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ABSTRACT 
Resu l t s  of an i n v e s t i g a t i o n  of t h e  use  of h igh-aspect- ra t io  mica 
f l a k e s  i n  hardened por t land cement matr ices  a r e  repor ted.  Inc reases  
i n  f l e x u r a l  s t r e n g t h  by a f a c t o r  of 2 and i n  f r a c t u r e  toughness ,by a 
f a c t o r  of 4,  depending on matr ix  poros i ty ,  a r e  obta ined by t h e  
a d d i t i o n  of smal l  amounts of mica. The dependence of t h e s e  
p r o p e r t i e s  on matr ix  poros i ty  is  determined and t h e  e f f e c t  of mica 
f l a k e  a d d i t i o n  on mat r ix  c h a r a c t e r i s t i c s  d i scussed ,  e.g., p o r o s i t y ,  
s u r f a c e  a r e a ,  non-evaporable water content .  

In t roduc t ion  

I n  recent  years  t h e  technology of f ib re - re in fo rced  cement has  become an 
important segment of r e sea rch  and development a c t i v i t y  i n  t h e  concre te  
indus t ry  (1) .  Incorpora t ion  of inorgan ic  and o rgan ic  f i b r e s  i n  cement 
ma t r i ces  has  r e s u l t e d  i n  inc reased  f l e x u r a l  s t r e n g t h  and toughness (2).  
I n t e n s i v e  resea rch  e f f o r t  has been d i r e c t e d  towards t h e  development and use  
of g lass-f ibre-re inforced cement products  (GRC) ( 3 ) .  A l k a l i - r e s i s t a n t  (AR) 
g l a s s  f i b r e s  have a t t r a c t i v e  p r o p e r t i e s  t h a t  favour t h e i r  s e l e c t i o n  a s  
r e in fo rcement  because of high va lues  of modulus of e l a s t i c i t y  and t e n s i l e  
s t r eng th .  There remains, however, concern about long-term d u r a b i l i t y .  Af te r  
a few yea r s  of n a t u r a l  weathering,  o r i g i n a l  va lues  of f l e x u r a l  s t r e n g t h  and 
toughness of GRC mate r i a l s  a r e  s i g n i f i c a n t l y  reduced (41, and t h e r e  is  
concern regarding i t s  use  i n  s p i t e  of a t tempts  t o  modify and improve AR g l a s s  
f i b r e s  ( 5 ) .  

Mica f l a k e  reinforcement h a s  received some a t t e n t i o n  from t h e  p r e c a s t  
concrete  indus t ry  because of i t s  ready a v a i l a b i l i t y  and s t a b i l i t y  t o  a l k a l i  
a t t a c k  and f o r  economic cons ide ra t ions  a s  w e l l  ( 6 ) .  Recent s t u d i e s  have a l s o  
demonstrated t h a t  h igh a lun ina  cement ma t r i ces  r e in fo rced  wi th  high-aspect- 
r a t i o  mica f l a k e s  show s i g n i f i c a n t  i n c r e a s e s  i n  f l e x u r a l  s t r e n g t h  and 
f r a c t u r e  toughness ( 7 ) .  

It i s  t h e  o b j e c t  of t h i s  study t o  determine t h e  e f f e c t  of mica f l a k e  
a d d i t i o n  on s t r e n g t h ,  toughness and o t h e r  p r o p e r t i e s  of por t land cement p a s t e  
i n  o r d e r  t o  a s s e s s  i t s  p o t e n t i a l  a s  a replacement f o r  g l a s s  f i b r e s  i n  cement 
matr ices .  
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Experimental 

Mate r i a l s  

Cement: Por t land cement composition was C4AF = 6.7%; C3A = 12.7%; 
C S = 51.4%; C2S = 20.3%; and CaS04 = 5.4% a s  c a l c u l a t e d  by t h e  Bogue method. 
~ ? a i n e  f i n e n e s s  was 300 m2/kg. 

Mica: It is  phlogopi te  type  and high-aspect- ra t io  r e i n f o r c i n g  grade, 
marketed a s  "Suzor i te  Mica" (Mar ie t t a  Resources I n t e r n a t i o n a l  Ltd., 
5083 St .  Denis S t r e e t ,  Montreal, Quebec). The average aspec t  r a t i o  of t h e  
f l a k e s  is  approximately 80. They a r e  genera l ly  of i r r e g u l a r  shape,  wi th  a 
mean width  varying between 250 and 1400 um. Phys ica l  and chemical p r o p e r t i e s  
of t h e  f l a k e s  have been published (7) .  

Mixes: Eight s e r i e s  of cement p a s t e  mixes were made us ing  a convent ional  
Hobart mixer, each s e r i e s  wi th  a d i f f e r e n t  volume concen t ra t ion  of mica 
f l a k e s  varying from 0 t o  7% i n  increments of 1%. For a g iven volume 
concen t ra t ion  of mica f l a k e s ,  mixes wi th  t h e  fol lowing waterlcement r a t i o s  
were prepared: 0.25, 0.30, 0.35, 0.40, 0.45 and 0.50. It was not  p o s s i b l e  
t o  produce low w/c mixes when volume f r a c t i o n  of mica, V f ,  equal led  7%. 
They were c a s t  i n  two sample geometries:  5.1 cm cubes f o r  compression t e s t s  
and 2.5 x 2.5 x 25.4 cm long  prisms f o r  f l e x u r a l  t e s t s .  Three cubes and 
t h r e e  prisms were made wi th  each mix. Samples were demolded a f t e r  one day 
and moist  cured f o r  approximately 32 days  p r i o r  t o  t e s t i n g .  

Techniques: F lexura l  t e s t s  (mid-span loading)  were c a r r i e d  o u t  on a 
T in ius  Olsen t e s t i n g  machine us ing a cross-head speed of 0.127 cm/min. Load 
d e f l e c t i o n  t r a c e s  were obta ined from machine records  and used t o  determine 
f l e x u r a l  s t r e n g t h s  and r e l a t i v e  f r a c t u r e  toughness. Areas under load 
d e f l e c t i o n  curves  were determined and used a s  i n d i c e s  of f r a c t u r e  
toughness. 

Compression t e s t s  were a l s o  c a r r i e d  o u t  on a T in ius  Olsen t e s t i n g  machine 
us ing  a loading r a t e  of 0.2 MPa s-l . 

Poros i ty  measurements were made on smal l  chunks from each specimen. 
Samples were conditioned t o  11% RH and then  pumped i n  a vacuum d e s i c c a t o r  f o r  
about 45 min p r i o r  t o  t e s t i n g .  A methanol displacement method employing 
Archimedes P r i n c i p l e  w a s  used f o r  a l l  p o r o s i t y  determinat ions  (8).  Pore 
volumes were expressed a s  percentages  of ma t r ix  volume, i .e . ,  volume occupied 
by mica f l a k e s  was excluded from t o t a l  apparent volume t o  provide a b a s i s  f o r  
comparing composites w i t h  d i f f e r e n t  amounts of mica. 

Pore  s i z e  d i s t r i b u t i o n s  were determined on s e l e c t e d  samples by mercury 
i n t r u s i o n  a t  408 MPa, us ing an American Instrument Co. porosimeter.  Surface  
a r e a  measurements were made on s e l e c t e d  samples u s i n g  a Numinco-Or s u r f a c e  
a r e a  ana lyse r  w i t h  N2 a s  adsorbate .  

Non-evaporable water determinat ions  were made by oven d ry ing  samples a t  
110°C f o r  3 h and determining t h e  l o s s  on i g n i t i o n  a t  1000°C. The weight of 
mica present  i n  t h e  specimens was sub t rac ted  f o r  determining non-evaporable 
water  content.  

Resu l t s  and Discuss ion 

Logarithm of f l e x u r a l  s t r e n g t h  ve r sus  p o r o s i t y  curves  f o r  cement ma t r i ces  
conta ining 0 - 6% mica f l a k e s  a r e  presented i n  Fig. 1 .  Data f o r  7% mica 
con ten t  were incomplete owing t o  d i f f i c u l t i e s  i n  sample f a b r i c a t i o n  and a r e  
not presented.  A t  matr ix  p o r o s i t i e s  g r e a t e r  than about 21% a l l  curves (with 
t h e  except ion of t h e  curve f o r  mica volume f r a c t i o n ,  Vf = 6%) l i e  above t h e  
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curve f o r  Vf = 0%. A t  
p o r o s i t i e s  <21% a l l  curves l i e  
above t h e  Vf = 0% curve 
except  those  f o r  Vf = 2 and 
4%. The curve f o r  Vf = 4% 
c r o s s e s  t h e  Vf = 0% curve a t  
about 18% porosi ty .  Logarithm 
of compressive s t r e n g t h  versus  
poros i ty  curves a r e  p l o t t e d  i n  
Fig.  2. A l l  t h e  curves  l i e  
below t h e  Vf = 0% curve. I n  
genera l ,  compressive s t r e n g t h  
dec reases  w i t h  mica f l a k e  
content  over most of t h e  
p o r o s i t y  range. S imi la r  
r e s u l t s  have been observed f o r  
g lass-f ibre-re inforced 
cements (9). Regression 
a n a l y s i s  d a t a  f o r  curves  i n  
Figs.  1 and 2 a r e  given i n  
Tables 1 and 2. 

The fol lowing equat ion,  
based on composite theory,  has 

20  25 3 0 3 5 

M A T R I X  P O R O S I T Y .  % 

FIG. 1 

o f t e n  been used t o  e s t i m a t e  F lexura l  s t r e n g t h  ve r sus  ma t r ix  p o r o s i t y  
composite compressive o r  f o r  mica-flake-reinforced por t land cement 
f l e x u r a l  s t r e n g t h  va lues  a t  p a s t e  
d i f f e r e n t  p o r o s i t i e s  f o r  
f ib re - re in f  orced cement 
composites (10):  

where acf = composite s t r e n g t h  

a m  = matr ix  s t r e n g t h  

of = maximum f i b r e  o r  f l a k e  s t r e s s  when composite peak s t r e s s  i s  
obta ined 

Vf = volume f r a c t i o n  of f i b r e  o r  f l a k e  reinforcement 

4 = e f f i c i e n c y  f a c t o r  used t o  account f o r  f i b r e  l e n g t h  and 
o r i e n t a t i o n .  

TABLE 1 

Regression Analysis of F l e x u r a l  St rength-Porosi ty  
Curves f o r  Por t land Cement-Mica Flake Composites 

Volume F l e x u r a l  S t reng th  ( a c f )  C o r r e l a t i o n  
Mica Flakes,  % MPa Coef f i c i en t ,  % 

0 acf = 21.04 exp (-0.064)p* 74.6 
1 acf = 15.90 exp ( -0 .046)~  86.6 
2 acf = 14.39 exp ( -0 .047)~  90.1 
3 acf = 14.26 exp ( -0 .037)~  96.7 
4 acf = 9.60 exp ( -0 .022)~  76.1 
5 acf = 20.55 exp ( -0 .054)~  91.8 
6 acf = 123.02 exp ( -0 .148)~ 94.1 

I * p = mat r ix  poros i ty  
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Matrix s t r e n g t h  is  expressed i n  terms of poros i ty  by t h e  following 
expression: 

where p' = poros i ty  of unreinforced cement p a s t e  (p '  is  dependent on p, t h e  
matr ix  poros i ty  of t h e  re in forced  cement p a s t e  and t o  a f i r s t  
approximation p = p ' )  

b = cons tan t  
a, = matr ix  s t r e n g t h  a t  z e r o  porosi ty .  

The value of a, i s  obtained by e x t r a p o l a t i n g  t o  ze ro  poros i ty  t h e  
Vf = 0% curve i n  Fig. 2. For por t l and  cement p a s t e  t h e r e  i s  some evidence 

TABLE 2 

Regression Analysis of Compressive S t  rength-Porosity 
Curves f o r  Portland Cement-Mica Flake Composites 

Volume Compressive S t reng th  (acc) Cor re la t ion  
Mica Flakes,  % MF'a Coef f i c ien t ,  % 

a,, = 400.10 exp (-0.090)p* 89.4 
a,, = 120.23 exp ( -0 .059)~ 89.2 
a,, = 131.83 exp ( -0 .068)~ 96.7 
a,, = 79.43 exp ( -0 .048)~ 80.3 
a,, - 87.50 exp (-0.058)~ 83.4 
ucc = 86.49 exp (-0.056)~ 91.5 
a,, = 86.70 exp (-0.063)~ 99.1 

* = matr ix  p o r o s i t y  

of the  v a l i d i t y  of the  ex t rapo la t ion  t o  zero poros i ty  (11).  Estimates of 
microhardness ( t h e r e  i s  a good c o r r e l a t i o n  between microhardness and s t r e n g t h  
of cement p a s t e )  of the  non-porous cement pas te  samples made by employing 
composite theory on cement p a s t e  samples completely impregnated w i t h  another  
phase were s i m i l a r  t o  values  determined by extrapolat ion.  

The s t r e n g t h  r a t i o  uCf/am (which expresses  t h e  change i n  s t r e n g t h  of 
t h e  composite r e l a t i v e  t o  the  unreinforced matrix) is  obtained by d iv id ing  
equat ion (1) by equat ion ( 2 )  i n  which p' = p 

2E.r 
The s t r e s s  i n  t h e  f i b r e  o f  = - , 

t 

where T = i n t e r f a c i a l  shear  s t r e s s  between reinforcement and matr ix ,  
Illt = aspec t  r a t i o ,  obtained by d i v i d i n g  average l eng th  of f l a k e  by i ts  

thickness  ( R l t  = 80 f o r  t h e  mica f l a k e s  i n  t h i s  s tudy;  

Orno = 21.04 MPa and 
b = 0.064, both of which have been obtained from curve f o r  
Vf = 0%). 
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P O R T L A N D  C E M E N T  M A T R I X  
A G E  32 d 

70 

6 0  
\ 

M A T R I X  P O R O S I T Y .  % 

FIG. 2 

Compressive s t r e n g t h  versus  matr ix  
poros i ty  f o r  mica-flake-reinforced 
por t land cement pas te .  

2 %  M I C A  F L A K E  
V O L U M E  n PORTLAND CEMENT 

M A T R I X  
AGE 32 d 

14 16 18 20 22 24 24 28 30 

M A T R I X  P O R O S I T Y ,  % 

FIG. 3 

Calculated values  of i n t e r f a c i a l  
shear  s t r e n g t h  versus  matr ix  
poros i ty  f o r  mica-flake-reinforced 
por t land cement pas te .  

The following express ion f o r  +T was used t o  f i t  equat ion (3 )  t o  

[s , p] d a t a  obta ined experimentally (p = poros i ty  of t h e  mat r ix  i n  

re inforced sample). 

+T = K exp {-a(p-a)} [l-expi-a(p-a)}] ~ x P ( - ~ P )  ( 4 )  

where K, a and a a r e  cons tan t s  and o t h e r  terms a r e  a s  previously  defined. 
(5 cf The - versus  poros i ty  curves (no t  presented)  i n c r e a s e  t o  a maximum and 
'm 

then decrease  a s  poros i ty  inc reases .  It was noted t h a t  mica f l a k e s  modify 
c h a r a c t e r i s t i c s  of t h e  matrix,  inc lud ing  pore s t r u c t u r e  ( t o  be discussed 
l a t e r ) ;  the  pore systems i n  re inforced and unreinforced cement pas tes  a r e  
t h e r e f o r e  d i f f e r e n t .  The d i f f e r e n c e  i n  t o t a l  p o r o s i t y  f o r  t h e  re in forced  and 
unreinforced systems is  not  l a r g e ,  and a s  a f i r s t  approximation they have 
been considered equal.  The term exp(-bp) cancels  ou t  when equat ion (4) i s  

s u b s t i t u t e d  i n  equat ion (3 )  and - Ocf becomes a func t ion  of t h e  matr ix  
O m  

p o r o s i t y ,  p, a l l  o t h e r  terms being constant .  

Using a value of = 116 f o r  a random d i s t r i b u t i o n  of f l a k e s  i n  t h r e e  
dimension (121, values  of T were ca lcu la ted  and a r e  p l o t t e d  aga ins t  matr ix  
poros i ty  i n  Fig. 3. There i s  a s e p a r a t e  curve f o r  each volume f r a c t i o n  of 
mica f l akes .  For each curve t h e  shear  s t r e s s  inc reases  t o  a maximum and then 
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decreases  a s  poros i ty  increases .  The l a r g e s t  value of maximum shear  s t r e s s  
was obtained f o r  2% volume f r a c t i o n  of mica f l akes .  

F r a c t u r e  toughness/porosi ty  curves a r e  p l o t t e d  i n  Fig. 4. Toughness 
values  f o r  each curve decrease  t o  a  minimum value a s  poros i ty  inc reases ,  then 
inc rease  wi th  f u r t h e r  inc reases  i n  porosi ty .  Toughness values  a l s o  i n c r e a s e  
a s  mica f l a k e  a d d i t i o n  i s  increased;  t h e  curves a r e  c l u s t e r e d  toge ther  
between 2 and 62, suggest ing t h a t  i n  some cases  2% a d d i t i o n  may be s u f f i c i e n t  
t o  give  t h e  d e s i r e d  r e s u l t s .  The shape of t h e  toughness/porosi ty  curve i s  
s i m i l a r  f o r  the  con t ro l  containing 0% mica f l akes .  It i s  suggested t h a t  
inc lus ions  such a s  unhydrated cement p a r t i c l e s ,  Ca(OH)2 p a r t i c l e s ,  and pores  
may play a  r o l e  i n  the  f r a c t u r e  behaviour of hardened cement pas te  and a f f e c t  
t h e  shape of t h e  toughness/porosi ty  curve. 

The curves f o r  i n t e r f a c i a l  shear  s t r e s s  
ve r sus  poros i ty  (Fig. 3)  and f o r  f r a c t u r e  500 
toughness versus poros i ty  (Fig. 4)  have 
inverse  shapes. It i s  known t h a t  
inc reases  i n  f l e x u r a l  s t r e n g t h  due t o  
inc reases  i n  i n t e r f a c i a l  shear  s t r e s s  a r e  ,A 

of ten  achieved a t  the  expense of f r a c t u r e  - 400 - 
Z 
3 toughness. A balance between t h e  two 

proper t i e s  can apparent ly  be achieved by > 
LZ 

c o n t r o l l i n g  mat r ix  p o r o s i t y ,  and a 
LZ C - i n t e n t i o n a l  modif icat ion of t h e  m 300 

matrix-mica f l a k e  i n t e r f a c e  would have t o  LZ 

t ake  t h i s  i n t o  considerat ion.  
V) 

Matrix p roper t i e s  may be a f fec ted  by V) u 

Z mica f l akes .  Nitrogen s u r f a c e  a r e a  I 
0 

measurements were made on samples I 200 
0 

containing 0  - 7 % volume f r a c t i o n  of mica + 

f l akes .  Correct ions  were made t o  t h e  C 

Z W 

i g n i t e d  weights t o  account f o r  t h e  mica 
LZ < 

present .  Surface a r e a  versus volume a 

f r a c t i o n  of mica f l a k e s  i s  p l o t t e d  i n  100 

Fig. 5 f o r  p repara t ions  with 
w/c = 0.35 and 0.50; i t  shows a  decrease  
i n  su r face  a r e a  a s  mica f l a k e  a d d i t i o n  
increases .  The decrease  i n  s u r f a c e  a r e a  o 
is accompanied by a  decrease  i n  t h e  14 18  22 26 30 34 38 
non-evaporable water  content  of t h e  cement M A T R I X  P O R O S I T Y ,  % 
pas te ,  i n d i c a t i n g  t h a t  t h e  degree of 
hydrat ion i s  lower because of f l a k e  
addi t ion.  Similar  observat ions  were FIG. 4  
repor ted by Mikhail  i n  h i s  work wi th  
glass-f  ibre-re inf  orced cement (9).  F rac tu re  toughness values  
Typical f i g u r e s  f o r  decrease  i n  versus  matr ix  porosi ty  f o r  
non-evaporable water  content  a r e ,  f o r  m i  ca-f lake-reinf orced 
example, 0.181 g/g f o r  a  sample made wi th  por t land cement pas te  
w/c = 0.50 and OX mica, decreasing t o  
0.155 g/g f o r  a  s i m i l a r  sample containing 
6% mica. The hydra t ion  period was 32 days 
f o r  both. The reasons f o r  these  r e s u l t s  a r e  not c l e a r ,  but Ca(OHl2 r i c h  
zones were observed i n  t h e  i n t e r f a c i a l  r eg ions  between f l a k e s  and cement 
mat r ix  and i t  i s  suspected t h a t  t h i s  in f luences  t h e  hydrat ion process.  

Mica f l a k e  a d d i t i o n  a l s o  has  an e f f e c t  on t h e  pore system of hardened 
cement paste .  To i l l u s t r a t e  t h i s ,  pore s i z e  d i s t r i b u t i o n  d a t a  f o r  t h e  
w/c = 0.35 sample s e r i e s  w i l l  be summarized a s  follows. The maximum f l e x u r a l  
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Ocf , f o r  a  s t r e n g t h  r a t i o ,  - 
O m  

w/c r a t i o  of 0.35 occurs a t  
about 3% volume f r a c t i o n  of 
mica, and a t  t h i s  w/c r a t i o  
t h i s  p a s t e  has  t h e  lowest 
porosi ty .  A t  mica f l a k e  volume 
f r a c t i o n s  of 3% o r  g r e a t e r  t h e  
volume f r a c t i o n  of f i n e  pores 
(0.01 - 0.003 pm) inc reases  
s i g n i f i c a n t l y  . It appears t h a t  
low poros i ty  and high concen- 
t r a t i o n  of f i n e  pores  g ives  
maximum f l e x u r a l  s t r eng th .  A t  
6% volume f r a c t i o n ,  however, 
t o t a l  porosi ty  and f r a c t i o n  of 
l a r g e  pores (10 - 1 pm) .are  
both higher ,  r e s u l t i n g  i n  lower 
s t reng ths .  The unreinforced 
mat r ix  has  a  g r e a t e r  volume 
concentra t ion of pores i n  the  
medium pore s i z e  range 
(0.1 - 0.01 pm and 1  - 0.1 pm) 
than t h e  m a t e r i a l  w i t h  6% mica. 
This may account f o r  the  small 
but  r e a l  increased f l e x u r a l  
s t r eng th ,  r e l a t i v e  t o  
unreinforced mate r ia l ,  f o r  some 
high mica content  mate r ia l s .  
Differences  i n  t h e  pore s i z e  
d i s t r i b u t i o n  may account f o r  
some aspec t s  of t h e  s t r e n g t h  of 
these  composites, but  o t h e r  
f a c t o r s  such a s  product 
d e n s i t y ,  s t r e n g t h  of 
matrix-flake i n t e r f a c e  and 
degree  of c r y s t a l l i n i t y  must 
a l s o  be considered. 

To ta l  poros i ty  values  f o r  
t h e  va r ious  p repara t ions  a r e  
tabulated i n -    able 3.  It is 
apparent t h a t  f l a k e  a d d i t i o n  

2 5  : I I I I I I 

I P O R T L A N D  C I M L N I  M A T R I X  
A C E  3 2  d 

20 - 

W I C  - 0.  50 

10 

V O L U M E  F R A C T I O N  M I C A  F L A K E S .  % 

FIG. 5  

Nitrogen s u r f a c e  a r e a  of por t land 
cement p a s t e  re inforced with  mica 

f l a k e s  

TABLE 3 

Poros i ty  Values of Mica-Flake-Reinforced 
Cement Pas te  Samples Hydrated For 32 days 

WaterICement Rat io  

changes t o t a l  poros i ty  and t h a t  
t h e s e  changes a r e  dependent on 
t h e  value of V f .  High values  
of V f ,  e.g., Vf " 5 2 ,  
genera l ly  l eads  t o  increased 
poros i ty  f o r  w/c 0.45. It 
was d i f f i c u l t  t o  prepare  
samples con ta in ing  Vf = 7% a t  
w/c = 0.25. 

Aging i n  hydrated por t land 
cement systems can be descr ibed 

I a s  time-dependent physical  and chemical processes ,  o t h e r  than hydrat ion,  t h a t  
r e s u l t  i n  m i c r o s t r u c t u r a l  change, e.g., s i l i c a  polymerization, l ayer ing  of 
s i l i c a t e s ,  e t c .  I n  t h e  presence of admixtures t h a t  in f luence  hydrat ion r a t e s  
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s u r f a c e  a r e a  changes may be caused by s i l i c a  polymerizat ion (13). As mica 
f l a k e s  a l s o  in f luence  t h e  r a t e  of hydra t ion ,  it is  p o s s i b l e  t h a t  s i l i c a  
polymerization may be only one of t h e  f a c t o r s  causing d e c r e a s e  i n  s u r f a c e  
a rea .  

It is  apparent  t h a t  f a c t o r s  a f f e c t i n g  composite s t r e n g t h  inc lude  mica 
con ten t ,  e f f i c i e n c y  of t h e  reinforcement,  t o t a l  p o r o s i t y ,  pore s i z e  
d i s t r i b u t i o n ,  aging, and s h e a r  s t r e s s  a t  t h e  matrix-mica i n t e r f a c e .  One o r  
more of these  may be t h e  predominant f a c t o r  c o n t r o l l i n g  s t r e n g t h .  The amount 
of mica f o r  h i g h e s t  s t r e n g t h  i s  p o r o s i t y  dependent, and a t  a g iven p o r o s i t y  
i t  is  probably inf luenced by a l l  t h e  above f a c t o r s .  Any predominating f a c t o r  
i s  d i f f i c u l t  t o  determine,  except t h a t  a t  high mica con ten t s  a g r e a t e r  
content  of l a r g e  pores may be t h e  main f a c t o r  c o n t r i b u t i n g  t o  decrease  i n  
s t r eng th .  

Fur the r  work i s  i n  progress  t o  determine whether mica h a s  p o t e n t i a l  f o r  
use  i n  var ious  i n d u s t r i a l  products ,  inc lud ing  those  w i t h  binders  con ta in ing  
f i n e  aggregates.  

Conclusions 

1. The i n c r e a s e  i n  f l e x u r a l  s t r e n g t h  of mica f lake-re inforced cement p a s t e  
is  dependent on t h e  volume f r a c t i o n  of f l a k e s  and p o r o s i t y  and i s  
s i g n i f i c a n t l y  increased by a few percen t  of mica f l a k e s .  

2. Compressive s t r e n g t h  of por t l and  cement p a s t e  dec reases  w i t h  a d d i t i o n  of 
mica f l akes .  

3 .  Frac tu re  toughness of por t l and  cement p a s t e  i s  s i g n i f i c a n t l y  increased by 
t h e  presence of mica f l a k e s  and i s  dependent on mat r ix  poros i ty .  

4. C h a r a c t e r i s t i c s  of t h e  ma t r ix  such a s  s u r f a c e  a r e a ,  pore s i z e  
d i s t r i b u t i o n ,  and non-evaporable water  content  a r e  modified by t h e  
presence of mica f l akes .  This  modi f i ca t ion  i s  dependent on t h e  volume 
f r a c t i o n  of mica added t o  t h e  cement pas te .  

5. A balance between changes i n  f l e x u r a l  s t r e n g t h  and f r a c t u r e  toughness can 
be  achieved by c o n t r o l l i n g  mat r ix  poros i ty .  
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