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MAS()NRY M(IRTAR

by Thomos Ritchie, P.Eng.

A  D I C T I O N A R Y  d e f i n i t i o n  o f  m o r -
f l  lo r .  s io les  tho t  i t  i s  o  "mix tu re

o f  l i m e ,  s o n d  o n d  w o t e r  f o r  i o i n i n g
s t o n e s  d r  b r i c k s " .  T h e  l o t l e r  p o r t  o f

t h i s  d e f i n i l i o n ,  w h i c h  d e o l s  w i t h  t h e

func l ion  o f  mor to r  i s  occeptob le ;

l h o t  p o r t  d e o l i n g  w i t h  c o m p o s i i i o n ,

however ,  i f  i t  i s  to  be  so t is foc to ry

m u s t  b e  e n l o r g e d  l o  l o k e  o c c o u n l

o f  t h e  m o n y  m o f e r i o l s  o t h e r  f h o n

l i m e ,  o r  t h o s e  u s e d  i n  c o m b i n o l i o n

w i t h  l i m e ,  t h o t  h o v e  c o m e  i n t o  u i e

i n  C o n o d o  o s  c e m e n l i n g  m o t e r i o l s

i n  m o s o n r y  m o r t o r .

A l t h o u g h  t h e  p r o p o r t i o n  o f  m o r t o r

i n  u n i t  m o s o n r y  i s  r e l o t i v e l y  s m o l l ,

( i n  t h e  c o s e  o f  b r i c k w o r k  b e i n g  o t

t h e  m o s t  o b o u t  2 5  p e r  c e n i  o f  t h e

v o l u m e ,  f o r  e x o m p l e ,  I  t h e  i n f  l u e n c e

i t  h o s  o n  t h e  p e r f o r m o n c e  o f  t h e

m o s o n r y  i s  u s u o l l y  f o r  g r e o t e r  t h o n

t h i s  m i g h t  i n d i c o l e .  l t  i s  w e l l  k n o w n

t h q t  p r o b l e m s  t h o t  o r i s e  i n  u n i l

mosonry  wo l ls ,  such os  ro in  pene l ro -

f i o n ,  c r o c k i n g ,  o n d  e f f l o r e s c e n c e ,

con be  d i rec t l y  o t t r ibu ted  in  mony

i n s t o n c e  l o  t h e  u s e  o f  u n s u i t o b l e

m o r t o r .  T h e  p u r p o s e  o f  t h i s  p o p e r ,

there fore ,  i s  lo  rev iew the  deve lop-

m e n t  o f  v o r i o u s  t y p e s  o f  m o r l o r s  o n d

m o r t o r  m o t e r i o l s  o n d  t o  d i s c u s s  t h e

i n f l u e n c e  o f  m o r i o r  p r o p e r l i e s  o n

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

w o l l s .

T h e r e  i s  n o  d o u b t  t h o t  l h e  s t o n e

Ihomos R i lch ie  g roduo led ,  in  eng ineer ing ,

I rom lhe  Un ivers i l y  o l  fo ron lo ,  in  1949,  ond

io ined lhe  D iv is ion  o f  Eu i ld ing  Reseorch  o l

fhe  Not iono l  ReseorcJr  Counc i l  shor l l y  o l le r -

words ,  where  he  hos  under loken s fud ies  o f

p rob leas  o l  un i ,  mosonry  .onshuc l ion

Mr  R i lch ie  i s  c  member  o f  severo l  C  S A

o n d  A S T M  l e c h n i c o l  c o m m i l t e e s  c o n c c r n e d

wi th  the  p .epoto l ion  o l  spec i l i co t ions  lo r

mosonry  moler io ls

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

e o r l y  d o y s  o f  s e l t l e m e n t  i n  C o n o d o

were  bu i l t  w i th  mor lo r  conrposed o f

l i m e ,  s o n d ,  o n d  w o t e r ,  t h u s  c o n -

f o r m i n g  l o  t h e  d e f i n i t i o n  m e n t i o n e d

p r e v i o u s l y .  J u s t  o s  l o c o l  s t o n e

q u o r r i e s ,  s m o l l  b r i c k y o r d s ,  o n d  s o w -

m i l l s .  w e r e  e s t o b l i s h e d  i n  t h e  e o r l y

s e t l l e m e n l s  f h r o u g h o u t  C o n o d o  t o

s u p p l y  t h e  n e e d s  o f  b u i l d i n g  c o n -

s l r u c l i o n ,  s o  o l s o  w e r e  l i m e  k i l n s

opero led  to  p rov ide  fhe  moter io l  fo r

m o r l o r  o n d  p l o s l e r .  I n  t h e s e  s i m p l e

k i l n s ,  t h e  l i m e s t o n e  w o s  b u r n e d  b y

wood to  p roduce qu ick l ime,  wh ich

w o s  l h e n  " s l o k e d "  i n l o  p o s t e  o r

p u l t y  f o r  u s e  i n  m o r l o r .  N e e d l e s s  t o

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

s t i l l  i n  u s e  i n  m o n y  p o r t s  o f  C o n o d o

of te r  o  hundred or  more  yeors  o f

serv ice  o t les l  to  lhe  use fu lness  o f

t h i s  t y p e  o f  m o r t o r ,  o n d  l i m e  c o n -

t i n u e s  l o  b e  o n  i m p o r t o n t  m o r t o r

i n g r e d i e n i .  O t h e r  m o l e r i o l s  h o w e v e r ,

h o v e  c o m e  i n l o  u s e  o s  w e l l .

Hydroled Lime

T h e  m o n u f o c t u r e  o f  l i m e  u n d e r -

w e n t  c h o n g e s  e o r l y  i n  l h e  2 0 t h

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

" h y d r o t e d "  l i m e  w o s  s l o r l e d .  I n

o d d i t i o n  t o  s u p p l y i n g  q u i c k l i m e ,

w h i c h  h o d  l o  b e  s l o k e d  t o  p u t t y  f o r

u s e  i n  m o r t o r ,  l i m e  p l o n t s  o l s o  s u p -

p l i e d  o  d r y  p o w d e r e d  f o r m  o f  l i m e ,

" h y d r o l e d "  l i m e ,  w h i c h  d i d  n o t  r e -

q u i r e  s l o k i n g  b e f o r e  u s e .

T h e  " n o t u r o l  r o c k "  c e n r e n t  i n -

d u s t r y  w o s  d e v e l o p e d  i n  C o n o d o  i n

t h e  l o t t e r  p c r t  o f  t h e  l 9 t h  c e n t u r y .

T h r o u g h  t h e  b u r n i n g  o f  i m p u r e  c l o y -

c o n t o i n i n g  l i m e s l o n e s  t h i s  i n d u s t r y

p r o d u c e d  h y d r o u l i c  c e m e n l s ,  w h i c h

f o u n d  s o m e  u s e  i n  m o s o n r y  m o r l o r ,

s o m e l i m e s  i n  c o m b i n o t i o n  w i l h  l i m e .

T h e  n o l u r o l  c e m e n t  i n d u s l r y  l o t e r

wos rep lc rced by  ihe  por t lond

c e m e n t  i n d u s t r y .  P o r t l o n d  c e m e n t  b e -

c o m e ,  e o r l y  i n  t h e  2 0 t h  c e n t u r y ,  t h e

b o s i s  o f  l h e  m o i o r  c o n s t r u c l i o n

m o t e r i o l ,  c o n c r e l e ,  o n d  i t  c o m e  t o

b e  u s e d  o l s o  i n  m o j o n r y  m o r t o r ,

s o m e l i m e s  i n  c o m b i n o l i o n  w i f h  l i m e .

I n  r e c e n l  y e o r s  o n o t h e r  t y p e  o f

c e m e n l i n g  m o l e r i o l  f o r  m b r t o r ,  c o l '

led  mosonry  cement /  l - ,os  been mor -

k e t e d .  l t  i s  s o l d  o s  o  f i n e ,  d r y ' p o w -

d e r  w h i c h  i s  m i x e d  w i t h  s o n d  o n d

w o l e r  i n  c e r t o i n  r e c o m m e n d e d  p r o -

por l ions  lo  p roduce mor to r .  Two

g e n e r o l  c o n r p o s i t i o n s  o f  m o s o n r Y

c e m e n t  o r e  p r o d u c e d .  i n  C o n o d o .

O n e  i s  o n  i n l e r g r o u n d  m i x t u r e  o f

p o r t l o n d  c e m e n t  o n d  l i m e s l o n e ,

w h i l e  t h e  o t h e r  i s  o  b l e n d  o f  P o r t -

l o n d  c e m e n t  o n d  f i n e l y  p o w d e r e d

h y d r o t e d  l i m e .  E o c h  t y p e  u s u o l l Y

c o n t o i n s  s m o l l  o m o u n l s  o f  o t h e r

s u b s l o n c e s  (  s u c h  o s  o i r e n t r o i n i n g

q g e n f  s  )  t o  p r o m o t e  p l o s t i c i l Y  o n d

w o r k o b i l i t y .  C e r t o i n  f  i n e - g r o i n e d

n r i h e r o l  s u b s t o n c e s  s u i h  o s  c l o y  o r e

o l s o  p r o d u c e d  i n  s o m e  o r e o s  o f

C o n o d o  f o r  u s e  i n  m o s o n r y  r n o r l o r ,

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

cernen l ,  sonc l ,  ond wcr le r  to  n roke

nr  o r lo  r .

l l  c o n  b e  s e e n  f r o m  t h i s  b r i e l

r e v i e w  t h o t  m o s o n r y  m o r t o r  h o s

d e v e l o p e d  f r o m  l h e  e o r l y  s i n r P l e

l i m e  o n d  s o n d  c o m p o s i t i o n  ( w h i c h

c o n l i n u e s  t o  b e  u s e d  i n  C o n o d o ,

b u t  p r o b o b l y  l o  o  r e ' l o l i v e l y  s n r o l l

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

m o d e  u p  o f  o  v o r i e t y  o f  m o l e r i o l s .

T h e  c e m e n t i n g  m o l e r i o l s  m o i t  e x -

t e n s i v e l y  u s e d  o t  p r e s e n l  o r e  p r o b -

o b l y  o  c o m b i n o l i o n  o f  p o r t l o n d

c e m e n t  o n d  l i m e ,  o r  m o s o n r y  c e m e n l ,

Spec i f i co t ions  hove been pre-



? o r e d  b y  l h e  C o n o d i o n  S t o n d o r d s

Assoc io l ion  ond by  the  Amer icon

Soc ie t !  fo r  Tes t ing  Moler io ls  fo r

m o s t  o f  t h e  m o l e r i o l s  c o m m o n l y  u s e d

in  mosonry  mor to r .  The lo t te r  o r -

gon izo t ion  hos  prepored in  odd i t ion

o  spec i f i co t ion  fo r  mosonry  mor fo r

(Des ignot ion  C270-571 l - ,  wh ich  op-

p l ies  to  "mor to rs  fo r  use  in  the  con-

s l ruc l ion  o f  un i t  mosonry  s t ruc lu res" .

l n  o r d e r  t h o t  o  p o r l i c u l o r  m o r l o r

sho l l  comply  w i th  ihe  spec i f i co t ion ,

i ]  must  f i r s t  o f  o l l  be  composed o f

cer to in  moter io ls  such os  por t lond

c e m e n t ,  p o r t l o n d  b l o s t - { u r n o c e - s l o g

cement ,  mosonry  cement ,  qu ick l ime,

hydro ted  l ime ond oggregote ,  o l l

o f  wh ich  ore  covered by  on  A.S.T .M.

Spec i f i co t ion .  Woter  used must  be

"c leon ond f ree  o ' f  de le te r ious

o m o u n l s  o {  o c i d s ,  o l k o l i e s  o r  o r g o n i c

moter io ls " .  As  o  second requ i rement

the  por t i cu lo r  n ror lo r  must  comply

e i ther  w i th  p rov is ions  o f  ihe  spec i -

{ i co l ion  wh ich  l im i t  the  propor t ion-

i n g  o f  l h e  c e m e n t i n g  m o t e r i o l s  o n d

sqnd,  o r  w i th  p rov is ions  govern ing

the  min imum compress ive  s t rength

vo lue  o f  lhe  mor to r  when tes ted  in

the  fo rm o f  2 - inch  cubes  q t  oge 28

doys .  F ive  types  o f  mor lo r ,  des ign-

o ied  by  le t te rs  "M" ,  "S" ,  "N" ,  "O" ,

ond "K" ,  o re  l i s ted  in  the  spec i f i co-

t ion .

Compressive Strength

The compress ive  s t rength  o f  the

mor lo r  de termines  the  des ignot ion

by  re fe rence to  the  vo lues  in  Tob le

l .  The mor lo r  i s  p repored in  the

loboro tory ,  m ixed to  o  cer to in  con-

s is lency  or  " f  low"  ond in  p ropor -

t ions  o f  cement i l ious  mcr le r io l  to

sond o f  be lween I  z2 t / t  ond 1r3 t /2 .

Composit ion

A s  o n  o l t e r n o l i v e  m e t h o d  o f  d e -

t e r m i n i n g  t h e  m o r l o r  d e s i g n o t i o n ,  o

"compos i t ion"  lob le  hos  been pro-

v ided,  the  des ignot ion  be ing  g iven

by  the  propor l ions  o f  the  moler io ls

u s e d ,  o s  s e t  o u t  i n  T o b l e  l l .

To  comply  w i th  the  spec i f i co t ion ,

o  p o r t i c u l o r  m o r t o r  m u s l  e i t h e r

possess  o  cer lo in  min imum compres-

s ive  s t rength  or ,  o l te rno t ive ly ,  mus l

conform lo  cer to in  p ropor i ion ing  o f

i n g r e d i e n t s .  I n  b o t h  c o s e s  o n  o d d i -

l iono l  requ i remen l  i s  tho t  lhe  mor to r

hove o  woter  re ten t ion  vo lue  ex-

ceed ing  70 ;  the  s ign i f i conce o f  th is

proper ty  i s  d iscussed lo le r .

A l lhough f i ve  types  o f  mor lo r  o re

{ is led  in  the  spec i f i co t ion ,  there  is

DESIGNATION OF MORTAR ON THE BASIS OF COMPRESSIVE

STRENGTH (A.S.T.tvl. 1270-57T1 )

Mor tor  Type

M

s
N

o
K

Morlor  Por t lond

type cenreni

M I

I

S V z

I

N

I

o l
I

K I

Mosonry

cenrent

n o  d i f f e r e n t i o t i o n  m o d e  o m o n g

l h e m  u n f o r t u n o t e l y  w i t h  r e g o r d  l o

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

there fore ,  severo l  ques t ions  moy

or ise  concern ing  the  bos is  fo r  spec i -

fy ing  o  por l i cu lo r  mor lo r  f rom lhe

f  i v e  l i s l e d ,  t h e  c o n d i t i o n s  u n d e r

wh ich  one type o f  mor to r  i s  to  be

pre fer red  to  onother ,  ond the

s p e c i o l  p r o p e r t i e s  ( i f  o n y  )  l h o t  o

cer to in  type  moy cont r ibu te  to

m o s o n r y .  T h e s e  q u e s t i o n s  l e o d  i n l o

t h e  c o n r p l i c o t e d  m o t l e r  o f  t h e  i n -

f  luence o f  mor to r  p roper l ies  on

vor ious  proper t ies  o f  u r r i t  mosonry

w o l l s  o f  w h i c h  s t r e n g t h ,  s t o b i l i t y ,

ond weother  res is tonce ore  o f  por -

t i cu lq r  i r , rpor tonce.

A  m o s o n r y  w o l l  m o y  b e  c o n s i d -

ered  to  hqve two moin  func t ions .  In

l h e  f i r s t  p l o c e  i t  m u s t  s u p p o r l  l h e

s t ruc turo l  loods  p loced on  i t ,  such

os  those o f  roo f  ond f loors ,  ond

those o f  lo te ro l  {o rces  such os  w ind

pressure ;  second ly ,  i t  must  Prov ide

f h e  i n l e r i o r  o f  t h e  b u i l d i n g  w i t h

some degree o f  p ro lec t ion  f rom thb

weo lher .  S ince  these ore  cont inu ing

f u n c l i o n s ,  s o m e  d e g r e e  o f  d u r o b i l i l y

o f  the  mosonry  i s  o lso  requ i red .

Mony s tud ies  hove been repor ted

on the  re lo t ioqsh ip  be lween s t rength

d f  u n i t s ,  s t r e n g t h  o f  m o r t o r ,  o n d  t h e

resu l t ing  s l rength  o f  the  combino-

Averoge Compressive Strenglh
( 2 8  d o y s l  p s i

2500

I  800

7 5 0

3s0
75

Tob le  l .

MORTAR DESIGNAIION BASED ON COMPOSITION
(A.S.T.I\A. C270-57T1

Por ts  by  Vo lume o f

Hydro ted  l ime Aggrego le ,  meosurgd in

or  l in re  pu l l y  o  domp,  loose cond i t ion

I  ( t y p e  l l l  N o t  l e s s  l h o n  2 t / a  o n d

Va not  more  lhon 3  l imes

I  ( t y p e  l l l  l h e  s u m  o f  t h e  v o l g m e s

over t /a lo t /z of the cements ond l ime

I  ( t y p e  l l l  u s e d .

over t/z lo I t/a

( t y p e  l o r  l l l

over I  t /a to 2t/z

over 2 t/z lo 4

Toble 2.

i i on .  The res is tonce o f  mosonry  lo

compress ive  ond to  lo le ro l  o r  t rons-

verse  s l resses  vor ies  g reo f ly  depend-

ing  on  the  type  o f  mor to r  used.  The

p r o p e r t i e s  o f  l h e  u n i t  u s e d ,  o n d  t h e

l e c h n i q u e s  u s e d  i n  c o m b i n i n g ' u n i t

o n d  m o r t o r  h o v e  o l s o  o n  i m p o r t o n t

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

Strenglh of Unit Mosonla

The dependence o f  the  s i rength

o f  u n i t  n r o s o r r r y  o n  b o l h  t h c  s l r c n g l h

o f  t h c  m o r l o r  o n d  l h e  s t r e n g t h  o f

t h e  u n i t  i s  r e c o g r r i z e d  i n  m o s t  b u i l d -

i n g  c o d e s ,  i n c l u d i n g  t h e  N o t i o n o l

B u i l d i n g  C o d e  o f  C o n q d o .  l f  o  u n i l

hov ing  o  por i i cu lo r  comp-ress ive

s t rength  is  used,  lhere  is  o  ronge o f

permiss ib le  s l ress  vo lues  per  un i l  o reo

of  the  mosonry  mode o f  i t ,  depend ing

on the  type  o f  mor to r  used.  l i kewise ,

i f  o  por l i cu lo r  mor to r  i s  se lec ted ,

there  is  o  ronge o f  permiss ib le  s t ress

v o l u e :  p e r  u n i t  o r e o  o f  l h e  m o s o n r y ,

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

used.  The des igner  there fore  hos  o

meons o f  reduc ing  to  some ek ten t

l h e  l h i c k n e s s  o f  s e c l i o n s  o f  m o s o n r y

by  the  se lec l ion  o f  cer lo in  combino-

l i o n s  o f  u n i t s  o n d  m o r l o r .  T h e

N o t i o n o l  B u i l d i n g  C o d e  s e f s  o u t  i n

o d d i t i o n  m i n i m u m  l h i c k n e s s  v o l u e s

o f  w o l l s  f o r  v o r i o u s  u s e s  o n d  h e i g h t s .

l f  t h e s e  m i n i m u m  l h i c k n e s s  v o l u e s

I
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t

o r e  f o l l o w e d ,  i t  i s  u s u o l l y  u n n e c e s -

sory  to  des ign  the  combino t ion  o f

un i t  ond mor to r  occord ing  to  co l -

cu lo ted  s t resses  in  the  mosonry .

For  cond i t ions  o f  unusuo l ly  severe

s t resses  on  un i t  mosonry ,  such os

occur  in  bu i ld ings  tho t  o re  sub iec ted

t o  e o r l h q u o k e  s h o c k s ,  s p e c i o l  m o r -

lo rs  ond mor to r ing  grou ts  o long w i th

spec io l l y  des igned re in fo rc ing  sys-

tems fo r  un i i  mosonry  cons t ruc l ion

hove been deve loped to  ensure

sotisfoclory per.formonce of the

wol ls .  Re in fo rced br jck  mosonry  con-

s t ruc l ion ,  fo r  exomple ,  i s  ex tens ive ly

u s e d  i n  t h e  e o r t h q u o k e  z o n e s  o f  t h e

Uni ted  S io tes .  For  th is  type  o f  con-

s t ruc t ion  mor lo r  o f  spec io l  p roper t ies

is  requ i red ,  ond on  A.S.T .M.  spec i -

f  i co t ion  fo r  i t  hos  been prepored

(  D e s i g n o t i o n  C l  6 1  - 4 4 T 1  .

T h e  s l r e n g t h  o f  m o s o n r y  i s  u s u o l l y

inc reosed os  the  s t rength  o f  mor to r

is  inc reosed,  bu t  s t rength  beyond

tho t  needed fo r  lhe  s t ruc tu ro l  ode-

q u o c y  o f  l h e  m o s o n r y  u s u o l l y  h o s

no vo lue .  Conforming w i th  the  v iew

thot  "s t ronger  mosonry  i s  be t te r

mosonry ' f ,  very  s t rong mor fo rs  hqve

somet imes been used,  o f  ten  w i th

odverse  e f fec ts  on  o lher  impor lon t

proper t ies  o f  the  mosonry .  The

" s h r i n k o g e  c r o c k i n g "  p r o b l e m  m o y
prov ide  o  use fu l  i l l us t ro t ion  o f  th is

in te rdependence o f  the  proper l ies  o f

u n i t  m o s o n r y .

A l l  m o s o n r y  m o l e r i o l s  r e o c t  i o

c h o n g e s  i n  m o i s t u r e  c o n t e n t  b y

s w e l l i n g  o r  s h r i n k i n g ,  b u t  t h e  e x -

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

v o r i e s  g r e o t l y  d e p e n d i n g  o n  t h e

t y p e  o f  m o f e r i o l .  T h e  " d r y i n g  s h r i n k -

oge"  o f  concre te  ond sond- l ime

b r i c k s ,  f o r  e x o m p l e ,  i s  g e n e r o l l y  c o n -

s i d e r o b l y  h i g h e r  f h o n  t h o t  o f  b u r n t

c loy  b r icks ,  bu t  fo r  concre te  b r icks

i t  moy be  reduced opprec iob ly  i i  in ,

the i r  monufoc ture  they  ore  t reo ted

by  h igh  s teom pressure  in  on  ou to-

c love .

E x p e r i e n c e  o f  t h e  B u i l d i n g  R e -

seorch  Sto t ion  o f  Greot  Br i to in  hos

ind ico ted  tho t  i f  concre fe  ond sonC-

l ime br icks  o f  "normol "  d ry ing

shr inkoge ore  used in  combino t ion

wi th  o  very  hord ,  s l rong mor to r ,

lhere  moy be  su f f i c ien t  res t ro in t  by

l h e  m o r t o r ,  o p p o s i n g  t h e  s h r i n k o g e

o{  the  br icks  os  they  dry ,  lo  couse

c r o c k s  i n  t h e  w o l l .  W i t h  w e o k  m o r -

to r ,  however ,  wh ich  hos  more

"g ive" ,  the  shr inkoge o f  the  b t i cks

wi l l  be  less  res t ro ined ond lhe

d o n g e r  o f  c r o c k i n g  i s  o c c o r d i n g l y

reduced.

Brit ish Stondords

The spec i f  i co t ion  o f  the  Br i t i sh

S londords  Ins t i lu t ion  fo r  concre le

o n d  s o n d - l i m e  b r i c k s  r e c o g n i z e s  t h o t

mor lo r  n rus t  be  core fu l l y  se lec ted

w i t h  r e g o r d  t o  t h e  o m o u n t  o f  d r y i n g

s h r i n k o g e  o f  t h e  b r i c k s ;  i l  c o n t o i n s

o  l i s t  o f  mor to rs  su i tob le  fo r  use  w i th

b r i c k s  o f  v o r i o u s  d r y i n g  s h r i n k o g e s .

A p p l y i n g  l h e s e  m o r t o r  c o m p o s i t i o n s

to  the  types  l i s ted  in  the  A.S.T .M.

spet i f i co l ion ,  i t  wou ld  oppeor  tho t

o n l y  m o r t o r  ,  t y p e s  " O "  o n d  " K "

wou ld  be  cons idered des i rob le  fo r

u s e  w i t h  c o n c r e l e  o n d  s o n d - l i m e

b r i c k s  i n  r e l o l i o n  l o  t h e  d o n g e r  o f

s h r i n k o g e  c r o c k i n g .  I n  o r d e r  t o

s e c u r e  u n u s u o l  l o o d - b e o r i n g  c o p o -

c i t y  o f  o  w o l l  m o d e  o f  s u c h  u n i t s ,

however ,  one o f  the  o ther  fypes  o f

m o r l o r  m o y  h o v e  t o  b e  u s e d ,  o n d

lh is  g ives  r i se  to  the  s i tuo t ion  o f  sa l i s -

fy ing  the  requ i rement  fo r  one prop-

er ty  o f  the  mosonry  wh i le  p robob ly

produc ing  o  de f ic iency  in  ono lher .

T h e  o b i l i t y  o f  u n i t  m o s o n r y  w o l l s

fo  res is t  lhe  pene l ro l ion  o f  ro in  i s

o n o l h e r  q u o l i t y  t h o t  d e p e n d s  i n

lo rge  meosure  on  the  proper f ies  o f

lhe  mor to r  used.  Other  foc io is  o re

o f  impor tonce os  we l l ,  such  os  the

proper t ies  o f  the  un i t  used ond lhe

m o n n e r  i n  w h i c h  u n i t  o n d  m o r t o r

ore  ossembled  in to  mosonry .

Brickloying

The prob lem o f  mo is tu re  penet ro -

l ion  o f  b r ick  mosonry  hos  rece ived

o greo l  deo l  o f  s ludy ,  bo th  in  Europe

ond Nor th  Amer ico .  l t  moy be  no ted

f rom lhese s tud ies  tho t  in  mo3 l  coses

of  mo is tu re  penet ro i ion  o f  b r ickwork ,

w o t e r  p o s s e s  t h r o u g h  u n b o n d e d

oreos  be tween br ick  ond mor lo r .  l t

i s  g e n e r o l l y  b e l i e v e d  t h o t  t h e  p o s -

soge o f  woter  th rough the  br ick

i tse l f ,  o r  th rough the  body  o f  the

mor lo r ,  does  no t  occur  in  su f f i c ien t

quon l i t y  to  cont r ibu le  to  fhe  prob-

l e r n ,  e x c e p l  u n d e r  u n u s u o l  c o n d i -

t ions .  Mo is tu re  pene l ro t ion  is  lhere-

f< - r re  ossoc io ted  w i th  the  in le r loce

cond i l ion  be tween br ick  qnd mor lo r .

l f  the  mor to r  ond br ick  hovc  such

proper t ies  tho t  when they  ore

brought  together  there  is  comple le

ex len t  o f  bond over  lhe  en t i re  sur -

f  o c e , .  w i t h  n o  u n b o n d e d  o r e o s  b c -

tween br ick  ond mor to r ,  then lhe

io in t  shou ld  be  res is lan t  lo  mo is lu re

p e n e t r o t i o n .  T h e  o b i l i t y  o f  o  p o r -

t i cu lo r  b r ick  ond o  por t i cu lg r  mor lo r ,

when used together ,  to  fo rm o  com-

p le le  ex len t  o f  bond is  governed in

lo rge  meosure  by  the  ro te  o f  woter

obsorp t ion  o f  the  br ick ,  ond by  lhe

woter  re ten l ion  proper t ies  o f  the

mor to r .

Moisture Penelrof ion

I n  t h e  o p e r o f i o n  o f  b r i c k l o y i n g ,

o  bed o f  mor to r  i s  spreod on  o

course  o i  b r i . k r .  As  soon os  the

mor to r  i s  p loced on  the  br icks ,  there

is  o  w i thdrowol  o f  some o f  i l s

mois tu re  in lo  the  br icks .  The ro te

o f  w i thdrowol  depends on  lhe  ro te

o f  obsorp t ion  or  "suc l ion"  o f  the

b r i c k s .  O n e  t y p e  o f  b r i c k ,  f o r  e x o r r r -

p l e ,  w h e n  p l o c e d  i n  w o l e r  l o  q

d e p t h  o f  7 s  i n c h  f o r  o n e  m i n u t e  ( t h e

s fondord  tes t  cond i t ion  to  de le rmine

" s u c t i o n " l  m o y  o b s o r b  l e s s  t h o n  5

groms o f  wo ier ,  whereos  onother

l y p e  o f  b r i c k  m o y  t o k e  u p  m o r e  l h o n

100 groms.  The ro le  o f  wofer  move-

ment  f rom lhe  mor lo r  to  the  br ick

course  on  wh ich  i t  i s  p loced depends

o lso  on  lhe  "woter  re ten t ion"  vo lue

of  the  mor to r ,  wh ich  i i  o  meosure  o f

the  ob i l i t y  o f  mor to r  lo  res is t  loss

o f  wo ler  lo  on  obsorb ,en t  b r ick .  Th is

proper ty  i s  o lso  de termined by  o

s tondord  tes f .  The "suc t ion"  o f  the

br ick  ond the  "wo ler  re ten l ion"

vo lue  o f  the  mor lo r  lgge lher  de le r -

m i n e  t h e  p l o s t i c i t y  o n d  o d h e s i v e n e s s

of  o  bed o f  mor to r  when o  br ick  i s

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

the  comple teness  o f  ' the  bond be-

tween br ick  ond mor lo r .  l f  o  mor lo r

o f  h i g h  " w o t e r  r c t e n l i o n  v o l u e "  i s

p loced on  o  course  o f  obsorben i

b r i c k s ,  i t  w i l l  p r o b o b l y  r e m o i n  p l o s t i c

o n d  o d h e s i v e  u n i i l  o  b r i c k  i s  p l o c e d

in  i t .  A  comple fe  ex len l  o f  bond is

fhus  och ieved,  whereos  incomple le

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

use o f  o  mor lo r  o f  low "woter  re -

t e n t i o n  v o l u e " ,  u n d e r  t h e  s o m e  c o n -

d i t i o n s .

The wo ler  re len l ion  vo lue  o f  n to r -

to r  i s  no t  d i rec t l y  re lo led  lo  s t rength .

For  cenrent -  l ime mor to rs ,  however ,

re lo t i ve ly  s l rong mor lo rs  wh ich  ore

h igh  in  Por t lond cemenl  confen l  o re

generol ly low in wol 'er r€lenl ivi ly;

so  o lso  ore  mor lo rs  o f  mosonry

cemenls .  Re lo t i ve ly  weok mor to rs ,  on

t h e  o t h e r  h o n d ,  w h i c h  o r e  h i g h  i n

l i m e  c o n l e n t ,  o r e  g e n e r o l l y  h i g h  i n

wo ler  re ten l i v i t y .  The propcr t ies  o f

t h e  l i m e  u s e d  h o v e  o  g r e o l  i n f l u c r r c e ;

p u t l y  f r o m  s l o k e d  q u i c k l i m e s  u s u o l l y



produces  mor lo rs  o f  h ighes t  woter
re ten l ion  vo lues ,

'  
, - .  When o  por t i cu lo r  b r ick  o r  o ther

ur r i t  hos  been se lec ted  fo r  use  in
mosonry ,  the  mor to r  chosen must
prov ide  odequote  s t ruc lu ro l  p roper -

t ies  o f  lhe  wo l l  ond odequo le  res is t -
once to  mo is tu re  pene l ro t ion .  Th is
l o s t - m e n t i o n e d  p r o p e r l y  i s  d o u b l y
impor ton t  s ince  i t  o f fec ts  the  duro ,
b i l i t y  o f  t h e  m o s o n r y .  A t  p r e s e n t

g e n e r o l  g u i d o n c e  o n l y  o n  t h e  s e l e c -
l ion  o f  mor to rs  fo r  o  por t i cu lo r  type
of  un i t  con  be  prov ided w i lh  respec t
l o  l h e s e  r e q u i r e m e n l s .  I n  l h e  c o s e
o f  b r i c k  m o s o n r y ,  t h e  r e c o m m e n d o -

t ions  o f  fhe  br ick  monufoc turer  re -
gord ing  o  su i tob le  mor to r  shou ld  be
core fu l l y  cons idered.

Signif icont

I t  m o y  b e  s h o w n  t h o t  m o r t o r  p l o y s

o  s i g n i f i c o n t  r o l e  i n  t h e  p r o b l e m  o f
e f f l o r e s c e n c e ' o n  u n i l  m o s o n r y  o l -
t h o u g h  h e r e  o g o i n ,  o s  w i t h  m o n y
other  p rob lems,  severo l  foc lo rs  hove
on in f luence on  the  resu l t .  Exper i -

ence w i th  the  prob lem ind ico tes  tho t

cer to in  mor io r  compos i t ions  ore  less
l i ke ly  to  be  ossoc io ted  w i th  the  oc-
cur rence o f  e f f lo rescence lhon o lhers .
I n  g e n e r o l ,  t h e  u s e  o f  p o r t l o n d

c e m e n t  i n  m o r l o r  i n t r o d u c e s  s o l t s
wh ich  very  f requent ly  o re  found in

e f f lo rescence,  nomely ,  sod ium ond
p o t o s s i u m  s u l p h o t e s .  L i m e  g e n e r o l l y

c o n l o i n s  l e s s  o f  t h e s e  s o l l s ;  o s  l i m e
is  rep loced by  por t lond cement  in
mor to r ,  lhere fore ,  o  g reo le r  copoc i ty

fo r  p roduc ing  so l ts  fo r  e f f lo rescence
i s  b u i l t  u p .  M o s o n r y  c e m e n t s ,  w h i c h

ore  composed in  por t  o f  por t lond

c e m e n f ,  s i m i l o r l y  c o n t o i n  s o l t s  w h i c h

moy fo rm e f f lo rescence.  Both  por t -

l o n d  c e m e n t  o n d  m o s o n r y  c e m e n i .
h o w e v e r ,  m o y  b e  s p e c i o l l y  m o n u -

f o c t u r e d  l o  b e  v e r y  l o w  i n  o l k o l i
con ten t ,  ond there fore  to  hove
m i n i m u m  c o p o c i t y  t o  c o n t r i b u t e  s o l l s

o f  e f f lo rescence to  mosonry .

lmportont Propert ies

A shor t  rev iew o f  the  deve lop-

ment  o f  mor to rs  fo r  un i t  mosonry  hos

been presented ,  o long w i th  some

notes  on  o  cur ren t  spec i f i co t ion  fo r

mor to r .  lmpor lon t  p roper l ies  o f  un i t

mosonry  o re  s t ruc tu ro l  odequocy
on weother  res is tonce.  The in f luence

of  mor to r  p roper t ies  on  these quo l i -

t ies  o f  un i t  mosonry  hos  been d iscus-

s e d  o n d  i t  h o s  b e e n  n o t e d  i h o t  t h e

se lec t ion  o f  mor to r  shou ld  be  mode

p r i m o r i l y  i n  r e l o t i o n  t o  t h e  u n i t  w i t h
w h i c h  i t  i s  i 9  b e  c o m b i n e d .  N o

def in i te  " ru les"  hove opporenf  l y  ye t

been es tob l i shed fo r  ihe  se lec t ion

of  mor to r .  Mony reseorch  grgon izo-

t ions ,  inc lud ing  lhe  D iv is ion  o f

Bu i ld ing  Reseorch  o f  the  Not iono l

Reseorch  Counc i l  o f  Conodo,  o re

e n g o g e d  i n  c o n t i n u i n g  s t u d i e s  o f  t h e

ro le  o f  mor to r  in  the  perJorn tonce

of  un i t  mosonry  f rom wh ich  shou ld

come sc ien t i f i c  in fo rmot io r i  wh ich ,

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

exper ience,  shou ld  c i rn t r ibu te  s ign i -
f i con t ly  lo  the  s teody  deve lopmenl

o f  good mosonry  p roc t ice .  I


