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Abstract

The influence of location relative to the casting position, on porosity and pore size distribution of cement pastes, was investi-

gated. Three different pastes were prepared at a constant water/binder ratio of 0.45. The pastes were the control paste (CP) in which

Portland cement was used and no cement replacement materials were added, pastes with 22% and 9% replacement (by mass) of

cement with fly ash (FA) and silica fume (SF), respectively. Paste specimens were cast in cube moulds and were either cured in air at

a temperature of 45 �C and relative humidity of 25% for 28 days or moist cured for 14 days after casting at 45 �C, followed by air
curing at 45 �C and 25% relative humidity for further 14 days. Samples were taken from various locations of the cube specimens.
Porosity and pore size distribution were conducted on the paste samples using the mercury intrusion porosimetry technique.

The results show that large differences in porosity and pore size distribution exist between samples taken from different locations

relative to casting positions. These differences are larger in pastes subjected to dry curing as compared to pastes subjected to some

initial moist curing. The influence of sample location relative to casting position on porosity and pore size distribution of paste is

compared with absorption of concrete performed in a previous investigation. The correlation between pore volume of paste and

water absorption of concrete is also conducted.

� 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

There is a wealth of information in the literature re-

lated to porosity and pore size distribution of cement

paste [1–21]. However there is little work on quantify-

ing the influence of location of sample within the paste

matrix relative to the casting position on porosity and

pore size distribution. Owing to the bleeding effect of
cement or cementitious materials when water is present

and which occurs during the early stages after casting,

the porosity and pore size distribution is expected to

vary between the top (trowelled) layer and the other

layers of the paste or concrete. Bleeding describes the

upward movement of water to the freshly placed paste

or concrete resulting from the settlement of heavier solid

particles [22–25]. The bleeding results in a variation in
the effective water content throughout the various zones

of concrete or paste matrix, which produces corre-

sponding changes in their properties. These properties

include porosity, pore size distribution and strength.

Bleeding in concrete is also influenced by the presence

of pozzolanic materials. Generally, it is accepted that the

bleeding is reduced when fly ash (FA) or silica fume (SF)

are used in concrete [26,27]. This is partly due to the

smoother particle shape of the FA particles, and due to
the ultra-fine particles of the silica fume resulting in a

more cohesive concrete [26,27].

Also the concrete or paste properties are expected to

vary between the side surface, which is exposed to the

external environment, and the middle core of specimens.

The lack of moisture results in restricted hydration and

affects the porosity and pore size distribution of the

paste or concrete. Therefore dry curing leads to a high
porosity and a coarser pore size distribution of paste

compared to specimens provided initially with some

moist curing [10,12,18].

It is well established that the incorporation of po-

zzolanic materials such as FA or SF affects the porosity
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and pore size distribution of cement paste. At normal
curing temperature, the partial substitution between

10% and 70% (by mass) of cement with FA is reported

to increase the porosity and pore size of the paste dur-

ing the early stages of hydration [18,21,28,29] and up to

a curing period of 28 days. As hydration continues

beyond 28 days this effect is much reduced as more

additional calcium silicate hydrate gel is formed and

therefore the presence of FA in a cement paste is ben-
eficial [21,28,29]. The incorporation of SF is reported

to positively contribute to the short and long term

properties of paste or concrete. These properties include

strength and porosity [29]. Other workers [3,7,12] re-

ported that the presence of SF increases the pore volume

of paste or mortars containing relatively a high water

content and subjected to inadequate initial curing. How-

ever, the strength is found to increase regardless of the
curing method adopted [12].

Strength and porosity of paste or concrete are related

and many equations are suggested to describe this re-

lationship [5,13,17,19,21]. Generally, an increase in po-

rosity results in a decrease in strength. Porosity is mainly

influenced by the strength properties of the paste re-

gardless of the water to cement ratio or the degree of

the hydration [5]. Others [17] reported that relation-
ship between porosity and compressive strength of the

paste is affected by the water to cement ratio. The re-

lationship in the early stages of hydration is con-

trolled by maximum pore size, whereas in the later

stage it is controlled by the porosity [5,17,21]. Strength

of paste is found to be more heavily influenced by

the porosity, the percentage of large pores and the

mean pore diameter than the amount of small pores
[19,21]. In addition to the dependency of strength on

porosity and pore size distribution, the morphology

of the hydrated products influences the strength and

thereby the relationship between strength and porosity

[19].

The influence of location on porosity of concrete as

indicated by water absorption and capillary rise is dis-

cussed elsewhere [14]. The amount of bleeding in con-
crete is different than that of pastes, owing to the

presence of aggregates in the former. This paper at-

tempts to determine the porosity and pore size distri-

bution of samples taken from various locations of paste

specimens. Specimens were subjected to high tempera-

ture curing to simulate curing in hot weather. The

materials considered are pastes based on Portland ce-

ment and pastes in which cement was partially replaced
with FA or SF. The influence of sample location on the

porosity of paste is compared with that of absorption

of concrete reported in a previous work on specimens

of the same size [14]. A correlation between the po-

rosity of paste, absorption and strength of concrete is

presented.

2. Experimental

2.1. Mix proportions and materials

Three different pastes were used to study the influence

of varying the location of samples relative to the casting

position on porosity and pore size distribution, details of

which are given in Table 1. The pastes were the control

paste (CP) in which ordinary Portland cement was used.
In the fly ash paste (FAP) and silica fume paste (SFP),

the cement was partially replaced (by mass) with, re-

spectively, 22% FA and 9% SF. The water/binder ratio

was kept constant at 0.45. Binder consisted of cement

and cement replacement materials. Superplasticizer (SP),

which conforms to types F and G material, of ASTM-

C494, was added to all pastes. The dosage of SP was

1.2% by mass of binder for the CP and the FAP whereas
1.5% was added to the SFP.

Cubes of 100 mm side were cast from three concrete

mixes. These were used for the determination of com-

pressive strength. The mixes proportions by mass were 1

(binder):2 (fine aggregates):3.4 (coarse aggregates). The

binder compositions, the water to binder ratio and

the SP content of the concrete mixes were identical to

the three pastes. The slump of the concrete mixes ranged
from 80 to 105 mm. The concrete containing SF con-

tained larger dosage of SP (i.e., 1.5%) to compensate for

the loss in workability.

The composition of cement and cement replacement

materials is given elsewhere [30].

2.2. Specimen preparation and curing

The dry materials of the pastes were placed in a food

mixer and blended for about 2 min until a uniform col-

our was obtained. This was followed by the slow addi-

tion of water. Mixing was then continued until uniform

paste was achieved. Paste specimens in the form of cubes

of 100 mm side were cast in steel moulds and compacted

using a vibrating table for a few seconds. The large size

paste specimens were used, so that comparison can be
made between the results on pore volume of paste of this

work and results on water absorption of concrete re-

ported in a previous investigation made with specimens

of the same size [14]. The purpose of the present inves-

tigation was to study the difference in porosity and pore

size distribution for samples taken from various loca-

tions relative to casting position and, therefore, paste

specimens were not rotated after casting. One cube was
cast for each of the two curing methods used in this in-

vestigation. The temperature and relative humidity dur-

ing casting are presented in Table 2 and outlined below:

(a) After casting, specimens in the moulds were kept in

a controlled environmental chamber where the tem-
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perature was 45 �C and relative humidity (RH)

was 25% for a period of 24 h. The top surface of

the specimens was left exposed while in the moulds.

After 24 h the specimens were demoulded and left

exposed in the chamber for a further 27 days. Spec-

imens were designated as A and are called air cured.

(b) Soon after casting, the specimens were placed in the

controlled chamber at 45 �C and 25% RH and were
covered with plastic sheeting and wet burlap. After

24 h, the specimens were demoulded and immedi-

ately re-covered with wet burlap and plastic sheeting

and remained in this chamber for 13 days. The bur-

lap was kept wet during the first 14 days. After 14

days from casting, the covers were removed and

specimens were left exposed to air at 45 �C, 25%
RH for a further 14 days. The specimens were des-
ignated as WA and they are called wet-air cured.

For strength determination concrete specimens were

cured in the same way as in (a) and (b) apart from the

curing temperature which was 37 �C instead of 45 �C.
The concrete strength determination formed part of

another study, and that is why the temperature of curing

was not the same.

2.3. Sampling of paste

Each cube specimen was crushed and solid samples
for testing were taken from various locations of the cube

as shown in Fig. 1. The mass of each sample ranged

between 0.8 and 2.5 g. The different positions are de-

scribed as follows:

(a) Position 1. Samples were taken from the middle of

the top (trowelled) face and were designated as T

for top.

(b) Position 2. Samples were taken from the middle of

the bottom face, which is opposite to the top face

and were designated as B for bottom.

(c) Position 3. Samples were taken from the middle

(core) of the cube and were designated as MI for

middle.

(d) Position 4. Samples were taken from the middle of

the side (cast) face and were designated as S for side.

After collection, paste samples were placed in an oven at

100� 5 �C until a constant mass was achieved. This

normally took 24 h. The samples were then placed in an

air tight container until the time of testing. The influence

of this drying method (i.e., 100 �C) on the possible al-
terations of pore structure was not investigated.

2.4. Testing

Mercury intrusion porosimetry technique was em-

ployed to measure the porosity and pore size distribution

Table 1

Details of paste mixes

Paste Paste code Proportions (% by mass of binder)

Cement Fly ash Silica fume SPa

Control CP 100 0 0 1.2

Fly ash FAP 78 22 0 1.2

Silica fume SFP 91 0 9 1.5

a Superplasticizer.

Table 2

Details of curing methods

Curing (code) After casting and before demoulding After demoulding

Up to 24 h After 24 h and up to 14 days After 14 days and up to 28 days

Air (A) Exposed to air at 45 �C & 25% RH Exposed to air at 45 �C & 25% RH Exposed to air at 45 �C & 25% RH

Wet-air (WA) Covered with plastic sheeting and wet

burlap at 45 �C & 25%RH
Covered with plastic sheeting and

wet burlap at 45 �C & 25%RH
Exposed to air at 45 �C & 25% RH

Fig. 1. Locations of samples for MIP test (section through vertically

cast cube).
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of the samples. One sample per location was tested. The
apparatus has a 200 MPa pressure capacity. The data

were computed using the following Washburn equation

[31]:

D ¼ � 4d cos/
P

;

where D is the pore diameter in lm, P is the applied
pressure in kPa, d is the surface tension which was taken
as 484 dynes/cm and / is the contact angle which was

taken as 142�.

3. Results and discussion

3.1. Intruded pore volume

The intruded pore volume of pastes, CP, FAP and

SFP exposed to air curing and wet-air curing is pre-

sented in Fig. 2 for the various locations considered.

Generally and as can be expected, the results indicate
that samples taken from the top position possess the

largest intruded pore volume, followed by respectively

the samples taken from the side, middle and bottom

positions.

In the CP and under air curing, there is an increase of

over 80% in the intruded pore volume for the sample

taken from the top position as compared to that taken

from the bottom position. The increase in the intruded
pore volume is much lower (45%) in the FAP, which

shows that the presence of FA in the paste seems to have

a beneficial effect on bleeding.

The influence of initial curing on the intruded pore

volume of samples taken from the top and bottom po-

sition is also apparent in Fig. 2. Specimens subjected to

wet-air curing possess lower pore volumes as compared

with those subjected to air curing for samples taken
from the various locations (i.e., T, S, MI and B). More

detailed results on the influence of initial curing and

replacement materials on intruded pore volume are re-

ported elsewhere [10]. The difference in intruded pore

volume between samples taken from the top face and the

bottom is much less in pastes subjected to some wet-air

curing. A difference of 50% is observed in the CP under

such a curing as compared to 80% under air curing. This
indicates that under more favourable moist curing, a

greater degree of hydration of the more porous zone

narrows the difference in pore volume in different zones.

Under air curing, the intruded pore volume for sam-

ples taken from the side surface of the cube is higher

than that of samples taken from the middle core. The

variation is slightly less in the case of FAP. The differ-

ence in intruded pore volume for samples taken from the
middle and the side is considerably less in specimens

subjected to wet-air curing as compared to those sub-

jected to air curing. The availability of water under wet-

air curing allows more hydration to take place, and

subsequently less pore volume is obtained in samples

taken from the side position for pastes subjected to

such a curing, as compared with those subjected to dry

curing.
The SFP possesses larger pore volume than the CP

and the FAP, for samples taken from both the top and

side positions and subjected to air curing. Due to the

rapid loss of water under such a curing, the SF particles

did not develop sufficient hydration products to form

further calcium silicate hydrate gel. This is in agreement

with results obtained elsewhere [3,10,12].

3.2. Pore size distribution

The pore size distribution for the CP subjected to air

curing for samples taken from various locations of the

paste matrix (i.e., cubes) is shown in Fig. 3. It can be

noticed that the dominant pore size of the top surface is

far larger than any other locations. The dominant pore

size, however, is the pore diameter on the incremental

pore volume plot at which the maximum value of in-

cremental volume is obtained. The dominant pore size
of the top surface is 1.5 lm whereas a value of 0.2 lm is
obtained for the bottom surface. The dominant pore size

of the side surface and the middle part (core) is similar

to that of the bottom surface. Similar trend is obtained

on the influence of sample position on dominant pore

size for FAP under air curing as shown in Fig. 4.

The pore size distribution of the SFP for the top and

the side positions of specimens exposed to air curing is
presented in Fig. 5. The trend is somewhat different in

that the dominant pore size for both positions is similar

at about 0.15 lm in diameter.
Fig. 2. Influence of location on intruded pore volume for the various

pastes.
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Wet-air cured specimens on the other hand, behaved

differently. This is shown in Fig. 6, where the pore size

distribution of samples taken from different positions

under such curing is presented for the control paste. The

dominant pore sizes for the top, bottom and the side

faces are similar at about 0.15 lm. This is due to the
availability of water at the top face of the paste during

the first 14 days of curing, which results in greater hy-

dration of cement and therefore, pores were filled with

the products of hydration. In Fig. 7, where the incre-

mental pore volume for the FAP is presented under wet-

air curing for the middle and the side position, the

dominant pore size for the side surface is larger than

that of the middle position. This might be explained by
the fact that FA particles take longer time than cement

to hydrate. After 14 days of initial moist curing, speci-

mens were subjected to air curing for 14 more days, and

therefore, the availability of water on the side surface is

less than that in the middle core, which might limit the

hydration of FA particles.

The durability of paste is not only dependent on its

porosity and the dominant pore size, it is also dependent

on its threshold diameter and percentages of small and

large pores. The threshold diameter of pastes, CP, FAP
and SFP exposed to air curing and wet-air curing is

presented in Fig. 8 for the various locations considered.

The threshold diameter, however, is the diameter before

which the pore volume on the cumulative pore volume

plot rises sharply. More details about the determination

of threshold diameter are given elsewhere [15]. A lower

threshold value is indicative of a finer pore size distri-

bution. The trend in the results on the threshold dia-
meter is similar to those obtained in Fig. 2. The largest

threshold diameters are obtained for samples taken from

the top part of the cube paste, followed by respectively

samples taken from the side part, middle part and the

Fig. 3. Influence of position on pore size distribution for the CP subjected to air curing.
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Fig. 4. Influence of position on pore size distribution for the FAP subjected to air curing.

Fig. 5. Influence of position on pore size distribution for the SFP subjected to air curing.
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Fig. 6. Influence of position on pore size distribution for the CP subjected to wet-air curing.

Fig. 7. Influence of position on pore size distribution for the FAP subjected to wet-air curing.
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bottom part of the paste. Samples taken from the top,

bottom and middle positions of the FAP show lower

threshold diameters than the CP. However for the

sample taken from the side, the threshold diameter is

more than that of the control. The paste containing SF

shows a smaller threshold diameter as compared with
the CP and the paste containing FA, indicating a smaller

pore size distribution in the presence of SF. The

threshold diameter is much reduced when specimen is

subjected to some initial moist curing as compared to

dry curing for all pastes shown in Fig. 8.

The pores in Figs. 3–7 are sub-divided into large

pores whose diameter is greater than or equal to 0.1 lm
and small pores which have a diameter of less than 0.1
lm. Such division of pores is presented in Table 3 for the
various pastes and positions. Samples taken from the

top face have the largest proportion of large pores
compared to the other positions, followed by the sam-

ples taken from the side position. The middle part (core)

and the bottom part of specimens showed the least

proportion of large pores. The CP, for example, exhib-

ited proportions of large pores of 87.5%, 65.5%, 56.8%

and 53.9% for samples taken from the top, side, middle

core and bottom positions, respectively. This trend is

repeated for the FA blended paste and the SFP sub-
jected to air curing.

When wet-air curing is employed, the percentage of

large pores decreased considerably for samples taken

from the various location as compared with those sub-

jected to air curing as seen in Table 3. The portions of

large pores were 46.4%, 30.9% and 38.7% for the CP, for

samples taken from the top, bottom and side positions,

respectively. The decrease in the percentages of large
pores under wet-air curing is due to the availability of

more water during the first 14 days of curing, which

allows more hydration to take place, as compared to

pastes subjected to air curing. More hydration results in

more formation of calcium silicate gel which has a pore

blocking effect and therefore, reducing the pore size.

3.3. Bleeding and moisture loss in paste and concrete

The influence of location of sample relative to the

casting position on water absoprtion of concrete was

reported elsewhere [14]. The concrete mixes were the

same as those used in this investigation. The concrete

mixes were also cast in 100 mm cube moulds, which is

similar to the paste specimens. The initial curing regimes

were identical to those for the pastes, except that the
total curing period was 90 days instead of 28 days. The

Table 3

Influence of sample location of pastes on large and small pores

Paste Curing Position Pore volume �10�2 (cc/g) Pores (%)

Total volume Large pores (>0.1 lm) Small pores (<0.1 lm) Large Small

Control (CP) A T 236.2 206.7 29.5 87.5 12.5

S 178.5 116.8 61.7 65.5 34.5

MI 139.2 75.1 64.1 53.9 46.1

B 131.3 74.5 56.7 56.8 43.2

Fly ash (FAP) A T 230.8 226.7 4 98.3 1.7

S 215.2 171.8 43.5 79.9 20.1

MI 180.3 127 53.3 70.5 29.5

B 163.1 113.2 49.9 69.4 30.6

Silica fume (SFP) A T 283.7 222.4 63.1 78.4 21.6

S 236.5 164.3 72.3 69.5 30.5

Control (CP) WA T 163.5 75.9 87.7 46.4 53.6

S 135.1 52.3 83 38.7 61.3

B 106.9 33 73.9 30.9 69.1

Fly ash (FAP) WA S 154.5 26.5 128 17.2 82.8

MI 141.5 14.8 126.8 10.4 89.6

Fig. 8. Influence of location on threshold diameter for the various

pastes.
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water absorption was conducted on samples having a
thickness of about 23 mm and an area of 100 mm�
100 mm cut from 100 mm cubes. Samples were taken

from the top part, the bottom part, the middle part and

the side part of the cube. Two methods were used to

determine the water absorption. The first method was by

total immersion in water and the percentage gain in

mass as compared with the dry mass was taken to rep-

resent the water absorption. The second method was the
determination of water absorption by capillarity. This

was conducted by placing the face of the sample in

contact with water. The amount of water absorbed per

unit area was plotted against the square root of time.

The initial slope of the line was taken to represent the

water absorption coefficient. Further details about

casting, curing, sample preparation and testing are given

in [14].
In order to compare the influence of location relative

to casting position in paste and concrete, the percentage

difference in pore volume of the paste and in water

absorption of concrete between various locations for

specimens exposed to air curing and wet-air curing are

presented in Table 4. The bleeding in paste is expected to

be more than that of concrete at the same water to

binder ratio and for the same thickness of specimen.
This would lead to a larger difference between top and

bottom position in pore volume of paste as compared to

absorption of concrete. Table 4 does not fully support

this assumption and the results obtained do not show a

clear trend between the variation of location relative to

casting position in paste and in concrete, assuming that

the intruded pore volume measures the porosity of the

paste and absorption by total immersion measures the
porosity of the concrete. For example, in the control

specimens subjected to air curing, the percentage dif-

ference in the pore volume of the paste between the top

and bottom part is more than that of water absorption

by total immersion of concrete and less than that of

absorption by capillary. Water absorption by capillary

action, however, is a function of porosity, pore size
distribution and the nature of pores (i.e., open or closed

pores). Under moist air curing, the control mix do not

exhibit similar trend in the percentage difference be-

tween the various locations as compared to air cured

specimens.

Powers [22] stated that with the normal process of

bleeding, water does not rise above the original level of

concrete. Therefore, the appearance of a layer of water
at the top trowelled face indicates that solids have sub-

sided, leaving the water behind. This is also true in the

case of pastes, on which the work was conducted. This

layer being thicker in the paste compared to concrete as

observed visually.

Subsidence is caused by the gravitational pull of

particles, which is opposed by the viscous resistance of

water flowing through the space between particles [22].
The bottom layer of the paste is highly compressed

compared with the top layer where there is little or no

compression. This compression brings the particles clo-

ser together and they also fill the voids left by the up-

ward migration of water, which explains the lower pore

volume and high percentage of small pores at the bot-

tom layer relative to the top layer.

Also a higher rate of evaporation exists at the top
surface for the first 24 h for air cured pastes. The other

locations, (bottom, middle and side) lost little or no

moisture because the cube specimens remained in the

moulds during the first 24 h after casting. The high rate

of evaporation at the top surface limits the availability

of water for hydration, hence resulting in relatively high

porosity.

Samples from the middle part (core) and the side
faces are obtained at the same level (Fig. 1), and there-

fore the degree of sedimentation is similar. The fact that

the side positions have a higher pore volume compared

to the middle (core) of specimens must, therefore, be due

to higher exposure and water evaporation at the sur-

face, especially under dry curing conditions. While

Table 4

Influence of sample location on porosity of paste and concrete

Mix Curing Difference between (%) Paste Concrete

Pore volume Water absoprtion Water absoprtion coefficient

Control A Top & bottom 44.4 34.9 69.5

Top & side 24.4 18.4 15.5

Side & middle 22 3.2 6.2

Fly ash A Top & bottom 29.3 49.6 80.7

Top & side 6.8 31.7 46.7

Side & middle 16.2 10.7 37.4

Silica fume A Top & side 16.6 48.7 77.1

Control WA Top & bottom 34.6 40.9 65.4

Top & side 17.4 23.6 23.4

Fly ash WA Side & middle 8.4 1.5 16.8
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evaporation contributes to a coarser pore size distribu-

tion, especially at the top, bottom and side faces, the

middle position is adequately remote from the surfaces
to remain less affected by moisture loss.

3.4. Pore volume, absorption and strength

Fig. 9 shows the relationship between water absorp-

tion by total absorption of concrete and pore volume of

paste for the various mixes subjected to air and wet-air

curing for samples taken from different locations. The
water absorption of concrete by capillary action (i.e.,

water absorption coefficient) vs pore volume of paste,

however, is shown in Fig. 10 for the same mixes. As can

be expected, an increase in the pore volume of the paste

results in an increase in the water absorption of concrete

both by total immersion and by capillary rise. The re-

lationship seems to be unaffected by the location of

sample relative to casting position. Also the initial cur-
ing regime to which a specimen is exposed to and the use

of cement replacement material do not influence the

relationship. A linear regression analysis yield R2 values
of 0.67 and 0.65 for Figs. 9 and 10, respectively. A better

correlation (i.e., a higher correlation coefficient) would

be obtained if the interfacial zone between paste and

aggregate is taken into consideration. In other words if

the intruded volume of the paste is replaced with that of
concrete. Unfortunately mercury intrusion porosimetry

technique is not suitable for determining the pore vol-

ume and pore size distribution of concrete containing

large aggregate particles. The use of mortar specimens

Fig. 9. Relationship between pore volume and water absoprtion.

Fig. 10. Relationship between pore volume and water absoprtion

coefficient.

Fig. 11. Relationship between compressive strength vs: (a) pore volume; (b) water absoprtion; (c) water absoprtion coefficient.
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can provide better simulation to pore structure than
paste. However, this is beyond the scope of the present

investigation.

Figs. 11(a)–(c) plots the relationship between cube

strength vs respectively the pore volume of paste, the

water absorption by total immersion and absorption by

capillary action of concrete for samples taken from the

side surface. Despite of the limited data available and as

can be expected, an increase in the pore volume or ab-
sorption results in a decrease in compressive strength.

4. Conclusions

The following conclusions are based on the results of

the present investigation:

1. The top surface (trowelled) of a paste possesses larger

pore volume than the bottom face. The pore volume

near the top surface can be twice as large as the pore

volume at the bottom surface.

2. The top surface of a paste has a larger proportion of

coarse pores compared with the bottom surface. The

proportions of large pores at the top surface under

different curing conditions were 87.5%, 98.3%, 82.6%
and 46.4% of the total pore volume. The correspond-

ing values at the bottom surface were 65.5%, 79.9%,

70.9% and 38.7%, respectively.

3. The side surface of a paste has a larger pore volume

and generally high proportions of large pores com-

pared to that of the middle (core) of a 100 mm cube

specimen (i.e., 50 mm from the side surface).

4. Little difference in pore volume and in the percentage
volume of large pores exists between the middle core

and the bottom surface of a paste specimen.

5. The pore volume and pore size distribution of the top

and side faces of a paste are sensitive to curing re-

gimes (temperature and humidity). The middle core

(50 mm from the surface) is less sensitive to exposure

conditions.
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