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A n  e x t e n s i v e  program of l a b o r a t o r y  i n v e s t i g a t i o n s  of t h e  

r a i n  p e n e t r a t i o n  and bond s t r e n g t h  c h a r a c t e r i s t i c s  of b r i c k  masonry 

i s  i n  progres s  a t  t h e  A t l a n t i c  Regional  S t a t i o n  i n  H a l i f a x  a s  w e l l  

a s  a t  t h e  l a b o r a t o r i e s  of t h e  D iv i s ion  i n  Ottawa. The s t a n d a r d i z e d  

t e c h n i q u e s  which have been developed f o r  t h i s  program a r e  d e s c r i b e d  

i n  p rev ious  r e p o r t s .  The complexi ty  of t h e  problem of e n s u r i n g  

good performance of b r i c k  masonry a s  t o  bond s t r e n g t h  and r a i n  

p e n e t r a t i o n  a r e  demonstra ted i n  p a r t  by t h e  r e s u l t s  now r e p o r t e d  

from c o n t r o l l e d  t e s t s  in which s e v e r a l  of t h e  p r i n c i p a l  f a c t o r s  

o p e r a t i v e  a t  t h e  t ime  of l a y i n g  have been v a r i e d  s y s t e m a t i c a l l y ,  

The a u t h o r ,  a  chemist  and a  r e s e a r c h  o f f i c e r  w i t h  t h e  

A t l a n t i c  Regional  S t a t i o n  of t h e  D iv i s ion ,  h a s  devoted his  f u l l  

t ime  f o r  t h e  p a s t  s e v e r a l  y e a r s  t o  performance s t u d i e s  of b r i c k  

masonry, 

Ottawa 

August 1960 

N, Be Hutcheon 

A s s i s t a n t  D i r e c t o r  



SMALL BRICK PANEL TESTS AT HALIFAX 

A n  Inves t iga t ion  of "Time", "Tap", and "Plown Factors 
i n  the  Assembly of Small Brick Panels f o r  Leakage 

and Bond Strength Tests 

by 

J,  I. Davison 

Pollowing the  preliminary program of leakage and bond 

s t rength  t e s t s  on small b r ick  panels i n  t he  At lan t ic  Regional 

Laboratory, an inves t iga t ion  of some of the  f a c t o r s  involved i n  

the  assembly of t h e  panels was undertdken. Spec i f ica l ly ,  t he  

e f f e c t  of varying the  "timen, " tapn,  and "flown f a c t o r s  was s tudied;  

t h i s  repor t  records the  r e s u l t s  of these  s tud ies ,  

F i r s t ,  it i s  necessary t o  define the  t e r n s  "time", "tap", 

and "flow". "Timet' r e f e r s  t o  the  time i n t e r v a l  between the  placing 

of t he  mortar bed on a bottom br ick  and laying t h e  next b r ick  on 

t h a t  mortar, A previous study on moisture losses  from mortars 

during e a r l y  contact  with br icks  (DBR In t e rna l  Report No. 173) 

pointed t o  the  importance of t h i s  time i n t e r v a l ,  For t h e  purpose 

of t h i s  study th ree  times--30, 60, and 90 seconds a r e  used. 

After  laying a b r ick  on the  mortar bed it i s  an 

impact by a tapping device which i s  i n  e f f e c t  a weight of known 

s i ze  dropping through 1& i n ,  This tapping device was developed a t  

the  National Bureau of Standards, Washington, D O C . ,  where a weight 

of 2 l b  was used i n  preparing crossed-brick couplets ,  This  became 

known a s  t h e  Standard Tap and was used during the  previous study. 

Use of t h i s  2-lb t a p  was questioned since the  area  of t he  mortar 

bed involved i n  small panel assembly (approximately 8 i n .  by 3 s  i n . )  

was s l i g h t l y  more than double t h a t  involved i n  assembling crossed- 

b r i  ck couplets (approximately 3s i n .  by 32 in ,  ) .  In t h i s  study 

two weights were used; a 4-lb weight re fe r red  t o  a s  a "heavy" t a p ,  

and a 2-lb, weight h o w n  a s  the  t l l ight ' t  t ap .  



The t h i r d  f a c t o r  invest igated was the  flow of the  mortar 

used, "Flown r e f e r s  t o  the  p l a s t i c  consistency of t he  mortar a s  

measured by the  standard flow t a b l e  method outl ined i n  A e S o T o M o  

Tentative Method of Test f o r  Compressive Strength of Hydraulic 

Cement Mortars (C109-54T), I n  t h i s  study low-flow mortars having 

a value between 105 t o  115 per cent and high-flow mortars wi$h a 

value i n  the  range 115 t o  125 per cent  a r e  used, 

Seventy-two panels have now been completed and r e s u l t s  

a r e  presented i n  t h i s  repor t ,  Also included a re  r e s u l t s  f o r  

twelve panels assembled with brown br icks  i n  i n i t i a l  r a t e  of 

absorption ( I , R , A , )  range 18,O t o  22,2 gm and three  mortars i n  

order t o  l e a r n  something of t he  bonding a b i l i t y  of these br icks  

which a re  i n  the  highest suction rpnge of l o c a l  br icks ,  

Materials  

Bricks,- Three d i f f e r e n t  stiff-mud br icks  manufactured 

i n  the  area  were used, *he first  a red br ick having an I o R o A e  below 

5 gm, the  second a buff brick having an I o R o A o  of between 8 and 18 gm, 

and the  t h i r d  a brown br ick  having an I , R , A ,  of between 18 and 26 gm, 

Other absorption proper t ies  of t he  th ree  bricka a re  l i s t e d  i n  Table I, 

Mortar,- Three di f ferent  mortars were used i n  assembling 

panels f o r  t h i s  study: 

1) Masonry cement mortar containing 1 par t  by volume 

masonry cement t o  3 pa r t s  sand, 

2)  Cement lime mortar containing 1 par t  byvol~~me portland 

cement, 1 par t  lime put ty ,  and 6 pa r t s  sand, 

3 )  Cement lime mortar containing 1 par t  by volume portland 

cement, 2 pa r t s  lime putty,  and 9 par t s  sand, 



TABLE I 

Table of t h e  Bricks 

Absorption 
($ Dry Weight) 

I . R , A .  24 h r  5 hr Satura t ion  
9 / 3 0  s q  in./mfn ( a )  Submersion (b ) Boi l ing  ( c )  Coeff ic ient  ( d )  

Red 0.5 t o  2,5 0.3 t o  2,2 0.6 t o  2,9 0.43 t o  0.73 

Buff 5.2 t o  19.5 6.2 t o  7.3 7,8 t o  9.0 0,79 t o  0,82 

Brown 4.4 t o  22,O 1 ,6  t o  3.2 3.1 t o  5,3 0,52 t o  0.59 

( a )  Amount of water absorbed by a dry b r i ck  when placed i n  water 
( l a r g e s t  surface down) t o  a depth of 1/8 i n ,  f o r  one minute 
(correc ted  t o  a s tandard area  30 sq  in.) 

( b )  Amount of water absorbed by a b r i ck  expressed a s  a percentage 
of i t s  dry weight when t he  b r i ck  Is submerged i n  water a t  room 
temperature f o r  24 hr. 

( c )  Apount of water absorbed by a b r i ck  expressed a s  a percentage 
of i t s  dry weight when a f t e r  t h e  24-hr submersion t e s t  it i s  
submerged i n  bo i l i ng  water f o r  5 h r ,  then  cooled t o  room 
temperature i n  water. 

( d )  Ratio of amounts of water absorbed i n  t e s t s  ( b )  and ( c )  o r  t h e  
r a t i o  of t h e  e a s i l y  f i l l e d  pore space t o  t he  t o t a l  pore space 
i n  a br ick.  



A l l  mater ia ls  were the  same a s  those used i n  the  previous 

study, and mortars were mixed i n  a  Hobart M50 mixer i n  a  s imi l a r  

manner, Suf f ic ien t  water,  t he  ac tua l  quant i ty  having  bee^ predeter-  

mined by experiment, was added t o  give the  mortar t h e  required flow, 

Panel Assembly 

Small panels were assembled using f i v e  br icks  placed one 

on top  of the  other with four  mortar jo in t s ,  following the  procedu4-e 

o u t l i n e d , i n  %he previous work with the  necessary adjustments f o r  

var ia t ions  i n  time and t a p ,  

The masonry laboratory had been air-condit ioned t o  c rea te  

conditions of 70°F and 50 per cent R,H, before t h i s  project  began, 

Although temperature and humidity were general ly i n  t h f  s range 

during t h e  study, occasional breakdowns i n  the  u n i t  caused some 

va r i a t ion ,  t he  outer  l i m i t s  being 62 t o  80°P f o r  temperature and 

43 t o  60 per  cent f o r  R,H, 

Leakage Tests  

Leakage t e s t s  were done i n  t h e  usual  manner using the  

D.B,R, Small Panel Leakage Apparatus, During the  24-hour t e s t  

period a  f i l m  of water i s  maintained on t h e  face  of t he  panel which 

i s  a l s o  subjected t o  an a i r  pressure of 2 i n ,  of  water, Thus con- 

d i t i o n s  of a  50 mph wind-driven r a i n  a r e  simulated, 

Bond Strength Tests 

Bond s t rength  t e s t s  were done 'on a l l  panels subsequent 

t o  leakage t e s t s ,  When the  l a t t e r  were completed, panels were 

kept i n  t he  laboratory u n t i l  ready f o r  bond s t rength  t e s t s ,  Three 

d i f f e ren t  methods were used t o  obtain bond strength. values: 

1) With the  bending apparatus used i n  previous s tud ies  

some bond s t rength  values f o r  panels 1 t o  6 were obtained, 



2 )  Remainfng values  f o ~  panels 1 t o  6 were obtained wi th  

t h e  t e n s l l e  s t r e n g t h  machlne a t  Nova Scotia  Technical 2011 ege , 

Clamplng frames from the  bending apparatus were adapted t o  f i t  

t h i s  machine, 

3 )  Remaining bond s t r e n g t h  va lues  were obtained wi th  t h e  

new bond s t r e n g t h  apparatus developed by t he  Division a t  Ottawa, 

The method i s  described i n  DBR I n t e r n a l  Report No, 175; t h e  appara -  

t u s  is  shown i n  Fig,  1, I n  a d d i t i o n  t o  t h l s  dlf'f 'erence i n  t h e  

method of t e s t i n g ,  t h e r e  was a considerable v a r i a t i o n  i n  t h e  age 

of e a r l y  panels when t e s t e d ,  With t h e  a r r i v a l  of t h e  new apparatus 

from Ottawa t he  curing period was regu la ted ,  and panels  30 t o  8 4  

were t e s t e d  one week a f t e r  leakage t e s t s  o r  2 1  days a f t e r  f a b r l c a -  

t i o n ,  Curing periods f o r  panels  1 t o  30, however, were a s  h lgh  a s  

88 days from da t e  of panel assembly t o  bond s t r e n g t h  t e s t s ,  Bond 

s t r eng th  va lues  a r e ,  t h e r e f  o re ,  not comparable I n  many cases  

because of t he  d i f f e r e n t  techniques used and a l s o  because of t h e  

d i f fe rence  cur ing  periods,  

Resul t s  from Panels 1 t o  12  

The f i r s t  twelve panels were assembled with red  b r i ck s  

w i t h  very low suc t ion  va lues  ( I , . R , A ,  1 t o  2,6 g m ) ,  Two mortars ,  

a 1 :3  masonry cement: sand and a l :1:6 cement: lime put ty :  sand 

were used, t h e  former with odd-numbered panels  and t h e  l a t t e r  with 

even-numbered panels ,  ~ o r - b a r s  were low flow (105 t o  115 pe r  c e n t ) ,  

t h e  average belng 109 pe r  cen t ,  Heavy t a p  was used f o r  a l l  pan.els, 

The va r i ab l e  f o r  t he se  panels  w k s  t h e  tlme f a c t o r ,  Tlme i n t e n a l s  

o f  38, 60, and 90 seconds were used f o r  panels  1 ' t o  4, 5 t o  8 ,  and 

3 t o  12 r e spec t i ve ly ,  Resul t s  a r e  summarized i n  Table 11; a 

d e t a i l e d  d iscuss ion  fo l lows,  



TABLE I1 

General Summary -- Panels 1 t o  1 2  

30 Sec 60 Sec 

1: 3 n i l  
Leakage 1:1:6 n i l  

Bond 
Strength 

59.6 p s i  
80,8 p s i  

n i  1 
n i l  

7506 p s i  
67,6 p s i  

90 Sec 

n i l  
n i l  

5407 p s i  
5 7 3  p s i  

( a )  Panels 1 t o  - 4 

m e r e  was some discolorat ion of cement-lime mortar jo in t s  

a t  the  end of t he  leakage t e s t ;  t he  masonry cement mortar jo in t s  

had a l e s s e r  degree of d iscolorat ion,  m e r e  was no dampness on t h e  

back of any of the  panels. A comparison can be made of bond s t rength  

r e s u l t s  and values obtained with the  bending machine and the  t e n s i l e  

s t rength  machine from the  information i n  Table 111. 

TABLE I11 

Bond Strength Results ( p s i )  -,.- Panels 1 t o  4 

Panel N o  S o  Tech Machine Bending Apparatus 
No. Age a t  Test - Joint#l  Jo in t  +2 Jo in t  7T3 Jo in t  #4 Average 

1 37 days 51.7 4 g 0  9 8004 65.7 6109 
2 36 days 4704 70,6 l08,5 9501  80,4 
3 32 days 4 1 0  3 7 4 a 0% 49.6 63.0 57*0 
4 73 days 72,3 1 2 l 0 4  115 o 9 79 1. 97 2 

%Frame sl ipped during f i r s t  attempt, Fracture 
occurred a f t e r  subsequent adjustment. 

Although average r e s u l t s  obtained with t h e  bending appara- 

t u s  a r e  higher than those obtained with the  t e n s i l e  s t rength  machinc, 

the  highest  individual  value w a s  obtained with the  t e n s i l e  strengtki 

machine; i n  some cases,  r e s u l t s  from t h e  two machines a r e  comparable, 



e.g.,  r e s u l t s  f o r  panel No, 4 .  The considerable var ia t ion  i n  

values f o r  the  same panel i s  t yp ica l  of r e s u l t s  f o r  a l l  panels no 

matter what method was used, Highest values occurred with cement- 

lime mortar jo ints ,  Visual examination showed excellent  bond; 

many of the  breaks occurred through the  mortar beds r a t h e r  than 

a t  an in te r face  between br icks  and mortar, 

(b )  Panels 5 t o  8 

A l l  mortar jo ints  f o r  cement-lime mortar panels were 

discolouredat  end of t e s t  while only one of e ight  masonry cement 

mortar jo ints  showed any discolorat ion,  

TABLE I V  --- 

Bond Strength Results ( p s i )  -- Panels 5 t o  8 

Panel R,S, Tech Machine Bending Apparatus 
No. Age a t  Test Joint# 1 Jo in t  #2 Jo in t  #3 -- Jo in t  #4 Average 

Broke 
during 

5 72 days 63.7 12,1+ 75*0 set-up 6 9 $5:- 

6 71 days 63 7 99,9 95.1 85,8 8 6 , l  
Broke 
during 

7-:wc 91 days s e t  -up 8$,3 77-5 77.5 79 8 
8 88 days 53,7 67.1 3009 $408 49 0 1 

+ This jo int  was probably damaged during set-up, 
4:- Two values only. ' 

f556 Values f o r  Panels 7 and 8 were obtained with the  
new bond s t rength apparatus, 

Bond s t rength r e s u l t s  i n  Table I V  permit a comparison of 

r e s u l t s  of t he  three  techniques used, Results of jo ints  1 and 3 

of panel 5 ,  the  former obtained on the  N. S o  Tech Machine and the  

l a t t e r  with the  bending' apparatus, a r e  comparable with the th ree  

values f o r  panel 7 obtained with the  new bond s t rength apparatus. 



Both panels were assembled with masonry cement; hlgher values f o r  

panel 7 might be exflained by an addi t ional  1 9  days curfng period, 

The range from the  low value of 6 3 0 7  p s i  obtained with the  N , S ,  

Tech Machine t o  the  high value of 8403 ps i  obtained with the  new 

bond s t rength apparatus i s  not unusually high, i n  f a c t  it i s  not 

a s  great  a s  the range in the  values f o r  the  other panels, Nos, 6  

and 8 l i s t e d  i n  Table I V .  Values f o r  panels 6  and 8 present an 

in t e res t ing  contras t  t o  the  foregoing r e s u l t s :  bond s t rengths  f o r  

panel 8 ,  cured f o r  71 days, obtained with the new bond s t rength 

apparatus were much lower than values f o r  panel 6  cured f o r  88 

days where t w o  values were obtained with each of the other machines, 

It i s  d i f f i c u l t  t o  say how much of t h i s  spread is  due t o  difference 

i n  techniques f o r  such differences qui te  often occur i n  l a t e r  work 

where only the  new machine i s  used, It should a l s o  be noted t h a t  

i n  panel 6 the  average value obtained with the  bending apparatus 

i s  higher than t h a t  obtained with the  N O S o  Tech Machine although 

the highest individual  value occurred with the l a t t e r ,  A s  a r e s u l t  

of the  low average f o r  panel 8 ,  bond s t rength values f o r  masonry 

cement mortar jo ints  were b e t t e r  than those f o r  cement-lime mortar, 

This f s  questionable i n  the  l i g h t  of overwhelming evidence t o  the 

contrary and i n  t h i s  case may be the  r e s u l t  of a combination of 

circumstances including d i f fe ren t  techniques, 

Visual examination revealed a good extent of bond f o r  

a l l  panels i n  t h i s  group ~ 5 t h  many f rac tures  occurring through the  

mortar bedso 

( c )  Panels 9 t o  - 12 

Leakage performance was s imilar  t o  the  60-second panels: 

jo ints  In panels 10 and 12 were discoloured a t  end of t e s t  while 

there  was no indicat ion of any moisture penetration on pariels 9 

and 11, Bond s t rength values were somewhat lower f o r  t h i s  group 

than those previously obtained (see Table V ) ,  



TABLE V 

Bond Strength Results ( p s i )  -- Panels 9 t o  12 

Panel 
No, Age a t  Test - J o i n t  #l Jo in t  #2 Jo in t#3  Jo in t  -&4 Average 

9 83 days 23 2 -:E- - -. 4709 + 49.9 4S09 
+ 

10 84 days f ie-  - --- - - - 5702 1 5  o 5 5702 
11 8 4  days 74.0 72-3 61 , l  34.1 6004 
12 83 days 66,3 53,O 59,2 52-5 57.8 

% No value-- jo int  broken during set-up, 

+ Two low values probably r e s u l t  of damaging jo in t s  
during set-upo These values not fncluded i n  average, 

Two low values and th ree  broken jo in t s  i n  panels 9 and 

10 a r e  a r e s u l t  of inexperience i n  using the  new bond s t reng th  

machine, Be t te r  average r e s u l t s  were obtained f o r  cement-lime 

mortar panels than those assembled with masonry cemenV mortar, 

The bes t  s ingle  panel r e s u l t  occurred, however, i n  No, 11, a masonry 

cement mortar panel, 

Visual examination revealed t h a t  extent  o f  bond was not  

a s  good a s  f o r  t h e  prevlous group and a l s o  t h a t  the  masonry cement 

panel had g rea t e r  extent  of bond than the  cement-lime panels,  

There were small unbonded a reas  i n  t he  j o in t s  of these  panels ,  and 

the  perfmeters were not  a s  t i g h t  a s  i n  previous panels. 

General 

Leakage,- Dfscoloratfon of cement-lime mortar j o in t s  

ind ica tes  t h a t  panels assembled with t h i s  mortar absorbed more 

water than those panels using masonry cement, This i s  supported 

by r e s u l t s  l i s t e d  i n  t he  following t a b l e  and obtained by weighing 

panels before and a f t e r  the  leakage t e s t ,  



Ma s onry Cement 
Cement Lime 
Mortar Mortar 

Time I n t e r v a l  Panels Panels 

30 sec 90.5 a 
60 sec 6 9 g m  78 i5m 117.Ogm 
90 sec 54 112-0 gm 

WATER ABSORBED !BY R.F,D BRICK PANELS DURING LEAKAGE TEST 

The h igher  absorpt ion  by t h e  cement-lime panels may be 

due t o  incomplete carbonation of lime i n  t h e  mortars  a f t e r  t h e  

14-day cur ing  period,  From t h e  s tandpoint  of  leakage r e s u l t s  t h e  

d i f fe rence  i n  time i n t e r v a l  i n  assembling panels 1 t o  12 does not  

appear t o  have any p a r t i c u l a r  s ign i f i cance .  

Bond St rength  

For t h e  reasons mentioned previously a comparison of 

bond s t r eng th  values f o r  these  panels i s not  s i g n i f i c a n t  , but  

s eve ra l  conclusions may be drawn from t he  r e s u l t s :  

1) Values f o r  cement-lime mortar panels were somewhat 

h igher  than  f o r  masonry cement panels.  

2 )  Values f o r  cement-lime panels decrease a s  t h e  time 

i n t e r v a l  i s  increased from 30 t o  90 seconds, This  t r e nd  was not  

ev iden t ,  however, i n  r e s u l t s  f o r  masonry cement panels. 

Visual examination ind ica ted  exce l l en t  ex ten t  of bond 

f o r  30- and 60-second panels while 90-second panels  were not  a s  

completely bonded, 

Conclusions 

Bricks i n  t h e  low suc t ion  range bbnd s a t i s f a c t o r i l y  wlth 

masonry cement and cement-lime mortar us ing  t h r e e  time i n t e r v a l s  

i n  assembling panels:  



1) From v i s u a l  examination and records  of water  absorp- 

t i o n  during leakage t e s t s ,  masonry cement mortar panels  a r e  

s l i g h t l y  supe r io r  i n  r e s i s t a n c e  t o  leakage than  cement-lime mortar 

panels a f t e r  1 4  days cur ing  period. 

2 )  Bond s t r e n g t h  va lues  a r e  somewhat h igher  f o r  cement- 

lime mortar panels than  f o r  masonry cement mortar panels.  

3 )  Bond s t r e n g t h  va lues  and v i s u a l  examinations i n d i c a t e  

decreas ing  ex ten t  of bond a s  t ime f a c t o r  inc reases  i n  t h e  case of 

cement-lime mortar, 

Resul t s  from panels 13  t o  24 

This group of panels  was a dup l i ca te  of t h e  f i rs t  twelve 

s u b s t i t u t i n g  buff b r i cks  i n  t h e  I . R o A .  range 11.0 t o  16.8 gm f o r  

t h e  red  b r i cks  previously used. The same two mortars were used i n  

t h e  low-flow range--average flow being 108.1 pe r  cent--  w i t h  a heavy 

t ap .  Again t h e  t ime i n t e r v a l  was t h e  v a r i a b l e ,  f o u r  panels  (dup- 

l i c a t e s  with each of t h e  twomortars)  being assembled with each of 

t h e  t h r e e  t imes 30, 60, and 90 seconds, Resul t s  a r e  summarized 

i n  Table V I  and t hen  discussed.  

TABLE V I  

General Summary - -  Panels 1 3  t o  24 

Leakage 

30 Sec 

r i i l  
n i l  

60 Sec 90 Sec 

Bond 1: 3 23,1 p s i  20,3 p s i  1 4 ~ 0  p s i  
S t rength  1:1:6 68.9 p s i  38.8 p s i  25 .1  p s i  

2:. One panel d id  no t  leak--other  one leaked 
1,124 ml, 

( a )  Panels 1 3  t o  16 

There was no leakage f o r  any of t h e  f o u r  panels  and t h e  



on ly  i n d i c a t i o n  of mois ture  p e n e t r a t i o n  was i n  s l i g h t  d i s c o l o r a t i o n  

a t  t h e  ends  of two of t h e  mor ta r  j o i n t s  i n  pane l  16  which had been 

assembled wi th  a  cement-lime mortar .  Bond s t r e n g t h  v a l u e s ,  a l l  

ob t a ined  wi th  t h e  new bond s t r e n g t h  a p p a r a t u s  a f t e r  c u r i n g  p e r i o d s  

of 79 t o  8 3  days ,  a r e  l i s t e d  i n  Table V I I .  

TABLE V I I  

Bond S t r e n g t h  R e s u l t s  ( p s i ) , - -  Pane ls  1 3  t o  16 

Pane l  
No, Age a t  Tes t  J o i n t # l  Jo in t#2  - J o i n t # 3  ~ o i n t &  Average 

1 3  83  days 21.6 30.0 40.3 23*4 28.8 
14 82 days 79 o 0 78.2 64.5 56 4  69.5 
15 82 days 13.7 16.8  20.6 l 8 , 5  1 7 . 4  
16  79 days 80,6  55.6 62 ,9  7 4 0 2  68,3  

R e s u l t s  f o r  pane l s  1 4  and 16 (cement-lime mor t a r s )  a r e  

much h i g h e r  a t  68,9 p s i  t h a n  t h e  23.1 p s i  va lue  f o r  masonry cement 

mor ta r  pane ls .  Visua l  examinat ion of broken j o i n t s  r e v e a l e d  good 

e x t e n t  of bond, bu t  n o t  q u i t e  a s  good a s  t h e  e x t e n t  of bond seen  

w i t h  t h e  r e d  b r i c k s .  The bonding was n o t  a s  good about  t h e  p e r i -  

me te r s ,  and sma l l  i n d e n t a t i o n s  i n  t h e  s u r f a c e  of t h e  b r i c k  were 

n o t  complete ly  f i l l e d  w i t h  mortar ,  

( b )  Pane ls  17  t o  20 

A l l  f o u r  pane l s  l eaked ,  Only pane l  20, however, s t a r t e d  

t o  l e a k  immediately. The o t h e r  t h r e e  pane l s  s t a r t e d  t o  l e a k  from 

3 t o  5  minutes  a f t e r  t h e  s t a r t  of t e s t .  Panel  17  had wa te r  showing 

on j o i n t  2 ,  b u t  t h e  l e a k  d i d  n o t  con t inue  and t h e r e  was i n s u f f i c i e n t  

l eakage  t o  run o f f  t h e  back of t h e  pane l  f o r  measurement, The o t h e r  

masonry cement p a n e l ,  No, 1 9 ,  l eaked  t h e  most --  1,124  m l ,  s t a r t i n g  

a t  5  minutes and l e a k i n g  s t e a d i l y  th roughout  t h e  t e s t .  The cement-. 

l ime mor ta r  pane l s  l eaked  240 and 765 m l  r e s p e c t i v e l y  and d i f f e r e d  

from t h e  masonry cement pane l s  i n  t h a t  l eakage  s topped p r i o r  t o  t h e  



end of t e s t ,  probably due t o  a s w e l l i n g  s h u t  of l eakage  p a t h s ,  

Most of t h e  leakage  f o r  t h e  cement-lime mor ta r  pane l s  occur red  

d u r i n g  t h e  f i rs t  hour  of t e s t  and d e c l i n e d  k t e a d i l y  t h e r e a f t e r .  

Maximum r a t e  of l eakage  of 8 m l  f o r  pane l  20 occurred between 1 0  

and 60 minutes ,  Maximum r a t e s  were about  2 - 0  m l  f o r  pane l  18 and 

0 , 9  m l  f o r  pane l  19.  Pane l  18 l e aked  q u i t e  p r o f u s e l y  d u r i n g  t h e  

first  hour  and t h e n  decreased  i n  l eakage  r a t e ;  pane l  1 9  l eaked  

s t e a d i l y  th roughout  t h e  t e s t  a s  can  be s een  when leakage  d u r i n g  ' 

t h e  f i r s t  hour ,  55 m l ,  i s  compared w i t h  t o t a l  l eakage  of 1 ,124  m l ,  

TABLE VIII 

Bond S t r e n g t h  Resu l t s  ( p s i )  -- Panels  1 7  t o  20 

Pane 1 
No. Age a t  T e s t  J o i n t #  1 J o i n t # 2  J o i n t # 3  J o i n t # 4  Average 

Broken 
d u r i n g  

1 7  78 days 37.1 22.6 s e t - u p  21,O 26 ,9  
18 78 days  65.3 75.8 58,8  2002  5 5 0 0  

Broken 
d u r i n g  

1 9  74 days  4 - 0  23.9 12 ,9  s e t - u p  1 3  6 
Broken 
d u r i n g  

20 73 days s e t  -up 24-2  10.0 17.2 1 7 . 1  

A breakdown of bond s t r e n g t h  v a l u e s  f o r  t h e s e  f o u r  p a n e l s ,  
1 

ob ta ined  a t  age  78 t o  7 3  days ,  i s  given  i n  Table V I I I ,  Again average  

va lue  f o r  cement-lime mor ta r  p a n e l s  a t  38,8 p s i  i s  b e t t e r  t h a n  t h e  

20 ,3  psi' va lue  f o r  masonry cement mor ta r  pane l s  , Values f o r  p a n e l s  

1 9  and 20 a r e  much lower  t h a n  f o r  t h e i r  d u p l i c a t e s ,  pane l s  17 and 

18. V i s u a l  examinat ion r e v e a l e d  a l e s s e r  e x t e n t  of bond t h a n  in 

t h e  prevZ.ous pane l  -- bonding w a s  d e f i n i t e l y  ' i n f e r i o r  i n  pe r ime te r  

a r e a s .  Three mor ta r  j o i n t s  were broken d u r i n g  s e t t i n g - u p  o p e r a t i o n s  

-- a f u r t h e r  i n d i c a t i o n  of weaker bond, A comparison of t y p i c a l  



mortar jo in t s  from panels 17, 18, and 19 can be seen i n  Pig. 2. 

( c )  Panels 21 t o  24 

Water came through mortar jo in t s  of a l l  f ou r  panels a s  

soon a s  t he  leakage t e s t  was s t a r t e d ,  but  t he re  was no measurable 

run-off u n t i l  3 t o  5 minutes because of t he  absorptive power of 

t he  bricks.  Masonry cement mortar panels leaked an average of 

3,350,5 m l  higher than the  1,215 m l  average f o r  t he  cement-lime 

mortar panels. Average maximum r a t e  of leakage was higher f o r  t he  

cement-lime mortar panels a t  1 3  m l  a s  compared with t he  11 m l  r a t e  

f o r  the  masonry cement mortar panels. Maximum leakage occurred 

during the  f i r s t  10 t o  15 minutes of leakage t e s t  f o r  both panels,  

The cement-lime mortar panels leaked more during the  f i r s t  hour and 

then leakage r a t e  decreased u n t i l  t he re  was no appreciable leakage 

near  the  end of t he  t e s t ;  the  masonry cement mortar panels leaked 

qu i te  s t e a d i l y  throughout the  t e s t .  The r a t e  of leakage during 

the  l a s t  hour was only 30 t o  40 per  cent  of t h a t  ,during the  f i rs t  

hour but was s t i l l  qui te  subs t an t i a l ,  Bond s t reng th  t e s t s  were 

done a t  curing periods of 72 t o  76 days; a breakdown of r e s u l t s  

i s  presented i n  Table IX. 

TABLE I X  

Bond Strength Results ( p s i )  -- Panels 21 t o  24 

Pane 1 
NO. Age a t  Test J o i n t # - 1  Joint#2 ~ o i n t # 3  

Broken Broken 
during during 

21 75 days 15.3 set-up se t -up 
Broken 
during 

22 76 days 20,2 43*5 set-up 
, 
I 
1 

23 73 days 28.4 19,O 4-0  

24 72 days 27,O 21.8 21.3 

J o i n W 4  Average 

17-0  26.9 
Broken 
during 
set-up 17.1 
Broken 
during 
set-up 23-0 



Cement-lime mortar panels  had a  h igher  average bond 

s t r eng th  a t  25 , l  p s i  than masonry cement panels  a t  1 4 , O  p s i ,  

Values a r e  lower than  those  f o r  60-second panels ,  and t h e  increased 

number o f  broken j o in t s  can a l s o  be a t t r i b u t e d  t o  l e s s e r  degree of 

bonding, Visual examination revealed very l i t t l e  ex ten t  of bond. 

J o i n t s  appeared t o  be "dry" and i n  a l l  cases  t h e  t o p  b r i ck  l i f t e d  

c lean ly  from t h e  mortar bed con t ras t ing  with previous panels  where 

breaks occurred through mortar beds o r  where p a r t  of mortar bed 

clung t o  ypper b r i c k  when f rac tu red ,  Leak channels were found i n  

s eve ra l  cases ,  notably  i n  panel 24,  but  they were no t  a  r e s u l t  o f  

slumping i n  t h e  mortar beds, a  change i n  technique having el iminated 

t h i s  problem, Ekamination o f  t h e  bond s t r eng th  r e s u l t s  i n  Table I X  

poin t s  up another  i n t e r e s t i n g  f e a t u r e  a l s o  noted i n  l a t e r  r e s u l t s ,  

Best bond s t r eng th  values  occur i n  upper j o in t s  of panels  r a t h e r  

than  i n  lower j o in t s  a s  might be expected s ince  lower ~ o i n t s  have 

a d d i t i o n a l  " tapsrt  given t o  br i cks  above and a l s o  ca r ry  add i t i ona l  

weight o f  upper b r icks  during t h e  s e t t i n g  period,  There may be 

severa l  reasons f o r  t h i s  t r end :  

1) Tapping o f  upper b r icks  may d i s t v b  bond i n  lower 

j o in t s  where mortar has  n o t  ye t  had a  chance t o  harden enough t o  

r e s i s t  s t r a i n  -- t h i s  i s  p a r t i c u l a r l y  not iceable  where mortar has  

l o s t  a  l o t  of moisture needed f o r  p l a s t i c i t y  a s  i n  t h e  above case,  

2 )  'Phe "shockrt of breaking t o p  j o in t s  may weaken those  

below and thus  contr ibute  t o  lower values  f o r  these  ~ o i n t s .  

General 

This s e r i e s  of twelve panels g ives  an  exce l l en t  p ic tu re  

of t h e  e f f e c t  of tfme i n t e r v a l  during panel assembly, Leakage 

and bond s t r eng th  r e s u l t s  a r e  f u r t h e r  supported by t h e  water  

absorbed by t h e  panels  during t he  leakqge t e s t  a s  shown i n  Fig, 3, 

A comparison of leakage and bond s t r eng th  r e s u l t s  f o r  

these  twelve panels  i n d i c a t e s  a  sharp  d e t e r i o r a t i o n  of r e s u l t s  a t  



t h e  60-set. time in t e rva l .  A t  th i s  point  t he re  a r e  some good 

leakage and bond s t reng th  r e s u l t s  and some poor ones. 

Conclusions 

1) Leakage and bond s t reng th  r e s u l t s  de t e r io ra t e  progressively 

w i t h  lengthening of t h e  time i n t e r v a l  between placing a  mortar bed 

and laying buff br icks  ( I .R .A .  11.0 t o  16.8 gm) i n  the  mortar. 

2)  For t he  conditions under which th is  s e r i e s  of panels was 

assembled the  c r i t i c a l  time f o r  placing buff b r ick ,  i , e .  t h e  time 

l i m i t  f o r  placing br icks  i n  mortar t o  obta in  s a t i s f a c t o r y  bond, i s  

something l e s s  than  60 seconds. 

Panels 25 t o  32 

Eight panels were assembled with red br icks  i n  the  I . R , A ,  

range 1.0 t o  2.7 gm, t he  same two mortars,  30- and 60-sec time 

i n t e r v a l s ,  'Ilut with l i g h t  t a p  f o r  a  comparison w l t h  panels 1 t o  8 

(heavy t a p ) .  The masonry cement and cement-lime mortars used had 

an average flow of 111.3 per  cent a s  compared w i t h  107"6 per  cent 

f o r  panels 5 t o  12. Results  w i l l  f i r s t  be discussed a s  a  group 

and l a t e r  compared with t he  heavy t a p  panels. 

TABLE X 

Mortar Used 

Ma s onry 
Cement (1 :3)  

Cement 
Lime (1:1:6) 

General Summary -- Panels 25 t o  32 

Leakage Results Bond Strength ( p s i )  

30 Sec 60 Sec 30 Sec 60 Sec 

n i l  n i l  37.6 17.9 
Mortar Mortar 

203rs j o in t s  
75% 

discoloured discoloured 53.6 36.4 



( a )  Panels 25 t o  28 

There was no leakage f o r  any of the  fou r  60-sec panels. 

Discolorat ion of s i x  of t h e  e igh t  mortar jo in t s  indicated some 

moisture penetra t ion of cement -lime mortar panels. A breakdown of 

bond s t reng th  values f o r  t he  fou r  panels i s  given i n  Table X I ,  

Bond Strength Results ( p s i )  -- Panels 25 t o  28 

Panel 
No. Age a t  Test J o i n t # l  Joint&2 Joint#3 Joint&#4 Average - 
25 31 days 21.3 12.4 16,9 2.6 130 3  
26 70 days 48.2 20.3 31.7 42 6 5  35.7 
27 32 days 28.4 26,7 29.9 405  22,4 
28 28 days 54.2 22.9 30.1 410 3  37.1 

Average value of 36,4 p s i  f o r  cement-lime mortar panels 

i s  twice the  average value of 17.9 p s i  f o r  masonry cement panels,  

Age of panels a t  time of t e s t  was 28 t o  32 days, Visual examina- 

t i o n  revealed good extent  of bond i n  a l l  cases with p a r t i c u l a r l y  

good bonding about the  perimeters. There were some small unbonded 

a reas  in  t he  centre  port ion of t he  mortar beds, I n  a l l  cases t he  

t o p  br ick  l i f t e d  from the  mortar bed a t  f r ac tu re .  

( b )  Panels 29 t o  32 

There was no leakage f o r  t h e  30-sec panels. Some mois- 

t u r e  penetra t ion was indicated i n  t h e  cement-lime mortar jo in t s  by 

discolouring of f i v e  of t h e  e igh t  mortar jo in t s  f o r  these  two panels,  

Bond s t reng th  r e s u l t s  a r e  given i n  Table X I I .  



TABLE X I 1  

Bond S t r e n g t h  Resu l t s  ( p s i )  -- Panels  29 t o  32 

Pane 1 
No. Age a t  Tes t  J o i n t # l  , J o i n t # 2  J o i n t # 3  J o i n t  #4 Average 

29 27 days 14.4 29.6 43.0 30.1 29&3 
30 21 days 3 4 * 1  39.6 70.9 58.5 50.8 
31 21 days 42.5 45.5 45.8 50.0 45.9 
32 21 days 38.9 73.0 48.2 65.4 56.4 

Once a g a i n  average r e s u l t  of 53.6 p s i  f o r  cement-lime 

mortar  pane ls  i s  s u p e r i o r  t o  t h e  37.6 p s i  va lue  f o r  masonry cement 

mor ta r  panels .  Vfsual examination r evea led  n i c e  t i g h t  per ime te r s  

and g e n e r a l l y  good e x t e n t  of bond w i t h  some smal l  unbonded a r e a s  

i n  t h e  c e n t r e  of mor ta r  beds. Some of t h e  cement-lime mor ta r  

j o i n t s  f r a c t u r e d  through t h e  mor ta r  beds,  b u t  f r a c t u r e s  g e n e r a l l y  

fol lowed t h e  p a t t e r n  of breaking  between t o p  b r i c k  and mor ta r  bed, 

Some of t h e  cement-lime mor ta r  beds were damp a t  t ime of f r a c t u r e ,  

Panel  29 was t e s t e d  a t  age 27 days,  It was t h e  l a s t  of t h e  backlog 

awa i t ing  bond s t r e n g t h  t e s t  and remaining pane l s  were t e s t e d  a t  

t h e  usua l  21 days. For  t y p i c a l  mor ta r  j o i n t s  from panels  Nos. 30 

and 31 see  F ig ,  4 ,  bottom row. 

Genera 1 

P i g m e  5 shows water  abso rp t ion  by b o t h  30- and 60-sec 

pane ls  du r ing  t h e  leakage t e s t .  

Both 30- and 60-sec pane l s  assembled w i t h  masonry cement 

absorbed i d e n t i c a l  amounts of water ;  t h e  30-sec cement - l ime panel  

was only  s l i g h t l y  b e t t e r  t h a n  t h e  60-sec panel .  On t h e  b a s i s  of  

mois ture  a b s o r p t i o n  r e s u l t s  and v i s u a l  obse rva t ions  of leakage 

t e s t s ,  t i g h t e s t  pane ls  r e s u l t  from use of masonry cement mor ta rs ,  

whi le  bond s t r e n g t h  r e s u l t s  show t h a t  s t r o n g e r  bond develops 

between t h i s  b r i c k  and cement-lime mortar.  Bond s t r e n g t h  r e s u l t s  

a l s o  i n d i c a t e  s u p e r i o r i t y  of 30-sec pane ls  over  60-sec pane ls .  



Comparison of  Light and Heavy Tap 

Panels 24 t o  32 vs Panels 1 t o  8 - Lea?xage,- Results of leakage 

t e s t s  f o r  panels o f  low-suction bricks and masonry cement and cement- 

lime mortars, assembled with l i g h t  and heavy t a p  a s  the var iable ,  

indicate  very l i t t l e  difference between the two taps ,  

1) mere  was no leakage f o r  any o f  the  panels. 

2 )  There was some s l i g h t  discoloration o f  joints i n  

panels of masonry cement mortar and assembled with heavy tap ,  

3)  Masonry cement mortar panels assembled with heavy 

t a p  absorbed more water during the leakage t e s t  than l i g h t  t a p  

panels (Fig, 61, 

4 )  Moisture absorption f o r  cement-lime mortar panels 

was s l i g h t l y  higher f o r  l i g h t  t a p  than f o r  heavy t a p  panels, 

Thus f r o m  leakage r e s u l t s  there  i s  no r e a l  evidence i n  

favour of using e i t h e r  l i g h t  o r  heavy t a p i n  assembling l o w  suction 

bricks with e i t h e r  of the above mortars. Evidence favouring l i g h t  

t a p  with masonry cement mortar and heavy t a p  with cement-lime 

mortar i s  indicated only by comparison of water absorbed by the  

panels during t e s t ,  

Bond Strength Results 

A comparison o f  bond s t rength values f o r  these panels 

indicates  benefi t  f r o m  the  use o f  the heavy tap.  

C!oppafilbn o f  Bond ~taeng-th  Values ( p s i )  For 

Panels Assembled With Light and Heavy Tap 

Tap 
Light 
Heavy 

30-Sec Panels 60-Sec Panels 

Ma s onry Cement - Ma s onry Cement - 
Cement Lime Cement Lime * 

Mortar Mortar Mortar Mortar 
3T06 53*6 1709 36.4 
59,6 88,8 75.6 67 6 



It must be remembered, however, t h a t  values f o r  heavy 

t a p  panels were obtained with th ree  d i f f e r e n t  machines and a r e  

therefore  of  l imi ted value i n  a comparison of t h i s  nature ,  

Results from Panels 33 t o  40 

In previous work with buff br icks  having suct ion r a t e s  

ranging f r o m  11 t o  16,8, there  was some d i f f i c u l t y  i n  ge t t i ng  a 

leak-proof panel. With t h i s  i n  mind, a s e r i e s  of e ight  panels 

was assembled using buff bricks ( I .R .A,  range 11 .4  t o  l6,O gm) 

with the  same t w o  mortars with a higher ffow range (115 t o  125 per 

cen t ) .  The average mortar flow f o r  t he  e igh t  panels was 119-2 per 

cent.  Two time in t e rva l s ,  30 and 60 sec ,  were used and a l l  panels 

were assembled with heavy t ap ,  Again a l l  panels were assembled i n  

duplicate.  Results a r e  summarized in Table X I V  and then discussed 

i n  d e t a i l .  

TmLE X I V  

General Summary -- Panels 33 t o  40 

Mortar Used Leakage Results Bond Strength ( p s i )  

30 Sec 60 Sec 30 Sec 60 Sec 

Na s onry 
Cement (1:3) n i l  n i l  21,6 21,7 
Cement- 
Lime (1:1:6) n i l  n i l  72*9 5S09 

( a )  Panels 33 t o  36 - Leakage 

There were no leaks  nor was there  any discolorat ion o f  

mortar jo in t s  f o r  t h e  f o u r  30-sec panels using e i t h e r  type of  
1 

mortar, 

Bond Strength 

Bond s t rength values f o r  t h e  fou r  panels a r e  l i s t e d  i n  

Table XV. 



TABLE XV 

Bond Strength Results  ( p s i )  -- Panels 33 t o  36 

Panel 
No. Age a t  Test J o i n t  #1 J o i n t # 2  J o i n t  #3 Jo in t#4  Average 

33 23 days 33.9 37 1 20,6 7 0 1  24,0 7 
34 21 days g3,9 62,9 74 2 50-3 70- 3 
35 21 days 7 o 7 35.2 6.8 24,2 18,5 
36 21 days 74,2 82,6 89.0 56 , s  75 a 7 

These panels were t e s t e d  a f t e r  t he  normal curing period 

of 2 1 t o  23 days -- average bond s t reng th  of 72.9 p s i  f o r  cement- 

lime mortars was much higher  than the  21,6 p s i  value f o r  masonry 

cemenk mortar, 

Visual examination of broken masonry cement panels 

revealed much g rea t e r  ex ten t  of bond than would be expected from 

t h e  values obtained, There was good extent  o f  bond i n  a l l  cases ,  

some small unbonded a reas  being noted about t he  perimeters,  These 

probably developed a s  a  r e s u l t  of some of t h i s  very p l a s t i c  mortar 

being forced out o f  t h e  mortar jo in t  by the  heavy t ap ,  There was 

excel lent  extent  o f  bond f o r  t h e  cement-lime mortar panels. Most  

breaks occurred through t h e  mortar beds r a t h e r  than between the  

top  b r i ck  and mortar bed a s  f n  t he  case o f  t he  masonry cement 

panels (see  Pig, 4 ,  t o p  row), Several of t h e  cement-lime mortar 

beds were s t i l l  damp when the  j o in t s  were broken, 

Sometimes the re  was an inconsistency o f  r e s u l t s  within 

t he  same panel: Note t he  spread i n  values from 7 , 1  p s i  t o  37 , l  p s i  

f o r  panel 1 and from 50,3 p s i  t o  93,9 p s i  f o r  panel 2, This pa t t e rn  

o f  inconsistency i s  c h a r a c t e r i s t i c  o f  a l l  DBR bond s t reng th  t e s t s  

on small panels, Bond s t reng th  t e s t s  a r e ,  however, providing 

valuable information. Since absolute bond s t reng th  values a r e  not  

of prime concern i n  t h i s  study, inconsistency i n  values i s  simply 

noted f o r  the  record, 



( b )  Pane ls  37 t o  40 - Leakage 

There was no leakage  and no d i s c o l o r a t i o n  of mor t a r  

j o i n t s  f o r  any  of t h e  f o u r  60-sec p a n e l s ,  

Bond S t r e n g t h  

Bond s t r e n g t h  v a l u e s  determined a t  20 t o  22  days a r e  

g iven  i n  Table  X V I ,  Once a g a i n  t h e  average  v a l u e  of 59,G p s i  f o r  

t h e  cement-lime r p o ~ a r  pane l s  1s much h i g h e r  t h a n  t h e  21,7  ps i  

v a l u e  ob t a ined  f o r  t h e  masonry cement mor t a r  p a n e l s ,  

TABLE X V I  

Bond S t renRth  R e s u l t s  ( ~ s i )  - Pane ls  37 t o  40 

Pane l  
No. Age a t  T e s t  Joint - k!L J o i n t  #2 J o i n t  #3 J o i n t  #4 Average 

37 20 days  3 y 0  9 18.7  4 e 8 29,O 21,6 
38 22 days  87 1 7 3 0 4  5 3 0 2  3 3 0 9  61 ,3  
39 21 days  1 2 , l  29.0 z 0 5  20 .'7 21.8 
40 21  days  63.3 64.5 53.2 3 7 0 1  56,O 

The average  v a l u e  f o r  cemen%-ilme mor t a r  p a n e l s  i s  lowered 

by low v a l u e s  I n  t h e  bottom j o l n t  of  b o t h  p a n e l s  Nos, 38 and 40, 

The occur rence  of low v a l u e s  I n  t h e  bcttorn j o i n t  of p a n e l s  i s  s i m i -  

l a r  t o  t h e  d i s c r epancy  of j o i n t - t o - j o i n t  v a l u e s  i n  t h e  same p a n e l ,  

a n  unexpected r e s u l t  i n  bond s t r e n g t h  t e s t s ,  T h i s  m a t t e r  w i l l  be 

r e f e r r e d  t o  l a t e r ,  

V ~ s u a ;  examination a g a i n  r e v e a l e d  good e x t e n t  of  bond, 

I n  t h e  masonry cement pane l s  it i s  a g a i n  a c a s e  of good e x t e n t  of 

bond b u t  no s t r e n g t h ,  Wlth t h e s e  pane l s  t h e  t o p  b r i c k  i n v a n a b l y  

l i f t e d  o f f  t h e  mortar  bed ;  b r eak ing  of cement - l ime mor t a r  j o i n t s  

was u s u a l l y  accompanied by a shattering of t h e  mor t a r  j o i n t  - -  many 

brealrs occur red  d l r e c t l y  th rough  the ,  mor t a r  bed i t s e l f  and i n  some 

c a s e s  t h e  b r e a k  occur red  between t h e  mor t a r  bed and t h e  lower 



br ick,  Typical mortar j o in t s  from these  panels a r e  shown i n  Fig, 7 .  

General Conclusions 

A l l  panels i n  t h i s  s e r i e s  performed well  during leakage 

t e s t s ,  There was no obvious difference be-bween 30- and 60-sec 

panels,  A comparison of water absorbed during the  leakage t e s t  

f o r  30- and 60-sec panels with both mortars shows very l i t t l e  

d i f ference  ( f i g ,  8) .  

Bond s t reng th  values ind ica te  g rea t e r  s t reng th  of cement- 

lime ,over masonry cement mortars. Values f o r  30- and 60-sec masonry 

cement panels a r e  comparable, but 30-sec panel r e s u l t s  a r e  super io r  

t o  60-sec panel r e s u l t s  f o r  cement-lime mortar panels. 

Visual examination revealed a good extent  of bond f o r  

a l l  panels. Some small unbonded a reas  about t h e  perimeter of 

masonry cement panels possibly r e s u l t  from mortar being forced 

from the  jo in t  by t h e  heavy t a p ,  There was excel lent  extent  of 

bond f o r  cement-lime panels,  

Comparison of High and Low Plow Mortars 

Leakage and bond s t reng th  r e s u l t s  f o r  panels assembled 

with l o w  and high f l o w  mortars a r e  compared i n  Table X V I I  where 

r e s u l t s  f o r  panels 12 t o  20 a r e  compared with r e s u l t s  f o r  panels 

32 t o  40. Average f l o w  o f  mortars used i n  t he  former panels was 

109 per  cent while flow f o r  t h e  l a t t e r  was 119,Z per  cent ,  Bricks 

were buff i n  t he  I .R.A. range 1 1 t o  16.7 gm. Panels were assembled 

with t w o  time i n t e r v a l s  - -  30 and 60 sec and the  heavy t a p  was 

used f o r  both s e r i e s .  



TABLE X V I I  

Comparison of High and Low Plow Panel? 

Masonry Cement 

Leakage Results Bond Strength Results  

mow - 30 Sec 60 Sec 30 Sec 60 Sec 

Low n i l  562 m l  23, l  2003 
High n i l  n i l  21a6 21.7 

Cement-Lime Mortar 

Leakage Results Bond Strength Results 

Flow - 30 Sec 60 Sec 30 Sec 60 See 

Low n i l  502 m l  68.9 38,s  
High n i l  n i l  7Z09 58,9 

TABLE X V I I I  

Comparison of Water Absorbed by Panels Assembled with 
High and Low Flow Mortars During Leakage Test 

Masonry Cement Cement -Lime 

Flow 30 Sec 60 Sec 30 Sec 60 Sec 

Low 597 gm 734 @ 610 gm 723 gm 
High 496 gm 420 gm 418 gm 431 gm 

It can be seen t h a t  panels assembled with high flow 

mortars were super ior  t o  those assembled with l o w  flow mortars, 

This conclusion i s  supported by leakage r e s u l t s  and a l s o  by com- 

parison of water absorbed by t h e  panels during leakage t e s t s ,  

There i s  very l i t t l e  difference f o r  panels assembled with 30-sec 



time in t e rva l ,  There was no leakage o r  evidence of leakage f o r  

any of these  panels with the  exception of some d isco lora t ion  a t  

t he  end of one of t h e  cement-lime mortar jo in t s  i n  a panel assembled 

w i t h  a low flow mortar, However, panels using high flow mortars 

had t i g h t e s t  jo in t s  according t o  lower moisture absorption during 

leakage t e s t s ,  

Bond s t rength  r e s u l t s  a r e  comparable f o r  high and low 

flow panels assembled a t  30 sec, S l igh t ly  higher values f o r  low 

flow masonry cement panels a r e  o f f s e t  by s imi l a r ly  higher values 

f o r  high flow cement-lime panels. However, f o r  60-sec panels high 

flow mortars give bes t  bond s t rength  r e s u l t s ,  p a r t i c u l a r l y  f o r  
I 

cement-lime mortar; the  di f ference i s  not  great  f o r  masonry cement 

mortar, 

Conclusions 

High f l o w  mortars bond 

buff br icks  i n  the  suct ion range 

based on leakage r e s u l t s  alrkady 

b e t t e r  than low flow mortars with 
1 

11 t o  15 gm, This conclusion i s  

shown and, t o  a l e s s e r  degree, 

bond s t rength  r e s u l t s ,  

It i s  i n t e r e s t i n g  t o  note t h a t  only minor di f ferences  

occur i n  panels assembled with a 30-sec time i n t e r v a l ,  There i s ,  

however, a marked difference i n  r e s u l t s  f o r  panels assembled with 

a 60-sec time i n t e r v a l ,  

Results from Panels 4 1  t o  48 

Panels 4 1  t o  4 8  were dupl icates  o f  the  previous e igh t  

panels using a b r ick  having a lower suct ion r a t e ,  B u f f  bricks  

wLth an I , R , A ,  range 8 t o  10 gm were used w i t h  masonry cement and 

cement-lime mortars having high f l o w ,  Panels were assembled a t  

30- and 60-sec time in t e rva l s  using heavy t ap ,  

Results a r e  l i s t d d  i n  Table X I X  and then discussed i n  more 

d e t a i l ,  Average flow f o r  mortars used was 123,4 per cent .  



TABLE X I X  

General  Summary -- P a n e l s  4 1  t o  48 

Mor ta r  Used Leakage R e s u l t s  Bond S t r e n g t h  ( p s i )  

30 Sec 60 Sec -- 30 Sec 60 Sec 

Ma s onry 
Cement (1 :3 )  n i l  n i l  22.9 25.3 
Cement- 
Lime (1:1:6)  n i l  n i l  50.2 55.1 

( a )  Pane l s  4 1  t o  44 

Leakage 

There was no leakage  n o r  was t h e r e  any i n d i c a t i o n  of mo i s tu re  

p e n e t r a t i o n  by d i s c o l o r a t i o n  of mor t a r  j o i n t s  i n  any of t h e  f o u r  

30-sec p a n e l s ,  

Bond S t r e n g t h  

A l l  p a n e l s  were t e s t e d  a f t e r  t h e  normal c u r i n g  per io>d of 

2 1  t o  22 days.  Average v a l u e  of 50.2 p s i  f o r  cement-lime mor t a r  

p a n e l s  was h i g h e r  than t h e  23,O p s i  v a l u e  f o r  masonry cement m o r t a r  

pane l s ,  There was g r e a t  v a r i a t i o n  in  r e s u l t s .  Pane l  41  averaged 

1 6 , 3  p s i  vs 29.7 p s i  f o r  p a n e l  42; pane l  43  averaged 38.1 p s i  v s  

62 ,3  p s i  f o r  p a n e l  44. Values f o r  p a n e l s  4 1  and 42 (masonry cement) 

ranged from 9.7 t o  38.0 p s i  whi l e  t h e  e i g h t  cement-lime mor t a r  

pane l  v a l u e s  ranged between 20.9 t o  80.6 p s i ,  

TABLE XX 

Bond S t r e n g t h  R e s u l t s  ( p s i )  -- Pane l s  4 1  t o  44 

Pane l  
No. Age a t  T e s t  J o i n t  $1 J o i n t  #2 J o i n t  a 3  J o i n t  #4 Average 

4 1  21 days  23.4 12.6 1903 9.7 16,,3 
42 21  days  25.8 38.0 34 • 0 21-0 29.7 
43 21 days 20,9 39.5 44.3 47.6 3Ba1 
44 22 days  44.3 80.6 71,O 53*2  62 ,3  



Visua l  examinat ion r e v e a l e d  good e x t e n t  of  bond i n  a l l  c a s e s ,  

Some of t h e  cement-lime mor t a r  j o i n t s  were s t i l l  damp when f r a c -  

t u r e d .  Mor ta r  j o i n t s  from p a n e l s  Nos, 41, 42, and 44 a r e  shown 

i n  P i g o  9, 

( b )  Pane l s  45 t o  48 

Again t h e r e  was no l eakage  and no i n d i c a t i o n  of mo i s tu re  

pene t ' r a t ion  iy d i s c o l o r a t i o n  of mor t a r  j o i n t s  f o r  any of t h e  60-sec  

p a n e l s ,  

TABLE XXI 

Bond S t r e n g t h  Results ( p s i )  -- Pane l s  45 t o  48 

Pane l  
No. Age a t  T e s t  J o i n t  #l J o i n t  #2 J o i n t  #3 J o i n t  #4 Average 

45 23 days  17.7 49.7 28.2 3104 31 8 
46 22 days  28,5 g 0 7  15.3  2 1 0 3  l8 ,7  
47 22 days  56,4 4003  50-  3 4305  47 6 
48 21  days  8 0 - 3  53e5  70 5 46 ,O  62,G 

Bond strength t e s t s  were done a t  21  t o  23 days.  Values 

f o r  cement-lime m o r t a r  p a n e l s  averaged  5 5 , l  p s i  compared w i t h  25,3 

p s i  f o r  masonry cement m o r t a r p a n d . ~ ,  Grea t  v a r i a t i o n  i n  v a l u e s  

ob t a ined  was a g a i n  no t ed ,  V i sua l  examinat ion r e v e a l e d  good e x t e n t  

of bond i n  a l l  c a s e s ,  Some of  t h e  cement-lime mor t a r  j o i n t s  f r a c -  

t u r e d  t h rough  t h e  mor t a r  beds  whi le  some j o i n t s  of masonry cement 

mor t a r  ( p a n e l  45)  f r a c t u r e d  w i t h  a " s h a t t e r i n g t t  of t h e  mor t a r  bed, 

Values f o r  p a n e l  45 a r e  amohg t h e  b e s t  f o r  masonry cement mor ta r .  

B t e n t  of bond i n  t h i s  p a n e l  and a l s o  i n  p a n e l s  47 and 48 can  be 

s e e n  i n  K g ,  10 ,  



General 

Leakage r e s u l t s  f o r  both 30- and 60-sec panels a r e  

exce l len t ,  The water absorption r e s u l t s  during t h e  leakage t e s t  

give a f i n e r  comparison (Pig. 11). 

Results indicate  t h a t  30-sec masonry cement panels were 

t i g h t e r  than those assembled a t  60 sec,  There was no grea t  d i f -  

ference between the  30- and 60-sec panels f o r  the  cement-lime 

mortar panels, The 60-sec masonry cement panel absorbed the  most 

water, but there  was no r e a l  d i f ference between 30-sec panels with 

e i t h e r  mortar, 

Bond Strength Results 

Bond s t rength  r e s u l t s  a r e  consis tent  i n  ind ica t ing  

super ior i ty  o f  cement-lime mortar, and values f o r  60-sec panels 

a r e  b e t t e r  than those f o r  30-sec panels, In comparing these  values 

the  grea t  var ia t ion  i n  r e s u l t s  must be kept in mind, Por example, 

the  low value f o r  panel 43 i s  the  reason f o r  t h e  di f ference i n  

values f o r  30- and 60-sec cement-lime mortar panels. On the  other  

hand, values f o r  30-sec masonry cement panels a r e  cons i s ten t ly  

lower than 60-sec panel values, Bond s t rength  r e s u l t s  ind ica t ing  

s t ronger  bond f o r  60-sec masonry cement panels c o n f l i c t  with 

evidence shown by water absorption during leakage t e s t s  which 

indicated t h a t  30-sec panels had the  t i g h t e s t  jo in t s ,  

There was no leakage f o r  panels assembled with e i t h e r  

br icks  i n  t he  suction range 8 t o  10 gm nor i n  the  higher 1 1 t o  15 gm 

range, Water absorption by panels during leakage t e s t s ,  however, 

ind ica tes  t h a t  br icks  i n  t he  lower suction range formed the  t i g h t e s t  

panels, This evidence i s  f u r t h e r  supported by bond s t rength  values 

f o r  the  masonry cement mortar panels,  but values f o r  cement-lime 

mortars a r e  lower than those f o r  panels assembled with .the higher 

suct ion bricks,  



TABLE XXII 

Comparison of Panels Using Bricks 1,R.A. 11 t o  15 g m  
with Panels Using Bricks I o R , A .  8 t o  10  gm 

Uslng Masonry Cement and Cement-Lime Mortars 

Brick 
~ u c t f o n  

Leakage Results 
30 Sec 60 Sec 

Masonry Cement Mortar 

n i l  n i l  
n i l  n i l  

Cement -Lime Mortar 

n i l  
n i l  

n i l  
n i l  

Bond Strength Results 
50 Sec 60 Sec 

TABLE X X I I I  

Water Absorption During Leakage Tests 

Masonry Cement 
30 Sec 60 Sec 

Cement -Lime 
30 Sec 60 Sec 

Conclusions 

1) Bricks i n  I . R , A ,  range 8 t o  10 g m  bond b e t t e r  with 

a high f l o w  masonry cement mortar than br icks  i n  the  I ,R.A,  range 

11 t o  15 gm, Panels assembled with 60-sec time i n t e r v a l  gave 

r e s u l t s  s l i g h t l y  b e t t e r  than those assembled with 30-sec time, 

2 )  According t o  leakage r e s u l t s ,  br icks  i n  the  suction 

range 8 t b  10 gm bond s l i g h t l y  b e t t e r  with cement-lime mortars than 

br icks  i n  the  higher suction range, However, bond s t rength values 

indicate  t h a t  a stronger bond i s  formed by the  higher suction br icks ,  



Panels assembled with 30-sec time i n t e r v a l  gave bes t  r e s u l t s  with 

higher suct ion br icks ;  60-sec panels were b e t t e r  with lower suct ion 

br icks .  

3)  This ind ica tes  t h a t  a s  th6 suct ion of t h e  b r icks  

decreases . . t h e  time f a c t o r  i n  assembling br icks  becomes of l e s s  

importance. I n  f a c t ,  when using a high flow mortar, it i s  des i rab le  

t o  allow a shor t  time i n t e r v a l  before l ay ing  the  second b r i ck  so 

t h a t  t he  first b r i ck  may repove any excess of water from t h e  mortar, 

It the re fore  follows t h a t  f o r  a b r ick  of known suct ion 

there  i s  an optimum mortar moisture content a t  which bes t  bond w i l l  

occur between the  two. 

Results from Panels 49 t o  54 

In  reviewing the  program t o  date it i s  believed t h a t  

t he re  should be add i t iona l  evidence concerning the  '%apt' f a c t o r  

p a r t i c u l a r l y  f o r  t he  buff b r icks  i n  t he  suc t ion  range 11 t o  1 5  0. 

Accordingly, s i x  panels were assembled with buff b r icks  i n  the  

suct ion rdnge 10-6 t o  14,3 gm, t h r ee  with masonry cement mortar, 

and th ree  with cement-lime mortar, and one panel with each mortar 

a t  each of t he  following time in t e rva l s :  30, 60, and 90 seconds, 

Light t a p  was used with low flow mortars, Results  a r e  t o  be com- 

pared with those f o r  panels 1 3  t o  24 f o r  which the  heavy t a p  was 

used, Average flow f o r  the  six panels was 110,4 per  cent ,  Results 

a r e  given i n  Table X X I V  and a r e  then discussled i n  more d e t a i l , <  

( a )  Panels 49 t o  5 1  

!These panels were assembled with masonry cement mortar, 

Panels 49 and 50, assembled with 30- and 60-sec time i n t e r v a l s ,  

d id  not  l eak  and there  was no discolouring of mortar jo in t s .  How- 

ever,  B n e l  51,  assembled a t  90 seconds, leaxed immediately. Total  

leakage during the  t e s t  was 113 ml; of t h i s  78 ml occurred during 



t he  f i r s t  hour of t e s t .  llhe maximum leakage r a t e  of 2,8 ml/min 

occurred between the  f i f t h  and t e n t h  minute of t e s t .  

TABLE XXIV 

General Summary -- Panels 49 t o  54 

Bond Strength Values 
Leaka e Results 

Mortar Used 30 Sec ec 30 Sec 6w 90 Sec 

M ~ S O N Y  
Cement 
(1:3) n i  1 n i l  113.0 r n l  17,4 10.4 6,9 
Cement 
Lime 
(1:1:6) n i l  605  m l  6,0 m l  25.4 16,9 8 - 0  

Bond Strength 

Bond s t reng th  r e s u l t s  a r e  l i s t e d  i n  Table XXV, 

TABLE XXV 

Bond Strength Results ( p s i )  -- Panels 49 t o  5 1  

Panel 
No, Age a t  Test J o i n t # l  J o i n t # 2  J o i n t & 3  J o i n t &  Average 

49 21 days 28.4 20.2 4.8 16.1 17 4 
50 21 days 14-2 24.2 l , 6  1 0 6  10,4 
5 1  22 days 0 5,6 21,8 0 6 9 

Bond s t reng th  values give a good p ic tu re  of t he  time 

e f f e c t ,  Values s t e a d i l y  decrease a s  the  time i n t e r v a l  i s  increased 

from 30 t o  90 seconds, The l a s t  two jo in t s  o f  panel 50 and jo in t s  

1 and 4 of panel 5 1  had neg l ig ib le  o r  very low s t rengths .  Similar ly  

there  was a low s t reng th  f o r  jo in t  3 of panel 49. A l l  of these  

values were included i n  the  averages, but  the  r e l a t i v e  r a t i n g  of 

t h e  various t e s t s  would not  have been changed had they been omdtted, 



Visual examination f u r t h e r  substant ia ted  t h i s  evidence, Extent of 

bond f o r  panel 49 was f a i r l y  good, although the re  were some unbonded 

a reas  and small cr,evices i n  the  b r ick  had not  be,en f i l l e d  with 

mortar. Extent of bond was not  a s  good in panel 50 and has poor 

i n  panel 51, A comparison of t y p i c a l  mortar jo in t s  f o r  these  thre,e 

panels can be obtained from Pig, 12 ( t op  row), 

( b )  Panels 52 t o  54 

Leakage 

There was some leakage f o r  a l l  t h r ee  cement-lime mortar 

panels,  Water appeared on the  back of t he  30-sec panel ( N O ,  52) 

t h ree  minutes, a f t e r  the  s t a r t  of t he  leakage t e s t ,  The l eak  did  

not  develop, however, and the re  was i n s u f f i c i e n t  water t o  run 

off the  panel t o  t he  measurkng container ,  Later  t he  water on the  

back of t he  panel was absorbed, A t  t he  end of the  t e s t  about 25 

per cent of the  jo in t  area  of the  panel was discolowed,  There was 

immediate leakage i n  both 60- and 90-sec panels,  but it was only 

s l i g h t  and i n  both cases had stopped a t  30 minutes, Total leakage 

f o r  panels 53 and 54 was 6 ,5  and 6,O m l  respect ively ,  J o i n t s  were 

discoloured a t  the  end of t he  t e s t  but  the  back of t h e  panel was 

qu i te  dry, 

Bond Strength 

Bond s t reng th  r e s u l t s  a r e  given i n  Table XXVI, 

TABLE XXVI 

Bond Stren,gth Results ( p s i )  -- Panels 52 t o  54 

Panel 
No, Age a t  Test J o i n t  #l J o i n t  #2 J o i n t  #3 J o i n t  #4 Average 

52 22 days 49.2 13,O 22,2 1700  2504 
53 21 days 3369 0 14.5 19*0 16.9 
54 21 days 10.5 8,9 405  0 5,O 



Bond s t reng th  values f o r  these  th ree  panels again revea l  

decreasing s t reng ths  with increas ing time i n t e r v a l  used i n  assembling 

the  panel, Again a l l  averages were obtained by including low and 

zero values (el imination of zero values f o r  one jo int  i n  each of 

the  l a s t  two panels would no t  have changed the  r e l a t i v e  p i c t u r e ) ,  

Visual observations were i n t e r e s t i ng ,  J o i n t  No, 1 of panel 52 had 

a  good value and f r a c t u r e  took place through the  mortar bed, I n  

a l l  o ther  cases the  t op  b r i ck  l i f t e d  from the  mortar bed, Visual 

examination of panels 53 and 54 revealed l e s s e r  extent  of bond with 

increas ing time in t e rva l ,  Bonding was p a r t i c u l a r l y  poor around 

the  perimeters of a l l  jo in t s ,  Even i n  jo in t  No, 1 of panel 52, 

t he  bes t  bonding of any jo in t ,  two points  were noted where water 

had entered t o  a  depth of 13 in,  After seeing the  r e l a t i v e l y  poor 

extent  of bond i n  panel 54, it was d i f f i c u l t  t o  understand why 

the re  had not  been more leakage. Extent of bond f o r  these  panels 

can be seen i n  Fig, 12 (bottom row), 

General 

Leakage r e s u l t s  point  t o  superi  o r  bonding f o r  30- and 

60-sec panels assembled with masonry cement and t o  a  l e s s e r  extent  

f o r  30-sec panels assembled with cement-lime mortar, The p ic tu re  

i s  c l a r i f i e d  by examination of water absorbed during the  leakage 

t e s t ,  For bath  mortars there  i s  a  progressive increase i n  water 

absorption a s  time i n t e r v a l  i n  assembling panels i s  increased 

(Fig,  131, 

Bond Strength Results 

Comparison of bond s t reng th  values f o r  the  two mortars 

again revea l s  t he  super ior  s t reng th  of cement-lime mortar, 
1 

Considering both bond s t reng th  and leakage r e s u l t s ,  it 

i s  obvfous t h a t  these panels would not  be very durable,  the  only 

exception being poss ib ly ' the  30-sec masonry cement panel where t he  



jo in t s  seem t o  have been comparatively t i g h t .  Water en te r ing  

mortar jo in t s ,  coupled with f r o s t  ac t ion ,  would soon r e s u l t  i n  

de t e r io ra t i on  and increased leakage f o r  mos t  other  panels. Tooling 

the  mortar jo in t s  might have resu l ted  i n  a marked improvement i n  

t he  performance o f  these  panels. The t ~ o l i n g  e f f e c t  w i l l  be s tudied 

l a t e r .  

Comparison of Light and Heavy Tap Panels 

Leakage and bond s t reng th  r e s u l t s  f o r  panels 49 t o  54 

and panels 13 t o  24 a r e  now compared. The former group o f  panels 

was assembled using the  l i g h t  t a p  and the  l a t t e r  using the  heavy 

t ap ,  

1 . R - A .  Range of Bricks(gm) Average Mortar  low($) 

Panels 13  t o  24 11.0 t o  16.8 108.1 
Panels 49 t o  54 10,6 t o  14.3 11004 

Suction range and mortar f l o w s  f o r  t he  t w o  groups of 

panels a r e  compared above. It ' is  noted t h a t  lower suct ion r a t e  

of b r icks  and higher f l o w  of mortar were used f o r  t h e  l i g h t  t a p  

panels,  

TABLE XXVII 

Comparison o f  Leakage and Bond Strength Results f o r  Panels 
Assembled with Light and Heavy Tap 

Bond Stren t h  Results 
% 3 0 S e c  30 ec m e  - c 

Masonry Cement Mortar -- 
Light n i l  n i l  113.0 m l  17.4 p s i  10.4 p s i  6.9 p s i  
Heavy n i l  562-0 m l  3,350,O m l  23.1 p s i  20,3 p s i  1 4 , O  p s i  

Cement -Lime Mortar . 

Light n i l  6,5 m l  6 - 0  m l  25,4 p s i  16,9 p s i  8.0 p s i  
Heavy n i l  502.0 m l  1,215.0 r n l  68,g p s i  38.8 p s i  25 , l  p s i  



The leakage r e s u l t s  f o r  l i g h t  t a p  panels were much b e t t e r  

than those f o r  t he  heavy t a p  panels;  bond s t reng th  r e s u l t s  ind ica te  

t he  benef ic ia l  e f f e c t  of heavy tap .  It had been an t ic ipa ted  t h a t  

a consis tent  pa t t e rn  would develop f o r  both leakage and bond s t r eng th  

r e s u l t s .  The question a r i s e s ,  t he re fo re ,  a s  t o  t he  e f f e c t  on the  

r e s u l t s  o f  t he  lower suct ion o f  br icks  used i n  combination with a 

higher flow mortar f o r  l i g h t  t a p  panels,  The r e s u l t s  obtained f o r  

l igh t  t a p  panels a r e  f o r  s ing le  panels only, More r e s u l t s  a r e  

necessary t o  c l a r i f y  the  "tapw e f f e c t ,  

Panels 55 t o  60 

Some work was done with a t h i r d  mortar containing 1 pa r t  

cement: 2 pa r t s  lime putty:  9 pa r t s  sand. 

Six panels were assembled with buff br icks  having suc- 

t i o n  range 1 1 , O  t o  11,8 gm. Mortars were mixed t o  have l o w  flows, 

the  average being 110,3 per  cent ,  Duplicate panels were assembled 

a t  30, 60, and 90 seconds using heavy t ap ,  Leakage and bond 

s t reng th  values a r e  summarized i n  Table XXIX, 

TABLE X X V I I I  

General Summary -- Panels 55 t o  60 

Bond Strenffth Values 
Leakawe Results - - 

30 Sec 60 Sec 90 Sec 30 Sec 6 m  90 Sec 

n i l  n i l  n i l  27.0 22,6 1 5 " l  

There was no leakage and no ind ica t ion  of moisture pene- 

t r a t i o n  by d i sco lora t ion  of jo in t s  during t h e  leakage t e s t  f o r  any 

of the  s i x  panels. Water absorption by the  panels during the  leakage 

t e s t  i s  shown i n  Pig, 14. Sixty- and ninety-second panels absorbed 

s l i g h t l y  more water during the  t e s t  than the  30-second panels,  From a 

standpoint of leakage r e s u l t s  the re  i s  l i t t l e  d i f ference  i n  panels 

using t h i s  mortar a t  30-, 60-, o r  90-second time in t e rva l s .  



TABLE XXIX 

Bond S t reng th  Resul t s  ( p s i )  -- Panels  55 t o  60 

Time Age a t  Test  J o i n t  #l J o i n t  #2 J o i n t  & J o i n t  &4 Average - 
30 sec  21  days 27,4 35 o 5 29.0 25.5 29.4 
30 s e c  21 days 38,4 1797  24,2 18.5 24.7 
60 sec  21  days 43,5 g 0 7  1 g 0 4  27,O 
60 s e c  21  days 25,8 1 g 0 3  2 320 .6 1 4 . 8  1 8 , l  
90 s e c  21 days 3 5 9  1 1 0 3  4.8 2,4 13.1 
90 sec  21 days 1 4 0 5  13 ,9  2309 15 .8  17,o 

Best bond s t r e n g t h  r e s u l t s  were obtained f o r  30-sec panels ,  

t h e  va lues  t h e n  decreas ing  f o r  60- and 90-sec panels ,  Values f o r  

t h e  30-sec panels  were unusual ly  c o n s i s t e n t ,  Breaks g e n e r a l l y  

occurred when t h e  t o p  b r i c k  l i f t e d  from mortar  beds;  j o i n t  No. 4 

of pane l  55 ( a  30-sec pane l )  f r a c t u r e d  wi th  a break through t h e  

mortar  bed, There was good e x t e n t  of bond i n  a l l  cases ,  Again, 

t h e  e x t e n t  of bond f o r  90-sec panels  was d e f i n i t e l y  n o t  a s  good a s  

f o r  30-sec pane l s ,  while  e x t e n t  of bond f o r  60-sec panels  was r a t e d  

i n  between, This i s  c l e a r l y  shown i n  Fig. 15 ,  I n  s e v e r a l  i n s t a n c e s  

water  pene$rated between b r i c k  and mortar  of 60- and 90-sec panels  

bu t  p e n e t r a t i o n  was never  g r e a t e r  t h a n  one-half inch.  

Conclusions 

1) B u f f  b r i c k s  of s u c t i o n  approximately 11 gm bond s a t i s -  

f a c t o r i l y  wi th  low f low 1:2:9 cement-lime m o r t a ~ .  Bes t  r e s u l t s  

occurred when b r i c k s  were placed wi th  t h e  s h o r t e s t  t ime i n t e r v a l .  

2 )  Although t h e r e  was good e x t e n t  of bond, t h e  bond 

s t r e n g t h  va lues  were low, Good e x t e n t  of bond i s  a t t r i b u t e d  t o  

water  r e t e n t i v i t y  of t h e  mortar,  

Resul t s  from Panels  6 1  t o  72 
7 

E f f e c t  of Tap 

I)welve pane l s  were assembled f o r  a d d i t i o n a l  s tudy  of t h e  

t a p  e f f e c t .   ricks in t h e  1oR.A.  range 20 t o  26 gm were combined 



with th ree  mortars,  1 :3  masonry cement mortar, 1:1:6,  and l : 2 :9  

cement-lime mortars. A 90-sec time i n t e r v a l  was used i n  placing 

br icks  on mortar, and s ix  panels were assembled with l i g h t  t a p  and 

the  o ther  s i x  with heavy t ap ,  Leakage and bond s t reng th  r e s u l t s  

a r e  summarized in Table XXX, t h e  f i g u r e s  l i s t e d  being t h e  average 

of  dupl ica te  t e s t s .  

TABLE XXX 

Leakage and Bond Strength Results  

Mortar 

1: 3 
ma s onry 
cement 
1:1:6  
cement - 
lime 
1:2:9 
cement- 
lime 

Leakage Results 
Light Tap Heavy Tap 

Bond Strength Results  - 
h g h t  Tap Heavy Tap 

Immediate Immediate 
2,655.3 m l  1,284,O m l  4.8 p s i  8 ,8  ps i  

Immediate Not immediate 
464,3 m l  76,5 m l  11,1 p s i  12,9 p s i  

S l igh t  leakage, I 

no measurable S l igh t  leakage 
amount 3.0 m l  6.8 p s i  18,5 p s i  

Mortar flows were high (120 t o  125 per  cen t ) .  The 90-sec 

time i n t e r v a l  was se lected i n  order  t o  provide panels t h a t  would 

leak.  

Discussion of Results 

There was immediate leakage f o r  a l l  four  masonry cement 

panels and t o t a l s  f o r  the  24-hour t e s t  period were high. Use of 

t he  heavy t a p  i n  panel assembly, however, reduced the  t o t a l  leakage 

t o  s l i g h t l y  l e s s  than half  t h e  t o t a l s  f o r  t h e  l i g h t  t a p  panels,  

Leakage r e s u l t s  f o r  1:1:6 cement-lime panels demonstrate 

c l e a r l y  the  supe r io r i t y  of heavy t a p  panels; These panels had an 

average leakage of 76.5 m l  and did not  l eak  immediately; l i g h t  t a p  

panels leaked immediately and had an average t o t a l  of 464.3 nZ. 



There was l i t t l e  t o  choose between leakage r e s u l t s  of 

l i g h t  and heavy t a p  panels of 1:2:9 cement-lime mortar, Both 

leaked s l i g h t l y  during the  t e s t .  N o t  enough water ran  off t he  

back of l i g h t  t a p  panels f o r  measurement while the  average f o r  

heavy t a p  panels during t h e  24-hour t e s t  was 3 m l .  

Bond s t reng th  values a r e  b e t t e r  i n  each case f o r  heavy 

t a p  panels. !J!he g rea t e s t  d i f ference  occurred f o r  t h e  1:2:9 cement- 

lime mortars (Fig. 16)  where the  combination of a mortar with 

high water r e t e n t i v i t y ,  the  90-sec time i n t e r v a l ,  and the  heavy 

t a p  produced a reasonably good r e s u l t .  Values f o r  t h e  o ther  two 

mortars (Pigs. 17 and 18 )  were a s  markedly d i f f e r e n t  although the  

heavy t a p  panel values were i n  both cases higher than those f o r  

l i g h t  t a p  panels. A l l  bond s t reng th  values a r e  low -- c h a r a c t e r i s t i c  

of 90-sec time i n t e r v a l  panels. 

Summary 

Improved r e s u l t s  occurred f o r  panels assembled with 

brown br icks  and th ree  mortars using a heavy t a p  compared with 

r e s u l t s  f o r  s imi l a r  panels using a l i g h t  tap .  Leakage i n  masonry 

cement panels was reduced by 50 per  'cent with the  use of heavy t a p  

and bond s t reng th  values were d e f i n i t e l y  b e t t e r ,  With 1:1:6 cement- 

lime mortar pan,els leakage r e s u l t s  were d e f i n i t e l y  b e t t e r ,  and 

there  was a s l i g h t  improvement in bond s t r eng th  values. I n  t he  

case of t he  1:2:9 cement-lime mortar panels leakage r e s u l t s  were 

about the  same, but the re  was a d e f i n i t e  improvement i n  bond s t reng th  

values f o r  heavy t a p  panels. 

Results from Panels 73 t o  84 

Twelve panels were assembled with Glasgo Brown Range 

Bricks having I.R.A. range 18.0 t o  22,2 gm with th ree  mortars: 



1) 1:3 masonry cement: sand 

2 )  1:1:6 cement: lime putty: sand 

3 )  1:2:9 cement: lime putty: sand, 

The suction values o f  bricks f o r  these panels were among 

the higher values found T o r  bricks manufactured loca l ly ,  and the 

purpose o f  assembling these panels was primarily t o  study bonding 

of  these bricks with the thTee mmars. 

Six of the panels were assembled with low flow mortars 

(average 110.1 per cent)  and the  other s i x .  with high flow mortars 

(average 120.1 per cent ) .  A l l  panels were assembled with 30-sec 

time ip te rva l ,  and i n  a l l  cases a heaty t a p  was used. Results a re  

summarized i n  Table XXXI and then discussed i n  de ta i l .  Extent of 

bond can be compared i n  Figs, 19 and 20. 

TABLE XXXI 

ReLation Between M o r t a ~  Flow, Leakage, and B o ~ d  Strength 

Mortar Flow Leakage Bond Strength 

Masonry Cement Panels 

Low n i l  35,1 p s i  
High n i l  33e0 p s i  

Cement Lime (1:1:6) Panels 

Low n i l  
High n i l  

50-4 p s i  
54 0: ,psi 

Cement Lime (1:2:9) Panels 

Low n i l  3g01 p s i  
High n i l  19,6 p s i  

Masonry Cement Mortar Panels 

mere  was no leakage f o r  panels assembled with e i t h e r  

high o r  l o w  flow mortars, Visual observation of discolouring of  

mortar joints  on the back of the  panel due t o  moisture penetration 



indicated t h a t  panels assembled with high flow mortars had s l i g h t l y  

t i g f i t e r  jo ints .  While a l l  jo in t  a reas  f o r  low flow panels were 

discoloured a t  t he  end of t h e  leakage t e s t ,  high flow panels had 

about 10 per  cent of t h e  jo in t  area s t i l l  c l e a r ,  Water absorption 

f o r  low f l o w  panels during t h e  leakage t e s t  was 511 gm compared with 

508.5 gm f o r  high flow panels, Thus, leakage r e s u l t s  show l i t t l e  

t o  choose between high and low f l o w  panels. 

llhe average bond s t reng th  value of 35, l  p s i  f o r  low flow 

panels was g r e a t e r  than the  value of 33.0 p s i  f o r  high flow panels, 

TABLE XXXIII 

Bond Strength Results ( p s i )  -- Masonry Cement Panels 

Mortar 
Flow Age a t  Test Jo in t  #1 Jo in t  #2 J o i n t  #3 J o i n t  #4 Average 

Low 21 days 30.5 49.3 37 6  37.6 38,8 
Low 22 days 32,3 44.8 25.1 23.3 31 4 
High 22 days 55.5 40.9 30.5 12.5 3409 
High 21 days 49.1 28.3 28,7 18.0 

Highest individual  values (55.5 p s i  and 49.1 p s i )  occurred 

i n  t he  t o p  jo in t s  of t he  high f l o w  panels. It i s  i n t e r e s t i n g  t o  

note t h a t  f o r  these  panels bond s t reng th  values de te r io ra ted  f o r  

each successive mortar jo int  u n t i l  lowest values were,obtained i n  

t h e  bottom joints .  Visual observation revealed a  good extent  of 

bond i n  a l l  cases. Three of t he  mortar beds f o r  high flow panels 

f rac tured  in such a  manner t h a t  some of $he mortar remained on 

both upper and lower br icks ,  llhe lower jo in t s  of both high f l o w  

panels were poorly bonded about perimeter areas .  

1:1:6 Cement-Lime Mortar Panels 

There was no leakage f o r  e i t h e r  high or  low flow panels 

and v i s u a l  observation l e f t  l i t t l e  t o  choose between them, A l l  

mortar jo in t s  were discoloured a t  t h e  end of t h e  t e s t ,  There was 



some wa te r  on two o f  t h e  j o i n t s  of t h e  f i rs t  low f low panel  b u t  

not  enough t o  run o f f .  Water a b s o r p t i o n  dur ing  leakage t e s t  was 

430 grn f o r  low f l o w  panels  and 536.5 gm f o r  h igh  f l o w  panels .  

TABLE XXXIII 

Bond S t r e n g t h  Resu l t s  ( p s i )  -- 1:1:6 Cement-Lime Panels  

Mortar 
Plow Age a t  Tes t  - J o i n t  #l J o i n t  #2 J o i n t  #3 J o i n t  # Average 

Low 21 days 35 08 j 5 l O 1  43.0 33.1 40.8 
Low 21 days 78-8 78,8 55.6 26,9 60 . 0 
H i g h  21 days 5 7 0 3  60.0 48.4 26,9 48.2 
High 21 days 69 9 6009  68 ,8  39 o 4 59.8 

Average va lue  of 54-0 p s i  f o r  h igh  f low mor tar  panel3 

was s l i g h t l y  h i g h e r  t h a n  50.4 p s i  va lue  f o r  low f low mor tar  pane l s ,  

Some e x c e l l e n t  bond was observed. Some breaks  occurred through 

t h e  mor ta r  beds and i n  o t h e r s  p a r t  of t h e  mor ta r  bed ' remained on 

t h e  upper  b r i c k .  Ehamination of t h e  r e s u l t s  i n  Table X X X I I I  i n d i -  

c a t e s  v e r y  l i t t l e  d i f f e r e n c e  i n  va lues  between panels  assembled 

wi th  l o w  and h igh  f low mortar ,  Although t h e  average va lue  was 

b e t t e r  f o r  pane l s  assembled wi th  t h e  h igh  f low mor tar ,  t h e  b e s t  

i n d i v i d u a l  va lue  was obta ined  wi th  a low f low panel  whi le  t h e  lowest  

va lue  occurred i n  a h igh  f l o w  panel ,  

l : 2 :9  Cement-Lime Panels  

None of t h e  pane ls  assembled wi th  1:2:9 mor ta rs  wi th  

both  h igh  and low f lows leaked  dur ing  t h e  24-hour t e s t ,  Some d i s -  

c o l o r a t i o n  of mor ta r  j o i n t s ,  i n d i c a t i n g  mois ture  pene t ra ' t ion ,  was 

observed a t  4 t o  6 hours  and a t  t h e  end of t h e  t e s t  p e r i o d ) a l l  

mor ta r  j o i n t s  were d isco loured .  Water a b s o r p t i o n  dur ing  t h e  leakage 

t e s t  was 58005 m l  f o r  low f low mor ta r  and 501 m l  f o r  high-  f low 

mor tar  panels .  



TABU XXXIV 

Bond Strength Results ( p s i )  -- 1:2:9 Cement-Lime Mortar Panels 

Mortar 
Plow Age a t  Test J o i n t  #l J o i n t  # J o i n t  #3 J o i n t  #4 Average 

Low 22 days 44 o 4 39.1 36,7 4300 40,8 
Low 21 days 3g04 38.5 46,6 25 , l  37 o 4 
H i  gh-:c 21 days 1007  1007  2407 20.6 16,7 

Broken 
during 

H i  gh-:+ 21 days 28,7 33,2 set-up S06 2305 

-% P i r s t  two jo in t s  t e s t e d  a t  21 days, J o i n t s  3 
and 4 t e s t e d  a t  42 days, 

The average bond s t reng th  value of 39.1 p s i  f o r  t he  low 

flow mortar panels was higher  than t h e  19.6 p s i  value f o r  t h e  high 

flow panels,  Unlike r e s u l t s  f o r  t h e  panels using both t he  other  

mortars,  t he re  i s  a r e a l  d i s t i n c t i o n  i n  r e s u l t s  f o r  these  panels,  

A grea t e r  d i f ference  i n  values wopld have occurred i f  a l l  jo in t s  

f o r  high flow panels had been t e s t e d  a t  21 days, The average f i g u r e s  

f o r  these  panels include th ree  values obtained a t  42 days, I n  

add i t ion  t o  higher average values ,  bond s t reng th  r e s u l t s  f o r  low 

flow panels were much more cons i s ten t  than values f o r  high flow 

panels. There was good extent '  of bond observed i n  a l l  panels,  

p a r t i c u l a r l y  thqbe assembled with low flow mortar where many of 

t he  breaks occurred through t h e  mortar bed i t s e l f ,  

Conclusions 

1) Bricks i n  t he  suct ion range 18  t o  22 gm combine with 

1 :3  masonry cement and 1:1:6 and 1:2:9 cement-lime mortars (both 

high and'low flow) t o  form t i g h t  panels when assembled with 30-sec 

time i n t e r v a l s  and heavy t ap ,  

2 )  Leakage and bond s t r eng th  r e s u l t s  on panels assembled 

with masonry cement and 1:1:6 cement-lime mortars were cons i s ten t  

f o r  both high and low flow mortars, 



3)  While leakage r e s u l t s  were comparable, bond s t reng th  

r e s u l t ?  were super ior  f o r  low flow mortars i n  the  case of t h e  1:2:9 

mortar, !The combination of a high flow and a heavy t a p  with low 

suct ion b r i ck  i s  apparently not su i t ab l e  f o r  mortars with a high 

water r e t e n t i v i t y .  

Bond Strennth Values f o r  Small Brick Panels 

During t h i s  study wide v a r i a t i o n  i n  bond s t reng th  values 

have been ndted ( a )  f o r  d i f f e r en t  j o in t s  i n  t h e  same panel and 

( b )  f o r  dupl ica te  panels. D i f f i cu l ty  i n  reproducing bond s t rength  

values has been recognized, but  one aspect  of t h e  va r i a t i on  of 

values within t he  same panel w i l l  be considered, 

I n  a small panel cons i s t ing  of f i v e  b r icks  and fou r  

mortar j o in t s  (Fig, 21) it would seem l o g i c a l  t h a t  join* 1 would 

have the  g rea t e s t  bond s t reng th ,  f o r  it i s  compressed by the  weight 

of f o u r  b r icks ,  a l l  placed i n  approximately 30 minutes o r  before 

f i n a l  s e t  of mortar has taken place,  Bond s t reng th  values f o r  

jo in t s  2 ,  3, and 4 should follow No, 1 i n  that order  because each 

i s  compressed by t h e  weight of one l e s s  br ick .  

It has been noted, however, t h a t  i n  many bond s t r eng th  

t e s t s  t he  lowest value ins tead  of t h e  h ighest  occurs i n  jo in t  1 

and t h a t  high values occur f requent ly  i n  jo int  4 ,  t he  t o p  jo in t ,  

where low values had been an t ic ipa ted ,  

Accordingly, an  ana lys i s  of bond s t r eng th  values was 

done on r e s u l t s  f o r  seventy-six panels,  These included panels 9 

t o  60 i n  t h i s  program and twenty-four panels from a previous study, 

Results a r e  shown i n  Table XXXV, 



Analysis of Occurrence of High and Low Valves 
(Bond Strength)  i n  Small Brick Panels 

High Value Low Value 

J o i n t  4 33 18  
Jo in t  3 20 10 
Jo in t  2 17 17 
J o i n t  1 6 33 

Prom these  f i gu re s  it can be noted t h a t  high values occur 

33 times o r  43.4 per  cent i n  jo in t  4 while only 6 t imes o r  8 per  

cent i n  jo int  1 where t he  majority of high values had been expected, 

Looking q t  low values,  33 o r  42.3" per  cent  occurs i n  jo int  1 and 

only 18 o r  23.1 per  cent i n  jo int  4 where low values were expected, 

I n  making t h e  ana lys i s ,  "zerot' values r e s u l t i n g  from 

breakage during set-up (o f t en  occurring i n  low value j o i n t s )  were 

not included, Inclusion of these  values would have increased t h e  - 
percentage of lows occurring i n  jo int  4. 

Two explaqations a r e  offered f o r  t h i s  performance: 

1) In  bond s t reng th  t e s t s  the  pa t t e rn  followed was t o  

proceed from joint  4 t o  jo in t  1, It i s  possible t h a t  t he  r e c o i l  

from t h e  shock of breaking t h e  t o p  jo in t  weakened the  j o in t s  below, 

This would explain why values decreased from t o p  t o  bottom jo in t s  

i n  each panel. 

2) The impact from tapping t h e  t h i r d  b r i ck  ( j o i n t  2 )  

during panel assembly might be s u f f i c i e n t  t o  d i s tu rb  t he  bond between 

br ick  and mortar i n  jo int  1 f o r  the  mortar would not  have hardened 

a t  t h i s  time. Successive impacts from "tapping" of t h e  o ther  two 

"33 of 78 values. Two ex t ra  values a r e  included i n  the  t o t a l '  
because i n  two of t h e  panels i d e n t i c a l  low values occurred i n  
two jo in t s ,  



jo in t s  would a l s o  contr ibute  t o  weakening lower jo in t s  by d i s tu rb ing  

contact  before the  mortar had hardened, The t o p  jo in t ,  being the  

l a s t  one formed and only subjected t o  one t a p ,  would have the  bes t  

bond s t reng th  while values f o r  each successive jo int  would be 

somewhat l e s s ,  

Support f o r  t he  second explanation r e s u l t s  f r o m  the  

consis tent  occurrence of decreasing bond s t reng ths  f r o m  t o p  t o  

bottom i n  panels assembled with high flow mortars and heavy t ap ,  

This evidence suggests use of l i g h t  t a p  f o r  high f l o w  mortars and 

heavy t a p  f o r  low flow mortars qnd general ly  suggests t h a t  t h e  

tapping procedure has some disadvantages. This matter  has been 

considered ca re fu l ly ,  but  t he  tapping procedure i s  s t i l l  t he  bes t  

method devised f o r  assembling small panels f o r  leakage t e s t s .  

Summary 

1) Effect  o f  Time 

Best bond between br icks  having I , R , A .  above 10 gm and 

mortars having l o w  t o  normal f l o w s  (100 t o  115 per  c e n t ) ,  a s  shown 

by r e s u l t s  of  leakage and bond s t reng th  t e s t s ,  occurred wheq br icks  

were bedded i n  mortar i n  the  sho r t e s t  time in t e rva l .  This was 

demonstrated by r e s u l t s  f o r  panels 1 3  t o  24, assembled with 1 1 , O  

t o  16 .8  gm 1.R.A-  br icks  and l o w  flow mortars (108.1 per  cen t )  and 

shown i n  Pig. 22, 

It has been demonstrated a l s o  t h a t  t he  time e f f e c t  i s  of 

l e s s  importance when assembling panels with low 1 ,R .A.  (1 t o  3 gm) 

br icks  and a l s o  t h a t  time e f f e c t  i s  not  s ign i f i can t  i n  t he  assembly 

of br icks  i n  I , R , A ,  range 8 t o  10 gm and high flow (123,4 per  c e n t )  

mortars, Bond s t reng th  evidence f o r  t he  l a t t e r  panels suggests 

t h a t  a 60-sec time i s  preferable  t o  a 30-sec time i n t e r v a l ,  

2 )  Effect  of Tap 

Leakage and bond s t reng th  r e s u l t s  f o r  panels 61 t o  72 

(Pig,  23) demonstrate t he  supe r io r i t y  of  heavy t a p  over l i g h t  t a p  



when assembling br icks  i n  I , R . A ,  range 20 t o  26 gm and mortars 

having high flow (120 t o  125 per  cen t )  using 90-sec time i n t e r v a l s ,  

Leakage and bond s t reng th  r e s u l t s  on previous panels assembled 

with l i g h t  and heavy t a p  were contradic tory  and f u r t h e r  confused 

by di f ferences  i n  mortar flow and b r i ck  suct ion.  

A n  ana lys i s  of bond s t reng th  r e s u l t s  f o r  76 panels 

suggests t h a t  the  heavy t a p  may be detr imental  t o  bond i n  lower 

jo in t s  of small panels when these  a r e  assembled with high flow 

mortars and low suct ion br icks ,  Visual examination revealed poor 

perimeter bonding i n  some panels assembled with high flow mortars 

and low suction br icks ,  'This was a t t r i b u t e d  t o  a  "squeezing outt1 

of mortar by heavy t ap ,  'This evidence was not  supported by r e s u l t s  

from leakage t e s t s ,  

On the  bas i s  of r e s u l t s  of t h i s  s tudy,  it i s  suggested 

t h a t  the  heavy t a p  i s  preferable i n  assembling panels with b r icks  

having I , R . A ,  above 10 gm with mortars having low t o  normal flows 

(100 t o  115 per cen t )  and t h a t  t he  l i g h t  t a p  i s  adequate with 

br icks  of very low I , R , A ,  (1 t o  2,6 gm), 

3) Effect  of Plow - 
A comparison of leakage and bond s t reng th  r e s u l t s  f o r  

panels 13  t o  24 (mortar flow 108 , l  per  cen t )  and panels 33 t o  40 

(mortar flow 119,2 per  c e n t ) ,  (Pig. 24) ,  i nd i ca t e s  a  subs t an t i a l  

improvement i n  bonding with the  higher flow mortar, This i s  obvious 

p a r t i c u l a r l y  i n  t he  leakage r e s u l t s  f o r  60-sec panels,  where sub- 

s t a n t i a l  leakage occurring i n  low flow mortar panels was elimjinated 

i n  high flow mortar panels,  Bond s t reng th  values f o r  t h e  high flow 

cement-lime mortar panels Nos, 34 and 36 were among t h e  highest  

obtained with t h e  new bond s t reng th  apparatus during t h i s  study, 

Best bonding between br icks  and mortars i n  small panels 

assembled with br icks  i n  I .R .A .  range 11 t o  16 gm occurred with 

mortars having higher flow values, 



4 )  Results a l s o  provide a  nice comparison of 1 :3  masonry 

cement, 1:1:6, and 1:2:9 cement-lime mortars. Relative meri ts  of 

these th ree  mortars a re  well i l l u s t r a t e d  i n  the  diagram i n  Pig. 23,  

Lowest leakage occurred with 1:2:9 cement-lime mortar which a l s o  

gave highest  bond s t rength r e s u l t  ( f o r  panels assembled with heavy 

t a p ) ,  Normally best  bond s t rength  r e s u l t s  obtained during t h i s  

study have occurred with 1:1:6 cement-lime mortar and the  above 

high value f o r  the  1:2:9 mortar i s  the  r e s u l t  of using a long 

(90-sec) time in t e rva l  where the  higher r e t e n t i v i t y  of the  l :2:9 

mortar compensates f o r  the  length of the  time in te rva l .  

Conclusion 

Panels which do not  leak and have good bond s t rength  

values can be assembled with l o w  I . R . A .  bricks  (under 25 gm) and 

th ree  mortars with a  broad range of f a c t o r s  (time, t a p ,  and f low),  

Optimum values f o r  these f a c t o r s  f o r  best  bonding appear t o  be 

dependent one upon the  other,  

For example, possible reduction i n  bonding due t o  a low- 

flow mortar may be compensated f o r ,  a t  l e a s t  p a r t i a l l y ,  by use of 

a  heavier  t ap ,  and s imi la r ly  adverse e f f ec t s  of using a  longer time 

period may be offset  by using higher flow mortars and/or a  heavier  

tap.  

Optimum values f o r  these th ree  f ac to r s  vary with I .R.A. of 

bricks.  Their values become more c r i t i c a l  a s  br ick suction increases ,  

This study has been somewhat r e s t r i c t e d  by the  1 , R . A -  

range of the bricks used and addi t iona l  work i s  required,  preferably 

with higher suction br icks ,  t o  assess  the r e l a t i v e  meri ts  of these 

th ree  important f ac to r s  i n  small panel assembly, 



FIG. n NEW BOFHD ST GTH A F P A ~ T W  
A P P P A ~ T ~  SET KP--RUDH '20 P95EA.K TOP JOIBT 

OF A STULL BRICK H9dbmL 



PIG. 2 PANELS ASS EE%I WITH BlE'P BRICKS, I . W . i b ,  11.8 
TO 16.6 GM. NOS, $7 (LOWER LEFT) AHD 19 (TOP) WITH H: 3 
~ S O I I R P  CE3fE%Frb MORTAR AND H O e  18 ( LOTiER RIGHT \WITH 1: b z 6 
C'IBlmT-%PME TJORTAR, HOTE "LEAKAGE PATHBs IN CmTEPI OF $98. 
19 MORTAR BED, NO Zl3AUGE FOR BABEL BO. 17, NODERATE 
S;l3AUGE FOR PAMEL NO, 9 8 .  BOFTD STRmGTH gSh%UES FOR XOS. 
17 AND PW WERE WEUTIESY GOOD. 

30 SEC 60 SEC 

MASONRY CEMENT MORTAR 

30 SEC 66 SEC 98 SEC 

CEMENT - LIME MORTAR 

PIG. 3 ABSB 
E U U G E  TEST 

B3R In terna l  Rept 196 



PIG. 4 TOP BOif SHOWS TiIO~TkS JOIXTS TR3M Pa41D3LS XOS. 34 
AND 3 6 ,  ASSByBLEB T?%TH BUFF 31V1?k7-; I . R . A ,  11.5 to P5.5 GIk{. 
AND HIGH FLU$? (,PH6 $0 121 PER CEITT) ~ ~ v I ~ R T - E ~ ~ E  M@RTRR 5TFH 
38 SEC. TIlbE $lfTERTAXL ATTD H?AVSP !PAP. XO LQJGGE A%TD EXCEL%I.mPP 
B Q N ~  (AT. 73-a P.S.I. 1. 

BOTTOM Re)# 5RO'a\rS FaTOWAR JOEWTS FROI'J F41%fELS WOS. 36 AITD 3 1 ,  
ASSHk1ZE4EED ITITE RED B R I C I S  I , R , A ,  1.0 TO 2 ,6  GPJ. NO, 50 
(LOIVZR LEFT) YITH 1: l : 6 C ~ ~ ~ E T - L P T V I E  IrlBFiTlliR AND NO. 3% 'JfHTK 
1: 3 XASOXRY C.?I$IEET JSOTZPAX USIESG 30 S S C .  TKdE INTERVAL 9WD 
LIGHT TAP XPTE HdOIEd%i FLQTJS 110 TO 112 PXZ C231PTsl. 80 LEAK- 
AGE, GOOD BOB13 STRSfGTH PSSaTS, 



MASONRY-  CEMENT CEMENT- LIME 

SQ SEC PANELS 

MASONRY CEMENT CEMENT-  LaYE 

60 SEC PANELS 

FIG. 5 ABSBRPTIOW OF !.IATER FY FlED BRICK Pd411?3LS (LIGRT TAP) 
DURING LEAKAGE TEST 

CEMENT - k l Y E MdSONWY CEMENT 

30 SEC PANELS 

a HEAVY TAP PANELS 

MASONRY CEMENT CEMENT- LIME 

60 SEC PANELS 

FIG. 6 CO'IPARISON OF IJATER ABSORPTION BY RED BRICK (EO?pJ 
SUC TI OTT) PRNTLS DURP3TC- %YAKAGE TEST 

DBR Inte~nal Rept 196 

_ .  . ..~.~_ -... _ _ . . .-r I..... . - . .  .. -~ 



FIG, '7 MORTAR JOIWTS PROT2 PAEJELS ASSIB?BIGED \VITFI 
BUFF BXi", I I . R . A .  11.4 TO 16.0 GId, AKD HIGH PLOW 
(E20.5  TO 122 PER CLTT) MORTARS USING 68 SEC, T I E  
IRTERVAL HEAV9% TAP. PATTEGaS NOS* 37 AP$B 39 
(TOP ARD BOTTOTt RIGHT) FAD 1: 3 PdwS02JRP CBflmT MORTAR 
n ~ 1 ~ 2  NOS. 38 AWE 44 (TOP am2 ~ O T T ~ T ~  E E ~ )  HAD 
H: l: 6 @EBIENT-LEIE IbIORIAW. %WEm WAS NO WKASF AWD 
GOOD EBE;SE, STmGTB AETPHOTJGE VALTIES WZRE NOT A S  HIGH 
AS THOSE FOR PA4BE%S IN FIGUEE 3. 

BBR In4ceemal Rep% 196 

"- .- . . . . . . . . . . . . . . - . - . . . .. . . . 



II 

MieaSONRY CEMENT CEMENT- LIME 

30 SEC PANELS 

MASONRY CEMENT CEYEROT-LIMB 

68  SEC PANELS 

1 8 ABSQRPTIClI"; O F  WATT9 BY 3UFF BRICK ?AIELS [KEAVY TAB) 
DURING IYERK+\GE TEST 

FIG. 9 MOWAR JOINTS PRQRI PANELS ASSmmLED WITH 
BUFF B R I C E  I, R.A,  8 TO %0,3 GM, AND HIGH PLOW 
MORTARS (AT. 1 . ~ ~ 4  PER GENT)-USPMG 30 SZC, TIME 
IRTERVAL AHD HEAVY' TAB. PAWEL NO, 44 (TOP ROiR6) 
maa 1:1:6 cmmr%-LENE MORTAR WHILE NOS. $1 barn 42 
(BQTTObI ROW) HAD 1: 3 TUSBNRY CmmT MORTAR. 390 
L M U G E  ANB GOOD BOED ST l33SnTS. IIOTE 
B m  HROUGH NOWAR BED PABEL NO, 44 AND 
DIFP 6E IB BOZDIBG BETW MOO 41 (BOTTOU LEFT) 
AND NO, 42 (BOTTOEd RIGHT),  

DBR Internal Rep$ 196 

?...... ~.--~ ~ - p~ ,. ....... . ..:: .:.. ~ ~ 



F I G ,  10 THESE HQmAR JOINTS DIFmR FROBB THOSE %Born 
In FIG 5 OHLY 1% !P 6 0  SEC, TmE IETERVAL WAS 
USED, FUSOBtRY CNm% H 6 m A R  JOPBTS (PAXEL EO. 45 % 
ARE SHOW PB! TOB ROW 'mILE BOYTOM ROW MOmAR JO~WTS 
ARB OF CmmP-LmE %dORTAR PROPff PAMELS NOS. 47ABD 48, 
NO LEAKAGE, BOBB STmGTE VALUES SLIGHTLY HIGHER 

!T?HGSE FOR JOIETS %IS PEG 5 e  BOND STRIBTGTX 
V A Z E S  FAVOTUR 6 0  SEC, TIME IMTERVAE OVER THE 30 SEC, 
TIrn e 

U A S O M R Y  CEMENT C E M E N T  - L I M E  MADOWRY CEMENT GEMEfPBT - L !YE 

36 SEC PANELS 60 SEC PANELS 

FIG. XI T4JATSR 6e"lSDRBRB BY PATTSLS IN 24 K8VRS OF TEST IN 
RELATION TO TYPI;: @F CmmWIWG :4-"iS"ERIAP~ AND TIP% FACTOW 

BBR In,tesnal Rep% 196 

~- . . . . . . . . . . . . . . . . 



FIG. 12 MORTAH JQIFTS FROM P,4NELS KOS. $9 TO 54 
ASSEbBI;ED WITH BUPP BBICKS I, Reg, PO.6 TO 14.3 Ed. 
AND IvlASQMRY CDfEXT IvTORTAR (TOP RORT) A%D GEMEMT- 
LIFilE MORTAR (30TrPO14 ROW).  I'~1v'IORTAR FLOW WAS 609 TO 
112 PER 6 Z t T  COpdIBPE3RB iV%TH LIGET TAP AND 3 0 ,  6 0 ,  
AND 90 SEC. TI%a'i 1ETERV:IES (FROII LEFT T O  RIGHT IN 
PICTIBRE) . !THE-RE WAS SLIGHT EZAUGE FOR 90 SEC. 
MASONRY CBviFNT PANBE (TO? RIGHT) ABD FOR 60 AWD 
90 SEC, CI3'JEIST-LIME MORTAR PANELS (BOTTOM CEIJTFR 
AWD R I G H T ) ,  BOND STLB'GTRS WEm MODEMTELY GOOD 
FOR 38 SEC. PUEES BVF DETERPBl?.ATED AS TIFdE SNTERTAL 
INCWSm. MORTAR JOINT AT LOWEX LEFT IS MO, 1 
FROM PAEEL BO, 52.  



30 OEC 60 SLC 90 SEG 38 SEC 4 0  SEC 96 S E C  

M A S O N R Y  CEMENT M O R T A R  CEMENT- LIME MORTAR 

30 SEC 6 0  SEC 90 SEC 

FIG 1 T.IP~TEI': ABSORPTION BY H~ZW~!FI? TAP B m  BRICK Q I , R , A ,  PI 
12) PAII'EW, AS SF-BLZD YITII 1 : 2 : C ! ~ I E - L J  MORT,&R, 

BBR I n t e r n a l  Rep% 196 

. . . . . . . . . .~... . . . . . .. . . - -- -. - - .- 



PIG, 15 IvlQRTAR JBIBTS FRON PAMEES NOS. 55 TO 60 
AS SBiISEED % T T M  9 : 2 : 9 CZd3JIC -EIBIE IiIORTAR AND BTIFF 
BRICKS I . R . A .  11.0 '28 P1,8 G14. LOW FLOWS ( A y e  118.3 
PER CEKT ) DSEB WITE HEAVY TAP ANB 30 {BOTTQIJ~ 
ROW), 60 (TOP LEFT) AItD 98 (TOP RIGHT) SEC, TIDIE 
%NT3RTTA%S. NO LZiKAGE V~ITH GOOD BOND STREb9GTB 
RES?ILTS FOR 30 SEC, FAKELS AND USSER VA%mS FOR 
60  ,Q?D 90 SE@* PAMELS, 



PIG, 16 MORTAR JOIBTS FRaM ??AXEL3 BOS. 79 'PO 84. 
SNCE AS FIGTEE 9 WITH EXCEmTOB TEAT HIGH FLOW 
BiIOWARS (118 TO P22 PER'CENT) WERE USED, BS 
LEAKAGE--GOOD BOND STRENGTH ~A.LlES,  T'ISE4% 
BBSERVATIBIJ BY COMPARISON WITH FIG. 9 PXDPCATES 
BmTEW &YTTI:IJT OF BOhrD ?OR TULSQXRY CDflElJT PANELS, 
ABOVT TM3 SAME EXTENT ?OR E : % : 6 C ~ ~ V E N T -  EI3iE IJORTAR 
PAREES AITD A EESSGR EXTENT FOR 1 ~ 2 . 9  C l 3 N ~ T - L I M E  
MBZ9TAR PAREL%, 

CBR In te rna l  Rept 196 

~- 
. . . . . .. . . . .. ,-- ', . , , . . -. .- 



FIG, 17 MORTAR J O I N T S  FRON PhaNETiS RSSBVTBLXI '21TH 
BRO'hTT BXISKS ABD %:2:9 CI!2t!EN%-LI'CflE NBRTdiR--TOP 
2OW FR0E.T HEAVY TAP PJIWELS ( N O S .  7 1  AND 72)  AND 
BBTT6FrS ROSV FROM %Pa%% TAP TANELS (BOS, 65 AFTD 6 6 )  
VERY LITTLE LEAKAGE FOR ANY OF THESE PAI~EES, ROTE 
BETTE2 ZXTERT 63' BORD FOR HEAVY TAP FAXEL%, ( A W  359) 



PIG. EB MORTAR JOINTS PRO31 PANELS WOS, '73 TO 78 
LSSEJDLED WITH BROVN BRICKS I. W.A. 18 TO 22  GT6. 
AED P: 3 IIMSOlTRY CBvIXNT XOR'TAR (L3FT SIDT), B: l: 6 
CDIIEITT-EE~IE MORTAR CmTER) AND % : 2 : 9 CDlENT-LIldE 
MORTAR (RIGHT SZDS) %OW MOBTAR PE07;BS 107 TO 113 
PER CEXT WER3 CGEBIbJED '!VP%IE 30 S 3 C .  TIME SPSTER'?A& 
ABD PSEAIPY TAP, NO EF,rlKAGE, GOOD BOYD STFtENGTK 
FZESLITS. 3QTZ BETlf"Z2 EXTEXT OF DONBITTG ALONG 
?ZRIFHAWf 308 1:2:9 XORTAT?. 



P E G ,  l.5 JdjlB1ITAH JOE3TTS FRO?!: PAPTZLS BSG:Xvl3EII',.D WITH 
:3iiOTfiTPJ BIZ 6'E I, R, A, 20 TO 26 GDT, JtJTD %IJ4SONRP CZTI1'ES\TT 
F!IBPFdR JOINTS PRO!& HEAVY TAP 13AlldXLS ( 3 0 3 ,  67 ATJB 
68) jizF: SHOiYd7J 12 TOP ROiJi l!smI%I TEOSS BOTTOIJ RG\V 
A T E  FROM LEGIdT TPpP .PAPJEES ( N O S ,  63. hi..TJD 62) , ALL 
PANXLS L W L ~ U  AND BOXB STRENGTBS YJX.?E IFJTERIO!?, 
r I?.L,T.Z%S pF PO_% ROTE TESTS W3RE SLIGHTLY BETTER FijM 

XFAV'Y TA? FA2JELS. (AR 356) 



FE G. 20 1:IOlITAH J'OEESTS FRCaIvl PANELS ASSDiIBEED TIT%% 
BXOr~XT B1IICI.S I . R . A ,  20 TO 26 GIf, AND b:P:6 CZbTXITT- 
LIB13 MORTAR--TOP RO'VY FRObI XFAVP TAP PAMEES ROS. 69 
AND 70. 3OTTOJI ED'J  FRO^ EIQIT TAP PANELS HOS, 6 3  
J'SJ S 4. ETtUvEDIATE LEAKAGE FOR LATTER- - SIULLER 
LEAKAGE FOB PQH\ZER. BOXB STRENGTH VALTIES SLIGMTLY 
3ETT3R FOR IiE4.VY TAP PANELS, SODIE IMPROVmImT IN 
E X T ~ T  OF BOTJD CAR BE ETOTED 1% TOP RO\H JBINTS,  
6AR 358) 



F I G ,  2% EFFECT OF INCRqASPNG TIf.IE IIlTERVAE, OR Ll'RYAGS , ' N I  '830TTD STZXNGTH 
RXSVLTS 
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- 1:3 MORTAR 

--- l:1:6 M O R T A R  

- - - e m  1:2:9 M O R T A R  

LIGHT HEAVY 

BA P TA P 

LIGHT HEAVY 
TAP TA P 

F I G a r .  23 EPFF;CT OF L J G T  AID m12TJ TAP ON LEAKAGT A ~ \ ~  ZOm STRSNGTH 
HE:SU&TS 

HtGH LOW 

FLOW FLOW 

--- I : ! : &  M O R T A R  

HIGH eow 
FLOW PLOW F L O W  FLOW 

PIG. 2hg. EFFECT i-)F FLBIi OW EXKKAGE AND BO&J STREWGTB RESTTLTS 
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