i n g ,  t h e  t h e r m a l  i n s u l a -  

t i o n  o f  which cou ld  b e  ass~xmed t o  cor respond  more o r  l e s s  t o  t rh?t  

o f  chimneys i n  c u r r e n t  us5 .  

The t o t a l  h e i g h t  of t h e  chimney messured from i t s  b a s e  a t  t h e  

f u r n a c e  connectin.: l e v e l  k?as ?:bout 6 rn ( 1 9 . 7  f t )  . 
ACter t h e  c o a t i n z s  h i d  d r i e d  s u f f i c i e n t l y  w e  s ~ x c c e s s i v e l y  con- 

n e c t e d  t h i s  chimney t o  v a r i o u s  he ,? t ing  e q u i p m m t  of v!idely d i f f e r i n g  

d e s i g n ,  i n c l u d i n z  a c o n t i n u ~ u s - b u r u i n z  d i rec t -d rau ; ;h t  s t o v e ,  a con- 

t i n u o u s - S u r n i n s  indi rec t -dr :~u!y;h t  s t o v e  and f i n a l l y  a n  o i l  s t o v e .  

I n  t h e  f i r s t  two c a s e s  t h e  t e n t i n g  was c a r r i e d  o u t  a t  f'irst 

w i t h  a sernibituirlinous c o a l  end t h e n ,  i n  a second t e s t ,  w i t h  d r y  v!ood. 

A 1 1  t h e s e  t e s t s  Itrere c::trried o u t  w i t h  n a . t u r a 1  d r a - u g h t ,  t h e  

c o t ~ t r o l s  of  t h e  s t o v e s  bei.nl,r l o c k e d  a t  t h e  maximum; however,  a t  t h e  

end of a p e r i o d  of  st-.veral h o u r s '  o p e r a t i o n  u n d e r  t h e s e  c o n d i t i o ~ ~ s ,  

v:'c~en t h e  temper: i ture c o n d . l t i o n s  i n  t h e  ch i~uney  reached. s t e a d y  s t a t e ,  

w e  a r t i f i c i a l l y  i n c r e a s e d  t h ?  r .3te  of  combust ioa  1,y !cee?ing t h 2  a s h  

p i t  d o o r s  open ( i - n  t h e  c a s e  of t h e  d i r e c t - d r a u g h t  s t o v e  f i r e d .  w i t h  

wood t h e  "ash p i t  door-ol)en t e s - t t t  :Atas ter!!~in::lterl z f t e r  o n l y  80 m i n u t e s )  



T h e r ~ n o c o u p l e s  i n s t - ~ l l e d  i n  t h e  f l u e  a t  t h e  l e v e l  o f  t h e  f i r s t  

ch i~ l lney  b l o c k  e n a b l e d  u s  t o  k e e p  a r e c o r d  o f  t h e  f l u e  Gas tsrnyera- 

t u r e s  a n 4  t h o s e  o f  -ishe i n t e r n a l  a n d  s ; u t ? m a l  w a l l s  o f  t h e  chimney 

thror.13hout t h e  e n t i r e  t e s t s .  The f l o w  rate o f  t h e  f1u.e g a s  lv~~z.,s 

a l s o  e s t i m a t e d  f o r  e a c h  t e s t  by means of  a p i t o t  t u b e .  

The r e s u l t s  o f  these  t e s t s  a r e  assern5le8.  i n  T a b l e  I .  

They c o n f i r m  t h a t  c , 3 n t i n u o u s l y - b u r n i n 2  s t o v e s  o f  t h i s  t y p e ,  

lrlidely u s e d  a t  t h e  p r e s e n t  time, e ln i t  f l u ?  gets o f  r e l s . t i v e l y  vex-y 

low t e m p e r a t u r e ,  n o t  e x c e e d i n g  i n  o u r  t es t s ,  even  u n d e r  c o n d i t i o n s  

o f  a c c i d e n t a l l y  acce l .e ra tec1  d r a u g h t ,  4 0 0 " ~  ( 7 5 ~ ~ ~ ) .  

A s  mityht be e x n e c t e d ,  the  h i g h e s t  f l u e  gc7.s t e m p e r a t u r e s  were 

o b t a i n e d  from t h e  burn l -ng  o f  d r y  wood, b u t  e v e n  i n  t h i s  c a s e  the  

o b s e r v e d  wall t e m p e r a t u r e s  are s t i l l  q u i t e  low - 3 2 0 ~ ~  (GOIOF) f o r  

no rma l  maximum drau [ sh t ,  and  390°C (734OF) f o r  t h e  a c c : i d e ~ ~ l ; a l  ope ra -  

t i n g  c o n . l i t i o n s  w i t h  t h e  d r a u g h t  d o o r  open .  

T h i s  combus t ion  of wood, ~ i v i n g  r i se  t o  t h e  p;iven d r a u 3 h t  con- 

d i t i o n s  f o r  t h e  g r e r . t e s t  o u t p u t s  o r  f l u e  g a s ,  i s  a . l s o  what  p~*oc!ixces 

the  f a s t e s t  r i se  i n  t e r n p e m . t u r e .  A s  a n  i n d i c a t i o n ,  the s e v e r e s t  

c o n d i t i o n s  o b t a i n e d  i n  t h e  c2r;e o f  t h e  d i r e c t - d r a . u g h t  s t o v e  with 

open  a s h  p i t  d o o r  are g i v e n  i n  ??1.,5. 9 ,  s h o l ~ ~ i n s  t h e  1ncr'c:aee o f  t em- 

p e r a t u r e  o f  t h e  i n t e r n a l  o ~ a l l  o f  t h e  f i r s t  chimney b l o c k  es a func-  

t i o n  of  time. 

Most o f  t h e  lnforrrlat  i o n  c o n t a i n e d  i n  t h e  e x i s t i n g  l i t e r a t u r e  

on  the  t e m p e r ~ . t u r e s  p r e v : : l . i l i n ~  i n  f l ~ ~ e s  rel :q . tes  o n l y  t o  t h e  maximum 

t e r n p e r s t u r e s  a t t a i n e d  by t h e  f l u e  ~ ; s s ,  rlepenrlin:; on t h e  t y p e  o f  f u r -  

na.ce o r  t h e  n a t u r e  o f  t h e  f u e l .  W i t h o u t  p r e c i s e  i n c l i c a t i o n s  d e f i n i n g  

t h e  c o n d i t i o n s  o f  t h e r i n a l  e:<cl:lano;e be tween  w a l l s  and  f l u e  5 2 s  n o  

c o n c l u s i o n s  c a n  b e  drawn a b o u t  t h e  c o r r e s p o n d i n g  t e m p e r a t u r e s  o f  t h e  

walls.  

!.!e h a v e  n e v e r t h e l e s s  found  t h a t  t h e  f l u e  gas t e m p e r a t u r e s  g i v e n  
s u b s t a n t i a l l y  c o n f i r m  o u r  own r e s u l t s ,  a t  1 c a . s t  a s  f a r  as  the  f u e l s  

g i v l n g  t h e  h o t t e s t  e ~ n i s s l o n s  s.r? c o n c e r n e d ,  nnmely wood o r  f u e l  o i l .  

The  t e m p e r a t , u r e  z t t a l n e d  b y  t h e  .,!all o f  a f l u e  i n  t h e  p r e s e n c e  

o f  f l u e  g a s  o f  a g i v e n  terrlperr..t .ure csin i n d c ~ d  v a r y  r c l t h i n  w ide  l i m i t s  

d e p e n d i n s  o n  the  r a te  o f  f l o w  o f  -the f l u e  :as, t h e  s t z ~ t e  o f  t h e  i n -  



t e r n a l  s i ~ r f a c e  of t.hc chirnncy t h e  ther-mnl r - s i s t c n c c ,  of t h e  w a l l s .  

ibioreover c e r t a l n  a c c i d e n t 7 1  c o n d i t i o n s  such as chimney f i r e s ,  c e r -  

t a i n l y  g i v e  r i s e  t o  t c ~ n p c r n t u r e s  t h a t  are tnuch hi,il;her t h a n  t h o s e  

occur r l ing  u n d e r  norm21 c o n d i t i o n s .  

However, e x c e p t  € o r  n c c i c l e n t ? l  c a s e s  of  a r u t l f  i c i a l l y  a cce le l -a  t e d  

d r a u g h t  due t o  irrlproper o p c r 7 t i o n  of  t h e  he st in,^ equ ipment ,  o r  t o  

s e r v i c e  a c c i d e n t s  p r o p e r l y  spenlrin:;, we h s v e  assumed t h a t  t h e  temper- 

a t u r e  of  3 2 0 ~ ~  ( t 0 8 O F )  could  he c o n s i d e r e d  as  r e p r e s e n t i n g  an l lpper ,  

a.cce?ta.ble !nem of t h e  i n t e r n a l  w a l l  surfcice t e r n p , e r , ~ t u r ~  o f  :I chim- 

ney i n  s e r v i c e .  

The o S s e r v n t I o n s  made I n  t h e  c o u r s e  o f  numerous t h e r m a l  t e s t s  

conducted  a c c o r d i n g  t o  t h e  p r o c e 6 ~ 1 r e s  d e f i n e d  by t h e  ~ w l e s  f o r  ap- 

p r o v a l ,  show t h a t  t h i s  t en ipe ra tu re  o f  320°C (608°F)  i s  a l s o  subs tnn-  

t i a l l y  t h a t  a t t n i n e d  by chimneys i n  t h e  c o u r s e  o f  t h e  5 0 0 ' ~  ( 9 3 ~ ~ ~ )  

t e s t  a t  approximc-tely 1 .50  m (4 .9  f t )  from t h e  b n s e  c o u r s e .  '.!e d i d  

n o t  t h i n k  i t  n e c e s s a r y  a t  p r e s e n t  t o  change i t s  v a l u e .  

Study of t h e  -- ------- E f f e c t  of  -------- A s s e ~ ~ b l ~ C o n d i t i o g s  -- --- -..-- on  t h e  3 e h ~ v i o u r  ,of 
t h e  Concrlnte 3 l o c k s  -- -.--- --- --- --- 

D e s c r i p t i o n  o f  ch imneys - tes ted  

Choice of  c 3 n c r s t e  b l o c k  c b ? r ~ c t e r i s t i c s  ---------- - -----.--- -.-- ---- --- .-- 
U s e f u l  c o q p x r a t i v e  in ro rm2t i1n  c a n n o t  b e  d e r i v e d  from a s e r l e s  

of  t e s t s  u n l e s s  w e  it no:^ I n  s ~ i f f i c i e n t  n?proximat;ion what 3 r e  t h e  

v a r i o l ~ s  f a c t o r s  t h a t  msy e n t e r  i n t o  t h e  f l n ~ l  r e s u l t s .  For  t h e  pur-  

p o s e s  o f  t h e  p r e s e n t  s t l~cly i t  was p3; t r t i cu la r ly  n e c e s s 3 r y ,  if :.!ere 

t o  b e  2ble t o  I n t e r p r e t  t h e  r p s u l t s  o b t q i n e d  w i t h  e v e r y  c e r t ~ ~ l n t y ,  

t o  know t h e  conc l i t ions  t h a t  h a d  p r e v q i l e d  i n  t h e  manufac tu re  o f  t h e  

chimney b l o c k s  bein: t e z t e f i ,  t h e i r  age  a t  t h e  t i m e  of  t h e  t e ~ t  s ,  

t h e  c o n d i t i o n s  u n d e r  c.!hich they h2.1 Seen s t o r e d  b e t v e e n  t h e  t ime  of 

mqnufacture  and t h e  t ime  of t e s t i n s ,  e t c .  

Some of t h i s  i n f o r r n ? t i o n ,  as  it!e hnve a l re ;?dy  s t s t e d ,  cznno t  b e  

obtziined w i t L :  sdcrlu?tcr: p ~ * e c l  s i o n  fro111 t h e  p r e s e n t  commercial m ~ n u f a c -  

t u r e r s .  I n  o r d e r  t o  verify O L *  ) ? i n  clo!.~n t.he c o n c l u s i o n s  wk:ich n l r t? -dy 

a p p e a r  t o  w e s e n t  tktc:nl,e'lvcs from t h e  r i l s u l t s  o b t ? i n e ?  on t h e  wide ly  



v a r i e d  p r o d u c t s  ex~~minec l  f o r  i lurpozcs oT npprov? , l ,  we t h e r e f o r e  rn3r.u- 

f a c t u r e d  c o n c r e t e  bloclcs o u r s e l v e s ,  seel~5.n.y t o  r ep roduce  as  f a r  ~s 

p o s s i b l e  t h e  c o n d i t i o n s  of  an  avern:;e conlrnerclal m , ~ . n ~ ~ f o . c t u r i n y  pro- 

c e s s .  

i3ecause w e  wished t o  o b t a i n  i n i t i ~ i l  u s a b l e  r n s u l t s  a s  q u i c k l y  

as  p o s s i b l e  and d i d  n o t  wish t o  z o  on m u l t , i p l y i n g  t h e  nuinher of t e s t s  

i n d e f i n i t e l y ,  w e  d i s r e s a r d e d  some of  t h e  irnporta.nt f a c t o r s  a t  t h e  

b e g i n n i n g  such a s  t h e  c h a r a c t e r  o f  t h e  c o n c r e t e  c o n s t i t u e n t s  o r  t h e  

form of  t h e  c s s t : i n g .  

For  t h e s c  f i r s t  t e s t s  we r e s t r i c t e d  o u r s e l v e s  t o  t h e  u s e  of 

pozzola.n% c o n c r e t e s ,  an a,ggre;;ate which i s  c u r r e n t l y  user! i n  p r a c t i c e  

and one  o f  which t h e  p h y s i c a l  and r n e c h ~ m i c a l  c h a r a ~ t e r i s t i c s  a.t  l e a s t  

a t  room t e m p e r a t u r e ,  a r e  w e l l  known. 

These  c o n c r e t e s  were c a s t  i n  t h e  form h a v i n g  s o l i d  walls  of 5 cm 

(1 .96  i n .  ) t h i c k n e s c :  and a c r o s s - s e c t i o n  of 20 x 20 cm (7.85 x 7.85 in.) 

( F i g .  2 )  , s t , ~ n d a r d  p r o d u c t s  i n  t h e m s e l v e s  <?.nS known from e x p e r i e n c e  

to b e  among t h o s e  which a r e  most a f f e c t e d ,  o t h e r  t h i n g s  b e i n g  e q u a l ,  

by the  t e m p e r a t u r e .  

The b i n d i n g  m a t e r i a l  u s e d  i n  a l l  c a s e s  i s  a Portlnl3d CPB cement ,  

c l r , s s  250/315, t h e  a d d i t i o n  of f i n e  ap;:;re;;ates, when necessa , ry  , b e i n g  

made w i t h  f l y  a s h .  

The cornpos i t ions  of t h e  vzir ious m i x t u r e s  p r e p a r e d  a r e  t h o s e  i n -  

d i c a t e d  a t  t h e  t o p  3f T a b l e  I; t h e  s i e v e  a n 3 l y s i s  c u r v e s  o f  t h e s e  

m i x t u r e s  a r e  s i v e n  i n  P i g .  3 .  

1 2 1 1  t h e s e  rn lx tu res  were prep?.red from a p o z z o l a n s  o f  t h e  same 

o r i g i n  and. a c c o r d l n ~  t o  t h e  same p r o c e d u r e s ,  i n  a v e r t l c a l  mixer  o f  

t h e  same t y p e  u s e d  c u r r e n t l y  i n  factories. 

They were t h e n  c a s t  i n  a mecha.nica1, l eve r -opera . t ed  machine 

equ ipped  w i t h  a hln;h f r e q u e n c y  v i b r a t o r  a p u l i e d  t o  one  of t h e  mould 

f a c e s .  The p r i n c i p l e  of t h i s  m2chine c o r r e s p o n d s  t o  t h a t  of  t h e  

l lv ibrornouleuses"  * u s e d  i n  t h e  f a c t o r i e s .  

* V i b r a t o r  moulds ( t r b ? n s .  ) 



T e s t  of  pe rmeab i l i t y  o f  i n d i v i -  
dua l  b locks .  General  view of 

i n s t a l l a t  i o n  

Machine used a t  t h e  S t a t i o n  f o r  
t h e  manufacture of t e s t  b l o c k s  

T e s t  of chimney pe rmeab i l i t y .  T e s t  of  pe rmeab i l i t y :  D e t a i l  of  
Genera l  view of t h e  i n s t a l l a t i o n  concec t ion  t o  metal  coup l ing  

s l e e v e  l e a d i n g  i n t o  chimney 



The r e s u l t s  of t;hc a p p r o v r ~ l  t e s t s  o.ppe::l.red t o  show i n  a c;ener?.l 

way t h a t  proci.ucts permeable t o  a i r  have b e t t e r  thprma.1 r t r ~ n g t h  t h a n  

impermeable p r o d u c t s ;  a s  w e  w i sh  t o  deterinfine t h e  b a s i s  o f  t h i s  

i m p r e s s i o n  and a l s o  b e c a u s e  we wish  t o  p i n  d o ~ % ~ n  t h e  re l s . t ions l . ! ip  

t h a t  might  e x i s t  between t h e  a i r  p e r m e a b i l i t y  of t h e  s e p a r a t ~  u n i t  

and t h a t  of  t h e  chimney i n  s e r v i c e  a f t e r  it h a s  been p l s . s t e r  c o a t e d ,  

we t r i e d  t o  o b t a i n  a s  bride a v a r i e t y  as  p o s s i b l e  of p r o d u c t s  from 

t h l s  p o i n t  of view. 

T h r e e  methods have  been developed t o  a c h i e v e  t h l s  purpose .  

They a r e ,  c h o i c e  o f  t h e  a g y r e g a t e  conipos i t ion  of  t h e  m i x t u r e ,  t h e  

c o n d i t i o n s  u n d e r  blhich p r e s s u r e  i s  a p p l i e d  t o  t h e  c o n c r e t e ,  and f i n a l -  

l y  a subsequen t  c o r r e c t i o n  by ap!:! l icat ion o f  a c o a t i n , g  o f  m o r t a r  on 

t h e  i n t e r i o r  o r  e x t e r i o r  . faces  o f  t h e  chimney b l o c k s  a f t e r  t h e y  hnve 

been produced.  

The main c h a r a c t e r i s t l c s  o f  t h e  chimney b l o c k s  t h u s  produced 

have  a l s o  been l i s t e d  a t  t h e  t o p  o f  T a b l e  I .  The c h a r a c t e r i s t i c s  

o f  a number o f  a d d i t i o n a l  chimney b l o c k s  which were t e s t e d  f o r  ap- 

p r o v a l  and which a l s o  f i g u r e  i n  o u r  s t u d y  a , r e  in?. ica. ted a t  t h e  t o p  

of T a b l e  11. 

C o n d i t i o n s  of asser r~bly  

A f t e r  s t o r i n s  u n d e r  s h e l t e r  i n  c o n d i t i o n s  k e p t  a s  c o n s t a n t  a s  

p o s s i b l g  f o r  a p e r i o d  o f  n o t  l e s s  t h a n  t h r e e  months,  t h e  chimney 

b l o c k s  manufactured  by o u r s e l v e s  were t a k e n  t o  t h e  chimney t e s t i n g  

b u i l d i n g  which w e  hzve  a l r e a d y  d e s c r i b e d  t o  o u r  r e a d e r s  i n  a p re -  

v i o u s  b r o c h u r e .  

The c o n s t r u c t i o n  p r o c e d u r e  i s  as f o l l o w s :  

Each chimney s t ? n d s  on n rnctsl  p l s t e  which r e s t s  i n  t u r n  on 

two h o r i z r j n t s l  i r o n  T-bars  embedded i n  a mssonry w a l l .  The e n d s  o f  

t h e s e  T-baras a r e  j o i n e d  t o  t h e  c e i l i n g  o f  t h e  s t o r s y  by metal t i e -  

beams which ,nake t h s  assembly  r i g i d .  

For  easy  d i sasse inb ly  and o b s e r v a t i o n  a f t e r  t e s t i n g  t h e  c o n c r e t e  

b l o c k s  are a s ~ e n b l e c l  w i t h  p l a s t e r  j o i n t s .  

The f l u e  i s  b u i l t  v e r t i c a l  w i t h  no  d e v i a t i o n  o v e r  i t s  e n t i r e  

h e i g h t .  I t  c o n s i s t s  of  chiinney b l o c k s  o n l y  o v e r  a h c i , z h t  o f  3.30 rn 



(10 .8  f t  ) , beyond whlch I t  i s  co;nplel;cd up  t;o n h e i g h t  o f  6 .50  m 

( 2 1 . 3  f t  ) by a p i p e  o f  asbc::tos c c ~ n c n t .  

These chimneys ,  depending on t h e  pqrticir1a.r- cqr;e, ej. t h e r m  st.tnd 

c o m p l e t e l y  f r e e  o r  a r e  j o i n e d  t o  t h e  f l o o r s  by  a p l a s t e r  c a u l k i n g  a t  

f l o o r  l e v e l .  I n  some c a s e s  t h e  same ch l~nncy  was s u b j e c t e d  t o  s e v e r a l  

s u c c e s s i v e  t e s t s ,  some bef 'orc c a . u l k i n ~  2nd o t h e r s  a f t c r  ( s c e  [Cable 11). 

The chimneys assembled from c o n c r e t e  b l o c k s  b e i n s  t e s t e d  f o r  ap- 

p r o v a l  were  employed i n  t h e  sl-?L~r~o e x p e r i m e n t a l  a p p a r a t u s .  I n  t h i s  

c a s e ,  however,  the  assembling procedr l rea  d i f f e r  s l i s h t l y  from t h e  

f o r e g o i n g .  

The chimneys i n  t h i s  c a s e  a r e  a;;ain assembled v e r t i c a l l y  wi th-  

o u t  b e n d s ,  b u t  now t h e y  e s t e n d  o v e r  t h e  e n t i r e  6.50 m (21 .3  f t ) .  

They a r e  a g a i n  j o i n e d  w i t h  ? l a s t e r ,  b u t  as  t h e y  a r e  a l w a y s  backed 

by t h e  masonry t h e y  a r e  c l 3 d  ~ ~ ~ i t h  a c o a t i n g  o f  p l a s t e r  of  2  cm ( .785  

i n . )  mean t h i c k n e s s  and a r e  c a u l k e d  a t  t h e  r e s p e c t i v e  f l o o r  l e v e l s  

( s e e  T a b l e  111) . 
C h z r a c t e r  of t e s t s  and e x e c u t i o n  procedi1res 

A f t e r  s u f f i c i e n t  t i m e  h,ad been  a l l o w e d  f o r  d r y i n g  t h e  assembled  

chimneys were s u b j e c t e d  i n  s u c c e s s i o n  t o  a ,nsasurernent of per:necl,bili- 

t y  t o  t h e  s u r r o u n d i n g  a i r ,  t o  t e s t s  o f  the rmal  s t r e n g t h  and f i n a l l y  

t o  two new p e r m e a b l l l t y  me :~sure incn t s  c ! ~ r r i e d  o u t  on a chimgey w h i l e  

h o t  2nd a f t e r  c o o l i n g .  I n  t h e  c o u r s e  o f  t h e  thermal  t e s t  an a t t e m p t  

was a l s o  nade t o  e s t i n a t e  t h e  e x t e n t  o f  chimney movements due t o  
t e m p e r a t u r e  v a r i ? , t i o n s .  

A t  t h e  same t i m e  t h e  c o n c r s t e  b l o c k s  u s e d  i n  t h e  c o n s t r u c t i o n  

o f  t h e s e  chimneys a r e  s u b j e c t e d  t o  i d e n t i f i c a t i o n  t e s t s  1 ~ e a r l n . j  on 

t h e  f o l l o w i n g  c h 3 r a c t : e r i s t i c s :  

a p p a r e n t  d e n s i t y  o f  c o n c r e t e ,  and l~omogene i ty  ; 

a i r - p e r m e a b i l i t y  of uncoa.ted bloclc; 

a i r - p e r m e a b i l i t y  o f  b lock  a R e r  c o a t i n g  w i t h  p l a s t e r  1 o r  2 cm 

( . 3 9 2  i n .  o r  .785 i n . )  I n  thilolcness. 

The p rocedures  a d o p t e d  f o r  t h e  v a r i o u s  t e s t s  w i l l  :now be d e s c r i b -  

e d .  



Air-permeabi l i ty  

To measure t h e  pe rmeab i l i t y  we employed f a n s  and f lowmeters ,  

t h e  c h a r a c t e r i s t i c s  of which were chosen as  a f u n c t i o n  of t h e  sur- 

f a c e  a r e a s  of t h e  u n i t s  be ing  t e s t e d .  I n  o u r  t e s t s ,  t h e  maximum 
-4 

o u t p u t s  of  t h e  f lowmeters  employed were 10 rnL/hr (5 .9  ctm) and 

50 m3/hr (29.4 ctm) , r e s p e c t i v e l y ,  f o r  t h e  t e s t  on t h e  s i n g l e  con- 

c r e t e  b lock  and f o r  t h a t  on t h e  chimney, st s p r e s s u r e  of  10 mm 

(.394 i n . )  water. The minimum pe rmeab i l i t y  c o e f f i c i e n t  d i s c e r n i b l e  

by t h e s e  a p p a r a t u s e s  were o f  t h e  o r d e r  of  1 and 5 ,  r e s p e c t i v e l y .  

The a p p a r a t u s  i s  shown sche.mt i c a l l y  i n  F ig .  4 .  

The a i r  compressed by t h e  f a n  i s  in t roduced  i n t o  t h e  u n i t  t o  

b e  t e s t e d  (b lock  o r  chitnney) through an a i r t i g h t  duc t  and s e a l i n g  

d e v i c e ,  t ,he o t h e r  end of  t h e  u n i t  i s  s l s o  rendered a i r t i g h t .  

The f lowmeter i n  t h e  i n p u t  a i r  l i n e  between t h e  f a n  and t h e  

specimen pe rmi t s  c a l c u l a t i o n  of  t h e  q u a n t i t y  of a i r  p a s s i n g  i n  a 

g iven  t ime  through t h e  walls of t h e  specimen. 

A w s t e r  manometer cpn t inuous ly  r e c o r d s  t h e  p r e s s u r e  p r e v a i l i n g  

w i t h i n  t h e  volume bounded by t h e  chimney block and t h e  t o p  and bo t -  

tom a i r t i z h t  covers .  During t h e  t e s t s  t h i s  p r e s s u r e  i s  kep t  i n  t h e  

v i c i n i t y  o f  10 mm ( .394 i n . )  wa te r .  

In  t h e  s p e c i a l  c a s e  of t h e  chimney t e s t  t h e  bottom j o i n i n g  

t h e s e  i s  t h e  same as t h a t  used a s  a f l u e  g a s  c o l l e c t o r  i n  t h e  t he r -  

m a l  t e s t .  It has  been b u i l t  so  as t o  perrnit very r a p i d  connec t ion  

of t h e  a i r  i n p u t  duc t  r enu i r ed  i n  o r d e r  t o  c a r r y  ou t  a pe rmeab i l i t y  

measurement on t h e  s t i l l  ho t  chimney d i r e c t l y  a f t e r  t h e  thermal t e s t .  

The r e s u l t s  of t h e s e  t e s t s  a r e  put  down i n  t h e  form of an air- 

pe rmeab i l i t y  c o e f f i c i e n t :  
Q.e k  = 

P.S.t  

Q 3 where - = flow of a i r  i n  cm /min; 
t 
S = mean s i d e  a r e a  of u n i t  t e s t e d  i n  crn2; 

P  = a i r  p r e s s u r e  i n  g/cm2 o r  crn wa te r  column; 

e  = t o t a l  t h i c k n e s s  of  m a t e r i a l  making u p  t h e  w a l l s  of  t h e  
u n i t  i n  cm. 



The c o e f f i c i e n t  K t h u s  def ined  r e p r e s e n t s  t h e  volume of a i r  

pas s ing  through a  w s l l  t h i c k n e s s  of 1 crn under  a p r e s s u r e  of 1 cm 

w a t e r ,  measured over  a u n i t  s u r f a c e  of t h e  w a l l  i n  a u e s t i o n ;  t h i s  

i s ,  i n  f a c t ,  a s p e c i f i c  magnitude of t h e  a 9 t e r i s l s  c o n s t i t u t i n g  t h e  

u n i t  be ing  t e s t e d .  

Thermal t e s t  

The thermal  t e s t s  were c a r r i e d  o u t  w i th  a f l u e  g a s  g e n e r a t o r  of  

t h e  type desc r ibed  i n  y r i n c i p l e  i n  o u r  Cah ie r  No. 238. T h i s  anpara- 

t u s  was employed scco rd ing  t o  t h e  procedures  l a i d  down i n  t h e  r u l e s  

f o r  app rova l .  T/Je s h a l l  r e i t e r a t e  t h e  e s s e n t i a l s  of t h e s e  h e r e .  

The g a s e s  produced by an o i l  b u r n e r  a r e  In t roduced  I n t o  t h e  

chianey through a metal  s l e e v e  which h a s  a l r e a d y  been mentioned 

b r i e f l y  i n  connect ion wi th  t h e  pe rmeab i l i t y  t e s t .  The purpose of  

t h e  s l e e v e  i n  t h i s  ca se  i s  t o  a v o i d  d i r e c t  c o n t a c t  of t h e  f l ~ m e s  

wi th  t h e  b lock  and t o  ensure  adequa te  mixing of t h e  f l u e  gas .  The 

burn ing  r a t e  i s  c o n t r o l l e d  i n  such a way as  t o  o b t a i n  t h e  folloaring 

c o n d i t i o n s  a t  a po ln t  s l t u a t e d  0.10 rn (3.937 f t )  below t h e  course  of  

t h e  f i r s t  concre te  b lock  i n  t h e  a x i s  of  t h e  chimney. 

F i r s t  of a l l  t h e  tempera ture  OF the  g a s e s  i s  brought n l t h i n  5 
+ minutes  from t h e  rJom tempera ture  t o  4 0 0 ' ~  - 10' (752?? 18' ) ; t h i s  

t empera ture  of 4 0 0 ' ~  (752'F) i s  mainta ined f o r  1& h o u r s .  The f l u e  

g a s  g e n e r a t o r  i s  then tu rned  o f f  f o r  about  2  hours .  

A f t e r  t h i s  t ime t h e  t e s t  i s  resumed, t h e  tempera ture  of t h e  
-I- 

g a s e s  now b e i n g  brought up t o  500'C - 10' (932'F 2 l a 0 ) ,  a g a i n  wi th-  

i n  5 minutes ;  t h i s  500'C (932'F) t empera ture  i s  msin ta ined  f o r  1% 

hours .  

A t  t h e  end of t h i s  second h e n t i n g  pe r iod  t h e  g e n e r a t o r  Is s g s i n  

tu rned  o f f  and t h e  f l u e  i s  a l lowed t o  cool  n s t u r a l l y .  

For  a l l  t h e  t e s t s  t h e  flow of g a s e s  i n t o  t h e  f l u e  w a s  mainta ined 
3  a t  a  va lue  as c l o s e  as p o s s i b l e  t o  140 m / h r  (82.3  ctrn). 

The t e n p e r a t u r e s  o f  t h e  g a s e s  -2nd w a l l s  were checked du r lng  t h e  

t e s t s  by means of  thermocouples distributed a t  v a r i o u s  p o i n t s  ove r  

t h e  h e l g h t  of t h e  f l u e s .  

F l g .  5 i s  a schemntlc  diagram of t h e  l n s t a l l n t l o n ,  showing t h e  

placement of  t h e  therrnocoilples. 



Thermal t e s t  on a chimney. 
View of a f l u e  gas g e n e r a t o r  

Thermal t e s t :  D e t a i l  of connec- 
t i o n  t o  t h e  metal  s l e e v e  a t  t h e  

bottom of t h e  chimney 

Check of  dimensional  v a r i a t i o n s .  
D e t a i l  showing mount l n g  of re- 

co rd ing  d e f l e c t i o n  gauges 



I n  o r d e r  t o  e s t i i n a t e  t h e  b e h a v i o u r  o f  t h e  chimney d u r i n g  t h e  

t e s t  t h e  a p p e a r a n c e  o f  c r a c k s  o r  o t h e r  anorn2l ies  i s  n o t e d  as  t h e y  

o c c u r ;  a t  t h e  end o f  t h e  t e s t ,  a f t e r  comple te  c o o l l n g  a n d ,  where 

a p p l i c a b l e ,  e x e c u t i o n  o f  a l a s t  p e r r n e a b i l l t y  t e s t ,  t h e  chimney i s  

d i s m a n t l e d  i n  o r d e r  t o  p e r m i t  d e t a i l e d  e x a n i n a t i o n  o f  t h e  i n t e r n a l  

walls o f  t h e  b l o c k s .  

With a view t o  g e t t i n g  t he  maximuin amount o f  i n f o r m a t i o n  from 

o b s e r v a t i o n s  of  t h e  b e h s v i o u r  o f  chimneys w e  a l s o  measured i n  t h e  

c o u r s e  of t h e  t h e r m a l  t e s t ,  t h e  a m p l i t u d e s  o f  t h e  movements o f  some 

of  t h e  c h i n n e y s  as a f u n c t i o n  of t h e  v a r i a t i o n s  of t e m p e r a t u r e .  

These  checks  were made w i t h  t h e  a i d  o f  d e f l e c t i o n  gauges  s e t  

a g a i n s t  a s b e s t o s  cernent p l , % t e s  which were s e a l e d  i n t o  t h e  p l . s s t e r  

on t h e  e x t e r n a l  w a l l s  o f  t h e  f l u e s .  These  a p p a r a t u s e s  were mounted 

on p e d e s t a l s ,  t h e m s e l v e s  s u p p o r t e d  on t h e  f l o o r s  of t h e  e x p e r i m e n t a l  

b u i l d i n g  which i n  f i r s t  ztpyroximstion were su f  f k c i e n t l y  r i g i d  and 

non-def ormable . 
T h r e e  p o i n t s  of measurement were s e l e c t e d  s l t u s t e d  a t  0.40 

( 1 . 3 1 2 ) ,  1 . 7 0  ( 5 . 5 8 )  and 3 . 0 0  m (9 .84  f t ) ,  r e s i ? e c t i v e l y ,  above t h e  

base c o u r s e  of t h e  chimney. A similar c o n t r o l  a p p a r a t u s  w a s  a l s o  

a p p l i e d  b e n e a t h  t h e  metal mounting p l a t e  i n  o r d e r  t o  v e r i f y  i t s  s ta-  

b i l i t y .  

The l o c a t i o n s  o f  t h e s e  a p p a r a t u s e s  are indic ' !z ted  i n  Fig. 5 .  

Such a c h e c k ,  which i s  sotnewhat c r u d e ,  c o u l d  n o t  o f  c o u r s e  t a k e  

t h e  p l a c e  of  a measurement of  t h e  c o e f f i c i e n t  o f  expans ion  o f  t h e  

c h i r n ~ e y  . It  a!2peared a d e q u a t e  t o  u s ,  however,  t o  f u r n i s h  a p p r o x i m a t e ,  

c o m p a r a t i v e  i n d i c a t i o n s  o f  t h e  a p p ~ ~ r e n t  t o t a l  e x p a n s i o n s  o f  t h e  v a r i -  

o u s  u n i t s  t e s t e d .  

R e s u l t s  and c o n c l u s i o n s  of t e s t s  

The r e s u l t s  o b t s i n e d  have  been  assembled i n  T a b l e s  11, I11 and 

IV . 
T a b l e  I V  g i v e s  t h e  r e s u l t s  o f  t e s t s  c a r r i e d  o u t  on s i n g l e  con- 

c r e t e  b l o c k s  showing h i g h  p e r m e a b i l l t y ,  w i t h  a view t o  d e t e r m i n i n g  

t h e  a i r - t i g h t n e s s  c o n f e r r e d  by t h e  p l a s t e r  c o a t i n ~ s ,  d e n e n d i n g  on 



t h e i r  t h i c k n e s s .  

T a b l e s  11 and 111, r e s p e c t i v e l y ,  g i v e  a l l  t h e  r e s u l t s  o b t a i n e d  

on chimneys asseinhled fro:n c o n c r n t e  S loc l t s  m?nufactured  a t  t h e  Exper i -  

men ta l  S t a t i o n  and c o n c r e t e  b l o c k s  examined f o r  a p p r o v a l .  

P e r m e a b i l i t y  

(a) P e r i n e a b i l i t y  o f  mat~.!fl~a.ls t h e m s e l v e s ,  c o n c r e t e s  and co . t in ,~s  

The r e s u l t s  i n  Table I V  si1or.l t h e  e f f e c t i v e n e s s  o f  n l s s t e r  coa t -  

i n g  from t h e  p o i n t  of vier.: of  pnrmeabl l i - ty .  

The r e s u l t s  a t  t h e  t o t t o m  of t h i s  t a b l e  r e l a t e  t o  c o n c r e t e  b l o c k s  

showing a v e r y  open strut,-ture similsr t o  t h a t  of  t h e  c e l l u l a r  expand- 

e d  c o n c r e t e s ,  and t h e  f i g u r e s  o b t a i n e d  on t h e s e  c o a t e d  c o n c r e t e  b l o c k s  

i n  f a c t  c h a r a c t e r i z e  t h s  p e r m e a b i l i t y  of t h e  p l a s t e r  coa . t in<s  them- 

s e l v e s .  

Comparison o f  t h e  p e n n e a b i l i  t y  r e s u l t s  obtq. ined on c e r t a i n  con- 

c r e t e  b l o s k s  of t h e  s a n e  c o m p o s i t i o n  u n c o a t c d  and c o a t e d  w i t h  p l a s t e r  

( T a b l e  11) c a n f i r m  t h e  f a c t  t 'nat even a v e r y  d e f e c t i v e  p e r m c 2 a b i l i t y  

c a n  e a s i l y  b e  c o r r e c t e d  by t h i s  means. 

From a l l  t h e s e  r e s u l t s  t o g e t h e r  i t  c a n  b e  s t a t e d  t h a t  i n  t h e  

a b s e n c e  o f  a n y  l o c a l  d i s o r d e r  t h e  a i r - p e r i n e n b i l i t y  of a chimney i n  

o p e r s t  i o n  i s  n o t  a t t r i 3 u t : a b l e  t 3  t h e  p e r m e a b i l i t y  of t h e  a:ppn.rent 

c o a t e d  f a c e s ,  and t h a t  f o r  chimneys c a r e f u l l y  c o a t e d  on a l l  t h e i r  

f a c e s  t h e  p e r m e a b i l i t y  of t h e  s u p p o r t i n g  c o n c r e t e  b l o c k  material it- 

s e l f  i s  o n l y  of minor impor tance .  

R u l e s  o f  good c o . n s t r u c t i o n  f u r t h e r  r e q u i r e  t h a t  t h e  s p a c e s  be- 

tween two f l u e s  p l a c e d  s i d e  by s i d e  o r  between f l u e s  and b a c k i n g  walls 

shou ld  b e  f i l l e d  wi th  m o r t a r .  

However, i t  must b e  r e c o g n i z e d  t h a t  i n  r e a l i t y  t h i s  p r e c a u t i o n  

i s  h a r d l y  e v e r  o b s e r v e d ,  and t h e  coup led  b s c k i n g  s u r f a c e s  o r  s u r f a c e s  

of  c o t l t a c t  betrfi~een f l u e s  are l 2 f t  b a r e .  

Under t h e s e  c o n d i t i o n s ,  wliich -:ire a l s o  t h o s e  of o u r  t e s t s ,  i t  

i s  obv ious  t h a t  t h e  pe r [uea ,b i l i ty  of  t h e  c o n c r e t e  b l o c k  m a t e r i a l  does  

i n d e e d  plray a n  i m p o r t a n t  p s r t  i n  t h e  p e r m e a b i l i t y  of  t h e  chimney. 

(b ) P e r m e a b i l i t y o f  t h e  chiin13e.y b e f o r e  t h e  ther rnal  t e s t  

The r e s u l t s  of t h e  !ne?surement s p e r m i t  t h e  f o l l o r ~ i n g  c o n c l u s i o n s  



t o  b e  drawn. 

I n  t h e  f i r s t  p l a c e ,  b e c a u s e  o f  i n c o ~ n g l e t e  f l l l i n g  o f  t h e  zpace 

between t h e  b a c k i n g  s u r f a c e  and t h e  w a l l  none o f  t h e  chimneys made 

from c o n c r e t e  b l o c k s  of h i . ~ h  p e r m e a b i l i t y  i s  i t s e l f  a i r t i g h t .  T h i s  

chlmney s u r f a c e ,  I m p e r f e c t l y  p r o t e c t e d ,  a l l o w s  a c e r t a i n  amount o f  

a l r  t o  p a s s  t h r o u g h ,  which a l w a y s  Clnds  a means of  e s c a p i n , ?  e i t h e r  

th rough  t h e  s u p p o r t l n , ~  masonry whlch c a n n o t  b e  c o n s i d e r e d  ah- t i g h t ,  

o r  a l o n g  t h l s  masonry. 

It  may be n o t e d  on t h e  o t h e r  hsnd t h a t  t h e  c o e f f l c l e n t  I( charac-  

t e r l z I n . 5  t h e  mean t o t a l  p e r m e a b i l i t y  o f  t h e  materials making up  t h e  

chimney Is  a l w a y s  g r e a t e r  t h a n  t h e  c o e f f l c l e n t  c h a r a c t e r i z i n g  t h e  

c o n c r e t e  b l o c k s  t & e n  s e a p a r a t e l y ,  when t h i s  c o n c r e t e  Is i t s e l f  corn- 

p a r a t i v e l y  a i r t i g h t ,  and t h a t  t h e  i n v e r s e  s i t u a t i o n  e x i s t s  when t h i s  

c o n c r e t e  i s  v e r y  permeable  t o  t h e  a i r .  

F o r  t h e  p a r t i c u l a r  c o n d i t o n s  o f  a s sembly  a d o p t e d  i n  o u r  t e s t s  

t h e r e  seems t o  be a t h r e s h o l d ,  d i f f i c u l t  t o  d e t e r m i n e  e x a c t l y ,  b elow 

which t h e  p e r ~ n e a b i l l t y  of  t h e  chimney i s  q s a t e r  t h a n  t h a t  of t h e  

c o n c r e t e  b l o c k ,  w h i l e  above it t h c  r e v e r s e  , s i t u s t i o n  h o l d s .  

T h i s  i s  b e c a u s e  t h e  j o i n t s  between t h e  c o n c r e t e  b l o c k s ,  a l t h o u g h  

e x e c u t e d  i n  o u r  t e s t s  w i t h  e x c e : ~ t i o n s l  c a r e ,  a r e  n o t  the inse lves  air-  

tight , a n d  t h e  p e r n e a b i l l  t y  o f  t h e  chimney even when b u i l t  w i t h  air- 

t i g h t  c o n c r e t e  b l o c k s  and c o a t e d  on t h r e e  s u r f < ? c e s ,  i s  s t i l l  i n f l u e n c -  

ed by t h e  permeability of t h e  j o i n t s  on t h e  bn.cking s u r f a c e .  

After t h e  t h e r m a l  t e s t  t h e  chimneys most o r t e n ,  i n  v a r y i n g  de- 

g r e e s ,  show loca.1 cra.clcs e i t h e r .  I n  t h e  j o i n t s  o r  i n  t h e  c o n c r e t e  

b l o c k s  t h e m s e l v e s .  

When t h e  chimney i r :  h o t  t . h ~  m?i.jority of  v i s i b l e  c ra . cks  a r e  

t h o s e  i n v o l v i n g  t h e  c o n c r e t e  b loc lcs .  G e n e r a . 1 1 ~  s peal t in2 t h e y  a r e  

few i n  num??er and a l i .~ays  c l o s e  more o r  l e s s  a.s the chimney c o o l s .  

A f t e r  coolin;;, ho!.ievsr, thc: itlost n u n s r o u s  c r a c k s  a r e  t h o s e  

l o c a l i z e d  i n  t h e  J c i n t s .  They 1nn.y b e  of  v:?rying s i z e ,  ? spend ing  on 

t h e  c o n d i t i o n s  u n d e r  vrhich t h e  ch i~nney  i s  . jo ined t o  t h e  b ) L l i l ? i n g ,  

ra.ns1n.g from cr:.pil-Lary cr21.cks t o  crz.cks up t o  1 mm ( -04 i n  . )  i n  t h i c k -  



These  c r a c k s  do n o t  ap:l.,e.?r t o  have any s u b s t a n t l . a l  e f r e c t  on 

t h e  o v e r a l l  p e r ~ n e a . b i l i  t y  of t h e  chlmney . 
The >errneabil i . ty  measured on t h e  chimney ~ r l b i l e  i t  i s  s t i l l  h o t  

even seerns v e r y  s l i z h t l y  l o w e r  t h a n  t h a t  o b t a i n e d  on t h e  same chim- 

ney b e f o r e  t h e  therm3.l t e s t .  T h i s  mi.3ht b e  due t o  a n  improvenient 

i n  t h e  t i g h t n e s s  o f  t h e  j o i n t s ,  1 . e .  as a r e s u l t  of  t h e  c o ~ n p r e s s i o n  

s t r e s s e s  produced by t h e  h i g h  t e m p e r a t u r e .  

A f t e r  t h e  t h e r m a l  t e s t ,  on t h e  o t h e r  h2nd,  t h e  p e r m e a b i l i t y  

a g a i n  a ? ? e s r s  t o  i n c r e a s e  s l i q h t l y  as  t h e  chimney c o o l s  xn?. t o  r e -  

t u r n  t o  .?. v a l u e  v e r y  c l o s e  t o  % h e  i n i t i a l  one measured on t h e  chim- 

ney b e f o r e  t h e  t h e r m a l  t e s t .  

Measurements c a r r i e d  o u t  f o r  v e r i f i c a t i o n  p u r p o s e s  on s e p a r a t e ,  

uncoa ted  c o n c r e t e  b l o c k s  w i t h  and. w i t h o u t  c r a c k s ,  conf i rmed  t h a t  t h e  

c r a c k s ,  e x c e p t  i n  c a s e s  of  r e a l  b reak? .ge ,  had no a p p r e c i a b l e  e f f e c t  

on t h e  t o t s . 1  p e r m e a b i l i t y  of  t h e  p r o d u c t .  

The  r e s u l t s  o f  t h e s e  permea.bi1 l . ty  rneasurcment s a r e  sumned u p  i n  

t h e  follori!ing remaraks . 
Althouzh t h e  c o a t i n g s  a p p l i e d  t o  t h e  c o n c r e t e  c l o c k s  a r e ,  by 

t h e m s e l v e s ,  a i r t i g h t  f o r  a l l  p r a c t i c a l  p u r p o s e s ,  t h e  masonry chimneys 

as r e a l i z e d  i n  p r a c t i c e  have no chance  of a t t a i n i n g  a s a t i s f ~ . c t o r y  

i m p e r m e a b i l i t y  t o  a i r  u n l e s s  t h e y  a r e  c o n s t r u c t e d  t o  b e g i n  w i t h  f rom 

chimney b l o c k s  which are e q u a l l y  a i r t i g h t .  

Assu!nine; th2. t  t , h i s  c o n d i t i o n  h 3 s  been s a t i s f i e d ,  t h e  r e q u i r e d  

i m p e r m e a b i l i t y  s t i l l  canno t  b e  o b t a i n e d  u n l e s s  v e r y  g r e a t  c a r e  i s  

a l s o  a p l ~ l i e d  i n  a s s e m b l i n g  t h e  i,init.s, e s p e c i a . 1 1 ~  i n  t h e  e x e c u t i o n  of 

t h e  j o i n t s  and indeec? a l l  of  t,_h_e--J.oints. I t  shou ld  be remarked h e r e  

t h a t  o u r  measurements i n d i c a t e  o n l y  a mean t o t a . 1  p e r m e a b i l i t y  of t h e  

chimney,  and t h a t  a c t u a l l y  where a l o c a l i z e d  m a l f u n c t i o n i n g  o c c u r s  a t  

one  o r  more , j o i n t s ,  t h e  q u a n t i t y  of  g a s  t h a t  can d i f f u s e  i n t o  t h e  

space  where t h i s  r i a l f u n c t i o n i n g  o c c u r s  may be much g r e a t e r  t h a n  t ,he  

measured p e r r n e z b i l l t y  woulc3. a p p e a r  t o  i n d i c a t e .  

A s  lon: as c r a c k s  remain s u f f i c i e n t l y  f i n e ,  s n d  f o r t u n a t e l y  t h e  

ma. j o r i  t y  of t h o s e  obse rved  i n  p r a . c t i c e  f a 1  1 w i t h i n  t h i s  c a t e g o r y ,  

t h e y  do n o t  a p p e a r  t,o have any s e r i o u s  e f f e c t  on t h e  i m p e r m e a b i l i t y .  



The o n l y  o n e s  t h a t  c o n s t i t u t ; e  i? s e r m i o u s  d a n g e r  a r e  I n  r g e r  o n e s ,  say  

of t h e  o r d e r  o f  1 m m  ( .04 i n . )  wid th  a t  t h e  o u t s i d e  s u r f a c e ,  i n d i c a -  

t i n g  e i t h e r  a brealc i n  a c o n c r e t e  b l o c k  o r  t h e  t o t a l  s e p a r a t i o n  of 

a j o i n t .  

F i n a l l y ,  t h e  permea 'o i l i ty  o f  a chimney i s  77as ica l ly  a f u n c t i o n  

of t h e  c a r e  w i t h  ~ l h i ~ h  i t  i s  i n s t a . l l e d ,  a f a c t o r  whlch cnn s c a r c e l y  

b e  e s t i m a t e d  i n  any p r e c i s e  manner by t e s t s .  

The p e r m e a b i l i t y  tes t  o f  t h e  chimney, which d o e s  i n v o l v e  t h i s  

p a r a m e t e r  i n c i d e n t a l l y ,  i s  d o u b t l e s s  o f  ' v s l u e  as a c h e c k ,  b u t  can- 

n o t  be c o n s i d e r e d  as  a b a s i s  f o r  t h e  s e l e c t i o n  of t h e  c o n c r e t e  

b l o c k .  

From t h e  s t .2ndpo ln t  o f  t h e  q u a l i t y  of  b u i l d i n g  materials t h e  

o n l y  c h a r a c t e r i s t i c  which h s s  a b e a r i n g  on t h e  p e r m e a b i l i t y  of t h e  

chimney Is  t h e  permeability of  t h e  c o n c r e t e  i t s e l f  o f  which t h e  con- 

c r e t e  b loc l t s  a r e  made. It i s  more a c c u r a t e  and more c o r r e c t  t o  

d e t e r m i n e  t h i s  v 3 l u e  from t h e  s e p r e . t e  c o n c r e t e ~ b l o c k s .  

Expansion agC_t_h_errnaR1 s t r e n x - &  

' ( a )  E f f e c t  of  t;he c o n c r e t e  '@lock cornp3si t ion on t h s  b e h a v i o u r  of  
t h e  f l u e ?  - 

L e t  u s  r e c z l l  f i r s t  of a.11 t h a t  i n  o u r  t e s t s  t h e  chimneys are 

s u b j e c t e d  t o  t h e  a c t i o n  of a Clue gas f l o w ,  an?. t e m p e r a t u r e  which 

are reproduced  i d s n t i c a l l y  a t  e3.ch i n s t a n t  from one t e s t  t o  t h e  n e x t .  

Under t h e  e f f e c t  o f  t h e s e  i d e n t i c a l  h m t i n g  c o n d i t i o n s  t h e  t e m -  

p e r = l t u r e s  of t h e  f l u e  w.tlls, which a r e  a l r e a d y  v a r i a b l e  w i t h  h e i g h t ,  

can o f  c o u r s e  a t t a i n  ? i f  f e r e n t  v a l u e s  depend ing  on t h e  c h n r ~ c t e r i s t i c s  

o f  t h e  m a t e r i a l s  c o n s t i t u t i n ~ ~  them. IYoreover, t h e  c o n c r e t e s  o r  [nor- 

tars s u b j e c t e d  t o  h e a t  a 1 w a . y ~  u n d e r ; ~ o  some sbr inka :ze  olpling t o  t h e  

e x p u l s i o n  o f  some of t h e  w a t z r  c o n t a i n e d  i n  them. 

I t  i s  i m p o r t a n t  t o  n o t e ,  t h e r e f o r e ,  t h a t  t h e  d.imen s i o n a l  :oarla-  
t i o f l s  i n d i c a t e d  by u s  a c t u a l l y  r e p r e s e n t  o n l y  a t o t a l  a p p a r e n t  e l o n y -  

t i o n  of f l u e s  r e s u l t i n g  from t h e s e  p . z r t i c u l a r  c o n d i t i o n s  and 2 r e  n o t  

n e c e s s 3 . r i l y  6 i r s c t l y  p r o p o r - t i o n a l  t o  t h e  c o e f . f i c i e n t  o f  expans ion  

p e r t a i n i n g  t o  t h e  ~n. - t te r* is l  s c o n s t i t u t i n ~  them. 

Iinving ssi.2 t h i s ,  w e  f i n d  by compar.in.: ,?bll t h e  r e s u l t s  o b t a i n e d  



on t h e  f r e e  s t 2 n d I n g  chimneys ( T a b l e  11) , th9.t t h e  tiot-il e l o n q - t l m  

of  t h e  f l u e  Inc re .2ses  with I n c r n a s l n g  d e n s i t y  of t h e  c o n c r e t e  b l o c k s ,  

o r ,  1.~7hat a:nount. s t o  t h e  same t h i n ? ,  I n c r e a s i n g  compsc tness .  The 

d i f f e r e n c e s  3 r e  c o n s i a z r a b l e  s i n c e  t h e y  c o v e r  a range  of r a t i o s  from 

1 t o  4 Vlhen t h e  d e n s l t y  of t h e  c o n c r e t e  i n c r e a s e s  from 1 .;?3 t o  1.77 

(chimneys 1 t o  6 ,  n o t  f i x e d  I n  t h e  f l o o r s ) .  

I n  t h e s e  saine chimneys t h e  c r . ~ c k s  founc! a t  t h e  end of  t h e  t e s t  

a r e  l a r g e r  and more numerous f o r  t h e  d e n s e r  c o n c r e t e  b l o c k s .  3 n l y  

t h e  l i g h t e s t  c o n c r e t e  b l o c k s ,  t h o s e  of  a d e n s i t y  of  l e s s  t h s n  1 . 5 2 ,  

show p r a c t i c n l l y  no  c rackage  ( u n c o a t e d  b l o c k s )  . 
I n  a d d i t i o n  , t h e s e  i n c r € a . s e s  I n  t, he  d imens ionz l  v a r i a t i o n s  and  

t h e  development  o f  c r a c k s  a p p e a r  t o  be o f  t h e  ssme o r d e r  when t h e  

i n c r e a s e d  d e n s i t y  of t h e  c o n c r e t e  r e s u l t s  from a supplementqry  a d d i -  

t i o n  of f i n e  a : ~ l i ; r e z a t e s  an2 a l s o  :\]hen I t  i s  a consequence o" a s r n a t -  

e r  c o a p r e s s i o n  a p p l i e d  i n  t h e  c a s t i n g .  

On t h e  o t h e r  h a n d ,  t h e  r e s u l t s  o b t z i n e d  on . t h e  chimneys of  

s e r i e s  1, 2 and 3 ,  show t h a t  t h e  a p p l i c a t i o n  of a r i c h  l n t n r i o r  o r  

e x t e r i o r  m o r t a r  of h i g h  mechanica l  p r o p e r t i e s  t o  a l i g h t  c o n c r e t e  

b l o c k  a l s o  i n c r e a s e s  c o n s i d e r a b l y  t h e  sensitivity o f  t h e  m a t e r i a l  

t o  h e a t ;  a l l  t h e s e  c h i n n e y s ,  i n  f a c t ,  showed a consiclera.ble  a p p a r e n t  

e x p m s i o n  and s e r i o u s  c r a c k a ~ e .  

I n  t h i s  r e s g e c t  t h e  l e a s t  ob j ec t ion3 ,b le  s o l u t i o n  s t i l l  a p p e a r s  

t o  b e  t h s t  o f  a n  e x t e r n a l  coatin?:;, d o u b t l e s s  b e c a u s e  i t  corresponds, 

o t h e r  t h i n g s  b e l n q  e q u a l ,  t o  r z l : 3 t i \ r e l y  u n i f o r m  c l i s t r . l b u t  i o n s  of 

t e m p e r a t u r e s  o v e r  t h e  t h i c k n e s s  of t h e  w a l l ,  and a l s o  S e c x u s c  t o  

some e x t e n t  i t  e x e r t s  a hoop e f f e c t  on t h e  p r o d u c t .  

We :nay n o t e ,  f i n a l l y ,  t h s t  t h e  observed a$pp.rent e l o n p , t i o n  of 

chimneys f l x e d  I n  t h e  f l o o r s  i s  a lways  v e r y  sli ;-;ht r e 7 a r d l e s s  o f  t h e  

c o n c r e t e  corn?3sltio.n o f  t h e  c o n c r e t e  b l o c k s  employed. 

(b) E f f e c t  oC t h e  lncmn?r o r  - ins t .q l113 t i ,~n  

A s  T s b l e s  I1 .tnd I11 show, most o ?  t h e  chimneys a r e  c r a c k e d  by 

t h e  end of  t h e  therrnal  t e s t .  The si:.e o f  t h e  c r a c k s ,  t h e  t ime  o f  

t h o l r  api,e.srsnce and t h e i r  l o c z t l o n  d i f f e r  dependlnll; on whe the r  t h e  

c h i a n e y  i n  o u e s t i o n  i s  J o i n e d  o r  n o t  t o  t h e  b u i l d i n g  as a idhole by 

c a u l k i n s  a t  t h e  f l o o r  l e v e l .  



Fur thennore ,  t h e s e  cs.ullcln,!; conditio:fis have d i f f e r n r l t  e f f e c t s  

on t h e  c r 3 c k s  loctli.lized a t  t h e  j o i n t  l e v e l  and t h o s e  affecting the  

chi~nney b locks .  

Cr9cks n t  t h e  j o i n t s  - 

Only cllimneys 1 and 2 ,  f ree -s t .qnding  and assembled frorn t h e  

l i g h t e s t  c o n c r e t e  b lock  and Le f t  unco2.ted, showed no c m c k s  a t  t h e  

j o i n t  l e v e l s  e i t h e r  i n  t h e  cou r se  of t h e  t e s t  o r  s f t e r  coo l in? .  A l l  

t h e  o t h e r  f r e z - s t a n d i n s  cV111nneys h:ad c a p i l l a r y  c r ~ c k s  a t  p r s c t i c a l l y  

every j o i n t .  A f t e r  t h e  chimney had cooled tkiese c r s c k s  c lo sed  up  

=iga.in. 

The j o i n t s  o f  t h e  c h i m n ~ y s  f i x e d  by c a u l k i n g  a t  t h e  f l o o r s  a l s o  

showed some c a p i l l a r y  c r s c k s  du r ing  t h e  course of t h e  t e s t s ,  bu t  i n  

t h i s  c a s e  they  were l e s s  s y s t e ~ n a t i c n l l y  d i s t r i b u t e d  over  t h e  hel:zht 

of t h e  chimney. In a11 cs . ses ,  however, except  chimney 2 ,  st l e a s t  

one of t h e s c  z r9cks  i n  sach space Setween f l o o r s ,  most o f t e n  s i tu!a ted 

about h a l f  way between t h e  f l o o r s ,  showed !xp on cool ing  snd a t t a i n e d  

a TrJidth of  t h e  o r d e r  o f  a m i l l i n e t r e  o r  more. 

The c a p i l l a r y  c r acks  observed In t h e  f i r s t  c a se  r e s u l t  from t h e  

she:.lrin!g s t r e s s e s  pro3uced a t  t l ~ e  i n t e r f a c e  betl*!?en t,he c o n c r e t e  of 

t h e  chimney b l o c k s  and t h s t  of t h e  j o i n t s  by reason  of t h e  i n t r i n s i -  

c a l l y  di.f f e r e n t  c l ? a r a c t e r i s t i c s  of  t h e s e  .n? . te r ia l s  both  a s  q. f u n c t i o n  

of t h e  expansions ar.13 of  t h e  sh r inkages .  

They have the sane  o r i 2 i n  as  t h e  c r a c k s  sometimes observed i n  

t h e  masonry j o i n t s  o f  ~ h ~ a l l s  o r  p , x r t i t i o n s ,  b u t  a r e  more sys te ina t ic  

becaixse of t he  g r e a t e r  ampli tu,?e o?' t h e  tempera ture  v a r i a t i o n s .  

They can rilso appea r ,  and sorneti:nes do a.pr>ear i n  p r a c t i c e ,  even be- 

f o r e  t h e  chimney 3 e g i n s  t o  o p e r s t e ,  f o r  example, i f  t h e  c o n c r e t e  

b locks  employed a r e  t oo  green   hen assembled and a r e  coa ted  under  

poor c o n d i t i o n s  o r  ?retnaturely.  

'Ahen t h e  ch ixneys  are f i x e d  i n  t h e  f l o o r s  t h e s e  c r a c k s  r e s i ~ l t -  

i n g  from h o r i z o n t a l  s h e a r i n g  s t r , z s s e s  no d.cubt do occu r  b u t  a r e  n o t  

ay>parent when t h e  chimney i s  h o t  because o f  t h e  v e r t l c a l  s t r e s s e s  

developed i n  t h c  chinney Sy t h e  ternperature .  

These v e r t i c a l  s t r e s s e s ,  2ue t o  t h e  r e s i s t a n c e  t o  expansion pro- 



v i d e d  by t h e  f l o o r s  are c  el-t:.i.inly o f  considerable inn.gnitu?e i n  re- 

l a t i o v  t,o t h e  amp1it;ude o f  t h c  movements d i s p l . s y e d ,  o t h e ~  th in ( ; s  

b e i n g  e  qutal ,  by t h e  equ iv : i l en t  Free- s t a n d i t ~ r ;  chi;nneys.  They are  

s u f f l . c i s n t  t o  r e s u l t  I n  t h e  c r u s i ~ i n g  o f  t h e  werskest ,  o r  t h e  n o s t  

s e v e r e l y  s t r e s s e d  J o l r l t  2nd t o  Se follo!>:e?,  on c o o l i n q ,  by a. com- 

? l e t e  h o r i z o n . t s 1  f r r l c t u r e  of  t h e  ch imney.  The e f f c s t  o f  t h e  sup- 

p l e n e n t a r y  s i . ~ r i n l c ; ~ . ~ e  of  t h e  c o n c r e t e  ?ue t o  t h e  r a i s l n . 5  of t h e  tern- 

pe r . ? . t u re  c o n t r i b u t e s ,  o f  c o u r s e ,  t o  3. s t i l l  f u r t h e r  a c c e l e r . r t i o n  o f  

t h i s  p r o c e s s  o f  c r c c l i l n g .  

Crsclcs a f f ec t ing -<  t$he c , o n c r e t e  b l o c k s  

The r e s u l t s  of  t h e  t e s t s  seem t o  i n d i c a t e  t h a t  t h e  p r o c e d u r e s  

f o r  i n c o r p o r a t i n ; <  ch imneys  i n t o  b u i l d i n g s  g e n e r a l l y  d o  n o t  h a v e ,  

o t h e r  t h i n r ~ s  b e i n 2  e q u a l ,  a n y  great  i n f l - u e n c e  on t h e  b e h a v i o u r  o f  

t h e  c o n c r e t e  b l o c k s  ; c a n c r e t o  b l o c k s  o f  t h e  same c o m p o s i t i o n  assem- 

b l e d  i n t o  f r e e - s t a n d i n s  ch imneys  a n d  f i x e d  o n e s ,  r e s p e c t i v e l y ,  show 

p r a c t i c a , l l y  t h e  s:?rne ~ r r - ~ c k s  a s  a r e s u l t  o f  t h e  t h e r m a l  t e s t s ,  a s 

T a j l e  I1 w i l l  i n d i c a t e .  

I t  s h o u l d  b e  n o t e d ,  however ,  t h s t  t h i s  r e s u l t  may be due  p . i r t l y  

t o  t h e  n a t u r e  o f  t h e  J o i n T s ,  w h i c h ,  h e r e  e x e c u t e d  i n  p l ? s t e r  ~ n d  

t h e r e f o r e  c o n s t i t x t i n ~ r  weak p o i . n t s  i n  t h e  chimney [nasonry ,  hnve con- 

t r i b u t e d ,  by  b e i n g  f i r s t  t o  y i e l d ,  t o  t h e  r e s t r i c t i n g  o-f t h e  stresses 

d e v e l o p e d  i n  t h e  chimney b l o c k s  due  t o  t h e  v e r t i c a l  expTns Ion .  

The e f f e c t i v e n e s s  o f  t h e  c a u l k i n g s  i n  t h e  f l o o r s ,  a l s o  e x e c u t e d  

i n  p l a s t e r  f o r  t h e  p u r p o s e  o f  o u r  t e s t s ,  a n d  which c o u l d  n l s o  h a v e  

some e f f e c t  on t h e  S e h a v i o u r  O F  t h e  chimney Tslocks,  on t h e  o t h e r  hand  

a - i ~ p e a r s  t o  h3ve  b ~ e n  t o t a l ,  a c c o r d i n 5  t o  t h e  r e s u l t s  o f  t h e  e l o n g a -  

t i o n  rnexsu roment s. 

A l l  o f  t h e s e  o b s e r v : i t i o n s  tnlcen to: . ;ether sugy;2stt t h e  f o l lo r ,~ i ing  

p o i n t s :  

F o r  a g i v e n  asfr;re;j.ate sncl g i v e n  s h a p e  it b!o-!ld appea3.r ,  a s  :sener- 

a l l y  s u p p o s e d ,  t h a t  t h e  t.herrna1 r e s i s t s n c e  t o  c r a c k i n - ;  o f  a c o n c r e t e  



b lock  v a r i e s  I .nvcrscly  as  i t s  i r n p e r ~ n e ~ ~ h i l i t y  t o  a i r .  

S a t i s f a c t o r y  i rnpern~ea.bi l i ty  can be 3 t t ) a i n e d  i n  a s imple  manner, 

e i t h e r  by corn?ressing very h i ~ h l y  i n  t h e  c a s t i n g  of a. c o n c r e t e  of 

s u i t a b l e  p r o p o r t i o n ,  o r  by t h e  a d d i t i o n  of  a n  exces s  o f  f i n e  a sy re -  

g a t e s  t o  t h 9  mixture  com?osi t ion,  o r  f l n a l l y  by a p p l l c a . t i o n  a t  t h e  

t ime of manufscture  o f  an i n t e r n a l  o r  e x t e r n a l  c o a t i n 2  t o  t h e  sir le  

f a c e s  o f  t h e  chimney b locks .  

The t e s t s  s h o ~ ~ l  t h a t  t h e  l a t t e r  s o l u t i o n ,  which i n  any c s s e  i s  

h a r d l y  ~ r a c t i c a l  , l e a d s  t o  d i s a p o o i n t i n g  r e s u l t s  from t h e  s tand-  

p o i n t  o f  thermal  stren[$h. It should  n o t  be cncoura.?ed. 

Of t h e  o t h e r  two s o l ~ ~ t i o l ? ~ ,  i t  i s  undeninb le  t h a t  i n c r e a s i n g  

t h e  p r o p o r t i o n  o f  f i n e  a , q ~ r e ~ ? . t e s  i n  t h e  n l x t u r e  r e s u l t s  i n  t h e  

c o n c r e t e s  shol,%ling g r e a t e r  sh r in l . c ae .  

A co~npromise must 5e soui.:ht i n  t h e  n p p l l c a t i o n  of manufactur- 

i n g  t echn iques  o!'nich w i l l  ~ r o v i d e  t h e  r e q u i r e d  irnperme-lbility c a l l -  

i n s  f o r  t h e  minimum pro13ortion of f i n e  a:{%reb;ates f o r  e f f e c t i v e  nnd 

s t r o n g  horno~eneous compact mix tu re .  

'nlhere t h e  d e s i r e ?  l ~ n p e r m e s b i l i t y  i s  a t t a i n e d  by t h e  u se  o f  ex- 

c e s s i v e l y  r i c h  f i n e  ap;,?re::rates, o r  by t h e  a p p l i c . t t i o n  of m 0 r t l . r  coat -  

i n g s  o f  t h e  snme type  as  t h e  w a l l s  l e a d ,  f o r  e q u i v s l e n t  permc2ability 

v a l u e s ,  t o  r e s u l t s  th3.t a r e  i . n f e r i o r  frorn t h e  s tqndpo in t  o f  t he rms l  

s t r e n g t h ,  e i t h e r  because  of i ~ r e a t e r  s h r i n k a g e ,  o r  t h e  i r r e ~ u l a r  d i s -  

t r i b u t l ~ n  of  s t r e s s e s .  Such so lu t i o r -~s  should t h e r e f o r e  be  ?.voided. 

The u se  of  c o n c r e t e  b l o c k s  sho~tling t h e  r e q u i r e d  thermal  s t r e n g t h  

c h a r a c t e r i s t i c s  does n o t  ellrnin:3te a11  r i s k  of chi-ml?c-;y c r a c k l n s .  In 

p a r t i c u l a r  i t  seems d i f  f  j .cul t  t o  avo id  co~? lp l e t e ly  t h e  development of  

h o r i z o n t a l  j o i n t  c m c k s ,  7f1l!ich a r e  the  cons5yuence of' p h y s l c a l  pheno- 

mena a g a i n s t  ~.flhich t t?e  an ly  rsmedy i s  t o  f ' o resee  them. 

')!hen t h e  c h i m n ~ ~ y s  a r e  f r e e  t o  ercp,qn? i n  t h e  cons t r lxc t ion  t h e s e  

c r a c k s  17ern:ain c a p i l l 3 , r y  :w~d 7~iill r ~ i n a i n  t h e  ? i n e r ,  t h?  s n s l l e r  t h e  

dimensions1 v ? r i - t i o n s  of  t h e  c o n c r e t e  b l o c k .  Provi?.ed. t h e  n s c e s s a r y  

t ime and ? r e c a u t i o n s  n.re oi3szrved a t  t h e  t ime of assembly 3,nd a p p l i -  

c a t i o n  of f i n i s h e s  t h e  c r a c k s  should  n o t  reach  t h e  s u r f a c e  of t h e  

coatings. 

Holcever, when t h e  c h i ~ ~ l i e y s  a r e  a t t a c h e d  r i . - ? ; i ? ly  t o  t h e  f l o o r s  



o f  t h e  construction it n.ppea.rs t h a t  o n l y  such a r t i f i c e s  as  t h e  t ech-  

n i o u e s  b s s e d  on t h e  p r i n c i p l e  o r  doub le  I.ndependent vralls rn3lce it 

~ o s s l b l e  t o  a v o i d  i n  t h i s  m,mncr t h e  a p p e a r a n c e  o f  n-nore o r  l o s s  l o -  

c a l i z e d  d i s o r d e r s .  

In  sumining u p ,  t h e s e  p r e l i m i n i ~ . r y  t e s t s  i n d i c a t e  t h a t  t h e  bebsv- 

i o u r  i n  t i m e  o f  a chimney b u i l t  of c o n c r e t e  b l o c k s  depends more on 

t h e  i n t r i n s i c  q u a l i t y  o f  t h e  u n i t s  used  i n  i t s  c o n s t r u c t i c n  and t h e  

c a r e  t a k e n  i n  t h e i r  i n s t n l l a t i o n ,  

T h i s  i n t r i n s i c  (qua l i ty  o f  t h e  u n i t s  whlch might  have depended 

on t h e  p r i n c i p l e  of I n s t , a l l a t l o n ,  hov~nver ,  h a s  o f  coi l rse  n o t h i n g  t o  

do wi th  t h e  q u a l i t y  of  i n s t a l l a t i o n ,  which i s  comple te ly  Foreign t o  

I t .  

Under t h e s e  c o n d i t i o n s  i t  would a p p e a r  t h a t  t h e  problem o f  de- 

terminin: ;  t h e  s u i t a b i l i t y  o f  a c o n c r e t e  b l o c k  f o r  u s e  i n  a chimney 

c o u l d  be  conce ived  i n  a muzh s i m p l e r  form t h a n  a t e s t  on comple te  

chimneys.  

The s e a r c h  f o r  a s i m p l i f i e d  t e s t  

The manner o f  l n s t ~ l l n . t i o n ,  s i n c e  I t  i n v o l v e s  p r i m a r i l y  t h e  

v e r t i c a l  compress ion  s t r e s s e s ,  h a s  b u t  l i t t l e  i n f l u e n c e  on t h e  t h e r -  

m a l  r e s i s t e n c e  of t h e  c o n c r e t e  b l o c l ~ s ,  t h p  c o n c r e t e  o f  which g e n e r a l -  

l y  h a s  a d e q u a t e  cornpress-lon s t r n e n g t h .  

!!owever, the  b e h a v i o u r  o f  t h e  b l o c k s  wi th  r e s p e c t  t o  h e a t  i s  

a s s o c i 2 t e d  with ?ill t h e  f a c t o r s  1.hlhj.ch m3.y h ~ . v e  a d i r e c t  o r  i n d i r e c t  

b e a r i n 2  on the a s g n i t u d e  o f  t h e  t e n s i l e  s t r e s s e s  that d e v e l o p  simul-  

t ~ . n e o u s l y  i n  t h e  chimneys.  It unques t . lonab ly  de:>ends on t h e  i n h e r e n t  

cxpa.nsion o r  e l a s t i c  p r o p e r t i e s  o f  t h e  c q n c r e t e  and on t h e  shape  o f  

t h e  b l o c k s .  

Now, t h e  data.  which we p o s s e s s  on t h e  particular p r o p e r t i e s  o f  

t h e  c o ~ c r e t e s  o r  t h e  way i n  vrhich t h e y  vnry  w i t h  t e rnperc tu re  a r e  

r ? - t h e r  rnea2;re st t h e  ~ r e s c n t  t l m e ,  and mere c a l c u l ~ . t i o n  d o e s  n o t  

e n a b l e  u s  t o  p r e i i i c t  w i t h  s u f f i c i e n t  certainty, on t h e  b n s l s  of d . 3 t a  



t t12t 8.r.e a.lren.dy inexact , the p r c c i  se rile tr3!.bution of t h e  s t r e s s e s  

a t  v a r i o u s  po i r l t s  i n  a c n s t i n y  even of s i ~ n p l c  form. A suitc.lble se- 

l e c t i o n  would scqrce ly  be i m s ~ i i b l . e ,  t l :erefore,  , jus t  now, bnyond a 

t e s t  of  t h e  e n t i r e  p roduc t .  

One o:f t h e  mnl.n purjjoses 0.f our r e s e a r c h ,  moreover,  v ? s ~ ;  t o  fu r -  

~ i s h  manufnctul-ers ~ ? l t h  3.n e f y e c t i v e  lnesns of  checl;lng t h e i r  nroduc- 

t i o n ,  and t h i s  check,  be ing  in tended  prim31-ily t o  r e v e a l  such f a u l t s  

as inhonogenei ty  i n  t h c  c ~ i s t i - n g ,  could harZly  be conceived o the rwi se  

than i n  t h i s  form. 

Our s tudy w a s  t h e r e f o r e  o r i e n t e d  towards  a t e s t  o f  t h i s  n a t u r e .  

We w i s h e d  t o  malre i t  as  simple a:; y o s s i b l e  and a t  t h e  same t ime 

mez,ningful. 

I n  r e a . l i t y  t h e  t smpers . tu res  a t t a i n e d  by t h e  c o n c r e t e  bloclcs de- 

pend on t h e  thermsl  exchanges bctween t h e  w a l l s  of t h e  f l u e s  and  t i n e  

f l u e  ~ R S  , on t h e  v e l o c i t y  , t empcr s tu re  <z.nd v a r i n b l e  chemical  composi- 

t i o n s .  A s  t h e  a.pprova1 t e s t s  have a l r e a d y  shown, it i s  d i T f i c ~ ~ l t  t o  

r e a l i z e  t h e s e  cor,c1itions of e x c i ? , m ~ e  i n  a t e s t  h~hich  must be  above 

a l l  s t r l . c t l y  reproduc l .b le ,  2nd rl~ust n o t  i nvo lve  l a , r s e ,  c o s t l y  appa- 

r 2 t u s .  

I n  qny c a s e  t h e  chemical  e f f e c t  o f  f l u e  g a s  cou ld  s c a r c e l y  be  

comprehended i n  a t e s t  of n e c e s s a r i l y  s h o r t  dura . t ion ,  and i n  view 

of t h i s  we p r e f e r r e d  t o  ab.?nclon s o u r c e s  o f  snergy  by combustion v~hich  

a r e  ? . i f f l c u l t  t o  c o n t r o l ,  i n  f avour  of e l e c t r i c i t y  which i s  much more 

f l e x i b l e  2nd p r e c i s e .  

l:!e t h e r e f o r e  produced n ruc1i:nentary a p p a r a t u s  compris ing ,m 

e l e c t r i c a l  rcs j .  ::t;ance k'ound on a reCr2-ctory cyl indr i .cp .1  c o r e  which 

could be i n t r ~ o d u c ~ d  i n t o  t he  a x i s  of t h e  u n i t s  t o  be t e s t e d .  The 

f i r s t  r e s u l t s  obtal-ned with t i h i s  a p p ? . m t u ~  were encour?,::in~ a.nt3 lhre 

t h e r e f o r e  proceeded t o  d e z i ~ , n  2 more r o b u s t  a n d  p r s c t i c a . 1  versl.on 

anc? u l t i m a t e l y  2roduccd t h c  ?pp2rn.tu:; i l lus t r t :~ . ted  schema. t ica l ly  i n  

F ig .  6 .  



v e r t i c a l l y  one above t h e  o t h e r  on a h o r i z o n t a l  metal p e d e s t a l  of 

d imens ions  s u i t a b l e  f o r  t h e  c o n c r e t e  b l o c k s  t o  be checked.  The l e n q t h  

o f  e a c h  r e s i s t a n c e  c o r r e s p o n d s  t o  t h e  l e n g t h  o f  t h r e e  super imposed 

b l o c k s  

The b l o c k s  t o  b e  t e s t e d  a r e  s t a c k e d  one above t h e  o t h e r  on t h e  

p e d e s t ? l  c e n t r e d  a b o u t  t h e  e l  ements .  A s b e s t o s  p s c k i n c s  between each 

p a i r  of b l o c k s  and a t  t h e  t o p  and bot tom r e p l g c e  t h e  u s u a l  p l a s t e r  

o r  m o r t a r  j o i n t s .  These r e s t r i c t  t h e  h e a t  l o s s e s  and a t  t h e  sqme 

t ime  p e r m i t  e a s i e r  d i s m a n t l i n g  o f  t h e  b l o c k s .  

I n  o r d e r  t o  a v o i d  t o o  s e v e r e  a d i r e c t  r a d i a t i o n  of  t h e  rsnls- 

t a n c e s  a g a i n s t  t h e  w a l l s  of t h e  b l o c k s ,  i n  t h e  c o u r s e  o f  t h e  t e s t s  

a p e r f o r a t e d  metal s h e a t h  i s  i n t r o d u c e d  i n t o  t h e  space  between t h e  

e l e c t r i c  e l e m e n t s  and t h e  b l o c k s .  T h i s  s h e a t h  i s  composed o f  two 

p a r a l l e l  s u r f a c e s  c o n s i s t i n g  o f  s h e e t  m e t a l  p l a t e s  p r o t e c t e d  w i t h  

a s b e s t o s  and s t s g g e r e d  i n  such a way a s  t o  e n s u r e  a s u i t a b l e  mixing 

of t h e  a i r  and an  even d i s t r i b u t i o n  o f  t e m p e r a t u r e s  w i t h i n  t h e  space  

e n c l o s e d  by t h e  b l o c k s .  

T h i s  s h e a t h  i s  p a r a l l e l  t o  t h a t  o f  t h e  b l o c k s  and t h e  space  be- 

tween t h e  p l o n e s  d e f i n i n y  t h e  o u t s i d e  e n v e l o p e  o f  t h e  s h e a t h  and t h e  

w a l l  of t h e  b l o c k s  i s  ap;3roximately 1 . 5  cm. A f t e r  t h e  b l o c k s  and  

s h e a t h  have  been set u p  t h e  u p p e r  h o r i z o n t a l  edge  o f  t h e  l a s t  t i l e  i s  

surmounted by a metal p l a t e  i n s u l a t e d  w i t h  a s S e s t o s  which t h u s  c l o s e s  

o f f  t h e  whole volume. 

Two of t h e s e  a p p a r a t u s e s  were b u i l t ,  one f o r  t e s t i n g  b l o c k s  o f  

1 4  x 20 crn c r o s s - s e c t i o n  and t h e  o t h e r  f o r  b l o c k s  of 20 x  20 cm c r o s s -  

s e c t i o n .  The t o t a l  e l e c t r i c a l  consumpt ions  o f  t h e s e  a p p a r a t u s e s  a r e  

6 and 1 2  kw/h, r e s p 5 c t i v e l y .  

Maintenance o f  t h e  d e s i r e d  t e m p e r a t u r e  i n c r e a ~ e  c u r v e ,  r e g u l a t e d  

a c c o r d i n s  t o  t h e  r e ~ d i n g s  y iven  by a n  i r o n - c o n s t a n t a n  thermocouple  

connec ted  t o  n recordin?;  g ~ l v a n o m - t e r ,  i s  a t  p r e s e n t  a c h i e v e d  by c u t -  

t i n g  o f f  t h e  f e e d  c u r r e n t  a t  a n  o r d i n a r y  s w i t c h .  It i s  o b v i o u s ,  how- 

e v e r ,  t h a t  t h i s  a r r a n ~ ~ r n e n t  , which requ l  r e s  t h e  c o n s t a n t  preser1c.e o f  

a n  operatox* a t  t h e  a p p s x r a t u s ,  c o u l d  be r e p l i c e d  by an au t ,omat ic  con- 

t r o l  d e v i c e .  
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A n a l y s i s  o f  u t i l  i z a t i o n  p r o c e d u r e s  

The magnitude o f  thf s t r e s s e s  developed a t  any g i v e n  t i m e  i n  

a g i v e n  b l o c k  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t e m p e r s t u r e  d i f f e r e n c e s  

e x i s t i n g  a t  t h i s  t i m e  a t  v a r i o u s  p o i n t s  i n  t h e  b l o c k .  

The b e h s v i o u r  of t h e  c o n c r e t e  w i t h  r e s p e c t  t o  t h e s e  s t r e s s e s  i s  

i t s e l f  l i n k e d  t o  t h e  a b s o l u t e  v a l u e  o f  t h e s e  t e m p e r a t u r e s ,  which t o  

a c e r t a i n  e x t e n t  d e t e r m i n e  t h e  mechan ica l  p r o p e r t i e s .  

The t e s t  c o n d i t i o n s  are t h u s  d e f i n e d  b o t h  by t h e  v a l u e  o f  a 

mean t es t  t e m p e r a t u r e  and by t h e  rate of h e a t i n g ,  which d e t e r m i n e s  

t h e  above-ment ioned  d i f f e r e n c e s .  

P r e l  iminary  t es t s  

A f e w  p r e l i m i n a r y  t e s t s  were c a r r i e d  o u t  st t h e  o u t s e t  i n  o r d e r  

t o  gauge t h e  p o s s i b i l i t i e s  of t h e  a p p s r z t u s  and t o  d e t e r m i n e  e x a c t l y  

t h e  t e m p e r a t u r e  g r a d i e n t s  e s t a b l i s h e d  i n  t h e  c o u r s e  o f  o p e r a t i o n  wi th-  

i n  t he  t es t  s p a c e  e n c l o s e d  by t h e  b l o c k s .  

These t es t s  shooied t h a t  t h e  t e m p e r a t u r e s  p r e v a i l i n g  a t  a g i v e n  

t ime a t  cor respond in ,g  p o i n t s  on esch  f a n  a t  t h e  szme h o r i z o n t s l  sec-  

t i o n  remained s e n s i b l y  t h e  same, w i t h i n  a few de;,rees, i n  t h e  immedi- 

a t e  v i c i n i t y  of  t h e  walls. 

I n  t h e  v e r t i c a l  d i r e c t i o n ,  h o v ~ e v e r ,  t h e  t e m p e r a t u r e s  d e c r e a s e d  

a t  a c o n s t a n t  r a t e  from t o p  t o  bot tom o f  t h e  t h r e e  assembled  b l o c k s ,  

t h e  rnesn t e m p e r a t u r e  d i f f e r e n c e  b e i n g  a b o u t  60°c (108OF) f o r  t h e  end 

b l o c k s .  

However, o v e r  t h e  h e i g h t  o f  t h e  median b l o c k  t h i s  d i f f e r e n c e  

does  n o t  exceed  10°C (18OF), which ,  f o r  t h e  c o n t e m p l a t e d  working t e m -  

p e r a t u r e s  o f  t h e  o r d e r  of s e v e r a l  hundreds  of  d e g r e e s ,  i s  s t i l l  q u i t e  

a d m i s s i b l e .  

Thus t h e  t e s t  appeared  s u f f i c i e n t l y  w e l l  d e f i n e d ,  provided one 

t a k e s  t h e  p r e c a u t i o n  of  c h e c k i n 3  t h e  t e s t  t e m p e r z t u r e s  a t  a p o i n t  

s i t u s t e d  a t  t h e  l e v e l  o f  t h e  median s e c t i o n  o f  t h e  s e ~ o n d  b l o c k .  

T h i s  b l o c k  t h u s  forms t h e  o b J e c t  o f  t h e  t e m p e r a t u r e  c h e c k ,  p r o p e r l y  

s p e a k i n g ,  t h e  o t h e r  two merely p l r ly ing  t h e  p a r t  of a g u a r d  r i n g .  

However, t h e  v e r t i c z l  t e m p e r a t u r e  g r a d i e n t  remains  s u b s t a n t l ~ l l y  



t h e  same, and a s tudy of t h e  r e l a t i v e  behaviour  of t h e  t h r e e  b locks  

can if necessary  prov ide  a d d i t i o n a l  Informat ion on t h e  q u a l i t y  l e v e l  

of  t h e  t e s t  specimens. 

Choice of t e s t  t empera tures  

The r e s u l t s  of  soae f i e l d  t es t s  which we under took,  r e i n f o r c e d  

by informat ion ob ta ined  from t h e  e x i s t i n g  l i t e r a t u r e ,  seem t o  ind i -  

c a t e  t h a t  a temperature  of  3 2 0 ' ~  (608OF) ( i n t e r n a l  w a l l  s u r f a c e  t e m -  

p r a t u r e )  would reproduce f a i r l y  we l l  t h e  average c o n d i t i o n s  p r e v a i l -  

i ng  i n  r e s i d e n t i a l  chimneys under  normal s e r v i c e  cond i t i ons .  

Temperature measurements made i n  t h e  course  of t e s t s  accord ing  

t o  t h e  approva l  procedures  show t h a t  t h i s  t empera ture  o f  320°C (608OF) 

i s  approximately  t h a t  observed on t h e  i n t e r n a l  w a l l s  of  chimneys 

b u i l t  of  b locks  w i t h  t h e  contemporary c h a r a c t e r i s t i c s ,  dur ing  t h e  

500°C (932OF) t e s t ,  a t  approximately 1.50 m ( 5  f t )  from t h e  base .  

Apparatus f o r  thermal t e s t  on i n d i v i d u a l  b locks .  
Apparatus  s e t  up  f o r  o p e r a t i o n  



'I'he c r i t e r i o n  by which t h e  thermal  t s s t  f o r  approva l  purposes 

i s  judged i s  p r e c i s e l y  t h e  a@pe:arance p re sen ted  by t h e  u n i t s  of  t h e  

chimney beyond t h i s  h e i g h t  of 1 .50  m ( 5  f t )  . In  t h e  absence of  

s e r i o u s  i n d i c a t i o n s  t o  t h e  c o n t r a r y  we dec ided  t o  r e t a i n  t h i s  w a l l  

t empera ture  of  3 2 0 ~ ~  (608OF) i n  a t t e m p t i n g  t o  d e f i n e  t h e  procedures  

f o r  t h e  u t i l i z a t i o n  of o u r  s i m p l i f i e d  a p p a r a t u s .  T h i s  has  t h e  ad- 

vantage of p e r m i t t i n g  a more d i r e c t  comparison of  t h e  two t e s t s .  

However, t h e  I n t e r n a l  w a l l  s u r f a c e  tempera ture  of  a chimney 

u n i t  f o r  a given number of h e a t  i n p u t  deoends on t h e  a c t u a l  o r  w a l l  

thermal  c o n d u c t i v i t y  t o  h e a t  flow of t h i s  u n i t  as w e l l  as t h e  condi- 

t i o n s  o f  thermal  exchange wi th  t h e  e x t e r n a l  ?nd e s p e c i a l l y  t he  in- 

t e r n a l  environment s. 

S a s i n g  t h e  t e s t  on a c o n s t a n t  w a l l  s u r f a c e  tempera ture  of  t h e  

b lock  would have been tantamount t o  s u b j e c t i n g  t h e  t e s t e d  p roduc t s  

t o  l1 d i f f e r e n t  h e a t  loads"  , and would have favoured c e r t a i n  p roduc t s  

over  o t h e r s .  

We have t h u s  de f ined  t h e  tempera ture  t h a t  it w a s  neces sa ry  t o  

ma in t a in  i n  t h e  a i r  of t h e  t e s t  chamber i n  o r d e r  t o  o b t a i n  t h e  de- 

s i r e d  w a l l  s u r f a c e  tempera ture  from r e s u l t s  ob t a ined  on 5 cm s o l i d  

w a l l  b l o c k s ,  which were cons idered  t o  have averaTe thermal  i n s u l a t i o n  

p r o p e r t i e s .  T h i s  a i r  tempera ture  w a s  i t s e l f  deyined a t  a  s u r f i c i e n t  

d i s t a n c e  from t h e  s u r f a c e  of  t h e  b locks  so a s  no t  t o  be  i n f luenced  

by them. 

Choice of t h e  manner of ra is innz t h e  tempera ture  

If we d i s r e g a r d  t h e  s t r e s s e s  due t o  m i g r a t i o n s  of  moisture i n  t h e  

c o n c r e t e  and t o  t h e  corresponding s u p p l e m e n t ~ r y  s h r i n k a g e s ,  t h e  h o r i -  

z o n t a l  s t r e s s e s  developed i n  t h e  c o n c r e t e  w a l l s  a t  any cglven t i n e  

a r e  a  r e f l e c t i o n  of t h e  tempera ture  g r a d i e n t s  e x i s t i n g  a t  t h i s  mo- 

ment i n  t he  succes s ive  c o a x i a l  s e c t i o n s  of  t h e s e  walls. 

Before t h e  h e s t i n g  a p p a r a t u s  i s  t u rned  o n ,  a l l  t h e s e  wall sec- 

t i o n s  a r e  a t  room temperature .  When h e a t i n s  b e g i n s  t h e  t ,empersture 

of t h e  i n t e r n a l  s e c t i o n s  rises r a p i d l y ,  w h i l e  t h a t  o f  t h e  out-er  ones  

i n c r e a s e s  more g r a d u a l l y .  The tempera tures  throuzhout  t h e  walls t h u s  

evolve  p r o g r e s s i v e l y  u n t i l  s s t eady  s t a t e  i s  reached.  



When t h e  h e a t  source  i s  t u r n e d  on t h e  h o t  i n t e r n a l  s e c t l o n s  ex- 
pand and f i n d  themselves  i n  a s t a t e  of  compression from t h e  c o l d e r  

e x t e r n a l  s e c t i o n s ,  which e x e r t  a r e s t r a i n i n g  e f f e c t  on them. These 

e x t e r n a l  s e c t i o n s ,  on t h e  o t h e r  hand,  sborq h o r i z o n t a l  t e n s i l e  s t r e s -  

s e s  of  an  equa l  r e s u l t a n t  va lue .  

The a b s o l u t e  va lue  of t h e s g  s t r e s s e s ,  of  cou r se ,  does n o t  remain 

cons t sn t  , b u t  evo lves  cont inuous ly  u n t i l  t h e  s teady  s t a t e  i s  e s t a b -  

l i s h e d .  

A t h e o r e t i c a l  s u t d y  of COSTIC, publ i shed  under t h e  s i g n s t u r e  of 

M .  T i r e 1  i n  t h e  i s s u e  o f  June  1957 of " I n d u s t r i e s  Therniiques" con- 

c l u d e s  t h a t  i n  t h e  i d e a l  case  of  a m a t e r i a l  assumed t o  be unshrink- 

a b l e ,  t h e  maximum compressive s t r e s s e s  developed i n  t h e  w a l l s  o f  

chimneys a lways o c c u r ,  i n  t h e  s teady  s t a t e ,  i n  t h e  immediate v i c i n i t y  

of t h e  i n t e r n a l  w a l l s  an?  t h e  maximum t e n s i l e  s t r e s s e s  i n  t h e  immedi- 

a t e  v i c i n i t y  of t h e  e x t e r n a l  w a l l s .  T h i s  would ho ld  r e g a r d l e s s  of  

whether t h e  chimney was f r e e  t o  expand o r  w a s  r e s t r s i n e d  i n  some way. 

A t h e o r e t i c a l ,  g r a p h i c a l  r e p r e s e n t a t i o n  of t h e  s t r e s s e s  i n  t h e  

w a l l s  f s  shown i n  t ' ig .  7 ,  t aken  from the  c i t e d  paper.  

The same s tudy  f u r t h e r  conc ludes  t h a t  t h e  m3ximum compressive 

s t r e s s ,  i n  a b s o l u t e  v31u17, occu r s  a t  t h e  t ime when t h e  g a s  tempera- 

t u r e  i n  t h e  f l u e  r eaches  i t s  maximum, whereas t h e  maximum t e n s i l e  

s t r e s s  i s  reached on ly  when t h e  t empera tu re s  a t  sll p o i n t s  i n  t h e  

w a l l  have become s t a b i l i z e d .  

When t e s t i n g  pozzolann c o n c r e t e  S locks  wi th  5 cm s o l i d  walls 

we recorded  t h e  t smpera ture  v a r i a t l . o n s  a t  s i x  p o i n t s  through t h e  

t h i c k n e s s  of one of  t h e  walls. The r e s u l t s  ob t a ined  a r e  g iven  by 

t h e  curves  of F i g .  8. 

The similar shape of t h e  t ime-temperature  curves  seems t o  con- 

f i rm  we l l  t h e  a120ve conc lus ions ,  s l nce  t h s  t e a p e r a t u r e  v a r i a t i o n s  

and t h e  s t r e s s e s  vary i n  t h e  seme sense .  Moreover, t b  ' - g e n e r a l  

course  shows t h a t  t h e  t ime  r e q u i r e d  t o  a t t a i n  an e f f e c t i v e  s t a b l e  

regime f s  very long .  

On t h e  b a s i s  of t h i s  in format ion  we s y s t e m a t i c a l l y  t e s t e d  some 

b l o c k s  of t h e  same o r i g i n  o r  corn2osition and under  d i f f e r e n t  h e a t  

i n p u t ,  i n c l u d i n g :  (1) a s l o ~ ~  tempera ture  i n c r e a s e  up t o  4 0 0 ' ~  



(752OF) by 50°c (122OF) s t n g e s  each mainta ined f o r  3bout 10  minutes ,  

fo l lowed by h e a t i n g  f o r  one hour  a t  400°c (75z°F) ;  ( 2 )  a more r a p i d  

tempera ture  i n c r e a s e  up t o  3 0 0 ' ~  (57Z°F) in  1 0  minutes follorvsd by 

a r i s e  from 300°C (572OF) t o  4 0 0 ~ ~  (752OF) i n  5 minutes  and then 

ma in t a in ing  t h e  tempera ture  a t  t h i s  l a t t e r  va lue  f o r  one hour ;  

( 3 )  i n c r e a s i n g  t h e  tempera ture  as r a p i d l y  as p o s s i b l e  up t o  4 0 0 ~ ~  

(75Z°F) and main ta in ing  t h e  t emper s tu re  a t  t h i s  va lue  f o r  5 hours .  

The r e s u l t s  of  t h e s e  t e s t s  a r e  g iven  i n  Table  V .  

The r a t e s  observed ,  which were d e l i b e r a t e l y  r e s t r i c t e d  wi th  a 

view t o  t h e  l a t e r  p r a c t i c a l  use  of t h e  a p p a r a t u s ,  were n o t  s u f f i c i e n t  

t o  b r i n g  ou t  s u b s t a n t , i a l  d i f f e r e n c e s  from one manner o f  h e a t i n g  t o  

ano the r .  The r ap id  " thermal  ~boclcs" a c t u a l l y  i n f l u e n c e ,  f o r  a l l  

p r s c t  i c a l  purposes ,  only  t h e  compression s t r e s s e s  developing n e a r  

t h e  i n t e r n a l  s u r f a c e s  of  t h e  t e s t e d  u n i t s ,  s t r e s s e s  which t h e  con- 

c r e t e  w i t h s t s n d s  f q i r l y  we l l .  S u b s t s n t i a l  d i f f e r e n c e s  i n  t h e  v a l u e s  

of t h e  t e n s i l e  s t r e s s e s  l o c a l i z e d  i n  t h e  zones  o.f t h e  walls which 

a r e  t h e  las t  t o  b e  hea ted  could s c a r c e l y  b e  ob ta ined  excep t  In t e s t s  

o f  l o n g e r  d u r a t i o n .  

F i n a l l y ,  we p r e f e r  t o  adopt  t h e  l a s t  o f  t h e  above h e a t i n g  r a t e s ,  

which i s  a l s o  t h e  one enab l ing  u s  t o  o b t a i n  i n  the  s h o r t e s t  time t h e  

e x t e r n a l  t empera tures  of t h e  w a l l s  which, o t h e r  t h i n g s  b e i n g  ecun l  , 
a r e  c l o s e s t  t o  t h e  o p e r a t i n g  tempera ture .  

The t e s t  procedure  a l s o  has  t h e  advantage o f  reproduc ing  on t h e  

i n t e r n a l  s u r f a c e s  of t h e  b l o c k s ,  f o r  a c o n t r o l  t empera ture  of t h e  

a p p a r a t u s  of 475OC (888'F), t empera ture  c o n d i t i o n s  c l o s e  t o  t h o s e  

determined i n  t h e  course  o f  t h e  f i e l d  t e s t s  on chimneys, t h s  r e s u l t s  

of which have been given e lsewhere  ( F i g .  9 ) .  

Procedures  adopted  

As a r e s u l t  of t h e  above 1 n s i d e r 3 t i o n s  and t h e  p re l imina ry  

t e s t s  we adopted t h e  folloirring procedures  f o r  c u r  s e r i e s :  

P o s i t  ion of t e m ~ e r a t u r e  clieclr go= 

P o i n t s  s i t u a t e d  i n  t h e  median s e c t i o n  of t h e  2nd b lock  i n  t h e  

p lane  of t h e  i n t e r n a l  a n n u l a r  p ro t ec t in ,g  s l e e v e ,  between a shee t  

metal  u n i t  and i t s  a s b e s t o s  p r o t e c t o r .  



Maximum t e s t  te1ni3er:ature 

475OC (898OF) a t  t h e  nhove-nent ioned check p o i n t ;  t h i s  tem- 

p e r a t u r e  c o r r e s p o n d s ,  Tor zt b l o c k  o f  a v e r a y e  p r o p e r t i e s  n o t  l n s u l e  t e d  

e x t e r n a l l y ,  t o  .In i n t e r n a l  w a l l  s u r f a c e  t e m p e r a t u r e  o f  apl)roxlm:l tely 

320°C (608~1;" ) ,  9 f t e r  4 t o  5  h 7 u r s  o p e r a t i o n .  

Curve of t ~ p s r a t u r e  rise- 

I n  o u r  t e s t s  we t r y  t o  r e z c h  t h i s  tempera . ture  o f  475OC (888OF) 

i n  as s h o r t  t ime as p o s s i b l e ,  1 .2 .  i n  a b o u t  1 0  minu tes .  The t e m -  

p e r a t u r e  i s  t h e n  k e p t  c o n s t a n t  f o r  a.t l e a s t  4 h o u r s .  

F i r s t  d 3 t a  o b t a i n e q w i t h  t h e  a p p a r 3 t u s  

S l o c k s  of d i f f e r e n t  t y p e s ,  some o f  o u r  manufac tu re  an? scne 

p r o d u c t s  b e i n g  examined f o r  a p p r o v a l ,  were s u b j e c t e d  s l d e  by s i d e  

t o  a t h e r m a l  t e s t  w i t h  t h e  a i d  o f  t h e  Clue gas g e n e r a t o r  a.nd w i t h  

t h e  a i d  o f  t h e  a b o v e - d e s c r i b e d ,  s i m p l i f i e d  a p p a r a t u s .  The r e s u l t s  

of  t h e s e  t e s t s  a r e  summarized i n  T a b l e  V.  

On t h e  whole ,  whsn s l i ~ h t  d i f f e r e n c e s  o b s e r v e d  i n  t h e  curve  o f  

t e m p e r a t u r e  i n c r e a s e  a r e  t2ken i n t o  a c c o u n t ,  t h e  b e h a v i o u r  o f  similar 

b l o c k s  i n  t h e  two t e s t s  Is  q u i t e  compar2ble.  

F u r t h e r m o r e ,  c e r t a i n  informrzt ion which c o u l d  n o t  b e  d e t e r a i n e d  

w i t h  c e r t a i n t y  from t h e  s e n e r a t o r  t e s t  b e c a u s e  o f  t h e  p r e s e n c e  o f  t h e  

e x t e r i o r  pig-ster c o a t i n g  on t h e  b l o c k s  o r  b e c a u s e  of t h e  t i m e  r e g u i r -  

e d  f o r  d i s m s n t l i n g ,  cou ld  be  v e r i f i e d  by t h e  c l e c t r l c a l  h e a t e r  t e s t ,  

especially w i t h  r e s p e c t  t o  t h e  c o n d i t i o n s  u n d e r  which c r a c k s  a p p e s r  

and e v o l v e  i n  t h e  c o u r s e  of  t h e  t e s t ,  and ~ , t l i th  r e s p e c t  t o  t h e  i n f l u -  

e n c e  o f  t h e  b l o c k  shape .  

C o n d i t i o n s  u n d e r  which c r a c k s  appear - 

E x t e r n a l  c r a c k s  due t o  t e n s i l e  stresses a lways  a p p e a r ,  o f  c o u r s e ,  

d u r i n g  t h e  hentin(;  u p  p e r i o d .  G e n e r a l l y  t h e y  do n o t  i n v o l v e  t h e  

whole t h i c k n e s s  o f  t h e  b l o c k ,  b u t  a r e  of v q r i n b l e  d e p t h  from a few 

m i l l i r n e t r e s  t o  1 o r  2 cm. These  a . re  t h e  c r a c k s  ~trhich c l o s e  i n  t h e  

c o u r s e  o f  c o o l i n g  u n t i l ,  i n  t h e  c o o l e d  b l o c k ,  t h e y  are s c a r c e l y  d i s -  

c e r n i b l e .  



I n  c e r t 2 i n  r . ? the r  rare c n s e s  t h e  c r a c k ,  a c ~ p i l l a r y  one a t  

t h e  beginnin .? ,  p r o p a > ~ a t e s  i n  the c o u r s e  of  t h e  tes t  u n t i l  it i n v o l v e s  

t h e  rlrhole t h i c k n e s s  of t h e  v ~ a l l .  Ln t h l s  c a s e  it t h e n  c l o s e s  on ly  

p a r t i . 9 1 1 ~  i n  t h e  c o u r s e  o f  c o o l i n g .  

T e s t s  have been c s r r i e d  o u t  on c e r t a . i n  s p e c i a l  b loc l t s  1 ~ ~ 1 t h  a 

view t o  d i s c o v e r i n g  whether  as a r e s u l t  of s u c c e s s i v e  he r . t inz  and 

c o o l i n g  c y c l e s  t h e  c a p i l l a r y  c r a c k s  no t ed  d u r i n g  t h e  f i r s t  pried 

do n o t  become a g ~ r a v a t e d  t o  a s l g n i f i c ? , n t  d e g r e e .  

!Je have n o t  d i s cove red  any g r e a t  d i f f e r e n c e s  a f t e r  t h e s e  c y c l e s  

e l t h e r  i n  t h e  number o r  t h e  s i z e  of t h e s e  e x t e r n a l  c r a c k s ,  n o r ,  a.s 

f a r  as we could  Judge ,  d i d  t h e y  p r o g r e s s  v i s i b l y  w i t h i n  t h e  mass o f  

t h e  walls from one t e s t  t o  t h e  n e x t .  

I n t e r n s 1  c r a c k s  --- 
We were s u c c e s s f u l  i n  e s t a b l i s h i n g  t h a t  t h e  i n t e r n n l  c r a c k s  

f r e q u e n t l y  found  a f t e r  f l u e  ::as g e n e r a t o r  t e s t s  i n  t h e  c?.isassembled 

b l o c k s  a11 appeared  d u r i n g  t h e  c o o l i n g  phase .  

Under t h e  e f f e c t  of t h e  r i s i n g  t 2mpe ra tu r e  t h e  c o n c r e t e  under-  

goes  an  expansion t h a t  i s  p 9 r t i a l l y  co~npensa ted  by ,an accompanylng 

s h r i n k a g e  due t o  d r y i n g ;  one of t h e  e f f e c t s  o f  t h e  h i g h  t e m p e r a t u r e ,  

moreover ,  i s  a s u b s t a n t i a l  a l t e r a t i o n  of t h e  mechanical  c h a r a c t e r l s -  

t i c s  of  t h e  c c ~ n c r e t e s ,  p a r t i c u l n r l y  t h e i r  t e n s i l e  s t r e n g t h .  

These s h r i n k s g e s  and l o s s e s  o f  s t r e n g t h  a r e  a t  l e a s t  i n  pfirt  

i r r e v e r s i b l e  phenomena and t h e i r  combined a c t i o n ,  agg rqva t ed  s t i l l  

f u r t h e r  by t h e  t he rma l  shock r?ue t o  c o o l i n 2  suppo r t ed  by t h e  i n t e m : x l  

zonzs  of t h e  w a l l s  b rough t  sudden ly  from a n  environment of 3 ' 3 0 ~ ~  

(572°F)  t o  one of a few t e n s  of def;rees o n l y ,  i s  enough t o  e x p l a i n  

t h e  appea rance  of  t h e s e  c r a c k s .  

The h e a t i n g  and c o o l i n g  c y c l e s  a p p l i e d  t o  c e r t a i n  b l o c k s  h sve  

shown t h a t  u n l i k e  t h e  damage on t h e  e x t ~ r n a l  s u r f a c e s ,  t h e  i n t e r n a l  

c r a c k i n g  i s  more o r  l e s s  a g z r a v a t e d  from one t e s t  t o  t h e  n e x t .  

E f f e c t  of t h e  b l o c k  s h s ~ e  on t h e  development of c r a c k s  -- -- - 
The r e s u l t s  obtFi1ned w i t h  t h s  above-desc r ibed  s i rnp l i f  l e d  appara -  

t u s ,  which a r e  p a r - d l l e l ,  as thle have  s a i d ,  t o  t h o s e  o b t a l n e d  from f l u e  



g a s  s e n e r a t o r  t e s t s ,  r ,~r i f j . rm !;hat t h e  sh,?.pe of" t h e  b l o c k  o r  t h e  

d e s i g n  of  t h e i r  walls, o t h e r  t h i n g s  bein;; e q u a l ,  p 1 9 . y ~  an important 

p n r t  i n  t h e  S e h a v i o u r  of  t h e  p r o d u c t s  m!ith r e s p e c t  t o  h e a t .  

S o l  i d  w a l l b l o c k s  

The t e s t  c o n f i r m s  t h z t  as a gener3 . l  r u l e  t h e  t h i c k c r  t h e  w a l l ,  

t h e  g r e a t e r  t h e  r i s k  o f  c r a c k i n g .  I t  shou ld  b e  n o t e d ,  however ,  t h a t  

t h i s  r e s u l t  o b t a i n e d  from b l o c k s  of w a l l  t h i c k n e s s e s  between 2 . 5  a n d  

5 cm would n o t  p e r h a p s  be  o b t a i n e d  w i t h  walls t h 3 t  were much t h i c k e r  

and  t h e  e x t e r n a l  zones  o f  w h i c h ,  b e i n g  l i t t l e  a f f e c t e d  Sy t h e  h e a t ,  

cou ld  r e t a i n  t h e i r  p r o p e r t i e s  s u f f i c i e n t l y  i n  o r d e r  t o  e x e r t  a n  e f -  

f e c t i v e  hooping i n f l u e n c e  w i  t h o u t  damage. 

The o b s e r v a t i o n s  made f u r t h e r  show t h a t  t h e  c r a c k s  a r e  approx l -  

ma te ly  v e r t i c a l  -and o c c u r  most o f t e n  7 t  t h e  c e n t r e s  o f  two o p p o s i t e  

b l o c k  s u r f a c e s .  

S p e c i 9 l  c z r s  of ci7imne.y blq-cks f o r  d u a l  f l i l e s  

The t e s t  b e h x v i o u r  o f  t h e s e  p a r t i c u l a r  u n i t s  i s  s u b s t m t i a l l y  

t h e  same a s  t h a t  o f  t h e  s o l i d  wall u n i t s  f o r  i n d i v i d u a l  chimneys.  

Horh~ever, i n  o u r  t e s t s ,  h e r e  o n l y  one  o f  t h e  chimneys i s  b r o u , ~ h t  t o  

t h e  t e s t  t e i n p e r a t u r e ,  and t h i s  p roduces  a n  uneven d l s t r i ' t > u t i o n  o f  

t h e  s t r e s s e s  and d i s p l z c e s  t h e  c r a c k s  !nost f r e q u z n t l y  o b s e r v e d  i n  

t h e  d i r e c t i o n  of t h e  p : i r t i t I an  seprxra t inz  t h e  two chimneys.  

C e l l  w a l l  b l o c k s  

The b l o c k s  t h a t  we t e s t e d  c o n s i s t e d  of t ; ~ ? o  c o n c r e t e  walls 2 t o  

3 cm t h i c k  J o i n e d  t o j e t h e r  by  t r s n s v 3 r s e  p p l r t i t i o n s  %t t h e  a x i s  of  

t h e  f a c e s ,  t h u s  e n c l o s i n g  f o u r  c e l l s  1 . 5  t o  2 cm i n  t h i c k n e s s .  

The c r a c k s  o b s e r v e d  i n v o l v n d  t h e  i n t e r n a l  f a c e  o f  t h e  i n s i d e  

w a l l  and s o l e t i n e s  t h e  who113 t h i c k n e s s  o f  t h i s  l::all, b u t  n e v e r  t h e  

o u t s i d e  w a l l .  HorA!ever, t h e s e  c r s c k s  !.!ere v e r y  f r e q u e n t  on t h e  in-  

t e  r n a l  ~3.11. 

T h i s  i s  due no doubt  t c  +;he a d . l i t i o n a 1  therrn~al  i n s u l a t i o n  pro- 

duced i n  t h e  wills by t h e  p r e s e n c e  of t h e  a i r  grl.ps. d e c s u s e  of t h e s e  

g x p s  t h e  i n t e r n a l  s u r h c e ,  f o r  t h e  g i v e n  t e s t  c o n d i t i o ~ s ,  Is r ~ i s e d  



Some t y p e s  of blocks  submit ted f o r  t e s t i n g  

S ing le  b lock  w i t h  S ing le  block w i t h  S ing le  block with  
5 cm s o l i d  ~211s  3 cm s o l i d  w a l l s  c e l l  walls 

S i n g l e  b lock  with  2 Compartmented Compartmented double 
Independent envelopes  double chimney b lock  wi th  c e l l  w a l l s  

b lock wi th  3 cm 
s o l i d  w a l l s  

Example of t h e  type  of 
r u p t u r e  occu r r ing  i n  a 
s i n g l e  block with  c e l l  

w a l l s  



s u b s t : x n t i a l l y  , w h i l e  t h e  inesn t;e;npciBnl;ure o f  t h e  oul; r;:Ldc T:~.:3.17.s i s  

lowered.  Furthermore , e,?ch of  hilesc r n l r t l - L  8 i s  : : : .~hJected  t o  kemp~ra- 

t u r e  d l f  f e r e n c e s  lower  than  t,'rlose r,,lhich would o c c u r  un'rlcr t h e  sqrne 

cond i  t l o n s  i n  comternpora.ry s o l i d  b l o c k s .  

Thus ,  t h e  frenlaency o f  i n t e r n : + l  c r a c k s  round appee:irs t,r, be due 

mainly  t o  s h r i n l c a , ~ e s  o f  t h e  c o n c r e t , e  of t h e  i n t e r n a l  z o n e s ,  a!l;grqva- 

t e d  by h i g h e r  wall t,ernperai;nres f o Y  r: g i v e n  the rmal  l o a d .  

F i n s l l y ,  t h e s e  c r a c k s  :illnost alvi:2ys a.p,pezr i n  t h e  v i c i n i t y  of  

t h e  t r z n s v e r s e  j o i n i n g  p - t r t ; i t i o n s ,  p o i n t s  which o b v i o u s l y  constitute 

zones  of maximum s t r e s s  conce i? t ra t  1o.n. 

S p e c i a l  c ~ s e  of  chimney 'oL(3cks f o r  dusl- 

C e l l w a l l  b l o c k s  f o r  d u a l  f l u e s  b u i l t  on t h e  same p r i n c i p l e  as 

t h e  above b l o c k s  a r e  a l s o  v e r y  f r e q u e n t l y  s u b j e c t  t o  c r ~ c k i n l ?  In  t h e  

i n t e r n a l  w a l l s .  

F u r t h e r m o r e ,  m a n u f a c t u r i n g  c o n s i d e r : ~ . t i o n s  make i t  necess:llry t o  

i n c r e a s e  t h e  nulnbt?r o f  j o i n i n g  p a r t i t i o n s  i n  t h e s e  p a r t  icu1a . r  u n i t s .  

These p x t i t  i o n s  c o n s t i t u t e  s o  many f i x e d  p o i n t s  which p r e v e n t  d e  f o r -  

m s t i o n s  o f  t h e  b l o c k  unrler t h e  e f f e c t  o f  t h e  e x y a n s l o n s  a n d  t h u s  

t r ~ 3 n s m i t  c o n s i d e r a b l e  s t r 3  : i es  l o c ? . l l y  which can  i n  t u r n  f a c i l l t . % t e  

t h e  a p p e a r a n c e  o f  e x t e r n a l  c  r ? c k s .  

It i s  v e r y  d i f  f i c l - ~ l t ,  under- t n e s e  conditions, t o  o b t a i n  b l o c k s  

o f  t h i s  t y p e  t h a t  1 * ~ 1 1 1  behave i n  a c o m ~ l e t e l y  ~ ~ ? ~ t i s f s c t o r y  manner. 

I n  examinin,y th,?  bshrxvlour o-f b l o c k s  o f  t h i s  t y p e  and of t h e  

same com,posi t ion ,  d i f fer in : :  ovlly w i t h  r e s p e c t  t o  t h e  posl.tio11 o f  t h e  

 joini in^ p 3 r t i t i o n s ,  i t  >]:.as 8 . 1 ~ 0  n o t e d  t h a t  t h e  d i s p l a c e ~ n e n t  of  t h e  

p a r t i t l o u s  x e r e l y  r e s u l t e d  i n  t h e  sys ternat , ic  d i s p l a c e m e n t  of  t h e  

c r a c k s .  The same co!nposl t ion  o f  c o n c r e t e  a p p l l e d  t o  t h e  : n a n l ~ f a c t ~ r n ,  

of u n l  t s f o r  i n d i v i d u a l  chimneys,  ho!hl-~rsr, (2;ave co inp le te ly  s :?.tisfrzc- 

t o r y  r e s u l t s  i n  t h e s e  c a s e s .  

P o s s i b l l i t l e s  - - . - - *  o f  a o n l i c n t i o n  ----. f o r  -------------Iu- t h e  a o s 3 s r a t u s  --- 

A t e s t  i s  s i f l ; n i f i c s n t  an1:I l e a d s  t o  3 ~,?...lid c l . ~ s s l t i c ~ t I o ~ ?  I f  

t h e  c o n d i t i o n s  which i t  r e ~ ~ r o i l u c e s  !!istlce t h e  s:?me d.e!?nnds on 311 t h e  

m ? t s r i r ~ ! . s  o r  u n l t s  t o  be cl3.ssiflerJ.  nnc? i f  t h e s e  deina.nt3.s n r e  cornp,lra- 

b l e  t o  t h o s e  o f  2 c t u n l  pr:-r.cl;ice. 



I n  o r d e r  t o  meet t h i s  d e f i n i t i o n  we t r i e d  t o  s e l e c t  the rmal  

l o a d  c o n d i t i o n s  v ~ h i c h  wolfid corresp)onrl. t o  t h e  l o a d s  nctlnrll ly borne  

by b l o c k s  under  a v s r a T e  contemp?ra.ry c o n d i t i o n s  of u t i l i z a t i o n .  

The p r o c e d u r e s  a d o p t e d  d o u b t l e s s  nake treater demands on t h e  b l o c k s  

t h a n  t h o s e  which t h e y  would have t o  meet u n d e r  many p r a c t i c . - t l  circum- 

s t a n c e s .  On t h e  3 t h e r  hand ,  t h e y  a r e  c e r t a i n l y  l e s s  s e v e r e  t h a n  

o t h e r  ~ i o r l c i n g  c o n d i t i o n s  vlhich, a l thou , sh  accidental , a r e  n o n e t h e l e s s  

f r e q u e n t ,  f o r  example i g i t i o n ,  open a s h  p i t  d o o r ,  e t c .  

I n  any c q s e ,  t h e s e  t . h e r m ~ 1  lo?d c o n d i t i o n s  c e r t a i n l y  : w e t  t h e  

o t h e r  r e q u i r e m s n t  o f  t h e  t e s t ,  i . e .  t h a t  o f  b e i n g  e a s i l y  r e p r o d ~ r c i b l e  

from one t e s t  t o  t h e  n e x t .  

However, i n  t h ~  p r e s e n c e  o f  t h e s e  w e l l - d e f i n e d  t h e r m a l  c o n d i t i o n s  

t h e  b c h a v i o u r  of a chimney u n i t  s t i l l  depends on t h e  method o f  a.sse!n- 

b l y  a p p l i e d  t o  i t .  

Ve have  g i v e n  t h e  r e a s o n s  which l e d  u s  t o  d i s r e g a r d ,  a.moni5 t h e  

f a c t o r s  def  i n i n g  t h i s  method of r,ssemt.ly, t h o s e  . a s s o c i a t e d  w i t h  t h e  

p r i n c i p l e  by which t h e  chimney i s  j o i n e d  t o  t h e  s t r u c t u r e .  These  

r e a s o n s  a r e  v a l i d ,  o f  c o u r s e ,  o n l y  f o r  c u r r e n t  p r a c t i c e  u n d e r  which 

c o n c r e t e  b l o c k  chiinneys a r e  l - n s t a l l e d .  Thus n o  c o n c l u s i o n  c o u l d  be  

drawn i ~ ~ i t h o u t  an  a d d i t i o n a . 1  s tudy  c ~ n c e r n i n g  t h e  t e s t i n g  of p r o d u c t s  

d i f f e r i n g  from t h e s e  b l o c k s ,  n o r  indeed t h e  t e s t i n g  of b l o c k s  rhlhich 

were p u t  i n t o  o p e r a t i o n  by methods d i f f e r i n g  from contemporary  t ech-  

n i q u e s .  

Anot.her f a c t o r  c h a r : ? . c t e r i z i n g  t h e  c o n d i t i o n s  of  b l o c k  assembly  

i s  t h e  v 3 l u e  of t h e  th5rrnal i n s u l ? . t i o n  c o n f e r r e d  on t h e  chimney o r  

by walls  f i n i s h e d  w i t h  a l i n i n g .  

T h i s  a d d i t i o n a l  i n s u l ~ t i o n  , as we have s a i d ,  ~ u b s t - ? n t i a l l y  inodi- 

f i e s  t h e  d i s t r i b u t i o n  of  t e m p e r a t u r e s  t h r o u g h o u t  t h e  m a t e r i a l  o f  t h e  

chimney by im_nrovin,g i t s  h o m o ~ c n e i t y  , which i s  a f s v o u r a . b l e  c o n d i t i o n  

from t h e  p o i n t  of view of t h e  t e n s i l e  s t r e s s e s  a t  hl.s;h t e m p e r a t u r e  

and  t h e r e f o r e  from t h e  s t a n d o o i n t  of  e x t e r n a l  cr-aclz'ing, and i n  t h e  

s e n s e  of  h i z h e r  q e n  temper!tur-es v h i c h  j.s ?n u n f s v o u r a b l e  c i r c u ~ n -  

s t s n c e  from t h e  9 o i n t  o f  v i m  of  i n t z r n a . 1  c r a c k i n g .  

4 c t u s . l l y ,  t h e  f a c t  t h a t  we n e g l e c t  t h i s  e x t e r n a l  thernia.1 i n s u l 3 -  

t i o n  i r~hich is  al!~:ays a p p l i e d  i n  p r a c t i c e  makes t h e  t e s t  more s e v e r e  

a n d ,  whl.ch i s  a rriorc se r - ious  c r i t i c i s m  f o r  a. c l a s s i f i c - l t i o r ~  t e s t ,  



may g i v e  some p r o d u c t s  a n  111??2ir a d v r ~ n t a g o .  

l ~ J i t t . 1  a view t o  deterrninino,' e x a c t l y  t h e  soarGce of  t h e  e r r o r  i n t r o -  

c7,uced by t h e  alasence o f  t h i s  i n s u l a t i o n  w e  i n t e n d  t o  c q r r y  o u t  a 

s e r i e s  of  su-pplernentary,  p a r a . l l e 1  t e s t s  on b x r e  S l o c k s  a n ?  b l o c k s  

p r o t e c t e d  by e x t e r n a l  movable s l e e v e s  h a v i n g  therma.1 i n s u l 3 . t i o n  pro- 

pert1.e s e q u i v a l e n t  t o  t h e  c o ~ i t i n g s  a c t u a l l y  ap!lied t o  b l o c k s  i n  

p r a c t i c e .  

The p r e s e n c e  of  t h e s e  s l e e v e s ,  even i f  t h e y  a r e  d e s i g n e d  inde-  

p e n d e n t l y  of t h e  b l o c k s  and are movable,  c a n n o t  h e l p  b u t  make more 

d i f f i c u l t  t h e  o b s e r v ~ ~ t i o n  o f  t h e  prod.ucts  d u r i n g  t h e  t e s t ,  2nd we do 

n o t  t h i n k  t h a t  i t  w i l l  b e  n e c e s s a r y  t o  have r e c o u r s e  t o  it where t h e  

t e s t  I s  a n p l i e d  t o  t h e  checlcing o f  a g i v e n  p r o d u c t i o n  s e r i e s ,  l:!hich 

cam be  r e g a r d e d  i n  p r i n c i p l e  as b e i n g  p u t  i n t o  o 2 e r a t i o n  u n d e r  a lways  

comparable  c o n d i t i o n s .  

F i n a l l y ,  t h e  r e s u l t s  h i t h e r t o  o b t 9 i ~ e d  w i t h  t h e  thernia.1 t e ~ t i n e ;  

apparn . tus  on S l o c k s  have  been f o u n d ,  b r o a d l y  s p e - k i n g ,  and u n d e r  t h e  

c o n d i t i o n s  of u t i l i z a t i o n  a d o p t e g ,  e n t i r e l y  p a r a l l e l  t o  t h o s e  f u r n i s h -  

e d  by t h e  t h e r m a l  t e s t  on chimneys as  de-fl-ned i n  t h e  r u l e s  f o r  approv-  

a l .  

The m a t e r i a l  g o i n s  i n t o  t h e  c o n s t r u c t i c n  o f  t h i s  ?pparz . tus  i s  

s u f f i c i e n t l y  sirnple and s t r o n %  t o  f i n d  a p l a c e  i n  t h e  m a n u f a c t u r i n g  

p l a n t  i t s e l f .  Moreover,  t h e  conduc,t  of t h e  t e s t  i t s e l f  does  n o t  re- 

q u i r e  any s p e c i a l  t e c h n i c a l  s k l l l  o r  knowledge on t h e  p a r t  of t h e  

u s e r  and c3.n even be r e n d e r e d  p r a c t i c a l l y  autornr?.tic w i t h o u t  compli- 

catin,.; i t  undu ly .  F i n a l l y ,  t h e  t e s t  i t s e l f  i s  r a p i d  a.nrl t h e  s m a l l  

q u a n t l t y  o f  p r o d u c t i o n  needed i n  e a c h  o p e r a . t i o n  f a c i l i t a t e s  t h e  

m u l t i p l i c a t i o n  o f  t e s t s  a t  minimum expense .  

F o r  a l l  t h e s e  r e a s o n s ,  t h i s  s i m p l i f i e d  t h e r m a l  t e s t  a l r e a d y  

a p p c s r s  t o  u s  t o  b e  a s u r e  mea.ns of checkin,% which i s  p a r t i c u l z r l y  

a d a p t e d  t o  f a c t o r y  and p l a n t  r e q u i r e m e n t s .  I f  v ~ e l l  u s e d  I t  s h o u l d  

c o n s t i t u t e  zn e f q e c t i v e  supplementary  means f o r  t h e  c z r e f u l  m3nufac- 



t u r c r  t o  v e r i f y  1;he unl . for~nit ;y o f  h i s  p r o d u c t s  n c !  t h e i r  a v e r a g e  

q u a l i t y .  

F ~ r t ~ h e r m o r c ,  t h a n k s  t o  i t s  f l e x i b i l i t y  and ea.se of  o b s e r v a t i o n  

i t  c o u l d  3 1 ~ 0 ,  p o s s i b l y  w i t h  cert: : in m o d i f i c a t i o n s  I n  t h e  t e s t  pro- 

c e d u r e  s such 2s t h e  above-ment ioned  c o n d i t i o n  of i n s u l 3 t  i n g  s l e e v e s ,  

be  used  as a r a p i d  means of  c l s . s s i f y i n g  b l o c k s .  

Research  of a 

S ~ ~ p p l e m e n t a  r y  t e s t s  

The w a l l s  o f  t h e  b l o c k  h s a t e ?  on one f a c e  on ly  w i l l  c r a c k  when 

t h e  s t r e s s e s  a t  a g i v e n  p o i n t  r e s u l t i n s  from t h e  t e m p e r a t u r e s ,  o r  

more e x a c t l y  from t h e  consequen t  de fo rm- i t tons ,  exceed t h e  u l t i m 3 t e  

s t r e n g t h  of  t h s  i m t e r i a l .  

The danger  of c r a c k i n g  t h u s  depends ,  f o r  g i v e n  t e s t  c o n d i t i o n s ,  

bo th  on t h e  mechan ica l  p r o p e r t i e s  of  t h e  m q t e r i a l  and on t h o s e  c h s r a c -  

t e r i s t i c s  of  i t  which d e t e r m i n e  t h e  mr\r,nitude of  t h e  s t r e s s e s ;  ob- 

v i o u s l y  t h i s  r i s k  d e c r e a s e s  w i t h  an i n c r e a s e  o f  t h e  f o r m e r  and a de- 

c r e a s e  of  t h e  l a t t e r .  

The m a n u f a c t u r e r  of  c o n c r e t e  p r o d u c t s  w i s h i n g  t o  g o  i n t o  t h e  

manufac tu re  o f  chimney b l o c k s  must c e r t a i n l y  make a c h o i c e  anlong t h e  

m s t e r i a l s  a.nd t e c h n i q u e s  a v a i l a ? > l e  whlch w i l l  b e s t  meet t h e s e  re -  

qu i rement  s , b u t  f o r  t h a t  h e  must of  c o u r  sb, p o s s e s s  a d e q u a t e  k n o w l e d , ~ e .  

P a r t l . c u l ? r l y  i n  t h e  c a s e  of  c o n c r e t e s ,  t h i s  kno~f i~ledge  i s  s t i l l  

v e r y  i n c o m p l e t e .  

We know, f o r  example,  t h a t  h e a t  cs .uses t h ~  e x p u l s i o n  of  combined 

m o i s t u r e  and t h u s  i n f l u e n c e s  t h e  mechanica.1 s t r e n , z t h  v a l u e s  o f  t h e  

c o n c r e t e s ,  and  t h i s  l e a d s  t o  supp1ernenta . r~  s h r i n k a g e s  which i n  t u r n  

produce  s t r e s s e s ,  b u t  t h e  p r e c i s e  b e h a ~ r l o u r  of  v a r i o u s  b i n d e r s  i n  

c o n n e c t i o n  wi th  th l .  s phenomenon o r  t h e  ? i f f  e r e n c e s  i n  s t r e n g t h  t h s t  

m3y r e s u l t  from i t  a r e  n o t  knorr,ln. 

On t h e  o t h e r  h a n d ,  c e r t a . i n  i . a t r i n s i c  p r o p e r t i e s  which p l a y  5 

d e c i s i v e  r o l e  i n  t h e  d e v e l o p n e n t  of t h e  s t r e s s e s ,  f o r  example t h e  co- 

e f f i c i e n t  of  expans ion  o r  t h a t  of  e l ? s t l c i t y ,  s r e  n o t  p r e c i s e l y  de-  

f i n e d ,  e s p 2 c i a l l . y  f o r  t h e  t e m p e r a t u r e s  u n d e r  c o n s i d e r a t i o n ,  7n6 t h e  

e f f e c t  which t h e  v a r i o u s  p a r a m e t e r s  d e f i n i n s  t h e  c o n c r e t e  may have 



on t h e s e  i s  comple t e ly  unknown. 

S i d e  by s i d e  1 . ~ 1  t h  o u r  s t u d i e s  of chimney b l o c k s ,  t h e r e f o r e ,  

wi th  ,FI view t o  atteinpting; t o  f i l l  i n  t h e s e  y s p s  i n  o u r  in fo r rn? t ion ,  

we have unde r t sken  a r~!bolc s e r i e s  of t e s t s  t o  de t e rmine  t h e  rnn.in 

i n t r i n s i c  p r o p e r t i e s  which we b e l i e v e  must p l ay  an importn.nt p a r t  

i n  t h e  behav iou r  of t h e  chlmney. 

I n  o r d e r  t o  e l i m i n ? . t e  t h e  e f f e c t  o f  t h e  shape o f  t h e  b l o c k s  ws 

dec ided  t o  c a r r y  o u t  t h e s e  rneasurements on small specimens.  A l a r s e  

number of such specimens were t h u s  p r e p a r e d ,  d i f f e r i n g  one from 

a n o t h e r  i n  t h e  k ind  of b i n d e r  o r  a g g r e g a t e  employed,  i n  t h e  g r a i n  

conlposl t ion  o f  t h i s  a s c r e g a t e ,  t h e  p r o p o r t i o n  of water p r e s e n t ,  and 

by t h e  c o n d i t i o n s  o f  s t r e s s  a p p l i e d  on t h e i r  i n s t a l l 3 . t i o n .  F i r s t  of  

a l l ,  o f  c o u r s e ,  we de te rmine  t h e  u s u a l  i d e n t i f y i n g  p r o p e r t i e s  of t h e  

c o n c r e t e s  used i n  t h e s e  specimens:  s h r i n k a g e ,  a p p a r e n t  d e n s i t y  ~ n d  

mechsn ics l  s t r e n g t h  , e s p e c i n l l y  t e n s i l e  s t r e n g t h ,  b u t  a l s o  p r o p e r t i e s ,  

a knowledge of in!hich i s  l e s s  o f t e n  r e q u i r p d ,  an?. !hlk~ich t h e r e f o r e  are 

l e s s  f r e q u e n t l y  measured,  such as a i r  p e ~ * r n e a b i l i t y ,  l i n e s r  coef  f i c l e n t  

of  expansion and e l a s t i c i t y -  

P a r a l l e l  t e s t s  were c a r r i e d  o u t  on specimens  a t  room t empe ra tu r e  

and i d e n t i c a l  specimens a f t e r  exposure  t o  h e a t  under  v a r i o u s  condi-  

t i o n s  d i f f e r i n g  by a g e  of t h e  specimen a t  t h e  t ime  t h e  t e m p e r a t u r e  

b ras  i n c r e a s e d ,  t h e  v a l u e  of t h i s  t e m p e r a t u r e ,  o r  t h e  tl.me d u r i n g  

which i t  was a p p l i e d .  

The t e s t s  were a l s o  cn r r a i ed  o u t ,  f o r  purposes  o f  compar ison,  on 

m a t e r i a l s  o t h e r  than  t h e  c o n c r e t e s ,  m a t e r i . i . 1 ~  v ~ k ~ l c h  a r e  a l s o  u sed  i n  

chimneys such a s  c l a y  and a s b e s t o s  cement.  

These  t e s t s ,  which were dele.yed by c e r t a i n  d i f f i ~ u l t ~ i e s  i n  t h e  

development of  t h e  n e c e s s a r y  t e s t  a g p a r t u s ,  a r e  now under  way, b u t  

i t  i s  t o o  soon t o  r e p o r t  on them h e r e .  Ve hope t o  be  a b l e  t o  50 s o  

ve ry  s h o r t l y .  

However, p r i o r  t o  t h e  f i n a l  development o f  t h e  mentioned appara -  

t u s ,  w e  h2d a l r e a d y  made some b n s i c  t e s t s  w i t h  improvised a p p a r a t u s  

w i t h  a view t o  s u p p l e a e n t i n .  t h e  i d e n t , l f i c a t i o n  t e s t e  on p r e c a s t  

b l o c k s  which had been sub j e c t ed  e l s ewhe re  t o  f u l l -  s c a l e  t e s t s ,  and 

t o  e n a b l e  u s  t o  e x p l a i n  more f u l l y  t h e  r e s u l t s  ob t a ined  on t h e s e  

p r e c s s t  b l o c k s .  



Nature  of t e s t s  and t e s t  proceduresS 

These t e s t s  were c n r r i e d  o u t  on specimens sawed o u t  from t h e  

f a c e s  of b l o c k s  t h a t  had been s t u d i e d  e l sewhere  f o r  t h e i r  behsv iou r .  

The t e s t s  rel,a.te t o  t h e  fo l lowing  p r o p e r t i e s :  

Mechanical s t r e n g t h  _v_aJues s t  r o 0 _ m - ~ ~ ~ e r a t u 1 - e e  ------- 

( a )  Compression s t r e n g t h  and e l a s t i c i t y ,  measured on c u b i c  

specimens of 5 crn s i d e  taken from the  f a c e s  of b l o c k s ;  

( b )  T e n s i l e  s t r e n g t h ,  deterrnined from specimens cu t  v e r t  i c z l l y  

from t h e  w a l l s  of t i l e s ;  t h e r e  specimens were s u b j e c t e d  t o  a pure  

t e n s i l e  t e s t  on a Michae l i s  type machine; 

( c )  deriding s t r e n g t h :  w e  a l s o  wished t o  a t t empt  t o  determine 

t h e  p r e c i s e  importzncc t o  b e  accorded c e r t a i n  c a p i l l a r y  c r a c k s  f r e -  

q u e n t l y  observed b u t  o f  which i t  i s  a lways d i f f i c u l t  I n  t h e  time 

a l l o t t e d  f o r  t e s t i n g  t o  e s t i m a t e  t h e  dep th  and s e r i o u s n e s s  (F ig .  1 0 ) .  

For  t h i s  purpose w e  c a r r i e d  ou t  a number of compars t ive  Sending 

s t r e n g t h  t e s t s  on specimens c u t  from v a r i o u s  fa.ces of t h e  b l o c k s ,  

some o f  which,  d u r i n g  t h e  t e s t  i n  t h e  s t r e n g t h  a p p a r a t u s ,  showed in-  

t e r n a l  o r  e x t e r n a l  c a p i l l s r y  c r a c k s .  

Supplementary shrin~~g-e_p_n~-_dimens>_o_npB_1-_v~_riations 

The dimensional  v a r i a t l o r l s  of  t h e  c o n c r e t e  b lock  were determined 

from b a r s  1 6  cm l o n s  c u t  from t h e  f a c e s  of t h e  'olocks i n  t h e  v e r t i c a l  

d i r e c t i o n .  After '  cuttin::, t h e  ends  of  t h e s e  specimens were f i t t e d  

w i th  s t e e l  t i p s  and t h e i r  dimensiona.1 v s r i a t l o n s  were determined w i t h  

t he  a i d  of a d e f l e c t i o n  gause.  

To begin 141th t h e  c o n c r e t e  of t h e s e  specimens w a s  aged s u f f i c i e n t -  

1 y  so  t h a t  they could be consl-dered t o  have con~p le t ed  t h e i r  normal 

manufactur ing shrinkar,re. A f t e r  b e i n s  measured a t  room t empera tu re ,  

which was t h e  z e r o  p o i n t  of t h e  measurements, t h e  samples were p l aced  

i n  a space he?te:! by e l e c t r i c  hezrter e lements  g e n n r a . 1 1 ~  t o  300°C 

( 57Z°F), son~etirnes t o  4 5 0 ~ ~  (84Z0F) o r  500° C (932OP). 

The l e n g t h  of t h e  specimens w a s  af%?tin determined 5 h m r s  a f t e r  

having been pla.ced i n  t h e  hea t ed  space ,  and then  sgn in  a f t e r  complete 

~ o o l  ing  . 



It should be mentioned here t h a t  t h e  p r e c i s i o n  o-f s11c.h rnezsure- 

ments ,  alwr-lys c a r r i e d  ou t  with t h e  a i d  of t h e  d e f i e c t l o n  c;au:;e i n  

t h e  ambient  a i r ,  i s  r a t h e r  uncert:?..in, both  5y reason of t he  e r r o r s  

in t roduced  due t o  t h e  h e a t i n s  of t h e  measuring a p p a r a t u s  nnd beca.use 

of  t h e  coolin2; of t h e  specimen between t h e  t ime i t  i s  taken from t h e  

fu rnace  u n t i l  it i s  measured. 

Thus the  f i g u r e s  given cznnot  c1a.l.m t o  r e p r e s e n t  any c o e f f i c l - e n t  

of expans ion ,  b u t  simply p rov ide  approximate  comparative inil i c a t l o n s  

with r e s p e c t  t o  t h e  v a r i o u s  conc re t e s .  

Compsrison of t h e  i n i t i a l  r e a d l n z s  w i th  t hose  taken a f t e r  com- 

p l e t e  c o o l i n g  enabled u s  t o  d e t e r n i n e  t h e  supplementary shr inkage  ex- 

pe r i enced  by t h e  specimens i n  t h e  cou r se  of h e a t i n g .  

R e s u l t s  -- an6 c o n c ~ u s i o n s  of  t - e s t s  

The r e s u l t s  072tzined a r e  g iven  i n  T a b l e s  V I  t o  X .  

Tab le s  V I I  t o  X re l - . t e  t o  t h e  t e s t s  executed  on b l o c k s  m3,nuCac- 

t u r e d  st t h e  Sxper imental  S t a t i o n  ( t h e  r e f e r e n c e s  adopted a r e  t h o s e  

indiczited a t  t h e  t o p  of Table  I1 i n  o r d e r  t o  c h s r a c t e r i z e  t h e  compo- 

s i t i o n  of t h e  c o n c r e t e s  employed i n  t h e  manufacture of  t h e s e  b l o c k s ;  

t h e  r e s u l t s  of Tab le  V I  r e l a t e  t o  t e s t s  c a r r i e d  o u t  on icllocks b e i n 5  

examined f o r  app rova l .  

On t h e  whole t h e s z  t e s t s  conf i rm ,and reproduce t h e  r e s u l t s  ob- 

t a i n e d  on the  b lock  an5 chimney t e s t s .  The fo l lowing  remsrks a r e  i n  

o r d e r .  

Dimensional v a r i ~ . t l o n s  --- ---.- .-+- - - - 

The r e s u l t s  of Table V I ,  which r e l a t e  t o  b l o c k s  a l l  examined 

acco rd ing  t o  t h e  a1):roval p rocedures ,  cony l r m  t h e  c l o s e  r e l a t  i o n s h l p  

which a p p e a r s  t o  e x i s t ,  a s  i t  !?)as l o g i c s 1  t o  assume, between t h e  In- 

t r i n s i c  a p p a r e n t  shr inkage  o r  expansion p r o p e r t i e s  of t h e  conc re t e  

and t h e  therm2l s t r e n y t h  of chimneys. 

It may be s t a t e d  t h a t  only t hose  chimneys b u i l t  of conc re t e  

shokling sm?.ll v z r i s t i o n s  behave6 s a t i s f ~ c t o r i l y ,  and t h a t  a l l  con- 

c r e t e s  shobfing l a r g e  supplementary shrln!cage lrrere s u b j e c t  t o  i n t e r n a l  

cra ,ckln=,  whi le  t hose  h ~ v l n g  l a r g e  e x p m s l o n s  cracked bo th  l n t , c r n a l l y  

and e x t e r n a l l y .  



The concre tes  which were subjec t  t o  l ~ r g e  dimensional var i r l t fons  

as a  funct ion  of t h e  temperature c?n s c : ~ r c e l y  be s a t i s f a c t o r y  u n l e s s  

a t  the ssme t i m e  they have r a t h e r  high mechanical s t r eng th  va lues ,  

p3 r t i c u l a r l y  with r e spec t  t o  t e n s i o n ,  and i f  these  p r o p e r t i e s  a r e  

r e t a i n e d  a t  high temperatures.  

As f a r  a s  p o s s i b l e ,  uns tab le  concre tes  should be avoided. The 

r e s u l t s  of Tables  V I P ,  V I I I a ,  VIIIb and I X  enable u s  t o  make c e r t a i n  

prel iminary s tatements  concerning the  e f f e c t  of compression, and of 

binder  and water propor t ions  on t h i s  i n s t a b i l i t y .  

E f f e c t  of water content  ( a )  --- 
The f i g u r e s  i n  the  f i r s t  p,-lrt of Table V I I ,  r e l a t i n g  t o  p recas t  

blocks ma.nufac tured  from concre tes  of the  same aggregate  con t e n t  a n d  

assembled under i d e n t i c a l  condi t ions  of compression ( i d e n t i c a l  work 

a p p l i e d ) ,  but d i f f e r i n g  with r e spec t  t o  water c o n t e n t ,  seem t o  indi -  

c a t e  t h a t  t h e r e  i s  an optimum water  content  from 216 t o  270 l i t r e s /m5  

i n  the case of our t e s t s ,  below and above which ' t h e  supplementary 

shrinkage inc reases  s u b s t a n t i a l l y .  

It  may be noted t h a t  these  optimum water  con ten t s  a l s o  corres-  

pond t o  those of t h e  concre te  showing the most favourable  mechanical 

p r o p e r t i e s ,  i . e .  smaller  e l a s t i c i t y  and g r e a t e r  s t r e n g t h  va lues .  

I t  should be added, however, t h a t  i n  our  t e s t s  a con t e n t  of 160 

l i t r e s /m3  corresponded t o  a  concrete  t h a t  w a s  t oo  d r y ,  having regard 

t o  the  work requi red  t o  s e t  it up ,  and i t s  f i n a l  dens i ty  was no t  com- 

parable  t o  t h a t  of o t h e r  concre tes  of similar composition. 

Fina. l ly ,  i t  i s  probable t h a t  f o r  normal water  content  the  sup- 

plementary shrinkage,  l i k e  t h e  normal manufacturing shrinkage,  v a r i e s  

i n  the same sense as the  propor t ion  of water  mixture. The same ap- 

p l i e s ,  on the  b a s i s  of the  r e s u l t s  obta ined ,  t o  the  apparent  expansion 

on exposure t o  hea t  a n d  t o  t h e  absolu te  dimensional v a r i a t i o n s  - 
shrinkage p l u s  expansion. 

( b )  Ef fec t  of compression d u r i n ~ :  css t ln ,q  

The r e s u l t s  of the  second p a r t  of t h i s  same Table V I I  r e l a t e  t o  

b locks ,  again a l l  of t h e  same a,g:<regate con tcn t ,  but  t h i s  time f o r  

d i f  f  e r e n t  cornpre s sion values.  



'These r e s u l t s  l ead  t o  t h e  conclusion,  o t h e r  thinr;s bein:,: equ3.1, 

thp.t t h e  supplsmentary shrlinkage decreases with the compactin2 of t h e  

concre te ,  i . e .  w i t h  i t s  dens i ty .  However, t h e  d i f f e r e n c e  i s  rela.- 

t i v e l y  l e s s  than t h a t  which r e s u l t s  simultaneously in the  mechanical 

p r o p e r t i e s  a s  a r e s u l t  of t h e  same v a r i a b l e .  

The f i g u r e s  of Table I X  confirm t h i s  impression (cornpsrison of 

concre tes  4 and 4' and 5 ;xnd 5 ' ,  of same composition but d i f f s r e n t  

c a s t i n g  compression).  It  i s  f u r t h e r  noted from these  r e s u l t s  t h a t  

t h e  e f f e c t  of an increased c a s t i n g  cornpPession i s  t o  inc rease  the  

apparent  expansion, and the  t o t a l  dimensional v a r i a t i o n  of a given 

concre te  i n c r e a s e s  v l i  t h  inc reas ing  dens i ty  . 
( c )  E f f e c t  of b inder  content  

The supplementary shrink7ge of t h e  concrete  v a r i e s  a s  a funct ion  

of t h e  b inder  content  in  the  same sense a s  the  s tandard manuTacturing 

shrinkage.  It i n c r e a s e s  with t h e  l a t t e r .  

On the  o t h e r  hand, t h i s  b inder  content  appears  t o  have an inver- 

s e  e f f e c t  on t h e  apparent  expansion, ,and f i n a l l y  the  t o t a l  dimension- 

a l  v a r i a t i o n s  do n o t  appear  t o  be g r e a t l y  a f f e c t e d  by t h i s  parameter 

(Table V I I I a  and VII Ib)  . 
These conclusions appear  somewhat in  con t rad ic t ion  with t h e  

r e s u l t s  obtained f  roni t h e  chimney t e s t s ,  c-rhich ind ica ted  r e g u l a r l y  

inc reas ing  e longat ions  with inc reas ing  d e n s i t y ,  whether t h e  l a t t e r  

r e s u l t e d  from an increase  i n  the  compaction pressure  o r  in  t h e  pro- 

por t ion  of f i n e  aggregates .  

EIo!.rever, i n  these  i n i t i a l  measurements t h e  concre tes  compared 

d i f f e r e d  more i n  the  propor t ion  of i n e r t  f i n e  ag:%regates th-an in  the  

f i n e  aggregz t e s  furn ished  by t h e  b inder .  These i n e r t  f i n e  a g c r e g a t e s ,  

a l r eady  c o a r s e r ,  undoubtedly a f f e c t  t h e  shr inkage l e s s  than  the  b inder  

i t s e l f ,  and the  measui'ed app:lrent expans i o n ,  depending p a r t l y  on the  

shrinkage i n  t h e  course of h e a t i n g ,  may be inf luenced accordingly.  

The r e s u l t s  obtained frorn specims:ns cut  from p r e c a s t  blocks 

i d e n t i c a l  with those used f o r  t h e  chirnney t e s t s  (Table I X )  do f a l l  

n e a t l y  within t h e  szime c l a s s i f i c s . t i o n  as t h e  e lonza t ions  of the  cor- 

responding e longnt lons  (Table I ) .  



A l l  t h e  r e s u l t : :  cony I r m  t h e  importclnce o f  c'noos:Ing c o n c r e t e s  

t h a t  z i v e  miniaurn shr.lnk?(ge o r  expans ion  :&li t h  tempsr.qtui-e f o r  t h e  

r n , ~ ~ u f ~ ~ c  t u r e  of  bloclcs.  

I t  \~~oulc3. seem t h a t  shr1nlcs:;e h a s  9. . y r e a t e r  2 f f e c t  th3.n ex:,,sn- 

s i o n .  While t h e r e  h a s  been n o  e x a c t  conf i r ins . t ion  of  t h i s  p o l n t  it  

a p p e s r e d  t o  u s  a.; though ,  o t h e r  t h i n g s  bein,? e n u s l ,  a s h r i n k ~ ~ e  o f  

g iven  a m p l i t u d e  c o u l d  r e s u l t  i n  a c r a c k ,  whereas  a n  expans ion  o-f 

t h e  same magnitude was b o r n e  i t h o u t  damsi;e. 

T h i s  c o u l d  be  v e r y  e a s i l y  e x i > l a i n s d ,  moreover ,  by t h e  f a c t  t h a t  

t h e  d e t e r i o r 8 . t i o n  o f  mechanica l  p r o p e r t i e s  o f  t h e  c o n c r e t e  i s  c l e r ~ r l y  

t h e  g r e a t e r ,  t h e  h i g h e r  t h e  t e m p e r a t u r e  t o  which it h a s  been  r a i s e d .  

T h i s  i s  p r e c i s e l y  what o c c u r s  I n  t h e  v i c i n i t y  of  t h e  i n t e r n a l  f a c e s .  

Although we s t i l l  have  n o  e x a c t  d a t a  on t h e  r e l n . t i o n s h i p  which 

must e x i s t  between t h e  mechanica l  s t r e n k ~ t h  of t h e  c o n c r e t e  and i t s  

d i ~ n e n s i o n a l  c h s r s . c t e r i s t i c s ,  it c s n  n e v e r t h e l s s s  be s t a t e d  t h a t  t h e  

i d e a l  compos i t ion  t o  be  a d o p t e d  i n  a l l  c a s e s  w i l l  be t h a t  which w i l l  

l e a d  t o  t h e  s m a l l e s t  s h r i n k a g e s  1 ~ 1 h i l e  a t  t h e  same t i m e  3 u a . r a n t e e i n g  

a d e q u z t e  p e r m e a b i l i t y  a.nd h i g h  mechanica l  s t r e n g t h  v a l u e s ,  even a t  

t h e  c o s t  of  a sli!=ht i n c r e a s e  i n  e x p a n s i o n .  

Such a c o m p o s i t i o n ,  f o r  a g i v e n  ag:;re&ate and b i n d e r ,  i s  t h a t  

which ,  wi th  a pe rcen  t a ~ e  o f  f i n e  a g g r e g a t e s ,  and p a r t i c u l s r l y  t h e  

smallest p o s s i b l e  p r o p o r t i o n  of  cement ,  ~ n a b l e s  u s  t o  o b t a i n  j u s t  t h e  

r i z h t  d e g r e e  of  2erme:tb.ll i ty.  T h i s  r e q u i r e s  a c a r e f u l  i n i t i a l  s t u d y  

o f  t h e  p r o p o r t i o n s  o f  w a t e r  and t h e  c a s t i n 2  c o n d i t i o n s .  

With r e s p e c t  t o  t h i s  a b s o l u t e l y  e s s e n t i a l  c a r e  t o  b e  a p p l i e d  t o  

t h e  c a s t i n g  o p e r a t i o n ,  t h e  r e  s . u l t s  g i v e n  i n  t h e  above-msntioned t a b l e  

are p a r t i c u l a r l y  s i ~ n i f  i cwnt .  They show, i n  f a c t ,  t h a t  ev2n a s l i z h t  

d e f e c t  i n  t h e  a d j u s t m e n t  of  t h e  cast in,^ machine i s  en.~u,gh t o  r e s u l t  

i n  hetero: ;enei ty of t h e  c o n c r e t e ,  c~lhich i s  r , ? f l e c t e d  i n  d i f f e r e n c e s  

of' t h e  p r o p e r t i e s  of t h e  d i f f e r e n t  p r e c a s t  b l o c k s  oT t h e  same orderw 

of magnitude as  t h a t  r e s u l t i n 5  from t h e  p a r a m e t e r s  b e i n g  s t u d i e d .  

E f f e c t  of  cra.clcs on t h e  mechan ica l  s t ren!r th  of t h e  w a l l s  -- 
The r e s u l t s  of t h e  measurements  c a r r i q d  o u t  w i t h  9 vlew t o  de- 

f i n i n g  t h e  e f f e c t  of c r a c k s  on t h e  mech7nics l  s t r e n g t h  o f  t h e  w a l l s  

have  been assembled i n  T a h l c  X .  



F o r  e a c h  pt*ec.stst b l o c k  t h e  specimens  c o n s i s t e d  of t h e  f o u r  com- 

p l e t e  f a c e s  c u t  o u t  by sawing i n  t h e  v i c i n i t y  of  t h e  an:;les d e f i n i n g  

t h e  c o n t o u r  of t h e  i n t e r n a l  s e c t i o n ;  t h e s e  samples  were , ~ r r s n , g e d  

on two h o r i z o n t a l  s u p p o r t s  1 5  cm q.p.3.rt p s r a l l e l  t o  t h e i r  m-ijor a x i s  

an?  were l o a d e d  mld way ,-{,long t h i s  major  a x i s ;  t h e  s u r f a c e  i n v o l v e d  

by t h e  l o a d  was t h e  sanie 3s t b a t  c o r r e s p o n d i n g  t o  t h e  i n t e r i o r  of  

t h e  b l o c k .  

T h e s e  t e s t s ,  - 1 t h o u ~ h  ru3Irnent r i ry ,  sho1~~i.r t h a t  t h e  " i n e s t  i n t e r n a l  

c 2 p i l l a r y  c r a c k ,  s c a r c e l y  v i s i b l e  d u r i n g  t h e  o b s e r v a t i o n  o f  t h ?  b l o c k  

and which rni,sht b e  t h o u g h t  t o  i n v o l v e  o n l y  t h e  s u r f a c e  cement ~ r o u t -  

i n g  o r i g i n a t i n g  froln t h e  cast in: , r ,  t c t u r r l l y  Zoes t o  s c o n s l d e r a S l e  

d e p t h  i n  t h e  wall and  r e d u c e s  i t s  c o h e s i o n  by a t  l e a s t  5 0 5 .  

When i t  i s  remem73ered t h a t  i n  r e a l i t y  c o n c r e t e  b l o c k s  undergo 

he :a t ing  and  c o o l i n g  c y c l e s ,  which ,  ris we h a v e  s e e n ,  can '  nz\!;r,.ravate 

d i s o r d e r s  a l r e a d y  more s e r i o u s  t h a n  might  b e  supposed a f t e r  t h e  f i r s t  

he,? t i n g ,  t h e s e  innocuous  a p p e 2 r l n g  c a p i l l s r y  c r a c k s  c : -<nnot  be l e f t  

o u t  of  a c c o u n t  i n  d e t e r s n i i l i n ~  t h e  q u a l i t y  of  t h e  p r o d u c t .  

G e n e r a l  Conc lus ion  

It i s  s t i l l  t o o  s c o n ,  as  we have  s 2 i d ,  t o  draw u p  g e n e r a l  r u l e s  

from t h e s e  s t u d i e s  o r  p x t i c u l a r ,  e x a c t  m i x t u r e s .  Even now, however,  

i t  can  b e  s t a t e d  t h a t  i n  any c a s e  such r u l e s  o r  m i x t u r e s  c s n  h ~ v e  n o  

r e a l  p r a c t i c a l  consequence  u n l e s s  t h e i r  appl ic :3  t i o n  i s  sccompanied 

by c o n t i n u o u s  i n s p e c t i o n .  

The t e s t s  c e r t a i n l y  c o n f i r m  t h a t  i t  i s  p o s s i b l e  t o  d e s i r p  .3nd 

manufac tu re  c o n c r e t e  b l o c k s  a f f o r d i n g  t h e  r e q u i r e d  g u a r s n t e e s  of 

s t r e n g t h  and permanence. Co~npar ison t e s t s  c a r r i e c l  o u t  i n  t h e  c o u r s e  

o f  o u r  s t u d i e s  on v a r i o u s  c l a y  b l o c k s  chosen a t  random from cominsrcial 

s o u r c e s ,  i n d i c a t e  t h a t  a h i g h - q u s l l t y  c o n c r e t e  b l o c k  h a s  e v e r y  c h a n c e ,  

i f  c o r r e c t l y  assembled, o f  b e h a v i n z  i n  s e r v i c e  a t  l e a s t  as w e l l  as 

t h e  S e s t  t r a d i t i o n a l  b l o c k s .  

However, t h e  s?.nie t e s t s  I n d i c a t e  t h a t  t h i s  h i ;h -qua l i ty  c o n c r e t e  

b l o c k  c a n n o t  s imply  be n p r o d u c t  o f  l i n e  manufac tu re  comp?r--lble t o  

t h a t  0.f o t h e r  s t r u c t u r ~ l  u n i t s  :;uch n s  ra:3sonry u n i t s  o r  s l a S s .  



The manufacture of  conc re t e  b l o c k s  deunands from t h e  start a 

c a r e f u l  cho ice  o f  c o n c r e t e  c o n s t i t u e n t s ,  and then  c a r e f u l  pour ing 

and exac t  obse rva t ion  of p r o p o r t i o n i n g ,  c a s t i n g  and s t o r i n g  condi- 

t i o n s .  Such requi rements ,  of cou r se ,  cou ld  j u s t  as w e l l  be enunc ia t -  

ed f o r  any s o r t  of manufacture ,  b u t  i n  t h i s  c a s e  they  demand even 

more r i g o r o u s  obse rva t ion  on t h e  p a r t  of  t h e  manufac ture r ,  and t h i s  

i s  u n a t t a i n a b l e ,  i n  o u r  op in ion ,  except  a t  t h e  c o s t  o f  con t inuous ,  

s eve re  checking.  

I n  t h i s  regard  t h e  t e s t  a p p a r a t u s  desc r ibed  h e r e ,  supplemented 

by c l n s s i c ~ l  conc re t e  checking t echn iques ,  ought t o  pu t  a va luab le  

a i d  i n  t h e  hands of t h e  manufacturer  by e n a b l i n g  him t o  v e r i f y  t h e  

homogeneity of h i s  product  and g i v i n g  him a means of improving i t s  

p r o p e r t i e s  s t i l l  f u r t h e r ,  and i n  a d d i t i o n  we hope t h a t  t h e  r e sea rch  

now b e i n g  conducted a t  t h e  Experiments1 S t a t i o n  on t h e  i n t r i n s i c  pro- 

p e r t i e s  of t h e s e  materials w i l l  f u r n i s h  t h e  d a t a  neces sa ry  f o r  choos- 

i n g  t h e  most a p p r o p r i a t e  c o n s t i t u e n t s .  

However, t h e s e  manufactur ing impers t  i v e s  and t h e  q u a l i t y  which 

rnust r e s u l t  from them a r e  n o t  the only  nece.ssary c o n d i t i o n s  f o r  t h e  

good behaviour  of t h e  chimney, f o r  t h i s  behaviour  s t i l l  depends a t  

P e a s t  t o  an equa l  e x t e n t  on t h e  c a r e  a p p l i e d  t o  t h e  assembl ing  of 

t h e  u n i t s .  

The assembly c o n d i t i o n s  were n o t  t h e  p r i n c i p a l  s u b j e c t  of o u r  

s tudy ,  b u t  it appeared e s s e n t i a l  h e r e  t o  emphasize t h e i r  importance,  

e s p e c i a l l y  t h e  a S s o l u t e  n e c e s s i t y  of app ly ing  extreme c a r e  t o  t h e  

execu t ion  of j o l n t s  and c o a t i n g s .  

T h i s  i s  a l l  t h e  more e s s e n t i a l  i n  t h e  p a r t i c u l a r  c a s e  of  con- 

c r e t e  b l o c k s  i n  view of t h e  f a c t  t h a t  t h e s e  produc ts  a r e  s u b j e c t  t o  

r e l a t i v e  dimensional  i n s t a b i l i t y  a s  a f u n c t i o n  of t h e  mois ture  con- 

t e n t ,  which can produce c e r t a i n  d i s o r d e r s  even b e f o r e  t h e  chimney 

h a s  been pu t  i n t o  s e r v i c e .  These d i s o r d e r ~ s  a r e  l e s s  f r e q u e n t  wi th  

t h e  t r a d i t i o n a l  c l a y  m a t e r i a l s .  

I n  r e a l i t y ,  t h e  i n s t a l l a t i o n  of ch i aneys ,  which is soinetimes 

subcont rac ted  by t h e  b u i l d e r ,  i s  t o o  o f t e n  c a r r i e d  o u t  wi thout  any 

c o n t r o l  o r  i n s p e c t i o n  i n  de f i ance  of t h e  most e lementary r u l e s  of 

good c o n s t r u c t i o n .  



There would be no p o i n t ,  of c o u r s e ,  In p u t t i n g  h igh -qua l i t y  pro- 

d u c t s  on t h e  market i f  t h i s  o t h e r  a s p e c t  of  t h e  problem were n o t  a l s o  

taken i n t o  c o n s i d e r a t i o n .  

I n  t h e  c o u r s e  of t h i s  paper  we have t r i e d  t o  draw such conclu- 

s i o n s  as appea r  on t h e  p lane  of  p r a c t i c e  t o  flow l o g i c a l l y  from t h e  

r e s u l t s  of  t h e  t e s t s ,  wheth5r i t  i s  a q u e s t i o n  of d e s i p ,  manufacture 

o r  assembly.  

I n  f a c t ,  t h e s e  conc lus ions  a r e  a l n o s t  a l l  d i r e c t l y  o r  i n d i r e c t l y  

t h e  consequence of  a need t o  combine c o n d i t i o n s  t h a t  can gua ran tee  

s a t i s f s c t o r y  behaviour  of  j o l n t s  and c r i t i c a l  p o i n t s  i n  t h e  s t r u c t u r e .  

From t h i s  p o i n t  o f  view one may w e l l  a s k  whether i t  would no t  

a l r e a d y  b e  p r e f e r a b l e  t o  b u i l d  fewer of t h e s e  chimneys, most of which 

w i l l  n eve r  b e  of any u s e ,  and then  t o  demand on t h e  o t h e r  hand t h a t  

they s h a l l  be  b e t t e r  c o n s t r u c t e d .  Fol lowing up t h i s  i d e a ,  i t  would 

appea r  l o g i c a l  t o  a t t e m p t  t o  r e s t r i c t  t h e  number o f  j o i n t s  i n  t h e s e  

chimneys and then  t h e  execu t ion  of t h e  j o i n t s  cou ld  more e a s i l y  be- 

come t h e  o b j e c t  of t h e  neces sa ry  p a r t i c u l a r  a t t e n t i o n .  

There i s  c e r t a i n l y  room i n  t h i s  f i e l d  f o r  s o l u t i o n s  r e q u l r i n g  

units of l a r g e  dimension,  which would cor respond ,  moreover, t o  a gen- 

eral tendency i n  t h e  e v o l u t i o n  of t h e  b u l l d i n g  i n d u s t r y ,  and of which 

even now c e r t a i n  manufac tu re r s  are making s t u d i e s .  
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TASLE I1 

TZSTS 3ru' CUIP1NE':S A SSCXRED ?RCK COKCRFI'E BLOCKS YANUFACTL%ZC AT TFiE EXI-ERIIQZNTAL STATION 
(EXFAMSICN A N D  Tf!SS~vlAL STRENGTH) 

1. The f l g u r e s  l nd i ce t ed  i n  the column under the  keadlng "Apparent v e r t l c a l  expansion of chimneys" correspond from 
bottom t o   to^ respectively t o  measurements made a t  0.40, 1.70 and 1.00 m from the  base of the chlmney. 
2. T e s t l n e  up t o  700°C. 3. Three success lve  t e s t s  on t h e  sane chlmney. 4 .  Two success lve  t e s t s  on the  same chlmney. 

- - - 
DESCRIETICN OP C H I R W l S  RESULTS d P  TESTS 

CONCBETE CRACKS OBSERVED 

-. 

I 

- 

2 

- 

:0VF351mION OF CONCRETE 
DLTIN'2 TEST A1YER COOLlNI 

I'C -H: 1' IN  PLACE1 

--- 
~ ~ ~ A C H E D  ,,,YRED 30" 

1st A\D 3 r d  BLOC% 

POLZOI.AN11 2 . 5 / 7  m 
1 3 0  KG 3E:.,3VT CPB 2 3 0 / 3 1 5  i ' I A R D  

( S I I Y E  !. ,:" 1 5  l L i ' E  133.11 
1 s t .  !ti- Lni BLOCh AND PROM 3LOCK 1 s t  TO 9 t h  

: C N ~  LI:';E . I T < .  +fh AND 6 t h  
iLOCKS 

-- 
NCm F:cr.: :3t t o  a:>. 

. i O I I T  \CN3  ?>NT 

-- 

-- 

r c s z c ~ ~ \ a  0 / 7  n n  
1 3 5  Y3  CI'WNT CPB 2 5 0 0 1 5  STANCARD 

! L I E =  4 S i L t  5 C U R E  NO.21 

1 s t .  2nd. r r h ,  
5fb. 9th. 1 0 L h ,  
l l t t ,  1 2 t h  AND 

, 1'1k LILC.XS I 
T;vAcHGD l o  llj 

P l i S T  1 3  

.-- 

CETACHEC 1780 
l e t  RLECK 

i YOL. M L : O U % A  017 Y M  
1 YOL. POI:<LI\A O i l  MU 

< :l:v.. kt.kL.515 l'm'.E k2.31 

95 80" 

i !CL. FC . :dLNA O h  ?M 
, l,CL. PC:.:LLiSI o i i  %K 3:u 

4 1 1 s  LITr:; .LY :,si";s 
. E  YP l < l E N ?  7 F E  i 5 0 / 2 1 5  

I 3 1 f . j ~  --;l:TS:- :I:IIYE k c . < )  
STABDAD 1-65 NCNE [,E7ACHED 

I- -- I 
: ,,?L. >-1:.::i>i "/7 nu 
r vOL. P c z Z C a N A  O / i  XU 

2 

- 
4 

- 
5 

l- 
- 

- 

;s:r.i: S \ * L Y S I I  I:mM VC.5) 

~cz:c:~\;~ o:i m 
- 2 5  r; ~ ~ Y E N T  c i s  2 5 0 / 3 1 5  . ,,li~ I A L : S ~ S  CUE'= ~ 0 . 6 1  

COY.POSlTIZN YO. 2 
---- 

INTERTIIL 1.5 1 l , t ,  Lnl, 2r, i ,  
C0ATI.W i d 0  iw' 1.1 e%;1, a t h ,  :ith, 

VITH C E E m  
52 FETACqF,D 

0.5 A "  1 0 t h  J O I W 5  
L I W  NORTAR 

ET'FRNAL 
?Ray. 1 s t  t o  1 1 t h  

JOINT 

SEUERS 1.74 U ~ N E  : JC I ~ I T  
F'CB 1 s t  to l l r h  

COIKSX?TON NO. 4 0.5 -- I ::: J O I S T  
PBDR l e t  to  1 1 t h  

COYIQS1-ION NO. S 0.6 

I -  
1.63 380 

VOW 

- 

< <, 

500 

FBCn to lit" 
BI.CCX 

FRO? ~ B Z  fo 6 t h  
BWCK 

P ~ C K  
FROM 1 s t  to 1 2 t k .  

Is:, 2nd a : r  
3rd U U C l i i  

DPACHED 

DETIICWED 

?STACHED 

I 

PROM 1st to l l t h  
P I C I : ~  

$ROX 1st LO 1 2 t h  
RI.CZY 

PROP 1st to 1 0 t h  
?LOCK 

PROM 1st ro 9th 
BLOCK 

VONE 

- 

NONE 

1850 

I -  

PROM 1st to  6 t h  
ALOCY 

3 ~ d ,  + t ?  P I T  5th 
BL@CKS 

N3Ne 

CSWIT 
14 

LIME IIO8TAR 

0.8 
0.4 
0.2 

75. 1.4 1.1 
0.5 

2.3 
70" 1.7 

0,7 

1 

Id 

: 
-- 

2.3 

1.1 
0. 1 -- 
2'5(2' 2.0 

0.3 
- - 

490 

\3VE 

EXTERSAL 
COATINO 

'LOCK K,- .? 

-- 

I 1 s t .  2nI. 3r6. 1 
LBO L ' L t  . :C ITS  

CHC'I 1 s t  t o  3 ~ - d  
ANC FRO5 6 t h  to  

1 1 t h  .I[-INT 

FHOH 1 s t  JGINT 5 0  1 2 t h  

?hOn  1 s t  ro 1 1 t h  
RICCX 

75" 

0.8 
D 3 a C F E D  : "' 0.2 0.6 
---- 

2 
1.2 
0,6 - 

1 : C E  

lSt' Z n d '  "" 
It' YLCCXS 

FRll 1 s t  RLCCK to 7 t h  

l e t A N 3 l l t h  
J C l w r B  

I 

\ONE 

NONE 

NI'NE 

VUXE 

FHCn 1 s t  t o  6Lh 

NCPlZ 
-- i9OY 1st t o  5 t h  

' 3 C R  

---- 
\CNi. F'ICR 1 s t  So 1 0 t h  

EI.OCK 

NONE FhCM 1st to  7 t h  FRCM :st LO 13th 
PLC.CY 5IUCK 

IIGMF. 1 s t  I.NC 2 n d  
3LO,:RS 

23 iC 
1.5 

BWCK C-ACHED 1 ,0 
.JOINTS 0.5 0.5 



Tes t  cn r r l ed  ou t  on ch lmn~ys  nssetnbl-d from concrete  blocks subrnltted lor. dljproval 
( pe rn~eoh l l l t y  nr~d thertncil t e s t s )  

Alr pertncel l l l  t y  
cl~ln!~~t ,y Cracks observed before and 

( c o e f f l c l e n t  K )  
a f t e r  thermal t e s t  

Af te r  
thenr!ol t e s t  J o i n t s  P r eca s t  blocks 

t e s t  

No crack 

---- .--- - 

Chamotte u.g .a .  .-L-. -J-::-I 
Chamotte / i.p.p.5 ) 1.1 I 2 1 

2 0 cracked crscked I n t .  c racks  on 1 21 1 Jc.:nts 1 Joint 1 lbt and 2nd 
---- 

No crack Chamotte u.p.p.3 2 

-- - 

Pozzolana 
and c lay  u.p.p.3 4.3 

screenings 

NO 1 
crxcked cracked 

24 1 28 1 J o l n t  I j o ln t  
I n t .  cracks on 1 s t  block 

2 NO 

10.5 1 cracked I cracked 
j o ln t s  j o ln t  

I n t .  c racks  on 
1st and 2nd blocks 

- 
I n t .  and ext.. cracks on the  

1 s t  and 2nd blocks. 
I n t .  c recks  on 3rd block 

1 NO 

11.5 1 11 I 11 / cracked I cracked 
j o i n t  j o l n t  

1 NO 
27 1 27 1 23 I cracked I cracked 

J o i n t  j o in t  

I n t .  cracks on 
1 s t  and 2nd blocks 

NO 6 
11 I 12 1 c;-;:d I cracked 

j o ln t s  

I n t .  crac.lts on l s t ,  2nd, 
3rd en3 4th blocks Chamotte 1.g.a. 21.5 

Pozzolana i.p.p.5 24 

Pozzolana i.p.F.5 110 

, F:zid 1.g.a. 270 

2 3 
L8 1 25 1 3o I I I I n t .  and e x t .  cracks cf,"tiF: cf,"~,"~~ on 1st  and 2nd. blocks 

3 I n t .  and e x t .  c racks  crecl,ed craci.ed On 1st block,  l n t .  c racks  111 16 1 3 1  , ~ ~ l ~ t ~  1 joints / On 2nd' 3 rd ,  4 th  and 

5 th  blocks 

1.0 1 120 1 1.5 1 cr5id 1 cr~:Ked 1 1.t and c racks  

J o l n t s  j o l n t  
on 1 s t  t o  24th block 

- 
I 1 NO 

120 i 5 / I cracked I cracked I Int '  cracks On lst 
j o i n t  j o i n t  and 2nd blocks 

(1) u.g.a. = s lng l e  block wlth c e l l  wal l s  

1.E.a. = s l n z l e  block wlth z i r  s leeve 

u.p.p.3= s l ng l e  block wlth 3 cm s o l i d  vralls 

l .p.p.3= sln&{le block with 3 o r  5 cm sol lr l  walls  
o r  5 



Table IV 

Comparative permeability figures of uncoated 
and plaster coated blocks 

(permeability coefficient K) 

Blocks wlth 2 cm 
plaster coat 

< 1.0 

< 1.0 

< 1.0 

< 1.0 

< 1.0 
< 1.0 

< 1.0 

< 1.0 

< 1.0 
< 1.0 

< 1.0 
.: 1.0 

Uncoated 
blocks 

24 

30 

37 

38 

65 

120 

125 

290 

310 

350 

400 

1,320 

1,360 

1,800 

1,920 

2,000 

2,440 

2,460 

2,620 

3,300 

3,800 

3,800 

5,000 

10,000 

Blocks with 1 cm 
plaster coat 

1.0 

2.0 

0.5 

1.0 

3.0 

1.5 

1.0 

1.5 

1.0 

1.0 

1.0 

4.0 

5-0 

1.0 

3.5 

4 - 5  

1.5 

2.5 

5.0 

3.0 

3.5 

2.5 

4.0 

3.0 



Table Va - Comparlsol? of thermal t e s t  r e s u l t s  
on chl~nsncy s and ind l v idua l  blocks 

-- 
Thermal t e s t s  

On indi  vidual  
blocks ( r ap id  

hea t i ng  up 
cycles  t o  300 

and then 400°C) 

O n  chlmneys (2  ) 
(approval  t e s t  

procedures) 
Block Klnd of 

concre te  

Cracks observed on 
blocks a f t e r  

disassembling of chlmney 

Cracks observed 
on t he  2nd u n i t  

a f t e r  cool ing  

Chamotte 

Chanlotte 

Chmot t e  

Pozzolana 
and c l ay  

screenings 
--,-..- 

Charnot t e  

- - 

None None 

In t .  c racks  1st  and 2nd None 
-- ----- -- 

None None 
.-.-,--- --- ------ ------.---- 

I n t .  cracks None 

I n t .  -7 craclrs 1st  and 2nd None 
-.---.---- - 7- 

I n t .  and ex t .  c racks ,  
1 s t  and 211d. 1 Hone 

Int;. cracks 3rd 
.-.-.-. --- I- 

Chamotte 

.---- 

Charnotte I n t .  and ex t .  c racks  
1st and 2nd I None 

I n t .  cracks l s t ,  
Znd, 5rd ,  4 th  None Chamotte 

---- 
Poz zolana I n t .  acd ex t ,  cracks 

1 s t  2nd 2nd I None 

1 Pozzolana - -- 
I n t ,  craclcs 2nd and 3rd - - - - - - ---------- None ----- -. - 

I n t .  and ext. cracks 1st. 
I n t .  cracks 2nd, 3 rd ,  
4 th ,  7 t h ,  l o t h ,  11 th  

.-- - .- --- -..---..- 

I n t e r n a l  cracks Pozzolana 

(1) and ( 2 )  : Set? f o o t ~ i o t e s  , a f t e r  Table Vb. 



Table Vb - Comparison of thermal tests on indivfdual  blocks 
depending on t he  curve of temperature r i s e  adopted 

(1) u.p.p.3 = s ing l e  block with 3 cm s o l i d  w a l l s  
u.g.a. = s ing l e  block with c e l l  w a l l s  
1.g.a. = s ing l e  block with a i r  s leeve 
i.p.p.3 o r  5 = s ing l e  block with 3 o r  5 cm s o l i d  w a l l s  

( 2 )  I n  t he  approval t e s t  only cracks  above 1.50 cm from the  base of 
t he  chimney, i . e .  from the  6 t h  (blocks of 33 cm) o r  8 t h  block 
(blocks of 2 5  cm) were considered. 

vl 
r-l 
0 
PI 

U) 

4: 
o 
0 
rl 
814 

H 

A 

U 

M 

N 

C 

0 

P 

T u.p.p.3 Pozzolana None None 

Thermal t e s t s  (on ind iv idua l  b locks)  

Cracks observed on the  2nd u n i t  Block 
type 
(1) 

i.g.a. 

u.g.a. 

u.g.a. 

u.g-a. 

u.g.a, 

u.p.p.3 

u.p.p.3 

u.p.p.3 

a f t e r  complete 

Rapid cycle  of temp. 
increase  t o  300° 

and 4OO0C 

None 

None 

1 i n t .  crack ----- 
1 i n t .  crack 

1 i n t .  crack 

None 

1 i n t .  crack 

None 

1 i n t .  crack 

1 i n t .  and ext .  crack 

7 
-- 

Kind of 
concre te  

Chamot t e  

Chamot t e  

Chamot t e  

Poz zolzna 
and c lay  

screenings 

Pozzolana 
and s l a y  

screenings 

Chamotte 

Pozzolana 

Pozzolana 

coo l ing  

Temp. r i s e  cycle by 
s tages  t o  15O0-20O0- 
250°-300°- and 400°C 

None 

None 

1 i n t .  and ex t .  crack 

1 i n t .  and ex t .  crack 

1 i n t ,  crack 

None 

1 i n t .  crack 

None - 
1 i n t .  and ex t .  crack 

1 i n t .  and ex t .  crack 

Pozzolana 

s l a g  

Pozzolana 1 i n t ,  crack 1 i n t .  crack 

Q 

R 

i.p.p.5 

i.p.p,5 
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Tnhle VII 

E f f e c t  o f  quant i ty  o r  unter  oiiployed and c a s t l n q  ronil>r*~fi,lon on the dllncnslonnl v n r l ~ t l o n s  and 
m~c l?nn lce l  chnrhctcr l  .tics o f  t h e  concre te  ( t e s t . ;  n t  JOO°C) 



Table VIIIs - 

E f f e c t  of q u a n t i t y  of cemrnt employed on the  d in~ens iona l  v a r i a t i o n s  and p r o r e r t i e s  of the concre tes  
( t e s t s  n t  300°C and 600°C) 

Table VIIIb 

Descript ion o r  concre te  T- 

- 

Descr lp t lon  of  concrete 

Cons t i tuen ts  
(aggregate + 

water )  

0 

u 
I; 
U 

0 0 

Const i tuen ts  
( a ~ ~ r e ~ a t e  + 

water)  

m 
VI 
a) 
4 
L. 
% 
L. 

Cement 
shaken 
down 
kg/ma 

Block 
symbols 

a 

c 

d 
----- 

- Block Apimr. I Suppl~mentirry 
Duration symbols expansion s h r i n k n ~ e  

of (300°C 3OOOC f o r  5 
v i b r a t i o n  f o r  5 h r s )  h r s  and 

In sec.  mm/m cooling 

b 3.25 
50 sec.  

d 3.34 0.50 

Appnr . 
expnnsion 

( 3OO0C 
f o r  5 h r s )  

mm/m 

--- 
1.78 

2.04 

2.18 

2.02 

Cement 
shaken 
down 
k&/ma 

190 

Tot 41 
dlmenslonal 

change 
(expansion 

+ shrinltage ) 
mm/m 

Duration 
o f 

v i b r a t i o n  
In sec .  

50 sec.  

Supplementary 
sh inkege 

300% i o r  5 
h r s  and 
cool ing  

mm/m 

0.50 

0.53 

0.44 

Tota l  
dimensionnl 

change 
(expans ion 

+ shrinkage) 
m d m  

Mechsnlcnl p r o p e r t i c s  o i  concre te  
( b e i o r e  t e s t )  

0'49 

2.28 

2.57 

2.62 

r i  

C, 'r. i: 0 a' 

z 

Sett lement 
under 

compression 
80 kg/cm2 

mm/m 

0.50 

2.49 

- 

Compress . 
s t r ~ n v t h  
ke/ck2 

2.52 

I I I I I I I 

Mechanical p r o p e r t i e s  of  concrete 
(before  t e s t )  

under 

340 50 sec. 
b 2.66 1.00 

1.02 
3.66 

3.64 
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S C R E E N S :  ( 0 . 1 )  ( 0 2 )  (04)(@5) 98 1 (6 2 3.15 5 6 . 3 8  / 0 / ~ 5 / 6 2 0 2 5 3 / , 6 4 0 5 0 6 3 8 0 / 0 0  
flrsa S I Z E ,  O,OB 0 , /6  0315 0.63 1.25 2.5 5 

HODULl : 20 25 26 27 2930 3253 35 37 38 39 40 4i  42 43 44 45 46 47 48 49 50 

DlAMETEH OF SLRLCN H O L E S  IN M/M / SCALE P R O P O R T I O ~ J R L  T O  109 D )  

Fig .  1 

Model of a manufactur ing check c h a r t  

I 
I I 

Fig .  2 

Shape and dimensions  of  b locks  produced a t  t h e  Experiments1 S t a t i o n  



100 

f m  

80 

fo 
e 70 
Y 

M 

4 60 
VI rn 

c a 0 
a c 
m 0 50 
d 111 
6 
4 c 
L s 
0 Y $ 40 

B 

L 1  

30 
Y 
0 r 

20 

I 0  

4 0 
screene : (0 .1)  (0 ,2 )  /04) (0.5) 98 1 [ 6  2 5 5 6.3 8 10 12fi 16 20 25 31.6 40  50 65 80 100 
mesh s i z e :  0,08 0.16 0315 0.65 125 2.5 5 

n o a u l i  : 20 23 26 27 2930 32 33 35 37 38 39 40 41 42 43 44 45 46 47 48 49 50 
Dismete r  o f  screen n o l e e  I n  m/m (Sc?le p m p o r t i o n a l  t o  108 D ) 

Sieve a n a l y s i s  of c o n c r e t e s  used i n  producing 
the p r e c a s t  b locks  a t  the Experimental  S t a t i o n  



b a r s  -- 

Metal p l s t e  - 
a i r t i g h t  j o i n t  between 
t h i s  p l a t e  a n d  t h e  block 
i s  ensured by a  f l e x l b l e  
j o i n t  of sponge rubber  o r  
g l a z i e r ' s  p u t t y  

coun te r  \Coloured a l c o h o l  manometer 
graduated  in  mm of water  

Fig. 4 

Diagram ~f  a i r  permeabil i ty  measuring equipment 

P o i n t s  o f  meas. o f  
a p p a r e n t  e x p a n s l o n  
o f  chimney 

l - e  1, 
.klu,nlnum p l p e  

$ 20 

Hot 93s I n p u t  ( t e r m s 1  

o r  

8 
-J 

A i r  i n p u t  st room temp.) 

damper 

Diagram of chimney assembly. - Research tes ts  
(For  approval  tests t h e  assembly Is t h e  same 

except t h a t  the  chimney i s  b u i l t  of blocks over  
i t s  e n t i r e  he ight  and i s  coated with p l a s t e r )  





I-! Temperature i n  t h e  wsll 
cd 
C 

(I? V) 

C 
aJ 

@ t3 
Fig.  7  

T h e o r e t i c a l  stress d i s t r i b u t i o n  i n  the  walls o f  a cy l in -  
d r i c a l  chimney u n i t  assumed t o  b e  made of a homogeneous 
m s t e r i a l  which does n o t  s h r i n k  and t o  be  a t  uniform tem- 
p e r a t u r e  over  i t s  e n t i r e  h e i g h t ,  under cont inuous burn- 
i n g  ( t aken  from l1 I n d u s t r l e s  Thermiquestl , June 1957) 



T i n e  i n  minutes 

F ig .  8 

D i s t r i b u t i o n  of t empera tures  through t h e  th i ck -  
n e s s  of  a w a l l  (pozzolana c o n c r e t e  b lock  w i t h  
s o l i d  5 em w a l l s ,  i n d i v i d u a l  t e s t ,  c o n t r o l  tem- 

p e r a t u r e  475O C) 



F i g .  9 

I n t e r n a l  w a l l  t e m p e r a t u r e  as a f u n c t i o n  of t he  
t y p e  o f  b l o c k  and t es t  a p p a r a t u s  

Curve o b t a i n e d  !vith c o n t i -  
nuous  b u r n i n g ,  d i r e c t  

d r a u g h t  s t o v e  b u r n i n g  oak 
Blocks  5 crn + 2 cm p l a s t e r  
Measured a t  1 .50  m f r o n  base 

Curve o S t a i n e d  rflith the 
smoke g e n e r a t o r  d u r i n z  t h e  

5 0 0 ~ ~  tes t  
5 cm b l o c k  + 2 cm p l a s t e r  c m t  
Measured a t  1 . 5 0  m f r o n  S a s e  

Curve o b t s i n e d  w i t h  s i m p l i -  
f i e d  a p p a r a t u s ,  t h e  o v e r a l l  
c o n t r o l  p o i n t  beinw k e p t  

8 c o n s t a n t  a t  475  C 
Block t y p e :  a i r  s l e e v e  + 1 

cm p l a s t e r  

Curve o S t a i n e d  wi th  s i m p l i -  
f i e d  a p p a r a t u s  w i t h  o v s r a l l  
c o n t r o l  p o i n t  k e p t  c o n s t a n t  

a t  475OC 
S o l i d  w a l l  b l o c k s  5 c!n + 2 

cm p l a s t e r  c o a t  

Curve o b t a i n e d  w i t h  s i m p l i -  
f i e d  a p p a r a t u s  

3 cm b l o c k  + 4  cm p l a s t e r  

Curve o  ~ t z i n e 4  w i t h  c o n t i n u -  
o u s l y  b u r n i n g ,  i n f i i r e c t  

d r m g h t  s t o v e  burn i n s  semi- 
b i t u m l n ~ u s  c o a l  

5 cm b l o c k  + 2 cm p l a s t e r  
l o i n t  of  n s ~ s u r e m e n t  1 . 5 0  m 
from base (maximum d r a u g h t  ) 

Snme t e s t  as  b e f o r e  b u t  w i t h  
ash p i t  door  open ( a c c i ? e n t a l  

d r a u z h t  ) 



External  

Applicat ion of load 

7 

Point  of support P 
Fig. 10 

face  wall  

Diagram of bending t e s t  of a block wall  


