
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Cement and Concrete Research, 13, May 3, pp. 319-324, 1983-05-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=239135e2-54eb-4b90-a6e1-af672614287e

https://publications-cnrc.canada.ca/fra/voir/objet/?id=239135e2-54eb-4b90-a6e1-af672614287e

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.1016/0008-8846(83)90030-3

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

Comparison of mechanical properties of compacted calcium hydroxide 

and Portland cement paste systems
Beaudoin, J. J.

https://doi.org/10.1016/0008-8846(83)90030-3
https://nrc-publications.canada.ca/eng/view/object/?id=239135e2-54eb-4b90-a6e1-af672614287e
https://publications-cnrc.canada.ca/fra/voir/objet/?id=239135e2-54eb-4b90-a6e1-af672614287e
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


Ser 
TH1 

N 2 1  d 

no. 1088 
c. 2 

~ n a l  Research Council of Canada 

Conseil national de recherches du Canada 

COMPARISON OF MECHANICAL PROPERTIES OF COMPACTED 

CALCIUM HYDROXIDE AND PORTLAND CEMENT PASTE SYSTEMS 

by J.J. Beaudoin 

Reprinted from 
Cement and Concrete Research 
Vol. 13, No. 3, 1983. 
p. 319 - 324 

I 

DBR Paper No. 1088 
Division of Building Research 

Price $1.00 OTTAWA NRCC 21085 



CEMENT and CONCRETE RESEARCH. Vol. 13,  pp. 319-324, 1983. P r i n t e d  i n  t h e  USA. 
0008-8846/83/030319-06$03.00/0 Copyright (c)  1983 Pergamon Press ,  Ltd. 

COMPARISON OF MECHANICAL PROPERTIES OF COMPACTED CALCIUM 
HYDROXIDE AND PORTLAND CEMENT PASTE SYSTEMS 

J . J. Beaudoin 
Div i s ion  of Bui lding Research, Nat ional  Research Council  Canada 

Ottawa, Ontar io  K I A  OR6, Canada 

(Communicated by M. Daimon) 
(Received June 28, 1982) 

ABSTRACT 
Mechanical p r o p e r t i e s  of Ca(OH)2 a r e  compared w i t h  those  of por t l and  
cement p a s t e  a t  d i f f e r e n t  p o r o s i t i e s .  I n t r i n s i c  values  of modulus of 
e l a s t i c i t y  (E) and microhardness (H) f o r  Ca(OH)2 compacts were 
obtained by e x t r a p o l a t i n g  t o  zero  poros i ty  log  E and log  H versus  
poros i ty  curves.  The va lues  f o r  t h e  Ca(OH)2 and por t l and  cement p a s t e  
systems a r e  of s i m i l a r  magnitude. F lexura l  s t r e n g t h  values  f o r  both 
systems were a l s o  determined t o  be of s i m i l a r  magnitude f o r  t h e  
poros i ty  range s tudied.  F rac tu re  terms (Kc, Jc, Gc, yT) were 
determined. Kc and y~ ve r sus  p o r o s i t y  p l o t s  f o r  both  systems 
revealed t h a t  these  f r a c t u r e  terms a r e  of s i m i l a r  magnitude i n  t h e  
p o r o s i t y  range common t o  both. 

In t roduc t ion  

Hydrated por t l and  cement a t  normal temperatures con ta ins  approximately 
20-26% Ca(OHI2 by weight. C r y s t a l  s i z e s  a r e  dependent on temperature  and 
hydrat ion time and vary from a few pm t o  s e v e r a l  hundred pm (1) .  Not a l l  
c ~ ( O H ) ~  i n  cement p a s t e ,  however, i s  c r y s t a l l i n e .  Amorphous Ca(OHl2 may be  
p resen t  i n  d i f f e r e n t  amounts (2 ) .  There i s  evidence t h a t  some Ca(OHl2 i n  
cement p a s t e  may a l s o  be porous (3 ,4) .  

The r o l e  of c ~ ( o H ) ~  i n  t h e  f r a c t u r e  of cement p a s t e  i s  unresolved. Some 
i n d i c a t i o n  of t h e  importance of t h i s  phase i n  t h e  f r a c t u r e  process  of Ca3Si05 
p a s t e  has  been obta ined by o p t i c a l  microscopy (5). These s t u d i e s  have shown 
t h a t  cracks can propagate around and through Ca(OH)2 p a r t i c l e s  o r  be a r r e s t e d  
by them, depending on t h e  degree  of hydra t ion  of t h e  system. 

There i s  a pauc i ty  of d a t a  on t h e  mechanical p r o p e r t i e s  of Ca(OHl2 alone. 
Such da ta  a r e  important f o r  fo l lowing t h e  r o l e  of Ca(OH)2 i n  cement pas tes  i n  
t e r m  of crack propagat ion i n  hydrated cements. A l i t e r a t u r e  sea rch  revealed 
only two s t u d i e s  t h a t  g ive  modulus of e l a s t i c i t y  va lues ,  v iz . ,  
3.5 t o  4.5 x 103 MPa (6)  and 8.84 x lo3 MPa (7), values  t h a t  were obta ined 
f o r  compacts made by p ress ing  Ca(OH)2 powder a t  136 and 340 MPa, 
r e spec t ive ly .  
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The present  paper compares t h e  mechanical p r o p e r t i e s  of compacts of 
Ca(OHl2 and of por t land cement pas te  made a t  d i f f e r e n t  p ressures  t o  ob ta in  a 
range of p o r o s i t i e s .  

Experimental 

Mate r ia l s  

Reagent grade Ca(OH)2 powder was used. The a n a l y s i s  showed t h e  following: 
Ca(OH)2, 98.2%; ch lo r ide ,  0.003%; su lpha te ,  0.05%; i n s o l u b l e  i n  HC1, 0.02%; 
heavy metals a s  Pb, 0.001%, Fe, 0.003%; Mg and a l k a l i e s  a s  SO4, 1.0%. 

Preparat ion 

Two s e r i e s  of compacted samples were prepared. One s e r i e s  was made i n  t h e  
form of compacted d i s c s  3.18 cm i n  diameter by 0.127 cm thick.  T h e  d i s c s  
were compacted a t  f i v e  d i f f e r e n t  pressures  i n  the  range 136 - 680 MPa. 
D e t a i l s  of t h e  compaction procedures a r e  a v a i l a b l e  (8 ) .  A second s e r i e s  
of samples were compacted i n  t h e  form of rectangular  beams 
9 cm x 1.2 cm x 0.127 cm thick.  The ends of t h e  beam were semic i rcu la r ,  wi th  
radius  = 0.5 cm. Compaction procedures were s i m i l a r  t o  those  used f o r  t h e  
d i s c  samples. Beam samples were prepared a t  four  compaction p ressures  i n  t h e  
range 115 - 460 MPa. A mid-span notch was'saw cut  f o r  beam samples used i n  
f r a c t u r e  t e s t i n g .  

A l l  t e s t i n g  was done i n  gloved boxes condi t ioned t o  11% RH, a convenient 
reference s t a t e  t h a t  minimizes the  r i s k  of carbonation, d i s s o l u t i o n ,  and 
excess  volume change. 

Techniques 

Porosi ty .  Poros i ty  was c a l c u l a t e d  from t h e  weight and volume of t h e  
samples, us ing a s o l i d  dens i ty  value of 2.24 g/cc. 

Modulus of E l a s t i c i t y .  E values  were c a l c u l a t e d  f o r  both d i s c s  and beams 
without  notches from load-def lect ion records.  A d e s c r i p t i o n  of t h e  miniature  
loading device f o r  the  d i s c s  and the  c a l c u l a t i o n  based on c e n t r a l  d e f l e c t i o n  
of a c i r c u l a r  p l a t e  supported a t  t h r e e  equal ly  spaced edge suppor t s  i s  given 
elsewhere (9).  

Ca lcu la t ions  us ing  t h e  beam were made a s  fol lows 

where P = load,  6 = mid-span d e f l e c t i o n ,  II = span, b = sample th ickness ,  
d = sample depth. 

Microhardness. Hardness was measured w i t h  a Le i t z  miniload t e s t e r  i n  a 
gloved box f r e e  of C02 using t h e  Vickers pyramid indentor  (10). Five 
determinat ions  were performed on t h e  s u r f a c e  of each sample. 

F rac tu re  Testing. An environmental chamber was mounted on t h e  cross-head 
of an I n s t r o n  t e s t i n g  machine. Notched and unnotched beam specimens 
conditioned t o  11% RH were simply supported i n  i t  and loaded a t  t h e  mid- 
point .  The mid-span d e f l e c t i o n  was measured using an LVDT device wi th  a 
readout accura te  t o  0.0001 mm. Cross-head speed was 0.005 mm/min. The 
following f r a c t u r e  terms were determined from t h e  load d e f l e c t i o n  records: 
Kc ( s t r e s s  i n t e n s i t y  f a c t o r ) ,  Gc ( s t r a i n  energy r e l e a s e  r a t e ) ,  
Jc ( J - i n t e g r a l ) ,  y~ (work of f r a c t u r e ) .  Fur the r  d e t a i l s  of t h e  
determinat ion a r e  given elsewhere ( 1  1). 
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Flexural  Strength.  F lexura l  s t r e n g t h  values  f o r  Ca(OH)2 and por t land 
cement pas te  were obtained using peak s t r e s s  values  obta ined from 
load-def lect ion records  of unnotched beam samples. 

Resu l t s  and Discussion 

Logarithms of modulus of e l a s t i c i t y  (E) 
values  f o r  Ca(OHl2 a r e  p l o t t e d  a g a i n s t  
poros i ty  i n  Fig. 1. The l o g  E versus  
poros i ty  curve contains  r e s u l t s  obta ined 
from both t h e  d i s c  and beam samples. 
Figure 1 a l s o  shows a curve f o r  compacted CEMENT PASTE 

and i n  s i t u  hydrated por t l and  cement 
paste .  The d a t a  f o r  t h e  hydrated por t land 
cement p a s t e  curve ( inc lud ing  c o r r e c t i o n s  
t o  p o r o s i t i e s  determined by water 
displacement) were obtained f  rom previous  
work (10,12). Water is  not considered a 
s u i t a b l e  medium f o r  poros i ty  measurement 
because of rehydrat ion and i n t e r l a y e r  
pene t ra t ion  i n  C-S-H. Values f o r  compacts 
of hydrated por t land cement pas te ,  made by o 10 2 0  30 4 0  50  
g r ind ing  i n  s i t u  hydrated cement p a s t e  POROSITY, % 
i n t o  a powder and compacting it, l i e  along 
t h e  same l i n e  a s  those  f o r  i n  s i t u  
hydrated por t l and  cement paste.  FIG. 1 

A logarithm of microhardness ve rsus  Modulus of e l a s t i c i t y  of 
poros i ty  p l o t  (not presented)  gave a Ca(OH)2 compacts and por t land 
l i n e a r  r e l a t i o n .  Ramachandran (13) cement p a s t e  vs poros i ty  
obtained s i m i l a r  microhardness da ta ,  but 
w i t h  a smal l  d i f f e r e n c e  i n  t h e  s l o p e  of a 
log  H versus poros i ty  curve. Factors  t h a t  may account f o r  t h i s  d i f f e r e n c e  
include d i f f e r e n c e s  i n  c r y s t a l l i n i t y  and p a r t i c l e  s i z e  of t h e  mater ia l .  
Regression a n a l y s i s  g ives ,  by ex t rapo la t ion ,  the  fol lowing values  of E and H 
f o r  Ca(OH)2 a t  z e r o  porosi ty:  Eo = 35.24 x lo3 MPa; "n = 2786 m a .  The Eo 
value f o r  cement p a s t e  is  28 x lo3  MPa, i .e . ,  about 20 l e s s  than t h e  value 
f o r  Ca(OH)2. The Ho value f o r  cement p a s t e  i s  900 m a ,  s i g n i f i c a n t l y  l e s s  
than the  value f o r  Ca(OHl2. For por t land cement p a s t e  t h e r e  is  some evidence 
f o r  the  v a l i d i t y  of t h e  ex t rapo la t ion  t o  zero poros i ty  (14). Estimates of 
t h e  modulus of e l a s t i c i t y  of t h e  non-porous cement p a s t e  samples, made by 
employing composite theory on cement pas te  samples completely impregnated 
w i t h  another  phase, were s i m i l a r  t o  va lues  determined by extrapolat ion.  
Similar  ex t rapo la t ions  f o r  the  Ca(OH)2 system, however, may not  be 
val id .  

It i s  evident  t h a t  values  of E and H f o r  Ca(OH)2 compacts i n  t h e  poros i ty  
range s tud ied  a r e  of the  same order  of magnitude a s  t h e  values  f o r  por t land 
cement paste.  Fur ther ,  most microhardness values  f o r  Ca(OHl2 compacts a r e  
higher  and modulus of e l a s t i c i t y  values  lower than those  f o r  por t land cement 
p a s t e  over t h e  poros i ty  range s tudied.  It i s  suggested t h a t  E and H values  
f o r  these  compacts a r e  influenced by t h e  i n t r i n s i c  p r o p e r t i e s  of the  
p a r t i c l e s  themselves and by t h e  n a t u r e  of t h e  i n t e r p a r t i c l e  contacts .  
Microhardness measurement of Ca(OH)2 compacts may have been inf luenced t o  a 
g r e a t e r  degree than  modulus of e l a s t i c i t y  by t h e  p r o p e r t i e s  of t h e  p a r t i c l e s  
themselves. The curve f o r  Ca(OH)* compacts (Fig.  1 )  i n t e r s e c t s  t h e  curve f o r  
cement p a s t e  a t  10% porosi ty .  k t  p o r o s i t i e s  )lo% t h e  curve f o r  Ca(OH)2 l i e s  
below the  curve f o r  cement paste .  A t  p o r o s i t i e s  < l o %  t h e  i n c r e a s e  i n  t h e  
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i n t e r p a r t i c l e  con tac t  a r e a  f o r  pressed Ca(OH)2 p a r t i c l e s  i s  s u f f i c i e n t  
(assuming t h a t  e x t r a p o l a t i o n  is v a l i d )  t o  g i v e  E values  g r e a t e r  than those  
f o r  por t l and  cement pas te .  S imi la r  d i f f e r e n c e s  i n  E and H values  have been 
repor ted f o r  o the r  cement systems (12). 

F lexura l  s t r e n g t h  d a t a  a r e  g iven i n  
Table I. The va lues  f o r  Ca(OHl2 compacts a r e  
of a  magnitude s i m i l a r  t o  those f o r  por t l and  
cement p a s t e  ( range of a l l  va lues  i s  
3.0 - 14.2 m a )  over a  s i m i l a r  poros i ty  range 
(17.0 - 34.2). 

F rac tu re  terms f o r  Ca(OH)2 and por t l and  
cement p a s t e  a r e  g iven i n  Table 11. A range 
of values  f o r  por t l and  cement p a s t e  is  given 
t o  i n d i c a t e  d i f f e r e n c e s  between f i r s t  d ry ing  
and wet t ing.  Comparison a t  21% p o r o s i t y  
r evea l s  t h a t  va lues  of Kc, Jc, Gc and 
YT a r e  genera l ly  h igher  f o r  por t l and  cement 
pas te .  Ra t ios  of t h e  terms f o r  por t l and  
cement p a s t e  t o  corresponding terms f o r  
Ca(0H) a r e  a s  follows: Kc (1.34 - 1.62); 
Jc (0.84 - 1.61); Gc (2.81 - 3.63); 
Y T  (1.53 - 2.40). 

F rac tu re  terms K, and yT f o r  Ca(OH)2 
compacts and por t l and  cement p a s t e  a r e  
p l o t t e d  a g a i n s t  p o r o s i t y  i n  Fig. 2. K, and 
YT va lues  f o r  Ca(OH)2 compacts dec rease  
wi th  porosi ty .  The va lues  of Kc and yT 
f o r  both systems a r e  of t h e  same o rde r  of 
magnitude over t h e  range of p o r o s i t y  common 
t o  both d a t a  s e t s .  Values of Kc f o r  Ca(OHl2 
a r e  l e s s  than those  f o r  cement p a s t e  ( f i r s t  
drying and we t t ing)  a t  poros i ty  va lues  ~ 3 0 % .  
Values of yT f o r  Ca(OH)2 a r e  s i m i l a r  t o  
those  f o r  por t l and  cement p a s t e  ( f i r s t  drying)  
between 20 and 25% poros i ty .  

LU cd 
- I;t DRYING 

7 ""-WETTING 
U E 

2 7 

13 2 0 3 0 4 0 

POROSITY, % 

FIG. 2  

F r a c t u r e  terms, Kc and 
y~ vs p o r o s i t y  f o r  
Ca(OH)2 compacts  and 
p o r t  land cement p a s t e  

TABLE I 

F lexura l  S t reng th  Values of Ca(OH)2 and Por t l and  Cement P a s t e  

Mate r i a l  F lexura l  St rength  (MPa) Poros i ty ,  % 

14.20 21 .O 
Ca(OHI2 compacts 14 .OO 23.9 

12.84 27.7 
5.89 34.2 

Por t land cement pas te  3.00 - 10.00 17.0 - 30.0 

There is evidence t o  support  t h e  a p p l i c a t i o n  of l i n e a r  e l a s t i c  f r a c t u r e  
mechanics t o  t h e  Ca(OHI2 and por t l and  cement p a s t e  systems. Measured va lues  
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of Gc approach- those  of 2 y~ w i t h i n  a f a c t o r  of 2 o r  3 ( s e e  Table  11);  
whereas f o r  m e t a l l i c  and polymeric m a t e r i a l s ,  which f r a c t u r e  according t o  a 
p l a s t i c  crack- t ip  s e p a r a t i o n  process ,  Gc i s  s e v e r a l  o r d e r s  of magnitude i n  
excess  of 2 YT. This  paper provides  d a t a  on t h e  f r a c t u r e  of both Ca(OH)2 
and cement p a s t e  con ta in ing  Ca(OHl2. Fur the r  work on f r a c t u r e  of 
lime-depleted cement p a s t e  i s  i n  progress.  

TABLE I1 

Frac tu re  Terms f o r  Ca(OHI2 Compacts and Por t l and  Cement P a s t e  

F rac tu re  Terms 

Mate r i a l  Kc  c G c  Y T  GC/yT Poros i ty  

(I4~m-l w 5  ) 1 o2 ( ~ m ' ~  ) ( ~ m - ~  ) ( ~ m - ~  ) % 

24.74 6.21 6.06 4.59 1.32 21 .O 
C a ( 0 ~ ) ~  compacts 22.52 3.58 4.65 3.93 1.18 23.9 

22.70 1.94 5.61 3.08 1.82 27.7 
14.50 4.60 5.59 3.17 1.76 34.2 

Por t land cement 
p a s t e  40 - 50 8 - 9 15-17 12.5-14 1.2-1.5 14.0 
(11% RH f i r s t  33 - 40 4-10 17-22 7-11 2-2.42 21 .O 
d ry ing  and we t t ing)  36 - 38 6-13 15-28 5-12 2.3-3.0 25.0 

Conclusions 

Samples formed by p ress ing  Ca(OH)2 powder can be  used t o  determine i ts  
mechanical p r o p e r t i e s .  

Microhardness and modulus of e l a s t i c i t y  va lues  of Ca(OIQ2 compacts a r e  
poros i ty  dependent and of s i m i l a r  magnitude t o  those  of por t l and  cement 
paste.  

The modulus of e l a s t i c i t y  of non-porous Ca(OHI2 e x t r a p o l a t e d  from t h e  
p l o t  of log  modulus of e l a s t i c i t y  versus  poros i ty  has  a value  similar t o  
t h a t  f o r  non-porous cement pas te .  

F lexura l  s t r e n g t h  values  f o r  Ca(OH)2 compacts a r e  o f  s i m i l a r  magnitude 
t o  those  f o r  p o r t l a n d  cement p a s t e  over  t h e  p o r o s i t y  range s tudied.  

Values of f r a c t u r e  terms k, Jc, Gc and yT f o r  Ca(OH)2 compacts 
a r e  of t h e  same magnitude but genera l ly  lower than  t h e  corresponding 
f r a c t u r e  terms f o r  por t l and  cement pas te .  
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