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A STUDY OF THE PER3FORMANCE OF PANELS C O N T A I N I N G  

LOW-SUCTION EXTRUDED BRICKS AND LIME MORTAR 

J. I. Davison 

Results of leakage and bond s t reng th  t e s t s  i n  e a r l y  
s tud ies  on panels assembled with extruded, low-suction br icks  
manufactured i n  the  area and a v a r i e t y  of mortar combinations 
indicated i n f e r i o r ,  unsa t i s fac tory  performance of panels 
containing lime mortars (1 p a r t  lime: 3 pa r t s  sand).  T h i s  
evidence i s  consis tent  w i t h  general cur ren t  p rac t ice  i n  the  
f i e l d  where lime mortars have not  given good r e s u l t s ,  but  it 
c o n f l i c t s  with the  s a t i s f a c t o r y  performance of many old buildings 
containing lime mortar which have survived up t o  100 years i n  
an area  characterized by severe weather exposure. There a r e  
severa l  th ings  t h a t  may explain current  i n a b i l i t y  t o  obtain 
s a t i s f a c t o r y  performance with lime mortar including (1) the  
use of low-suction extruded br icks  i n  place of higher suct ion 
hand-moulded u n i t s  and ( 2 )  the  t rend developed i n  recent  years  
of year-round construct ion a s  opposed t o  the confinement of 
building operations t o  optimum weather condit ions during the  
summer season. 

Accordingly a study was i n i t i a t e d  t o  inves t iga te  
(1) the  compatibi l i ty of extruded low-suction br icks  and lime 
mortar and ( 2 )  the e f f e c t  of weather a t  various seasons of 
the year  on the curing of masonry containing lime mortar. 
Two panels were assembled each month: the con t ro l  panel was 
cured under regulated conditions (70°F temperature and 50 per  
cent  R.H.) i n  the  laboratory  and i t s  dupl ica te  was cured a t  
the  exposure s i t e  (roof of the At lan t ic  Regional Laboratory). 
The curing period l a s t ed  6 months. After  curing the panels 
were f lashed with polyethylene sheet ing and Lasto-Meric i n  
the  usual manner and t e s t e d  f o r  leakage. A minimum of 2 weeks 
l a t e r  bond s t rength  t e s t s  were conducted. 

S ix ty  panels were assembled between Apri l  1959 and 
October 1961. Substant ia l  leakage t o t a l s  and low bond s t reng th  
values f o r  a l l  panels have indicated conclusively the  incom- 
p a t i b i l i t y  of lime mortar and the  b r icks  used i n  the  study. 
Nevertheless, the  r e s u l t s  have a l s o  indicated the  bene f i c i a l  
e f f ec t s  of curing during the  warm summer weather period. The 
r e l a t i v e  e f f ec t s  of ins ide  and outside curing were a l s o  
apparent. 

MATERIALS 

Extruded br icks  i n  the suct ion range of 0 t o  5 
gm/min/30 sq  in.  were used f o r  46 panels,  while the remaining 



1 4  pane ls  con ta ined  a b r i c k  w i t h  a h i g h e r  s u c t i o n  r ange ,  
5 t o  20 gm/min/30 s q  i n .  A l l  b r i c k s  were oven-dried before  
use.  A s  noted  p r e v i o u s l y  t h e  mor t a r  c o n s i s t e d  of 1 p a r t  
l ime p u t t y  and 3  p a r t s  sand by volume. The l ime p u t t y  was 
ob ta ined  from a  l o c a l  s u p p l i e r  and was r e p o r t e d l y  s l aked  f o r  
1 month p r i o r  t o  sale.  The sand was a l s o  ob ta ined  l o c a l l y ;  
it g e n e r a l l y  meets t h e  g rad ing  l i m i t s  of t h e  Canadian S tandards  
Assoc i a t i on .  Panels  were assembled by t h e  u s u a l  DBR procedure (1). 
Mortars  were mixed t o  low flow (100-110 p e r  c e n t )  and a 60-sec 
t ime i n t e r v a l  was used.  B r i c k s  and mor t a r  were joined w i t h  a 
"heavy" t a p .  F i f t y  of t h e  pane l s  had 3/8-in. mor ta r  j o i n t s .  
One-quarter-in.  j o i n t s  were used f o r  t h e  remaining 1 0  pane l s ;  
t h i s  w a s  a n  a t t e m p t  t o  a s s e s s  t h e  m e r i t s  of l t t h in  joints:' 
t y p i c a l  i n  o l d e r  masonry b u i l d i n g s  i n  t h e  a r e a .  

Panels  cured a t  t h e  exposure s i t e  were p r o t e c t e d  
on f o u r  s i d e s  by a wooden frame (F igure  1). The t o p ,  back,  
and two ends were covered;  t h e  bottom r e s t e d  i n  t h e  r e c e s s e d  
frame of a  saw-horse shaped suppor t  17  i n .  above ground l e v e l  
and,  excep t  f o r  t h a t  p o r t i o n  r e s t i n g  i n  t h e  frame, was open 
t o  t h e  a i r .  T h i s  d e s i g n  was in tended  t o  minimize t h e  p o s s i b i l i t y  
of wa te r  c o l l e c t i n g  between t h e  bottom of t h e  pane l  and i t s  
suppor t  and "wicking" up i n t o  t h e  b r i c k .  Thus t h e  f r o n t  f a c e  
of t h e  , pane l  was exposed t o  normal weather  c o n d i t i o n s  d u r i n g  
t h e  c u r i n g  per iod .  A l l  pane ls  cured a t  t h e  exposure s i t e  
were o r i e n t e d  south.  

Leakage and bond s t r e n g t h  t e s t s  were conducted 
acco rd ing  t o  u s u a l  DBR methods ( 1 ) .  In format ion  on pane l  
assembly and r e s u l t s  of t e s t s  can  be s een  i n  Tables  I and 11. 

DISCUSSION 

The pane l s  were v e r y  f r a g i l e ;  t h e i r  l a c k  of  s t r e n g t h  
i s  ev iden t  from t h e  bond s t r e n g t h  va lues  g iven  i n  Table 11. 
F i f t e e n  of t h e  pane ls  were broken i n  hand l ing  be fo re  t h e y  
could be t e s t e d .  

T e s t s  on pane ls  assembled du r ing  t h e  f i rs t  t h r e e  
mont'ns ( ~ p r i l ,  Nay, June 1959) r evea l ed  g r e a t e r  l eakage  
t o t a l s  b u t  h i g h e r  bond s t r e n g t h  v a l u e s  f o r  p a n e l s  cured  
o u t s i d e  t h a n  f o r  t hose  cured under  c o n t r o l l e d  cond i t i ons .  
Values recorded  under "weight change '' d u r i n g  t h e  c u r i n g  
pe r iod  i n d i c a t e  a d i f f e r e n c e  between t h e  two methods of 
c u r i n g  (Table 11). These f i g u r e s  were ob ta ined  by comparing 
t h e  weight  of t h e  completed pane l  be fo re  c u r i n g  w i t h  t h e  
weight  of t h e  pane l  j u s t  p r i o r  t o  t h e  leakage  t e s t ;  i n  t h e  
meantime t h e  po lye thy lene  f l a s h i n g  had been added. Thus t o  
determine t h e  t r u e  p i c t u r e ,  t h e  ''weight change" f i g u r e s  should 
be c o r r e c t e d  by s u b t r a c t i n g  t h e  weight  of  t h e  po lye thy lene  
cover.  It was a l s o  no ted  that  pane l s  cured under  c o n t r o l l e d  



condit ions absorbed g r ea t e r  amounts of water  dur ing t he  
leakage t e s t s  than d id  panels cured under exposure, a n  
i nd i ca t i on  t h a t  t h e  former were d r i e r  a t  t he  time of the  
t e s t .  Visual observations of f rac tu red  panels a f t e r  bond 
s t r eng th  t e s t s  revealed a g r e a t e r  ex ten t  of carbonat ion f o r  
those cured i n  the  laboratory.  There was a carbonated r i n g  
exceeding 1 in .  i n  width around the  perimeter  of t h e  mortar 
bed f o r  these  panels;  the  carbonated perimeter around t he  
mortar bed of t he  exposure-cured panels was never more than  
3/4 i n .  i n  width. There was, however, a g r e a t e r  c o n t r a s t  
i n  colour  between carbonated and uncarbonated a r e a s  of t he  
exposure-cured panels ,  poss ib ly  i nd i ca t i ng  more complete 
carbonation and expla in ing the  h igher  bond s t r eng th  values  
f o r  these  panels.  The carbonation process had n o t  progressed 
s u f f i c i e n t l y  i n  any of the  panels t o  prevent water  penetra- 
t i o n  of the  mortar j o in t ;  the  l e s s e r  ex ten t  of bond f o r  
exposure-cured panels would then expla in  t he  h igher  leakage 
t o t a l s  desp i t e  b e t t e r  bond s t r eng th  values.  Typical mortar 
j o in t s  can be seen i n  Figures 2 ,  3 and 4. The pa t t e rn  of 
t e s t  r e s u l t s  described f o r  the  above panels was t y p i c a l  of 
r e s u l t s  obtained throughout the  study. 

The next  s i x  panels t o  be cured a t  t he  exposure 
s i t e  were l o s t  when they toppled and broke during a ga le  i n  
January 1960. Results of t he  t e s t s  on t h e i r  con t ro l  panels 
were reasonably cons i s ten t  with an average t o t a l  leakage of 
1217 m l  and an average bond s t r eng th  value of 3.1 ps i .  These 
panels were c h a r a c t e r i s t i c a l l y  f r a g i l e  ; bond s t r eng th  values 
were only obtained f o r  13  of the  30 mortar j o in t s  i n  t he  s i x  
panels. 

Ten panels were assembled i n  the  January t o  June 
1960 period (none were assembled i n  May) and one of these ,  
t he  January con t ro l  panel ,  was broken p r i o r  t o  t e s t i n g .  This 
group is notable i n  t h a t  t he  h ighes t  and second lowest leakage 
t o t a l s  f o r  exposure-cured panels occurred f o r  panels assembled 
i n  February and June, respect ive ly .  Excessive leakage occurred 
f o r  exposure-cured panels assembled i n  January, February and 
March. The same general  p a t t e r n  of r e s u l t s  occurred f o r  
i n i t i a l  panels except f o r  panels assembled i n  Apr i l  where 
leakage was g r e a t e s t  f o r  t h e  one cured i n  t he  laboratory.  

Again t he  same genera l  p a t t e r n  continued f o r  r e s u l t s  
on panels assembled during the  l a s t  s i x  months of 1960. The 
lowest leakage t o t a l  f o r  exposure-cured panels  occurred f o r  
the  panel assembled i n  November; excessive leakage was recorded 
f o r  t he  December panel. 

During t he  next  f i v e  months (January t o  May 1961) 
e i g h t  panels were assembled using b r icks  i n  t he  h igher  ( 5  t o  
20 gm/min/30 sq-in.)  suc t ion  range. Two of these  were broken 
before t e s t  and s eve ra l  of t h e  remaining s i x  panels  " l o s t v  



one br ick  and were t e s t ed  a s  4-brick panels. The pa t t e rn  o f  
the  t e s t  r e s u l t s  was s imi l a r  t o  t h a t  discussed previously. 

The l a s t  t e n  panels were assembled with low-suction 
(under 5 gm) br icks  and 1/4-in. mortar joints .  Test r e s u l t s  
revealed some improvement with th inner  mortar jo in t  panels 
cured i n  the laboratory.  Nevertheless, the re  appeared t o  be 
l e s s  bond between br icks  and mortar than f o r  previous panels. 
Only two of t he  exposure-cured panels survived f o r  t e s t i n g  
and leakage t o t a l s  f o r  these were higher than f o r  the  
laboratory-cured duplicates.  The di f ference  i n  weight 
r e s u l t i n g  from the  two curing procedures referred t o  pre- 
viously was a l s o  noted. These panels were very f r a g i l e  and 
excessive water penetrat ion during leakage t e s t s  indicated 
t h a t  the re  would be no merit in continuing this study, 

Leakage r e s u l t s  f o r  the  study a r e  shown graphical ly  
i n  Figure 2. It w i l l  be noted t h a t  leakage t o t a l s  f o r  exposure- 
cured panels were higher than t o t a l s  f o r  laboratory-cured 
panels except i n  th ree  instances.  It i s  a l s o  evident t h a t  
panels assembled during the  April-November period performed 
b e t t e r  than panels assembled during the  November-April period; 
t h i s  was t rue  f o r  laboratory-cured a s  wel l  a s  exposure-cured 
panels. Bond s t reng th  values were low f o r  a l l  panels (low 
values coupled with inconsis tent  r e s u l t s )  and i n  some 
instances i n s u f f i c i e n t  r e s u l t s  f o r  proper assessment make 
c l o s e r  examination meaningless. There i s ,  however, s u f f i c i e n t  
evidence t o  support the  statement made previously t h a t  h ighest  
bond s t reng th  values occurred f o r  exposure-cured panels while 
there  was a b e t t e r  extent  of bond f o r  those cured under 
laboratory  conditions. A comparison of bonding pa t te rn  f o r  
panels cured on exposure and under control led  laboratory  
conditions may be seen i n  Figures 3, 4 and 5. 

The di f ferences  i n  weight change a s  a r e s u l t  of 
outdoor- and laboratory-control led curing were cons i s ten t ly  
noted throughout the  study. There was an average increase 
of 213 gm f o r  exposure-cured panels compared with an  average 
l o s s  of 62 gm f o r  those cured under control led  conditions. 
m e  Lasto-Meric-polyethylene sheet  f l a sh ing  was added between 
weighings, however, and must be accounted f o r .  Average gain 
i n  weight t o  panels a s  a r e s u l t  of adding the  f l a sh ing  was 
143 gm. Correcting the  weight changes noted above, the  gain 
f o r  exposure-cured panels becomes 70 grn and the  l o s s  f o r  
laboratory-cured panels 205 grn. 

A change of weight during curing r e s u l t s  from 
(1) the  carbonation process i n  which slaked lime absorbs 
carbon dioxide from the a i r  t o  form calcium carbonate and 
( 2 )  var ia t ions  i n  moisture content of the  panels. I t  is  not  
possible t o  assess  the  respect ive  contr ibut ions  of these two 
f a c t o r s  t o  the over -a l l  weight change without a chemical 



analys is  t o  determine the  extent  of carbonation. It i s  f a i r  
t o  assume, however, t h a t  d i f ferences  i n  weight changes between 
the  two curing methods were primari ly due t o  var ia t ions  i n  
moisture content. This assumption i s  substant ia ted by 
increased water absorption f o r  d r i e r  laboratory-cured panels 
during leakage t e s t s .  It should a l s o  be recorded t h a t  weight 
changes f o r  exposure-cured panels do not represent  t r u e  
averages a s  t h e i r  moisture contents r e f l e c t  day-to-day 
weather conditions. The r e s u l t s  do ind ica te ,  however, t h a t  
curing a t  outdoor exposure s i t e s  occurs with h ighermois ture  
contents i n  the  panels than f o r  those cured i n  a  control led 
atmosphere a t  70°P and 50 per  cent  R.H. 

This var ia t ion  i n  the  moisture content l e v e l  o f  
panels during the curing period a l s o  provides an explanation 
f o r  superior  extent  of carbonation indicated f o r  (1) panels 
cured during summer weather, both on exposure s i t e  and i n  
the  laboratory and ( 2 )  panels cured under control led conditions 
when compared with those cured on exposure. It i s  known t h a t  
maximum carbonation occurs when moisture content i s  a t  e q u i l i -  
brium i n  the  r e l a t i v e  humidity range o f  50 t o  75 per cent.  
During the winter  months the r e l a t i v e  humidity a t  exposure 
s i t e s  i s  often above the  upper l i m i t  of t h i s  range, thus 
having.a  detr imental  e f f e c t  on carbonation. I n  f a c t ,  the  
over-a l l  average r e l a t i v e  humidity taken f r o m  weather records 
ind ica tes  a  value near the  upper l e v e l  of the  des i rable  l i m i t .  

I n f e r i o r  carbonation o f  mortar j o in t s  i n  laboratory- 
cured panels during the winter  months possibly r e s u l t s  from 
lower concentrations of carbon dioxide i n  the  a i r .  Extra 
humidification i s  necessary i n  the  winter  t o  maintain the 
desired r e l a t i v e  humidity and the spray can remove some of 
the  carbon dioxide from the a i r .  I n  t h i s  study, the control led 
room used was small and the  volume change of a i r  through the  
conditioner qui te  rapid. 

Moisture content losses  t o  matched p a i r s  of b r icks  
having suction values comparable t o  values f o r  br icks  used 
i n  panels were determined i n  conjunction with panel assembly. 
Values were determined on the  bas i s  of 1$- and l a t e r  3-min 
contacts  with the  bricks.  Values i n  Table I indicate  t h a t  
moisture content losses  were not  high enough t o  have a  
detr imental  e f f e c t  on brick-mortar bond, p a r t i c u l a r l y  f o r  a 
1-rnin time in te rva l .  

CONCLUSION 

A study involving leakage and bond s t rength  t e s t s  
on panels assembled with lime mortars and low-suction extruded 
br icks  has established the  incompatibi l i ty of t h i s  combination. 





TABLE I 

PANEL ASSEMBLY DATA 

9 14-min con t ac t  + 3-min con t ac t  # l a - i n .  mortar j o i n t  

Weight of Mortar 
Used i n  B n e l s  
1 2 

2 

1218 1250 
1201 1171 
1251 1246 
1236 1294 
1201 1172 
1137 1140 
1187 1210 
-- - 1228 
- -- 1202 

1270 1343 
1262 1214 
1246 1232 

1307 
1383 1354 
1385 1355 
1272 1245 
1215 1155 
1189 1342 
1247 1189 
1198 12  20 
1260 1223 

--- 1330 
1410 1415 
1474 1463 
1412 14 35 

760 720 
720 770 
740 7 05 
727 707 
765 7 38 

Suct ion 
Brick P a i r s ,  

gm/rnin/30 s q  i n .  

2.0 & 2.0 
2.2 & 2.2 
2.2 & 2.2 
2.0 & 2.3 
2.8 & 2.4 
2 .0  & 2.2 
1.1 & 0.6 
2.3 & 1.6 
1.2 & 1.2 

3.3 & 3.3 
3.5 & '5.5 
3.0 & 3.0 
9.0 & 9.0 
9.2 & 9.2 

1 1 . 5 & 1 1 . 2  
3 .1  & 3.3 
2.8 & 3.2 
2.5 & 2.5 
2.5 & 2.5 
2.8 & 2.8 
2.8 & 2.8 

7.3 & 7.4 
6.2 & 7.0 

1 7 . 7 k 1 7 . 8  
19.0 & 19.0 

2.0 & 2.8 
2.8 & 2.5 
3.7 & 3.8 
1.6 & 1.7 
1.5 & 1.8 

Mortar Flow, 
% 

1 2 

106 10 2 
104 104 
104 103 
105 
106 lo3 107 
111 111 
110 111 
- - - 106 
--- 107 

106 108 
108 108 
104 105 
105 106 
104 107 
105 107 
104 105 
109 108 
104 10 4 
104 104 
105 108 
105 104 

- - - 104 
106 106 
105 106 
106 104 
108 108 
107 107 
106 107 
104 10  4 
107 107 

Date 
of Panel 
Assembly 

1959 - 
Apr i l  
Mag 
June 
J u l y  
Aug . 
Sept . 
Oct. 
NOV . 
Dec. 

1960 - 
Jan. 
Feb. 
March 
Apr i l  
Ma Y 
June 
J u l y  
Aug . 
Sept. 
Oct. 
Mov. 
Dec. 

1961 - 
Jan. 
Idarch 
Apr i l  

May 
June 
J u l y  
Aug . 
Sept. 
Oct. 

M/C Loss from 
Mortar,  $ 

1 2 

1.2 1.4 
0.9 1.5 
1.2 1.0 
1.5 1 .3  
1.2 0.9 
1 .3  - - - 
1.1 0.6 
- - - 1.4 
- - - 1.2 

1.7 1.8 
1.7 2.3 
1 .5  1.1 
1.4% 2.1+ 

2.4+ 
lb4* 2.6% 2.6+ 
l . O *  1.2+ 
2.0% 2.2+ 
1.0% 0.8+ 
1.49 1.5+ 
1.8% 2.1+ 
1.79 2.1+ 

. - - 2.1+ 
1.9+ 

1.8a O"* 3.5+ 
3.00 6.0+ 
1.4% 2.6+ 
1.19 2.5+ 
1.19 1.7+ 
0.4* 3 
0.4* 1.1+ 

Brick Suct ion,  
p/min/30 sq i n .  

1 - 3 
1 - 3 
1 - 3 
1-3 
1-3 
1-3  
1-3 
1-3 
1-3 

1-5 
1-5 
1-5 
5 -10 
6 -10 

10-12 
2 -5 
2-5 
2-5 
2-5 
2-5 
2-5 

5 -10 
4 -7 

10-20 
5-14 
1-4f 
1-4 
1-5 
0- 3 
0-2 



TABLE I1 

RESULTS OF LEAKAGE AND BOND STRENGTH TESTS 

T o t a l  Leakage, 
m l  

1 2 

1938 2034 
1870 1323 
2549 1307 
--- 1112 
--- 885 
--- 841 
--- 1132 
--- 1379 
--- 1952 

4859 --- 
24,876 2890 

3646 2014 
831 1308 
--- --- 
811 514 
--- 880 

1173 632 
1405 1125 
1163 883 

762 1652 
11,721 2942 

--- --- 
4338 1707 
1694 819 
2248 1478 
3016 449 
--- 1441 
--- 866 
977 420 
--- 545 

Water Absorbed 
dur ing  Leakage 

T e s t ,  gm 
1 2 

277 437 
198 397 
242 419 
--- 487 
---  325 
--- 447 
--- 373 
--- 320 
--- 395 

450 --- 
422 530 
332 532 
358 233 
--- --- 
268 533 
--- 528 
330 562 
387 607 
348 520 
405 695 
323 607 

---  --- 
315 615 
478 990 
4.10 865 
253 568 
--- 637 
--- 432 
215 195 
--- 165 

Date 
of Panel 
Assembly 

1959 - 
Apr i l  
May 
June 
J u l y  
A u ~ .  
Sept. 
Oct. 
NOV. 
Dec. 

1960 

Jan. 
Feb. 
March 
A p r i l  
May 
June 
J u l y  
Aug . 
Sept. 
Oct. 
Nov . 
Dec. 

1961 - 
Jan. 
March 
A p r i l  
May 
June 
J u l y  
Aug. 
Sept. 
Oct. 

Average Bond 
S t reng th  , 

p s i  
1 2 

6.0 0.8 
3.7 1.5 
--- 1.1 
---  1.3  
--- 3.2 
--- 1.5 
--- 1.5 
--- 5.6 
---  5 3 

2.1 --- 
4.8 1.6 
1.1 0.6 
2.7 0 .9  
--- --- 
5.4 4.5 
1.1 1 .9  
6.3 --- 
2.4 1.0 
2.0 --- 
6.0 5.8 
0.3 0.9 

--- --- 
4.5 2.4 
3.6 5.2 
1.9 1.5 
2.1 1.1 
---  1.5 
--- 1.4 
2.7 2 .1  
--- 2.7 

Weight Change 
dur ing  Curing 

Period,  gm 
1 2 

+I95 - 6 1  
+257 - 58 
+2 5 2 -198 
--- - 64 
--- - 55 
--- - 42 
--- - 93 
--- -125 
--- - 85 

+I12 --- 
+ 53 - 69 
+I33 --- 
+225 - 45 
--- --- 

+307 - 25 
--- --- 

+315 - 90 
+259 -105 
+295 - 59 
+207 -110 
+ 55 - 82 

--- --- 
--- - 75 
--- - 88 

+2 70 - 37 
--- 

+315 --- + 3 2  
--- + 30 

+165 + 18 
--- - 5 



Bne la  being cured at 
exp08me s i t e  on Am roof  

(a) General vPew 



0 PANELS CURED ON EXPOSURE S I T E  

PWNELS CURED IN CONTROLLED 

LAB CONBBT IONS 

FIGURE 2 

LEAKAGE TOTALS FOR L I M E  - MORTAR PANELS 
8.4 2884 



Top. Row - Martar joints 
from panels cured 
at ou$door exposure 
site. 

Bottom Row - Bnels  cured under 
eon$rs%led labora- 
tory conditions - 
greeter extent of 
bond but leas 
oontmst betmeen 
carbonated and 
m c e r b o m t e d  areas. 

Top Row - l&xrb~r joints f rom 
panels cured at 
outdoor exposure 
s i t e .  

Bottom Row - Mortar joints from 
panels cured under 
eontrolled l a b o m  - 
tory ~omditions, 



Top Row - N o f i a r  joints from panels 
cured at outdoor  exposue 
site, 

Bo%$om Row - N o r t a r  joints from panels 
cured m d e s  controlled 
labomeory aondi-bfons. 


