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PREFACE 

The Div is ion  i n  t h e  course  of i t s  s t u d i e s  of  b r i c k  
masonry a t  i t s  l a b o r a t o r i e s  i n  H a l i f a x  and i n  Ottawa t a k e s  
advantage of o p p o r t u n i t i e s  t o  examine t h e  p r o p e r t i e s  of masonry 
u n i t s  being manufactured and o f f e r e d  f o r  s a l e .  This i s  done i n  
t h e  f irst  i n s t a n c e  as an  a i d  i n  unders tanding  t h e  v a r i o u s  f a c t o r s  
involved  i n  t h e  s e r v i c e  performance of masonry w a l l s  which i s  
a l s o  be ing  s t u d i e d  i n  t h e  f i e l d .  The r e s u l t s  of a  l a b o r a t o r y  
examination of b r i c k s  produced by a  small b r i c k  p l a n t  i n  t h e  
A t l a n t i c  a r e a  a r e  now repor t ed .  The work was c a r r i e d  o u t  a t  
t he  A t l a n t i c  Regional  S t a t i o n  of t h e  Div is ion  by t h e  a u t h o r  who 
i s  engaged i n  masonry s t u d i e s  t h e r e .  

Ottawa 
December 1960 

N. B. Hutcheon 
A s s i s t a n t  D i r e c t o r  



LEAKAGE AND BOND STRENGTH TESTS ON SMALL PANELS 
ASSENBLED WI!iX RED DRY-PRESS BRICKS AND FOUR MORICAR 

COnTE3INATIONS 
by 

J.I. Davison 

I n  a d d i t i o n  t o  t h e  ex t ruded  s t i f f -mud  b r i c k s  t h a t  a r e  
g e n e r a l l y  used i n  masonry c o n s t r u c t i o n  i n  t h e  A t l a n t i c  a r e a ,  t h e r e  i s  
a  r e d  dry-press  b r i c k  manufactured i n  one sma l l  p l a n t ,  a f ami ly  
bus ines s  t h a t  h a s  been i n  ope ra t ion  s i n c e  1886. About t e n  y e a r s  
ago s h a l e  r e p l a c e d  c l a y  a s  t h e  b a s i c  raw m a t e r i a l  and more r e c e n t l y  
t h e  f i r m  i n s t a l l e d  a t u n n e l  k i l n  i n  an  e f f o r t  t o  improve t h e i r  
product .  !here  have been many problems a s s o c i a t e d  w i t h  ope ra t ion  of  
t h e  new k i l n .  Although t h e s e  had n o t  been complete ly  r e s o l v e d ,  some 
b r i c k s  were ob ta ined  from t h e  p l a n t  dur ing  t h e  summer of  1959 and 
leakage  and bond s t r e n g t h  t e s t s  were c a r r i e d  o u t  on small p a n e l s  
assembled w i t h  them, u s i n g  f o u r  mor t a r  combinations.  The r e s u l t s  of  
t h e s e  t e s t s  and p e r t i n e n t  da t a  concerning t h e  phys i ca l  p r o p e r t i e s  o f  
t h e  b r i c k s  a r e  now r e p o r t e d .  

PROPERTIES OP BRICKS 

The shipment conta ined  200 b r i c k s ,  and a f t e r  d ry ing  (72 h r  
a t  l l O ° C )  dinr1:nsions were checked and IRA ( I n i t i a l  Rate of Absorpt ion)  
determined.  Average dimensions were 8 1/8 i n .  long  by 3 3/4 i n .  wide 
by 2  5/16 i n .  t h i c k ;  I R A  v a l u e s  ranged between 17.3  and 101.4 gm. 
%e d i s t r i b u t i o n  of IRA v a l u e s  f o r  t h e  shipment i s  shown i n  P ig .  1. 
It w i l l  be no ted  that 82 p e r  c e n t  of  t h e  v a l u e s  f a l l  i n  t h e  30- 
t o  80-gm range whi le  55 p e r  c e n t  were w i t h i n  t h e  40- t o  70-gm range.  

Seventeen b r i c k s ,  r e p r e s e n t a t i v e  of t h e  complete IRA range ,  
were then  s e l e c t e d  and 24-hr submersion, 5-hr b o i l i n g  t e s t s ,  and 
underwater  weighings completed. Complete r e c o r d s  of a b s o r p t i o n  
a r e  p re sen ted  i n  Table I where an average  24-hr submersion a b s o r p t i o n  
of 7 .2  p e r  c e n t ,  a n  average  5-hr b o i l i n g  a b s o r p t i o n  of 8.9 p e r  c e n t ,  
w i t h  a n  average  s a t u r a t i o n  c o e f f i c i e n t  of  0.806 w i l l  be noted.  

Absorption d a t a ,  a p p a r e n t  p o r o s i t y ,  and bu lk  d e n s i t y  a r e  
compared g r a p h i c a l l y  w i t h  I R A  i n  F igs .  2  t o  4 ,  showing c l e a r l y  t h e  
r e l a t i o n s h i p  betmeen t h e s e  p r o p e r t i e s  and IRA. R e s u l t s  a r e  similar 
t o  evidence r e p o r t e d  i n  DBR I n t e r n a l  Report  No. 147 (1). Absorption 
v a l u e s  and appa ren t  p o r o s i t y  i n c r e a s e  w i t h  i n c r e a s i n g  IRA whi le  bu lk  
d e n s i t y  decreases .  

Ten of t h e  seventeen samples were t hen  sub jec t ed  t o  f r e e z e -  
thaw t e s t s  and a l l  f a i l e d  a t  an  average  of s i x t e e n  cyc l e s .  There 
w a s  no c o n s i s t e n t  p a t t e r n  r e l a t i n g  f a i l u r e s  w i t h  IRA. An a t t e m p t  w a s  
made t o  r e l a t e  l a b o r a t o r y  f reeze- thaw t e s t s  w i t h  a c t u a l  outdoor  
f r e e z i n g  cyc l e s .  Four b r i c k s  hav ing  I R A  v a l u e s  45.0, 65.0, 70.3, 
and 75.0 gm were s e t  o u t  on a n  exposure s i t e  i n  mid-January i n  a pan 



con ta in ing  1/4 i n .  of wate r .  The c r a c k s  i n  t h e  b r i c k s  a f t e r  f i f t y -  
one freeze-thaw c y c l e s  from mid-January t o  t h e  end of  A p r i l  
(determined from r e c o r d s  of t h e  l o c a l  Meteoro log ica l  S t a t i o n )  can 
be seen  i n  Pig .  11. Weight l o s s e s  dur ing  t h e  per iod  ranged from 
0.06 t o  0.11 p e r  cen t .  

PAmEL ASSEMBLY 

B r i c k s  -- 
The o r i g i n a l  schedule  f o r  p a n e l s  i nc luded  f o u r  mor t a r  combi- 

n a t i o n s  and two v a r i a b l e s  - 115 p e r  c e n t  f low mor t a r  w i t h  dry 
b r i c k s  ( s e r i e s  I )  and t h e  same flow mor t a r  w i t h  wet b r i c k s  ( s e r i e s  11). 
Since a l l  pane l s  were assembled i n  d u p l i c a t e ,  s i x t e e n  pane l s  were t o  
be assembled i n  t h e  first two s e r i e s .  A f t e r  a s tudy  of t h e  I R A  
d i s t r i b u t i o n  it was decided t o  s e l e c t  b r i c k s  i n  40- t o  70-gm range.  
L a t e r  it was decided t o  assemble a t h i r d  s e r i e s  of pane l s  t o  
i n v e s t i g a t e  t h e  e f f e c t  of a h i g h e r  f low mor t a r  (130 p e r  c e n t  f l o w ) .  
It w a s  necessary  t o  u se  b r i c k s  i n  t h e  60- t o  90-gm range as  t h e r e  were 
n o t  enough remaining i n  t h e  40- t o  70-gm range.  P r i o r  t o  pane l  
assembly a l l  b r i c k s  were r e d r i e d  (72 h r  a t  l l O ° C ) .  

Mortars -- 
The f o u r  mor t a r  combinations s e l e c t e d  were: 

1 ) 1 :3 l ime p u t t y :  sand 
2 )  1 :3 masorlry cement: sand 
3 )  1 :2 :9 cement: l ime  p u t t y :  sand 
4 )  1:1:6 cement: l ime  p u t t y :  sand 

Lime p u t t y  was obta ined  from a  l o c a l  ready-mix p l a n t  where 
it i s  made from quicklime and w e l l  aged be fo re  d i s t r i b u t i o n .  
Chezzetcook sand was used,  masonry cement was "Canada Brand" and 
cement w a s  "Naritime Brand". These m a t e r i a l s  a r e  similar t o  
t hose  used  i n  p rev ious  masonry p r o j e c t s  of t h e  DBR A t l a n t i c  Regional  
S t a t i o n .  All morta r  was mixed i n  a Hobart  mixer i n  accordance w i t h  
procedure adopted f o r  small pane l  assembly. 

During pane l  assembly a 30-sec t ime i n t e r v a l  was used  between 
p l ac ing  mor t a r  bed and  l a y i n g  t h e  n e x t  b r i c k .  Each b r i c k  r e c e i v e d  
a heavy t a p  ( 4  l b  dropped through 1 1/2 i n . )  a f t e r  be ing  p laced  on 
t h e  mor t a r  bed. 

There were t h r e e  s e r i e s  of  pane ls .  For  t h e  first  s e r i e s  d r y  
b r i c k s  were used w i t h  mor ta r s  i n  f low range 115 p e r  c e n t ,  i n  t h e  
second s e r i e s  a l l  b r i c k s  were soaked f o r  10  minutes  i n  a p a i l  of  wa te r  
be fo re  use  w i t h  mor ta r s  i n  t h e  same flow range ,  whi le  i n  t h e  t h i r d  
s e r i e s  dry b r i c k s  were used  w i t h  h i g h e r  mor t a r  f low (130 p e r  c e n t ) .  
P e r t i n e n t  in format ion  concerning panel  assembly w i l l  be found i n  
Table 11. 



By checking t h e  i n c r e a s e  i n  weight  of t h e  completed pane l s  
a g a i n s t  t h a t  o f  t h e  dry  b r i c k s ,  and assuming t h a t  approximately  
t h e  same amounts of mor t a r  were r e q u i r e d  f o r  t h e  respective pane l s  
i n  bo th  s e r i s s  I and s e r i e s  111, t h e  w a t e r  absorbed b y ' t h e  b r i c k s  
du r ing  t h e  soaking pe r iod  ( s e r i e s  11) was es t ima ted  t o  be 119.6 gm 
p e r  b r i c k .  Compared w i t h  t h e  average weight  of t h e  b r i c k s ,  
2,894.8 grn, t h i s  r e p r e s e n t s  an  a b s o r p t i o n  of 4 .1  p e r  c e n t ,  more t h a n  a 

50 p e r  c e n t  of t h e  average 24-hr a b s o r p t i o n  of 7 .2  pe r  c e n t .  Absorption 
of t h i s  amount of wa te r  by each b r i c l i  m u s t  obvious ly  have s u b s t a n t i a l l y  
reduced t h e  average I R A  (57.5 gm) . 

Curing 

A l l  pane l s  were cured f o r  t h e  accep ted  1 4  days under 
l a b o r a t o r y  c o n d i t i o n s  (70' t empera ture ,  50 p e r  c e n t  RH). Half way 
through this pe r iod  pane l s  were f l a s h e d  w i t h  po lye thy lene  s h e e t i n g  
us ing  Lasto-Meric a s  bonding a g e n t  i n  p r e p a r a t i o n  f o r  l eakage  t e s t s .  

LEAKAGE TESTS 

A l l  pane l s  were s u b j e c t e d  t o  l eakage  t e s t s  u s i n g  t h e  small 
panel  leakage a p p a r a t u s  (DBR I n t e r n a l  Report  No. 160 ( 2 )  ) .  Duration 
of t i e  t e s t s  was 21 hours .  R e s u l t s  a r e  summarized i n  Table 111. 

S e r i e s  I.- There w a s  cons ide rab le  leakage f o r  a l l  pane ls .  !be b e s t  
average r e s u l t  was ob ta ined  f o r  t h e  l ime  mor ta r  pane l s  whi le  most 
excess ive  leakage occurred w i t h  masonry cement mor t a r  pane ls .  R e s u l t s  
f o r  t h e  cement-lime a o r t a r  pane l s  were i n c o n s i s t e n t  and a  t h i r d  
panel  i n  bo th  c a s e s  (1:1:6 and l :2 :9  m o r t a r )  l eaked  exces s ive ly .  
It should be recorded ,  however, t h a t  l e a s t  lealcage f o r  any pane l  i n  
t h e  group occurred f o r  panel  5 (1:2:9 mor ta r ;  679 m l )  and t h e  second 
b e s t  i n d i v i d u a l  r e s u l t  occurred f o r  pane l  8 (1:1:6 mor ta r ;  910 m l ) .  

S e r i e s  11.- !bere  w a s  a s u b s t a n t i a l  improvement i n  l eakage  r e s u l t s  
f o r  s i x  of t h e  pane l s  i n  t h i s  s e r i e s  by comparison w i t h  t h e  first 
s e r i e s .  Illhe except ion  w a s  f o r  t h e  l ime n o r t a r  pane l s  where t o t a l  
lealcage w a s  25 p e r  c e n t  h i g h e r  than  r e s u l t s  f o r  t h e  "dry b r i c k "  
pane ls .  A l l  r e s u l t s  were c o n s i s t e n t .  Bes t  r e s u l t s  were ob ta ined  w i t h  
t h e  masonry cement pane l s  where soak ing  b r i c k s  b e f o r e  p m e l  assembly 
r e s u l t e d  i n  r educ t ion  i n  l eakage  from 5,194.5 t o  475.0 m l .  It is  
a l s o  no ted  t h a t  l eakage  f o r  1:2:9 mor t a r  pane l s  a t  759.5 m l  was 
g r e a t e r  than  t h e  484.0 m l  t o t a l  f o r  t h e  1:1:5 mor t a r  p m e l s .  I n  
this c a s e  soaking t h e  b r i c k s  appea r s  t o  have nega ted  t h e  u s u a l l y  
b e n e f i c i a l  e f f e c t  of h i g h e r  w a t e r  r e t e n t i v i t y  of t h e  l : 2 :9  mortar .  
Improved bond f o r  pane l s  i n  t h i s  s e r i e s  a l s o  r e s u l t e d  i n  " d e l a y h g "  
leakage f o r  a l l  b u t  t h e  l ime mor ta r  pane ls .  In  t h e  first s e r i e s  
l eakage  occur red  i n  masonry cement and cement-lime mor t a r  pane l s  
a lmos t  immediately a f t e r  s t a r t i n g  t h e  t e s t ,  wh i l e  i n  t h e  second 



s e r i e s  leakage s t a r t e d  30 t o  50 minutes a f t e r  t h e  beginning of t h e  
t e s t ,  d e s p i t e  t h e  h i g h e r  "absorpt ion capac i ty"  of t h e  d ry  b r i c k s  i n  
s e r i e s  I panels .  

S e r i e s  111.- Leakage r e s u l t s  f o r  this s e r i e s  were c o n s i s t e n t l y  
b e t t e r  t han  those  f o r  s e r i e s  I bu t  n o t  as good a s  r e s u l t s  f o r  
s e r i e s  11. Here t h e  b e s t  r e s u l t s  occurred wi th  t h e  1:2 :9 and 
1:1:6 cement-lime mortar  pane ls  whi le  g r e a t e s t  leakage occurred wi th  
the  l ime mor ta r  panels .  

General .-  R e s u l t s  of panel  leakage f o r  each mor ta r  a r e  shown 
g r a p h i c a l l y  i n  P igs .  5  t o  8 i n c l u s i v e .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  b e s t  r e s u l t s  f o r  t h e  d r y  
b r i c k h l 5  p e r  c e n t  mortar-flow combination occurred wi th  l ime mortar ;  
masonry cement mor ta r  pane l s  gave b e s t  r e s u l t s  f o r  t h e  wet b r i c k /  
115 p e r  ten* f low pane ls ,  a  d  t h e  cement-lime mor ta r  pane l s  gave b e s t  
r e s u l t s  w i th  t h e  d ry  b r i c k  /" 130 per  c e n t  f low mortar .  

Por t h e  twenty-four pane l s  b e s t  leakage r e s u l t s  were 
obtained wi th  the  masonry cement mor ta r  wet b r i c k  combination wh i l e  
t h e  masonry cement mor ta r  (115 pe r  c e n t  f low)/dry b r i c k  combination 
produced t h e  g r e a t e s t  leakage.  

The amounts of water  absorbed by pane l s  dur ing  leakage t e s t s  
a r e  shown i n  Table I V  where it i s  noted t h a t  t he  wet b r i c k A l 5  p e r  
c e n t  flow mor ta r  pane ls  absorbed t h e  l a r g e s t  q u a n t i t i e s  and t h a t  t h e  
cement-lime mor ta r  pane ls  absorbed more wa te r  t han  masonry cement 
and l ime mortar  panels .  I n  e f f e c t  t h i s  means t h a t  t h e  pane ls  w i t h  
b e t t e r  bond obta ined  by soaking b r i c k s  had g r e a t e r  wa te r - r e t a in ing  
c a p a c i t y  than  pane ls  w i t h  poorer  bonded mor ta r  j o i n t s  even th.ough 
t h e  dry  b r i c k s  used had g r e a t e r  abso rp t ion  c a p a c i t i e s .  

Visua l  observa t ion  dur ing  leakage t e s t s  i n d i c a t e d  t h a t  
leakage occurred g e n e r a l l y  a t  t h e  i n t e r f a c e  between b r i c k  and mor ta r  
bed, b u t  t h e r e  a l s o  was i n d i c a t i o n  of l eakage  through b r i c k s  i n  
pane ls  7D and 22 where water  appeared t o  be coming through t h e  
t o p  b r i c k  of t h e  panel .  

Moisture Content Losses t o  Matched P a i r s  

I n  conjunc t ion  wi th  panel  assembly, mois ture  con ten t  l o s s e s  
t o  matched p a i r s  of b r i c k s  were determined. The term,  "matched p a i r s " ,  
i n d i c a t e s  two b r i c k s  of s i m i l a r  IRA, t h e  va lue  s e l e c t e d  be ing  n e a r  
t h e  average value of t h e  b r i c k s  i n  t h e  panel .  Choice was u s u a l l y  
r e s t r i c t e d  by a v a i l a b i l i t y  of b r i c k s ,  and it w i l l  be noted  t h a t  
IRA'S f o r  s e r i e s  I and I1 were 45 and 49 gm whi le  f o r  s e r i e s  111 t h e  
range was 87.0 t o  91.5 gm. R e s u l t s  a r e  l i s t e d  i n  'I'able I V  where 
l o s s e s  a r e  expressed a s  a percentage of t h e  t o t a l  mois ture  con ten t  of 
t h e  mortar .  !he most s i g n i f i c a n t  a s p e c t  of t h e s e  r e s u l t s  i s  t h e  



marked r educ t ion  i n  mois ture  l o s s  from t h e  mor ta r  du r ing  t h e  
3-minute c o n t a c t  pe r iod  wi th  t h e  wet b r i c k s  by comparison w i t h  
l o s s e s  t o  d ry  b r i c k s .  

BOND STREIilGTH TESTS 

A f t e r  l eakage  t e s t s  a l l  pane l s  were a l lowed t o  d ry  i n  t h e  
l a b o r a t o r y  f o r  seven days,  t hen  bond s t r e n g t h  t e s t s  were done u s i n g  
the new bond s t r e n g t h  a p p a r a t u s  (DBR I n t e r n a l  Report  $To. 175 ( 3 ) ) .  
R e s u l t s  a r e  shown i n  Table V and Fig .  10. 

S e r i e s  I.- Best  bond s t r e n g t h  v a l u e s  occur red  i n  t h e  cement-lime 
mor t a r  pane ls ,  and r e s u l t s  f o r  t h e  1:1:6 combination were b e t t e r  
than  f o r  t h e  1 :2:9 panels .  Ex ten t  of bond was reasonably  good f o r  
l ime mor ta r  and  cement-lime n o r t a r  pane ls .  !There w a s ,  however, 
something l e s s  t han  100 p e r  c e n t  c o n t a c t  f o r  t h e  cement-lime panels .  
While e x t e n t  of bond w a s  good f o r  l ime mor t a r  pane l s ,  ca rbona t ion  
of t h e  l ime w a s  incomplete ,  be ing  conf ined  t o  a pe r ime te r  s t r i p  
about  1/2 i n .  wide. 

S e r i e s  11.- R e s u l t s  f o r  l ime mor ta r  p a n e l s  were n o t  as  good a s  
t hose  f o r  s e r i e s  I, b u t  v a l u e s  f o r  o t h e r  p a n e l s  were much improved. 
Panel  1 0  ( l ime  mor t a r )  was cured  f o r  s i x  months a f t e r  t h e  leakage  
t e s t ,  b u t  t h e r e  was no improvement i n  bonding, v a l u e s  i n  f a c t  were 
somewhat l e s s  than  those  f o r  pane l  9 t e s t e d  a t  t h e  normal t ime 
( t h r e e  weeks).  Good e x t e n t  of bond was observed f o r  masonry 
cement pane ls .  In  two i n s t a n c e s  some of t h e  mor t a r  bed remained 
c l i n g i n g  t o  t h e  upper  b r i c k  a f t e r  t h e  j o i n t  f r a c t u r e d .  Low r e s u l t s  
f o r  t h e  two bottom j o i n t s  i n  pane l  11 lowered t h e  average va lue  about  
f i v e  po in t s .  

Extent  of  bond w a s  e x c e l l e n t  f o r  bo th  cement-lime mor ta r  
combinations,  a l t hough  average  va lues  f o r  t h e  1 :1:6 mor t a r  were 
s u b s t a n t i a l l y  h i g h e r  than  those  f o r  t h e  1 :2 :9 mortar .  I n  t h e  l a t t e r  
pane l s ,  t h r e e  of t h e  e i g h t  "breaks" occur red  d i r e c t l y  through t h e  
mor ta r  beds ;  i n  a fou r th ,  p a r t  of t h e  mor t a r  remained c l i n g i n g  t o  t h e  
upper  b r i c k  l e a v i n g  f o u r  "conventionalt '  b r eaks  w i th  t h e  t o p  b r i c k  
l i f t i n g  from t h e  mor t a r  bed. S i m i l a r  r e s u l t s  were noted f o r  t h e  
1:1:6  mor ta r  p a n e l s  where t h r e e  b reaks  occurred through t h e  mor t a r  
beds,  i n  two c a s e s  p a r t  of  t h e  mor t a r  bed remained on bo th  b r i c k s  
whi le  t h e  o t h e r  t h r e e  r e s u l t e d  from a l i f t i n g  of  t h e  t o p  b r i c k  from 
t h e  mor ta r  bed. 

I n  pane l  16  a h i g h  va lue  of  87.0 p s i  was ob ta ined  whi le  a 
low va lue  of 23.0 p s i  occur red  i n  t h e  bottom j o i n t  of  t h e  same 
panel ,  i l l u s t r a t i n g  t h e  g r e a t  i n c o n s i s t e n c i e s  i n  bond s t r e n g t h  
r e s u l t s .  



S e r i e s  111.- Bond s t r e n g t h  v a l u e s  f o r  l ime  m o r t a r  p a n e l s  were 
comparable t o  t hose  f o r  s e r i e s  I whi l e  t h o s e  f o r  masonry cement 
p a n e l s  were more i n  l i n e  w i t h  v a l u e s  f o r  s e r i e s  I1 pane l s .  The 
b i g g e s t  d i f f e r e n c e  occur red  f o r  t h e  cement-lime p a n e l s  where 
s e r i e s  111 v a l u e s  were s u b s t a n t i a l l y  h i g h e r  t h a n  p r ev ious  r e s u l t s .  
I n  s e v e r a l  c a s e s  t h e  p r e s s u r e  o f  t h e  clamping sc rews  n e c e s s a r y  t o  
p r e v e n t  s l i p p i n g  unde r  heavy l o a d i n g  caused  b r e a k s  i n  t h e  r e l a t i v e l y  
s o f t  b r i c k s  ( p a r t i c u l a r l y  pane l  23 )  r e s u l t i n g  i n  l o s s  o f  v a l u e s .  
S l i p p i n g  o f  t h e  clamping frame on t h e  t o p  b r i c k  i n  some c a s e s  
resu l t j ed  i n  uneven l o a d i n g  and premature f a i l u r e .  E x c e l l e n t  bond 
was observed i n  a l l  c a s e s  f o r  t h e s e  pane l s .  H ighes t  bond s t r e n g t h  
o b t a in e d  f o r  any j o i n t  d u r i n g  t h i s  s t u d y  was 96.7 p s i  f o r  j o i n t  4  
i n  p a n e l  24. 

General . -  B e s t  bond s t r e n g t h  v a l u e s  f o r  cement-lime p a n e l s  were -- 
o b t a in e d  from t h e  d ry  b r i ck /h igh  f low m o r t a r  combination w h i l e  
b e s t  v a l u e s  f o r  masonry cement p a n e l s  occu r r ed  w i t h  t h e  wet b r i ck /  
115  p e r  c e n t  f low combination.  Values f o r  l ime  m o r t a r  p a n e l s  
were a l l  i n s i g n i f i c a n t  a l t h o u g h  e x t e n t  o f  bond was e x c e l l e n t  and  
bond v a l u e s  f o r  t h e  we t  b r i c l q l l 5  p e r  c e n t  f low combination were 
i n f e r i o r  t o  t h e  r e s u l t s  f o r  t h e  o t h e r  two s e r i e s .  H i g h e s t  v a l u e s  
were o b t a ined  w i t h  t h e  1:1:6 cement-lime combinat ion i n  a l l  t h r e e  
s e r i e s .  

Again t h e r e  was s u s p i c i o n  o f  l e akage  th rough  t h e  b r i c k s  
when e x c e l l e n t  bond, observed a f t e r  f r a c t u r e  of  some m o r t a r  j o i n t s ,  
was i n c o n s i s t e n t  w i t h  l e akage  t o t a l s  f o r  t h e  same pane l s .  

A v i s u a l  comparison c l e a r l y  i n d i c a t i n g  t h e  e f f e c t  of  pane l  
assembly c o n d i t i o n s  f o r  t h e  t h r e e  s e r i e s  w i l l  be found i n  F ig s .  1 2  
t o  1 5  i n c l u s i v e ,  where f r a c t u r e d  j o i n t s  f o r  t h e  f o u r  m o r t a r s  a r e  
shown. 

INVESTIGATION OF LEAKAGE THROUGH BRICKS 

I n  p r e v i o u s  i n v e s t i g a t i o n s  i n v o l v i n g  l e akage  t e s t s  on small 
b r i c k  p a n e l s  assembled w i t h  b r i c k s  of low IRA, it was e s t a b l i s h e d  
t h a t  l eakage  occu r r ed  a t  t h e  i n t e r f a c e  between b r i c k  and  mor ta r .  
Th i s  was observed du r ing  t e s t s  on p a n e l s  t h a t  l e a k e d  and  l a t e r ,  when 
l e a k y  j o i n t s  were b roken ,  t h e  o b s e r v a t i o n  was s u b s t a n t i a t e d  by 
" leakage paths" t r a c e d  o u t  on t h e  m o r t a r  beds  by d i r t  i n  t h e  wate r .  

A s  p r e v i o u s l y  no ted  d u r i n g  t h e  c u r r e n t  study, o b s e r v a t i o n s  
b o t h  d u r i ng  l e akage  t e s t s ,  and  l a t e r  when p a n e l s  were f r a c t u r e d  
d u r i n g  bond s t r e n g t h  t e s t s ,  p o i n t e d  t o  p o s s i b l e  l e akage  th rough  
t h e  b r i c k s  i n  a d d i t i o n  t o  t h e  u s u a l  " i n t e r f a c e "  l eakage .  

T he re fo r e ,  a  s h o r t  program was s e t  u p  t o  i n v e s t i g a t e  
l e a k a g e  i n  i n d i v i d u a l  b r i c k s .  



"Chimney Tes t"  

I n i t i a l  i n v e s t i g a t i o n  of i n d i v i d u a l  b r i c k  leakage involved  
mounting a  g l a s s  c y l i n d r i c a l  chimney ( 2  1/16 i n .  d iameter  by 
3 1/8 in. h i g h )  on t h e  bonding s u r f a c e  of t h e  b r i c k  w i t h  some 
cau lk ing  compound, main ta in ing  a  head of  wa te r  i n  t h e  chimney and 
c o l l e c t i n g  t h a t  which passed through t h e  b r i c k  i n  a  beaker .  E igh t  
b r i c k s  r ang ing  i n  IRA from 28.0 t o  105 gm were t e s t e d ,  t h e  l e n g t h  
of t e s t  be ing  24 hours .  R e s u l t s  a r e  t a b u l a t e d  i n  Table V I .  

There w a s  no measurable l eakage  from t h e  28.0 gm b r i c k  
a l t hough  t h e  unders ide  was wet  t o  touch a t  t h e  end of  t h e  t e s t .  

However, t h e r e  were drops  of w a t e r  on t h e  bottom of t h e  
31.5 gm b r i c k  a t  7 h r  and 5  m l  were c o l l e c t e d  i n  t h e  beaker  dur ing  
t h e  t e s t .  Time f o r  drops  t o  appear  on t h e  bottom decreased and 
leakage  through t h e  b r i c k s  i n c r e a s e d  u n t i l  a t  75.0 gm IRA drops  of 
w a t e r  appeared on t h e  bottom 1 1/2 h r  a f t e r  t h e  s t a r t  of t h e  t e s t  
and t o t a l  leakage was 281 m l .  

Leakage cont inued  t o  i n c r e a s e  f o r  t h e  two remaining h i g h  
s u c t i o n  b r i c k s  (95.0 and 105.0 g m ) .  However, u n l i k e  lower  s u c t i o n  
b r i c k s  where wa te r  passed through and dropped from a n  a r e a  
d i r e c t l y  below t h e  chimney, l eakage  occurred wi th  wa te r  oozing from 
v a r i o u s  a r e a s  o f  t h e  b r i c k s  making i t  d i f f i c u l t  t o  , c o l l e c t .  T e s t s  
on t h e s e  b r i c k s  were,  t h e r e f o r e ,  d i s con t inued  a t  7 and 8 h r ,  
r e s p e c t i v e l y .  

LEAKAGE TEST OTJ IN111 VIDUAL BRICKS 

In  t h e  l i g h t  of  t h e  above evidence it was decided t o  t r y  a  
panel- type leakage  t e s t  on i n d i v i d u a l  b r i c k s .  For l eakage  t o  occur  
i n  t h i s  t e s t ,  wa te r  would have t o  pass  through t h e  b r i c k  from 
f r o n t  t o  back, a  g r e a t e r  d i s t a n c e  than  from t o p  t o  bottom as  i n  
t h e  chimney t e s t .  

Three b r i c k s  having IRA'S  of 25.2, 55.0 and 86 .0  gm wera 
f l a s h e d  ( t o p ,  bottom, and bo th  ends)  i n  t h e  u s u a l  manner w i t h  
po lye thy lene  s h e e t i n g  u s i n g  Lasto-Eer ic  as  bonding agent .  They 
were then  i n d i v i d u a l l y  p laced  i n  t h e  smal l -panel  leakage a p p a r a t u s  
with a 4-br ick dummy panel .  Leakage t e s t  was t h e n  c a r r i e d  o u t  f o r  
24 h o u r s  i n  t h e  u s u a l  manner. R e s u l t s  shown i n  Table V I I  r e v e a l  no 
leakage f o r  t h e  low-suction b r i c k ,  minor l eakage  f o r  t h e  55.0 gm 
b r i c k ,  .and s u b s t a n t i a l  leakage f o r  t h e  h igh - suc t ion  b r i c k .  I n  
comparing t h e  above leakage  t o t a l s  w i th  those  ob ta ined  wi th  t h e  
chimney t e s t ,  it must be noted t h a t  t h e  t h i c k n e s s  ( f r o n t  t o  back) 
of  t h e  b r i c k  i s  1 1/2 i n .  g r e a t e r  than  t h e  depth ( t o p  t o  bot tom).  
!This a d d i t i o n a l  t h i c k n e s s  p l u s  t h e  g r e a t e r  s e v e r i t y  of  t h e  chimney 
t e s t  account  f o r  l e s s e r  t o t a l s  ob ta ined  w i t h  t h e  leakage  t e s t .  



This  ev idence  i n d i c a t e s  t h a t  l e akage  t o t a l s  f o r  p a n e l s  
c o n t a i n i n g  b r i c k s  h a v i n g  s u c t i o n  above 55 g m  were made u p  o f  
l e a k a g e  th rough  t h e  b r i c k s  a s  w e l l  as  th rough  t h e  i n t e r f a c e  between 
t h e  b r i c k  and  m o r t a r  bed. 

LEAKAGE TESTS ON SMALL PANELS ASSEMBILED W I T H  LOW IRA BRICKS 

F i n a l  phase of t h e  s t u d y  invo lved  assembly of t h r e e  s m a l l  
p a n e l s  w i t h  b r i c k s  i n  IRA range  28 t o  38.5 gm and masonry cement 
m o r t a r ,  one pane l  co r r e spond ing  t o  each o f  t h e  t h r e e  s e r i e s  p r e v i o u s l y  
s t u d i e d .  Leakage and  bond s t r e n g t h  r e s u l t s  a r e  t a b u l a t e d  i n  Table 
V I I I .  Leakage r e s u l t s  (shown i n  F ig .  9 )  i n d i c a t e  a  d e f i n i t e  improvement 
over  t h e  p r ev ious  t e s t s  b u t  f o l l o w  t h e  same p a t t e r n  i n  t h a t  b e s t  
r e s u l t s  o c cu r  w i t h  t h e  wet  b r i c U l l 5  p e r  c e n t  f low combination 
fo l lowed  by t h e  d r y  b r i c k  130 p e r  c e n t  f low and t h e n  t h e  d r y  b r i c k /  
115  p e r  c e n t  f low combinat ions .  Bond s t r e n g t h  r e s u l t s  (shown i n  
Pig .  1 0 )  i n d i c a t e  t h e  same d e f i n i t e  improvement a s  do l e akage  r e s u l t s  
f o r  t h e  d r y  b r i c k / l l 5  p e r  c e n t  f low combinat ion a n d  a l s o  improvement 
o f  t h e  o r d e r  of 1 0  p e r  c e n t  i n  t h e  o t h e r  two combinat ions .  A 
v i s u a l  comparison of  f r a c t u r e d  j o i n t s  f o r  t h e  t h r e e  s e r i e s  w i l l  be 
found  i n  P ig .  16 .  

A f u r t h e r  i n d i c a t i o n  of t h e  reduced  p e r m e a b i l i t y  of t h e s e  
p a n e l s  can  be found by examining t h e  w a t e r  absorbed  du r ing  l e akage  
t e s t s  ( B b l e  I X ) .  These q u a n t i t i e s  a r e  c o n s i d e r a b l y  lower  t h a n  
t h o s e  f o r  s i m i l a r  p a n e l s  i n  p r e v i o u s  s e r i e s  (Tab le  I X ) .  It i s  
a l s o  n o t e d  t h a t  u n l i k e  p r ev ious  r e s u l t s  w a t e r  a b s o r p t i o n  t o t a l s  a r e  
i n  l i n e  w i t h  l eakage  r e s u l t s  i n  t h a t  t h e y  i n c r e a s e  from a  low w i t  
t h e  we-t brick1115 p e r  c e n t  f low combizlation th rough  t h e  d r y  b r i c  
130  p e r  c e n t  f low pane l  t o  a h i g h  f o r  t h e  d r y  b r i c k / l l 5  p e r  c e n t  
f low p a n e l .  

It must be r ecogn i zed  t h a t  t h e  improved r e s u l t s  f o r  t h e s e  
p a n e l s  a r e  due t o  a  combination of  ( a )  b e t t e r  bonding between 
low IFU b r i c k s  and  m o r t a r ,  and  ( b )  r e d u c t i o n  o r  e l i m i n a t i o n  o f  
l eakage  through t h e  b r i c k s  themselves .  

U n fo r tuna t e ly ,  t h e  l i m i t e d  supp ly  o f  b r i c k s  d i d  n o t  pe rmi t  
s t u d y  o f  t h e s e  l a t t e r  t h r e e  p a n e l s  i n  d u p l i c a t e  and a l s o  c u r t a i l e d  
f u r t h e r  s t u d y  on l e akage  th rough  b r i c k s .  Th i s  work i s  t o  be  
resumed when a d d i t i o n a l  b r i c k s  a r e  a v a i l a b l e ,  pending c u r r e n t  
r e n o v a t i o n s  o f  t h e  t u n n e l  k i l n  a t  t h e  p l a n t .  

CONCLUSIOIJS 

This  s t u d y  on p a n e l s  assembled w i t h  a h i g h - s u c t i o n  dry- 
p r e s s  b r i c k  manufactured i n  t h e  A t l a n t i c  a r e a  h a s  p rov ided  ev idence  



suppor t ing  t h e  f o l l o v ~ i n g  conc lus ions ,  some of which have a l r e a d y  
been reached by o t h e r s -  and r e p o r t e d  i n  t h e  l i t e r a t u r e .  

(1) B r i c k s  having high s u c t i o n  v a l u e s  should  be soaked 
be fo re  use .  Soaking reduces  t h e  e f f e c t i v e  s u c t i o n  t h u s  p e r m i t t i n g  
b e t t e r  bond between mor t a r  and b r i c k s .  

( 2 )  B r i c k s  bond b e t t e r  w i t h  mor ta r s  hav ing  f low of 130  
p e r  c e n t  t han  w i t h  t h o s e  hav ing  f low of 115 p e r  cen t .  

( 3 )  Soaking h igh-suc t ion  b r i c k s  has a more b e n e f i c i a l  e f f e c t  
on e x t e n t  o f  bond than  i n c r e a s i n g  mor ta r  f low from 115 p e r  c e n t  
t o  130 pe r  c e n t ,  b u t  t h e  l a t t e r  i s  more b e n e f i c i a l  t o  s t r e n g t h  of 
bond. 

( 4 )  Leakage through h igh - suc t ion  r e d  d ry -p re s s  b r i c k s  
c o n t r i b u t e d  t o  pane l  leakage t o t a l s .  There i s  evidence i n  t h i s  
s tudy  of l eakage  through b r i c k s  w i t h  IRA above 55.0 gm. 

( 5 )  Red dry-press  b r i c k s  of t h i s  type  a r e  n o t  du rab le  as  
judged by f reeze- thaw t e s t s .  The i r  a b s o r p t i o n  p r o p e r t i e s  a r e  
a c c e p t a b l e  acco rd ing  t o  CSA requi rements  (A82.7) f o r  Grade NTJY 
b r i c k s  and t h e  s a t u r a t i o n  c o e f f i c i e n t  i s  n o t  f a r  above t h e  requi rement  
f o r  Grade SW b r i c k s  d e s p i t e  r a p i d  f a i l u r e  i n  f reeze- thaw t e s t s .  

( 6 )  Reduction i n  average s u c t i o n  f o r  b r i c k s  i n  pane ls  o f  
approximately  25 gm r e s u l t e d  i n  t i g h t e r  p a n e l s  f o r  t h e  t h r e e -  
assembly s e r i e s  u s i n g  masonry cement mortar .  
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Report  No. 175 ,  March 1959, 14p. 



TABLE I 

ABSOHPTION DATA 017 REPFCESENTBTIVE SAWLES - 
OF RED DRY-PRESS BRICKS 

IRA 
(gm> 

17 3 

24.6 

24.8 

34.6 

36.4 

44.3 

44.3 

54.1 

54.1 

64.0 

64.0 

73.8 

74.1 

83.8 

84.6 

93.5 

101.4 

Average 

S a t u r a t i o n  
C o e f f i c i e n t  

0.720 

0.750 

0.818 

0.814 

0.750 

0.846 

0.881 

0 .873 

0.800 

0.865 

0.861 

0 .789 

0.790 

0.776 

0.800 

0.788 

0 777 

0.806 

Absorption 
24-hr 5 -hr 

Submersion Boiaing 
Apparent 
q i t y  

15.3 

16.4 

15.7 

16.5  

18.6 

10.5  

19.8 

20.7 

20.3 

20.8 

18.7 

21.8 

21.9 

20.7 

24.0 

23.3 

21.6 

- 

(%) 

5.1 

5.7 

5 4 

5.7 

6.6 

6.6 

7.4 

7.6 

7.6 

7 07 

6.8 

7.5 

8 .3  

7.6 

9.4 

8 .9  

8.0 

7.2 

Bulk 

Y;;cx~:f 
2.22 

2.17 

2.20 

2.20 

2.12 

2.13 

2.16 

2.13 

2.14 

2.12 

2.17 

1.60 

2.09 

2.11 

2.04 

2.05 

2.03 

- 

( P )  

7.0 

7,G 

6.6 

7.0 

8.8 

7.8 

8.4 

8 .7  

9.5 

8.9 

7.9 

9.5 

10.5  

9.8 

11.8 

11.3 

10.3 

8 .9  



I n c r e a s e  i n  Weight - F i g u r e s  r e p r e s e n t  t h e  d i f f e r e n c e  between w e i g h t  of  t h e  f i n i s h e d  p a n e l  
and  weight  of  dry b r i c k s .  Fo r  p a n e l s  Nos. 1 t o  8 and Bos. 1 7  t o  24 t h e  i n c r e a s e  i s  t h e  we igh t  
of  m o r t a r  u s e d ,  w h i l e  f o r  p a n e l s  No. 9 t o  16  t h e  i n c r e a s e  i n c l u d e s  t h e  we igh t  of  w a t e r  absorbed  
dur ing  1 0  min. s o a k i n g  i n  a d d i t i o n  t o  t h e  w e i g h t  o f  m o r t a r  used .  

Pane 1 
Number 

1, 2 

3 ,  4  

5 ,  6 ,  6D 

7 ,  7D, 8 

9 ,  10 

11, 1 2  

1 3 ,  1 4  

1 5 ,  1 6  

1 7 ,  18 

1 9 ,  20 

21, 22 

23, 24 

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

IRA of  B r i c k s  

Range Average 
(gm) 

43.0 t o  
75  0  

41.0 t o  
72.5 

39.0 t o  
73 .8  

38.0 t o  
74.0 

40.1 t o  
75.0 

41.5 t o  
7 1  .O 

41.2 t o  
72.0 

41.3 t o  
72.5 

60.2 t o  
98.0 

60.3 t o  
96.0 

64.0 t o  
93.0 

59.3 t o  
94.0 

( @ I  

57.3 

57.2 

57.4 

57.1 

57.3 

57.7 

57.6 

57.3 

78.7 

78 .8  

78.6 

77.8 

T~Iortar 

Type Flow 
( %  1 

1 : 3  l ime-  
sand 

1 : 7 m a s o n r y  
cement-sand 

1:2:9 cement- 
l ime-sand 

1:1:6 cement- 
l ime  -sand 

1 :3  l ime-  
sand 

1 : 3  masonry 
cement-sand 

1 : 2 : 9 c e m e n t - 1 1 5 . 4  
l ime  -sand 

1:1:6 cement- 
l ime  -sand 

1 :3  masonry 
cement-sand 

1 :3  l ime-  
sand 

1:2:9 cement- 
l ime  -sand 

1:1:6 cement- 
l ime-sand 

I n c r e a s e  
i n  .,-/eight 

(Em) 

1 , 4 9 0 . 0  

1 ,385 .5  

1 , 5 1 6 . 0  

1 , 5 1 1 . 0  

2 ,038.5  

1 ,973 .5  

2 ,182.0  

2 ,121.0  

1 , 3 2 5 . 0  

1 , 5 0 2 . 0  

1 , 5 7 3 . 5  

1 ,541 .0  

Weight of  Dry 
B r i c k s  

(&Q) 

12,364.5  

12 ,473.5  

12 ,582.0  

12 ,345.0  

12 ,463.5  

12 ,492.5  

12 ,301.0  

12 ,324 .0  

11,941.5 

11 ,995 .5  

11,912.C 

11 ,976.5  

115.4  

114.8 

114.7 

114.7 

113 .3  

114.2  

117 .1  

129.8  

1 5 3 . 1  

134 .1  

135.9 

':ielght of 
Par,e:s 

( g 3  1 

13 ,854 .5  

13 ,859 .0  

14 ,098.0  

13 ,856 .9  

14 ,502.0  

14 ,466 .0  

14 ,483 .0  

14 ,445 .0  

13 ,266.5  

13 ,397 .5  

13 ,485.5  

13 ,517 .5  



LEAKAGE RESULTS 

4 
Resu l t s  f o r  panel No. 6 were d iscarded  because overn ight  
leakage was incomplete. 

--- Remarks 

----- 
Leakage a t  20 min - 
maxinlum r a t e  2 rnl/min 
during 2nd h r  

Leakage a t  2 min - 
maximum r a t e  1 9  ml/min 
a t  20 t o  30 rnin 

Leakage 1 .5  t o  4 min - 
r e s u l t s  i n c o n s i s t e n t  

Leakage immediate t o  
10  rnin - r e s u l t s  
i n c o n s i s t e n t  

Leakage a t  22 min - 
maximum r a t e  23 t o  40 
ml/min between 30 t o  
60 rnin mark 

Leakage a t  45 min - 
maximum r a t e  20 t o  35 
m l / h r  
Leakage a t  30 t o  50 
rnin - maximum r a t e  36 
t o  42 m l h r  

Leakage a t  40 t o  42 min - 
maximum r a t e  26 m l h r  

Leakage a t  18 min - 
maximum r a t e  3.4 ml/rnin 
a t  60 rnin mark 

Leakage a t  14 t o  20 min - 
maximum r a t e  4 ml/min 
between 25 rnin and 
2 h r  mark 

Leakage a t  24 t o  38 min - 
maximum r a t e  3.5 ml/min 
a t  25 t o  30 min mark 

Leakage a t  4.5 t o  8.0 
rnin - maximum r a t e  2 t o  
8 ml/min between 20 
and 45 min mark 

6 

. - ---- 
Panel Number 

--- 
1, 2 

3 ,  4 

5 ,  6 ~ "  

7 ,  7% 8 

9 ,  1 0  

11, 1 2  

13 ,  1 4  

15,  16 

1 7 ,  18 

1 9 ,  20 

21, 22 

23, 24 

A 

Tota l  L e a k a e  

( m l )  - 
1,862.0 

5,194-5 

2,463.0 

3,430.7 

2,319.8 

475.0 

759.5 

484.0 

2,116.0 

3,115.0 

1,405.0 

1,542.5 



WATER ABSORBED ( m l )  BY PANELS DURING LEAKAGE TEST 

Mortar  !type I S e r i e s  I I S e r i e s  I1 I S e r i e s  I11 

1 :3 lime 1,490 

1 :3 masonry cement 1 ,386  

1:2:9 cement-lime 1 , 5 1 2  

1:1:6 cement-lime 1 , 5 1 1  

b1/c LOSSES TO IIICCHED PAIRS OF BRICKS - 

DURING PUTEL ASSEMBLY 

1 S e r i e s  I11 

IRA IIU 
o f  wir 

I R A  
Mortar  Type o f  Pair ( T o t a l  

TFr -  T G T -  0 

1 :3 l ime  

1 :3 masonry 
cement 

1 :2 :9 cement- 
l ime  

1 :1 :6  cement- 
l ime  

48.0 

48.8 

47.2 

48.3 

27.8 

40.7 

33.6 

42.6 

45.5 

46.1 

46.1 

45.9 

15.2 

13.4 

9 1  5 

91.5 

34.1 

44.0 



TABLE V 

BOND STRENGTEI VALUES 

Pane l  Number 

1, 2  

3,  4 

5, 6, 6D 

7 ,  7D, 8 

9,  1 0  

11, 1 2  

1 3 ,  1 4  

1 5 ,  16  

1 7 ,  18 

1 9 ,  20 

21, 22 

23, 24 

Average Bond S t r eng th  

( p s i  

2 - 3  

13.0  

29.5 

30.6 

(0.85) 
(0.33) 

28.6 

32.2 

55.3 

25.6 

2.0 

63.2 

77.4 

Y 

Remarks 

Good e x t e n t  of  bond - no 
s t r e n g t h  - perhaps 1/2 i n .  
of ca rbona t ion  

Poor e x t e n t  of bond - maximum 
40 p e r  c e n t  e x t e n t  

Good bond f o r  Nos. 5 and 6  - 
i n f e r i o r  f o r  6D 

Some examples of good bond - 
ve ry  poor e x t e n t  of  bond i n  
o t h e r s  

Bottom va lue  ob ta ined  a f t e r  
6  months cu r ing  pe r iod  

Good e x t e n t  of  bond - average 
lowered by two v a l u e s  i n  
panel  No. 11 

100 p e r  c e n t  e x t e n t  of  bond - 
many b reaks  through mor t a r  bed,  
h a r d  t o  exp la in  leakage  

Again 100  p e r  c e n t  e x t e n t  of  
bond - w i t h  many b reaks  i n  
mor ta r  bed,  no v i s u a l  evidence 
of  l eakage  

Sone unbonded a r e a s  no ted  - 
otherwise  good bond 

Good e x t e n t  o f  bond - no 
s t r e n g t h  

Some unbonded a r e a s  - h i g h  
s t r e u g t h ,  h a r d  t o  h o l d  b r i c k s  

Good s t r e n g t h  - some unbonded 
a r e a s ,  h i g h  va lue  96.7 p s i ,  
h a r d  t o  h o l d  b r i c k s  



LEAKAGE !I!KROUGH BRICKS 

(Chimney T e s t )  

IRA of 
B r i c k s  
0 

28.0 

31.5 

38.2 

45.0 

65.0 

75.0 

95.0 

105.0 

Tota l  

w 
N i l  

5 

52 

92 

1 6 1  

28 1 

152 
(7 h r )  

189 
(8 h r )  

Remarks 

Bottom of b r i c k  wet t o  
touch ,  no drops  of w a t e r  
on bottom, 32 m l  w a t e r  i n  
chimney a t  end ( t o t a l  added 
325 m l )  

Drops o f  wa te r  on bottom of 
b r i c k  a t  7 hr ,  42 m l  of 
wa te r  i n  chimney a t  end 
( t o t a l  added 325 m l )  

Drops of wa te r  on bottom of  
b r i c k  a t  43 h r ,  chimney 
empty a t  end of  t e s t  (320 
m l  mate r  added)  

Drops o f  wa te r  on bottom of  
b r i c k  a t  2 3/4 h r ,  chimney 
empty a t  end of  t e s t  (450 
m l  water  added)  

Drops of wa te r  on bottom of 
b r i c k  a t  2  hr ,  chimney 
empty a t  end of  t e s t  (445 
m l  wate r  added)  

Drops of  w a t e r  on bottom of 
b r i c k  a t  1+ h r ,  chimney 
empty a t  end of  t e s t  (500 
m l  wate r  added)  

Drops of wa te r  on bottom of  
b r i c k  a t  1 3/4 h r ,  t e s t  
d i scont inued  because wa te r  
was oozing from v a r i o u s  
sec- t ions  of  b r i c k ,  n o t  a l l  
dropping i n  c o n t a i n e r s  

Drops of wa te r  on bottom of 
b r i c k  i n  1 hr, t e s t  w a s  
discont inued  because w a t e r  
w a s  "f looding" from a l l  
s e c t i o n s  of  b r i c k  

Water 
Absorbed 

w 
148.8 

146.1 

153.1 

186.8 

- 

99.5 

- 

- 



TARLE VII 

LEAKAGE !T!HROUGH BRICKS 

I 

I M  of 
B r i c k s  
(em) 

25.2 

55.0 

86.0 

B r i c k s  were t e s t e d  by t h e  u s u a l  small pane l  leakage 
t e s t ,  being assembled i n  t h e  a p p a r a t u s  w i t h  a "dummy" 
pane l  of  f o u r  b r i c k s ,  

Total  

w 
N i l  

3 

403 

Remarks 

Back of b r i c k  wet t o  touch 
a t  end of t e s t  

Back of  b r i c k  wet a t  48 min, 
leakage occurred between 1 
and 6 h r  

Back of  b r i c k  wet a t  25 min, 
l eakage  s t eady  throughout  
t e s t ,  maximum dur ing  second 
hour  



llASLE VIII  

3ATA FOR PmELS OF LOW SUCTION (28.0 t o  38.5 gm) BRICKS 

LEAKAGE R3SULTS FOR LOW SUCTION BRICK PANELS 

- 
S e r i e s  

No. 

I 

I1 

I11 

I s e r i e s  I Total  I 
Remarks 

Leakage a t  6 min, maximum 
r a t e  2 t o  3 ml/min a t  40 
t o  60 min 

o+- R~~ & 
Range Average 
(m) (EP) 

Leakage a t  2 min, maximum 
r a t e  1 .3  ml/min a t  20 t o  
25 min 

28.2 t o  
37.0 

28.0 t o  
38.5 

28.0 t o  
37.0 

Leakage a t  1 3/4 h r  
maximum r a t e  12  m l / h r  

33.3 

33.7 

33.3 

Mortar 
TYP~ Flow 

($1 

BOIKD STHElJG(CR RESULTS FOX LOT SUCTION BRICK PANELS 

Weight of 

=SF= 
12,521 

12,815 

12,712 

1 :3 masonry 
cement 

1:3 masonry 
cement 

1:3masonry 
cement 

117.0 

115.5 

129.6 

Weight of 
Panels  
(m) 

13,837 

14,518 

14,015 

Increase  
i n  Weizht 

( @ I  

1,316 

1 ,703 

1 ,303  

1 

Remarks 

80 t o  90 p e r  cen t  e x t e n t  of  
bond 

Excel len t  bond i n  t o p  j o i n t ,  
no s t r e n g t h  i n  second j o i n t  

Excel len t  bond i n  t o p  two 
j o i n t s ,  poor ex ten t  of bond 
i n  lower j o i n t s  

S e r i e s  
NO. 

I 

I I 

I11 

Bond S t reng th  
Value ( p s i )  

21.8 

31.5 

26.6 



TABLE I X  

V?A!LER ABSORBED BY LO'iV-SUCTION 
B R I C K  PANELS DURING L-GE T E S T  - - --- ---,---I - 
S e r i e s  

No. -- 
Via t e r  

Absorbed 
-Em--- 

S e r i e s  
No. 

I 

11 

111 

IRA o f  
P a i r s  
-rgm) 

38.2 

26.1 

38.2 

M/c Loss 
(Per cent Total M/c) 

36- 9 

42.1 

40.4 



INITIAL RATE OF ABSORPTION, GM PER MIN PER 3 0  SQ IN 

FIGURE I 

NUMBER OF BRICKS I N  SELECTED RANGES OF SUCTION,  

AS A PERCENTAGE OF T H E  T O T A L  NUMBER OF 

BRICKS IN  T H E  LOT 



L 

I I I I I I I I I 

- - 
0  5 H R  BOILING 

24 HR SUBMERSION 
- 

0  
- 

0  - - 
0  

0  
- - 

0  
0  0  . 

- 
0  0  . - 

0  
0  . 

- 
0  

- 
0  O m e m  . 

- 0  0  . - 
0  . . 

- . . - . . - 

I 1 I I I I I 

I R A  OF BRICKS,GM P E R  MIN P E R  30 SQ IN.  

F I G U R E  2 

COMPARISON O F  24 HR SUBMERSION AND 5 HOUR 

B O I L I N G  ABSORPTIONS W I T H  I N I T I A L  R A T E  O F  

ABSORPTION 



10 2 0  3 0  40 5 0  60 7 0  8 0  90 100 110 

l R A OF BRICKS, GM PER MIN PER 3 0  SQ IN. 

FIGURE 3 

COMPARISON OF A P P A R E N T  POROSITY W I T H  I N I T I A L  

R A T E  OF ABSORPTION 



10 20  30  4 0  5 0  60 7 0  80 9 0  100 110 

I R A  OF BRICKS,GM PER MIN PER 3 0  SO IN. 

FIGURE 4 

COMPARISON OF BULK DENSITY WITH INITIAL RATE 

OF ABSORPT I ON 



0 5 10 15 20  25 

T I  ME, HOURS 

FIGURE 5 

COMPARISON OF LEAKAGE PATTERNS FOR THE 

THREE SERIES OF LIME MORTAR PANELS 



0 5 10 15 20 25 

TI ME, HOURS 

FIGURE 6 

COMPARISON OF LEAKAGE PATTERNS FOR T H E  

THREE SERIES OF MASONRY CEMENT MORTAR PANELS 



- - 

- 

- - 

- 

- 

SERIES II - 

0 5 10 15 2 0  2 5  

TIME, HOURS 

FIGURE 7 

COMPARISON OF LEAKAGE PATTERNS FOR THREE 

SERIES OF 1:2:9 CEMENT-LIME MORTAR PANELS 



0 5 10 15 20  25 

TIME,  HOURS 

FIGURE 8 

COMPARISON OF LEAKAGE PATTERNS FOR THE 

THREE SERIES OF 1:1:6 CEMENT-LIME MORTAR PANELS 



SERIES I (HIGH SUCTION BRICKS) 

0 5 10 15 2 0  2 5  

T I M E ,  HOURS 

FIGURE 9 

LEAKAGE PATTERNS FOR LOW SUCTION (28 .0  -38.5 GM) 

BRICK-MASONRY CEMENT PANELS. NOTE COMPARISON 

WITH PATTERN FOR HIGH SUCTION (41.0 - 7 2 . 5  GM) 

BRICK- MASONRY CEMENT PANELS 



m] SERIES I 

SERIES I1 

SERIES DI 

LIME MORTAR MASONRY- 1:2:9 CEMENT- 1:1:6 CEMENT- LOW SUCTION 

PANELS CEMENT MORTAR LIME MORTAR LIME MORTAR BRICK 

PANELS PANELS PANELS PANELS 

FIGURE 10 

COMPARISON OF BOND STRENGTH VALUES FOR VARIOUS PANELS 



Figure 11 

Cracks i n  b r i c k s  a f t e r  51 freeze-thaw 
c y c l e s  on exposure s i t e  
(January t o  Apr i l  1960) .  



Figure  1 2  

Comparison of p a n e l s  assembled w i t h  l ime  mor t a r :  
l e f t  - dry  b r i c k s ,  115 p e r  c e n t  f low mor t a r ;  
c e n t r e  - wet b r i c k s ,  115  p e r  c e n t  f low mor t a r ;  
right - dry  b r i c k s ,  130 p e r  c e n t  f low mortar .  



Figure  1 3  

Comparison of  pane l s  assembled w i t h  
masonry cement mor ta r :  

l e f t  - dry. b r i c k s ,  115 p e r  c e n t  f low mor ta r ;  
c e n t r e  - wet b r i c k s ,  115 p e r  c e n t  florv mor t a r ;  
r i g h t  - dry b r i c k s ,  130 p e r  c e n t  f low mortar .  



Figure 14  

Comparison of pane ls  assembled w i t h  
1 :2 :9 cement-lime mortar :  

l e f t  - dry  b r i c k s ,  115 pe r  c e n t  flow mortar ;  
c e n t r e  - wet b r i c k s ,  115 pe r  c e n t  f low mor tar ;  
right - dry b r i c k s ,  130 p e r  c e n t  f low mortar .  



Figure  1 5  

Comparison of pane l s  assembled w i t h  
1:1:6 cement-lime mor ta r :  

l e f t  - dry  b r i c k s ,  115 p e r  c e n t  f low mor ta r ;  
c e n t r e  - wet b r i c k s ,  115 p e r  c e n t  f low mor ta r ;  
r i g h t  - dry b r i c k s ,  130 p e r  c e n t  f low mortar .  



Figure 1 6  

Comparison of panels  assembled w i t h  
b r i c k s  having suc t ion  28.0 t o  38.5 gm 

and 1 :3 masonry cement mortar :  
l e f t  - dry b r i c k s ,  115 per  c e n t  flow mortar ;  
cen t re  - dry b r i c k s ,  130 per  c e n t  f low mortar ;  
r i g h t  - wet b r i c k s ,  115 pe r  c e n t  f low mortar. 


